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5.1

Abstract

An annual carbon budget of the pelagic food web is constructed for a 36 m deep station in
Young Sound. Data were collected during a 2-week mid-summer sea-ice covered period in
1999, during the open-water period of 1996, 2003, 2004, 2005 and during winters of 1997
and 2003. The measurements revealed that during sea-ice cover the water column of outer
Young Sound was strongly heterotrophic and sustained by organic material advected into the
fjord from the open sea. The pelagic community thus originated from the marginal ice zone at
the entrance to the fjord. No succession was observed in the plankton community during this
period, and the grazing pressure of the dominating zooplankton groups (ciliates, heterotrophic
dinoflagellates, meroplankton and copepods) was 10 times higher than primary production,
while the bacterial carbon demand was three times higher than primary production.

During the open-water period, the grazing community was completely dominated by cope-
pods, which were capable of grazing down the entire primary production. This contrasts with
several other investigated Arctic marine pelagic ecosystems further south, where the protozo-
oplankton community is quantitatively more important than copepods. In Young Sound, both
zooplankton groups are present simultaneously, and copepods thus act both as competitors
for food and as predators in relation to the protozooplankton. On an annual basis, the carbon
budget was unbalanced; the total carbon need of the grazers equaled primary production,
leaving no room for the estimated bacterial carbon demand, which was of the same size as the
carbon demand of the grazers. Thus, Young Sound is a net heterotrophic system relying on
import of organic material from the open sea or possibly from land.

Introduction

Deep fjords are characteristic elements of the Green-
land coastline (Chapter 3). They constitute a key ele-
ment in the land-ocean interface and, consequently,
in the nutrient and carbon dynamics of the coastal
zone. In the Young Sound the freshwater input is
very pulsed and the main impact is associated with
the flushing of the Zackenberg River around mid-
summer (Chapter 2). This freshwater input creates a
stratification of the upper part of the water column
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through establishment of a strong halocline, which is
further strengthened by solar heating of the surface
water. Consequently, the freshwater input has major
implications for the stratification of the fjord and thus
the vertical distribution and production of plankton in
fjord systems (Rysgaard et al., 1999; Chapter 3).

In the past, most pelagic food-web investigations
off Greenland have been associated with fisheries
research and exploitation of the marine resources,

Meddelelser om Grgnland « Bioscience 58



and the main focus has been on primary production
(Smidt, 1979) and the distribution of mesozooplank-
ton, i.e. the direct link to the fish stocks (Jespersen,
1934; Ussing, 1938; Smidt, 1979; Digby, 1953).
These investigations have demonstrated the promi-
nent role of the large copepod genus Calanus in the
plankton around Greenland. But information about
the pelagic ecology and the potential role of the other
potential components of the food web is limited.

Knowledge about plankton dynamics in ice-cov-
ered Arctic fjords is scarce. Because of the thick ice
cover the pelagic primary production is insignificant
and the primary production is predominantly associ-
ated with the ice-water interface. This continues until
sea-ice break-up, when ice algae, if any, are released
to the water column and the pelagic primary produc-
ers start to flourish. Young Sound is normally ice-
covered until mid-summer and is only open for a few
months (Chapter 4).

During the last decades, methodological and
technical advancements and process-oriented scien-
tific approaches have demonstrated a more diverse
picture of the Arctic pelagic ecosystem, in which
the microbial food web has a key role (Levinsen &
Nielsen, 2002). In an earlier study in Young Sound,
the seasonal cycle of the pelagic food web (Rysgaard
et al., 1999) suggested that the large Calanus cope-
pods dominated pelagic grazing, and that all activity
was restricted to the short open-water period. This
contrasts with investigations in the Disko Bay, W.
Greenland (Levinsen & Nielsen, 2002) where the
protozooplankton community is highly important in
the re-cycling of primary production. This difference
is caused by strong predation on protozooplankton
by copepods, as these co-occur in the short produc-
tion window associated with the open-water period
of Young Sound (Levinsen et al., 2000b).

The present investigation primarily presents a
measuring campaign prior to sea-ice break with high
radiation and unlimited nutrients, and the major pur-
poses were to 1) describe the most important pelagic
processes during this period, 2) resolve the pelagic
dynamics under the ice cover, 3) evaluate the pelagic
carbon flow pathways through establishment of a
budget for the pelagic during June 1999 and compare
this with previous investigations during the open-
water period (Rysgaard et al., 1999), and, finally, 4)
establish an annual pelagic carbon budget for Station
A in Young Sound.
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5.2 Methods

The present chapter combines the annual study con-
ducted in 1996 (Rysgaard et al., 1999) with an ice-cover
campaign carried out from 11 to 27 June 1999 in Young
Sound prior to sea-ice break-up. Furthermore, data are
included from the MarineBasic monitoring program
during the ice-free period of 2002, 2004, 2005 as well
as from research programs during the winters of 1997
and 2003. The applied methods and measured param-
eters were the same in all studies except that bacteria
and nanoflagellates were considered only in 1999. All
samples were taken around noon at a 36 m deep sta-
tion (Station A; Fig. 5.1) through a hole in the ice, using
a hand-driven winch and a tripod. Depth profiles of
temperature, salinity and fluorescence were recorded
throughout the water column using a CTD (DataSonde4
Hydrolab, Austin, USA) with a calibrated Dr. Hardt
fluorometer. The salinity probe was calibrated against
water samples collected at 5 to 7 depths per sampling
day and measured in the laboratory using a Guildline
Salinometer. Based on the water column structure and
the depth distribution of fluorescence profiles, 7 depths
(1, 2, 5, 10, 15, 25 and 35 m) were selected for further
chemical and biological measurements. Water samples
were collected using a 5-1 Niskin bottle. Samples for the
determination of nutrient concentrations (NO,, NO;,
PO, SiO,*) were frozen immediately and measured at
the National Environmental Research Institute (NERI)
according to Nielsen & Hansen (1995).

Subsamples, some of them size fractionated, of
100-200 ml for chlorophyll a (Chl a) and phaeo-
pigment (Phaeo.) were collected within 4 hours of
sampling and processed according to Jespersen &
Christoffersen (1987) and Strickland & Parsons
(1972). To convert to carbon, 600 ml of seawater was
filtered in duplicate onto pre-muffled GF/F filters and
stored at -20°C until analysis. Filters were dried in a
desiccator and analyzed for carbon on a CHN ana-
lyzer (EA 1110 CHNS, CE Instruments).

Primary production was measured in situ using the
14C method (Steemann-Nielsen, 1952). Water samples
from each of the selected depths were incubated for 2
h around noon (2 light and 1 dark Jena bottles; 100 ml)
containing 4 uCi H*#COj (International Agency for “C
Determination) according to Nielsen & Hansen (1995).
Daily primary production per m? was calculated by
extrapolating to diurnal irradiance at the respective water
depths by trapezoidal depth integration down to 36 m.
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Figure 5.1 Position of the sampling Station A in Young Sound.

Bacterial abundance was quantified on a FACS
Calibur flow cytometer (Becton Dickinson) after
staining of the fixed cells with the nucleic acid stain
SYBR Green 1 (Molecular Probes) according to
Marie et al. (1997). Bacterial volume was determined
on slides stained with acridine orange (0.1%) and at
least 50 cells per slide were analyzed using digital
image analysis. Biovolumes were converted to bio-
mass using a carbon-to-volume factor of 0.22 pg C
um (Bratbak & Dundas, 1984).

Bacterial production was measured by incorpora-
tion of 3H-thymidine (Fuhrman & Azam, 1980) using
the assumptions of Riemann et al. (1987). The carbon
requirement of the bacterioplankton was estimated
assuming a growth efficiency of 33% as for the other
heterotrophic components of the pelagic food web
(Hansen et al., 1997).

The abundance of heterotrophic nanoflagellates
and diatoms < 20 pm was determined by epifluores-
cense microscopy of filters stained with proflavine
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(Haas, 1982) and processed according to Nielsen &
Hansen (1995). A 500-ml water sample for enumera-
tion of heterotrophic/mixotrophic protozoa was fixed
in 1% Lugol’s solution (final concentration), and
a subsample of 50 or 100 ml was counted after 24
hours of sedimentation using an inverted microscope.
Biovolumes of cells were estimated from measure-
ments of linear dimensions assuming simple geomet-
rical shapes and converted to biomass according to
Edler (1979). To investigate the population dynamics
of the microprotozooplankton, a microcosm experi-
ment was conducted. On 12 June, three 25-1 Nalgene
polycarbonate carboys were filled with 20 | of water
from just below the ice. The growth potentials of cili-
ates and dinoflagellates were followed in a mesozoo-
plankton-free incubation, i.e. surface water < 45 um.
A carboy spiked with 300 ml Rhodomonas salina
culture (6 x 10° cells mIt) and a carboy with sieved
surface water served as controls. A diver placed the
carboys under the ice about 10 m from the hole to
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Table 5.1 Young Sound June 1999. Length vs. weight regressions used to provide bio-
mass estimates for the individual mesozooplankton groups. Individual biomass (mg C) =

axLm>". Carbon = 0.45 x Dry weight.

Taxa a b Reference

Calanus finmarchicus 4.45x10° 3.3838  Hirche and Mumm (1992)

Calanus glacialis 4.45x10° 3.3838  Hirche and Mumm (1992)

Calanus hyperboreus 1.40x10°% 3.3899  Hirche and Mumm (1992)

Metridia longa 6.05x10% 3.0167  Hirche and Mumm (1992)

Acartia spp. 1.11x10% 2.92 Berggreen et al. (1988)

Pseudocalanus spp.  0.45x(1.22x10%%)  2.7302  Klein Breteler et al. (1982)

Microcalanus spp. 9.47x10%° 2.16 Sabatini and Kigrboe (1995) as Oithona sp.
Oithona spp. 9.47x100 2.16 Sabatini and Kigrboe (1995)

Oncaea spp. 9.47x10° 2.16 Sabatini and Kigrboe (1995) as Oithona sp.
Microsetella spp. 8.5x10° 1.0275  Satapoomin (2000)

Nauplii spp. 4.17x10° 2.03 Hygum et al. (2000)

Bivalvia 3.06x101 2.88 Fotel et al. (1999)

Thecosomata 2.27x10% ind* Beers (1996)

Gastropoda 2.31x10°® 2.05 Hansen and Ockelmann (1991)

Polychaeta 1.58x107 1.38 Hansen (1999) as Polydora spp.

Hyperiidae 1.40x10° 3.3899  Hirche and Mumm (1992) as Calanus hyperboreus
Decapoda 2.50x10* ind* Uye (1982)

Echinodermata 3.06x10 2.88 Fotel et al. (1998) as Bivalvia
Appendicularia 7.33x10% 2.627  King et al. (1980)

Others 3.06x10% 2.88 Fotel et al. (1999) as Bivalvia

avoid the altered light regime in the vicinity of the
hole (Chapter 4).

Mesozooplankton were sampled from the bottom
to the surface by triplicate vertical hauls using a modi-
fied WP-2 net (45-um mesh) equipped with a flowm-
eter (Digital Model 438 110, Hydro Bios) and a large
flow-meter non-filtering cod-end. The samples were
preserved in buffered formalin (2% final concentra-
tion) and at least 300 individuals were analyzed. To
distinguish between copepodites of Calanus spp., the
cephalothorax length criteria of Madsen et al. (2001)
were used. Copepod nauplii were not distinguished to
species, but according to size the majority was Calanus
spp. Biomass of meroplanktonic organisms and plank-
totrophic holoplankton other than copepods was calcu-
lated from length measurements. Individual biomass of
all mesozooplankton was calculated according to length
regressions taken from the literature (Table 5.1).

To determine egg production by free-spawning
species of copepods, a sample of gently collected
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zooplankton was diluted with surface water and
brought to the laboratory. Production of eggs by
Calanus glacialis and C. finmarchicus and the frac-
tion of reproductively active females were measured
by incubating individual females in 600-ml polycar-
bonate bottles filled with 50-um sieved in situ water
(at least 12 replicates) for approximately 24 h. The
bottles were incubated in the dark in a thermo box
covered with snow to mimic in situ temperature. At
the end of the experiments, the spawned eggs were
counted and egg size was measured on a batch of
eggs. Weight-specific egg production (SEP) was
calculated from individual female carbon content
according to Hirche & Mumm (1992) assuming a
body carbon:dry weight ratio of 0.6 (Eilertsen et al.,
1989), and an egg carbon content of 0.14 pg C ym=
(Kigrboe et al., 1985). The egg production and SEP
of egg-carrying Oithona spp. was calculated accord-
ing to the equations in Nielsen et al. (2002). Egg
numbers in sacs from at least 25 individuals per net
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haul were counted. Secondary production by all the
copepods was calculated from the weight-specific
egg production of C. glacialis for the calanoids and
Oithona for the non-calanoid copepods, assuming
juvenile somatic growth rates resembling SEP (Berg-
green et al., 1988). Copepod community grazing was
assumed to be 3 times SEP as in Hansen et al. (1997).
Meroplankton (all considered as planktotrophic) and
planktotrophic holoplankton other that copepods
were assumed to have a specific growth rate of 0.05
d? (Hansen et al., 1999) and be grazed by the same
efficiency as for the copepods (Hansen et al., 1997).

To establish a pelagic carbon budget for the sea-
ice campaign in 1999, mean + SE of depth-integrated
values of biomass, carbon demand and production of
all components in the pelagic are presented in a flow
chart as mg C m2 d?. In the case of heterotrophic
nanoflagellates, ciliates and heterotrophic dinoflagel-
lates, of which rates were not measured, daily clear-
ance (F) was calculated according to Hansen et al.
(1997) and grazing (I) as | = F x C, where C is the
integrated prey biomass. Production was calculated
by assuming a growth efficiency of 33% (Hansen et
al., 1997). Secondary production of all copepods was
calculated by multiplying the specific egg produc-
tion (SEP) by total copepod biomass. Ingestion was
calculated by assuming a growth efficiency of 33%
(Hansen et al., 1997).

The annual carbon budget for the pelagic commu-
nity in Young Sound was approximated by combining
the present data set from June with the data from 1996
(Rysgaard et al., 1999). In the case of bacteria, which
were not included in the 1996 study, the annual pro-
duction was calculated assuming that the midwinter
value obtained in 2005 by Rysgaard et al. (in press) of
3.1 mg C m? d? represents 271 d, the present inves-
tigation covering 14 days during the ice cover, and
the bacterial production during the open-water period
(80 d) is calculated as 20% of the primary production
according to Rysgaard et al. (1999).

5.3 Results

5.3.1 Hydrography, nutrients and chlorophyll

The locality sampled was covered with 1.8 m of
sea ice and was strongly influenced by advection,
S0 no clear succession pattern of the water column
characteristics could be identified during the 1999
campaign. Consequently, the depth distributions
of physical and chemical parameters are presented
as averages (Fig. 5.2 and Table 5.2). In particular,
the water-column salinity was highly variable. Just
below the ice the salinity was 30.6, decreasing to
a minimum of 28.3 1 m below the ice, from where
it increased to 32.0 at 10 m and gradually to 32.6

Figure 5.2 Young Sound June 1999. Vertical distribution of (a) Salinity, (b) Temperature (°C), (c) Nutrients (dark blue)
phosphorus, (light blue) nitrate , (red) silicate and (d) Chlorophyll a concentration (ug Chl a I%).
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Table 5.2 Young Sound June 1999. Water column characteristics at the sampling depths, mean +SD, range (min-max)

and % CV (= SD/mean x 100) of parameters considered.

Depth (m) Salinity Temp. (°C) PO, (UM) NO; (uM) SiO (uM) Chla (ug I)
30.59+1.32 -0,41+0,31 0.54+0.34 1.47+0.43 5.58+1.22 1,77£0.59
0 27.09-31.74 -1.03-0.03 0.29-1.35 0.95-2.13 3.34-7.40 0.50-2.27
4.33 75 62 29 22 33
28.29+ 0.49 -0,70+0,27 0.52+0.14 1.57+0.50 6.45+0.79 2,17+¢1.11
1 26.13-30.27 -1.00-0.15 0.26-0.69 0.85-2.33 5.11-7.24 1.19-4.81
5.26 39 27 32 12 51
29.29+0.96 -0,63+0,25 0.57+0.13 1.64+0.53 6.71+0.87 2,19+1.29
2 27.91-30.76 1.01-0.15 0.36-1.73 1.08-2.45 5.15-7.58 1.10-5.26
3.27 40 23 33 13 59
31.37+0.43 -0,62+0,17 0.57+0.15 1.65+0.50 6.66+1.03 1,60+0.56
5 30.54-31.84 -0.93-0.42 0.34-0.75 0.89-2.42 4.86-7.63 0.74-2.22
1.38 27 26 30 16 35
31.84+0.11 -0,77+0,19 0.56+0.11 1.65+0.55 6.77+1.01 1,46+0.90
10 31.63-32.01 -1.03-0.47 0.40-0.78 0.68-2.34 5.06-8.04 0.52-2.80
0.34 25 20 34 15 61
31.96+0.08 -0,94+0,17 0.60+0.26 1.78+0.67 6.74+1.46 1,23+0.73
15 31.84-32.10 -1.15-0.66 0.19-0.95 0.80-2.58 4.27-8.07 0.38-2.25
0.25 18 43 38 22 60
32.19+0.31 -1,1340,12 0.60£0.13 1.95+0.48 6.67+0.89 0,79+0.46
25 31.98-32.99 -1.32-0.83 0.37-0.79 1.26-2.87 5.17-8.13 0.23-1.47
0.97 11 22 25 13 58
32.21+0.09 -1,44+0,10 0.54+0.15 2.25+0.85 6.14+0.71 0,49+0.33
35 32.06-32.32 -1.53-1.27 0.37-0.85 1.44-4.05 5.16-7.30 0.18-1.01
0.27 7 28

close to the sea floor. The same overall pattern was
observed for temperature, i.e. a quite high variability
at the surface, decreasing toward more stable condi-
tions above the bottom (Table 5.2). Because of the
thick sea ice cover and the unstable water column, the
pelagic primary production was low. Consequently,
all nutrients were present in the surface water at quite
high concentrations throughout the investigation.
The major nutrients, phosphorus, nitrate, and silicate,
were all present in excess, and no vertical difference
was observed in concentrations. In general, the high-
est Chl a concentration was observed in connection
with the low salinity few meters below the sea ice
(Fig. 5.2). A carbon:Chl a ratio of 58 was calculated
by linear regression between POC and Chl a.
Following the break-up of sea ice, the immediate
increase in light penetration to the water column trig-
gered a steep increase in pelagic primary production
and Chl a values (Fig. 5.3). Diatoms dominate the
phytoplankton community and constitute 62—74% of
the total phytoplankton assemblage during the ice-free
period (Rysgaard et al., 2004; Rysgaard et al., 2005).
When the sea ice breaks up, the spring bloom quickly
depletes the nutrients in the surface layer, causing the
highest concentration of Chl a to be located at a water
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Figure 5.3 Young Sound June-August 1996. Vertical dis-
tribution of (a) Chl a (ug 1), and (b) primary production
(Mg C It dY). Dots indicate the resolution of measure-
ments. Data from Rysgaard et al. (1999).
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Figure 5.4 Young Sound June-August 1996. Vertical dis-
tribution of (a) ammonium, (b) nitrate, (c) phosphorus and
(d) silicate. All measurements are in UM values, and dots
indicate the resolution of measurements. Data from Rys-
gaard et al. (1999).

depth of 15-20 m. The stability of the water column
during the summer season effectively seals the nutri-
ents in the deeper water layers. Thus, the subsurface
bloom usually lasts until August when primary pro-
duction starts to descend to greater water depths (Fig.
5.4) due to initial limitation by SiO,, followed by NO5
and NH,*, whereas PO,* does not seem to limit pro-
duction (Fig. 5.4; Rysgaard et al., 1999).

5.3.2 Primary producers

There was a pronounced decrease in depth-integrated
phytoplankton biomass from about4gCm2to2gCm-
2at the end of the sea ice covered campaign (Fig. 5.5a).
The reduction in the standing stock of phytoplankton
was related to a shift in composition of the phytoplank-
ton community. This change is illustrated by a shift in
size fractions of the phytoplankton, from dominance
of the Chl a fraction >11 um at the beginning of the
study to dominance of the smaller size fractions by the
end of June (Fig. 5.5b). The change in size fractions
is corroborated by the microscopic phytoplankton
counts, according to which the diatoms (dominated by
Chaetoceros spp.) present during the first days were
succeeded by a community of autotrophic flagellates,
primarily Pyramimonas amylifers, P. grossi/orientalis,
Dinobryon spp. and Apedinella/Pseudopedinella (Fig.
5.5¢). The overall mean biomass of primary produc-
ers during the sea-ice-covered period studied here was
2634 + 405 mg C m2,

Because of the thick sea ice cover and poor light
conditions, pelagic primary production was very
low. The integrated primary production followed the
development in the phytoplankton standing stock and
showed a pronounced decrease from 122.5t0 28 mg C
m2 d during the investigation (Fig. 5.5a, right axis)
with a mean + SE of 44.3 + 11.8 mg C m2d. After
the ice breaks up, the spring bloom quickly develops
and the pelagic primary production increases (Fig.
5.3b). The annual pelagic primary production, based
on 11 direct measurements during the productive
summer season and 1 during the unproductive winter
is 10.5 g C m2yr! (Rysgaard et al., 1999)

5.3.3 Bacterioplankton and HNF

The depth-integrated bacterial biomass was quite
stable throughout the ice-covered campaign 691 + 45
mg C m2(Fig. 5.6a). In contrast, the bacterial produc-
tion was more variable, but reached an average value of
52 +9 mg C m?2d?, which corresponds to an average
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turnover of the bacterial standing stock of 8 + 3% d*
(Fig. 5.6b). Small heterotrophic nanoflagellates with
an average cell volume of 60 + 25 umé, n = 21 domi-
nated the community of protist bacterial grazers, but
the depth-integrated biomass remained low at 48 + 7
mg C m2(Fig. 5.5c). The estimated clearance potential
of the heterotrophic nanoflagellates was 0.5% of the
water column per day giving rise to a grazing potential
of 3.7 £ 0.4 mg C m2, which corresponds to < 10% of
the daily bacterial production.

5.3.4 Microprotozooplankton

Naked oligotrich ciliates dominated the microproto-
zooplankton. In association with the change in phyto-
plankton community composition the ciliate biomass
increased (Fig. 5.7a). At the two first sampling dates,
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June

where larger phytoplankton species dominated, the
heterotrophic dinoflagellates constituted 40% of the
microprotozooplankton biomass (Fig 5.7b) and the
biomass of the heterotrophic dinoflagellates was
quite constant throughout the investigation (40 = 3
mg C m), giving a grazing potential of 6 + 1 mg C
m2 d*. However, because of the increase in the cili-
ate biomass the relative contribution of heterotrophic
dinoflagellates decreased to 25% at the end of the
investigation. The ciliate biomass was 98 = 14 mg
C m? with an estimated grazing of 73 + 10 mg C
m2 d*. The average cell volume of ciliates and het-
erotrophic dinoflagellates was 5614 and 7060 um?,
respectively, and the estimated mean grazing of
ciliates was a factor of 10 higher than that of het-
erotrophic dinoflagellates. The initial biomass levels
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Figure 5.6 Young Sound
June 1999. (a) Integrated
bacterial biomass, (b) bac-
terial production (bars)
and turnover rate, and (c)
integrated biomass of het-
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Figure 5.7 Young Sound
June 1999. (a) Integrated
biomass of ciliates, and (b)
integrated biomass of het-
erotrophic dinoflagellates.
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of ciliates and heterotrophic dinoflagellates in the
microcosm experiment were significantly higher in
the control compared with the biomass in the phy-
toplankton size-fractionated carboys (Fig 5.8). This
was primarily due to the removal of the largest cili-
ates (Strombidium, Legardiella) and the heterotrophic
dinoflagellates (Gyrodinium spirale). In the control,
the biomass of the ciliates increased initially followed
by a gradual decrease, and the biomass of dinoflagel-
lates was quite stable until the final days (Fig. 5.8a).
In the 45-pm fractionated carboy the ciliate commu-
nity increased-slightly, while the heterotrophic dino-
flagellates decreased after the second sampling (Fig.
5.8b). In the Rhodomonas-spiked carboy, however,
both protozooplankton groups increased during the
incubation, indicating that the microprotozooplank-
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ton community in the fjord was food limited during
this period (Fig. 5.8c).

The two main components of the microzooplank-
ton, the ciliates and the heterotrophic dinoflagellates,
contribute equally to the protozooplankton biomass
in Young Sound, and the vertical and seasonal dis-
tributions of protozooplankton generally follow
those of the phytoplankton (Rysgaard et al., 1999).
The species composition and relative contribution
of the two groups of protozoa are comparable with
observations from the Disko Bay on the west coast of
Greenland (Nielsen & Hansen, 1995; Levinsen et al.,
1999). However, the absolute biomasses of ciliates
and heterotrophic dinoflagellates in Young Sound are
lower compared with the more productive Disko Bay
(Levinsen & Nielsen, 2002).
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5.3.5 Mesozooplankton

Young Sound mesozooplankton was numerically
dominated by holoplankton, mainly copepods (Fig.
5.9 and Fig. 5.10). The copepods were present at mean
abundances of 500-1200 ind m= and dominated by
the cyclopoid species Oithona spp. and Oncaea spp.
However, Calanus spp. and in particular C. glacia-
lis and C. hyperboreus were nearly as abundant. The
development of either total or species-specific abun-
dance did not show any trend during the study. Cala-
nus finmarchicus was represented by all copepodite
stages except males, but the main components were
CIV and V copepodites. The same stage composition
was observed for C. glacialis, except that a few males
were recorded. In contrast, C. hyperboreus was rep-
resented predominantly by CI-Il copepodites, with
fewer later copepodites, although some females were
present. All the small calanoid and cyclopoid cope-
pod species were present in all six copepodite stages,
with only a few males. The harpacticoid Microsetella
spp. was represented by CIV adults (Table 5.3). In
terms of copepod biomass, the community was totally
dominated by Calanus spp., particularly C. glacialis
(Fig. 5.9b). No temporal trend was observed, and the
total mean biomass was 40.7 + 4.4 mg C m=3, equal to
1465 + 158 mg C m (Fig. 5.9b).

The meroplankton was assumed to be plank-
totrophic, and holoplankton other than copepods
were represented by 10 taxa. The gastropods, the
polychaetes and the bivalves were the most impor-
tant meroplankton groups, and the hyperiidae and the
thecosomata dominated the holoplankton (Fig. 5.10).
The development of both total abundance and rela-
tive species abundance showed a clear pattern during
the study. The total abundance decreased from >600
ind. m on the first three sampling dates to <100 ind.
m during the rest of the period. The thecosomata
accounted for the main part of the biomass, followed
by the hyperiidae and the gastropods. The total bio-
mass was 2.7-3.8 mg C m in the first three sam-
plings, decreasing to 1 mg C m?in the rest of the
period (Fig. 5.10b & Table 5.5), and the mean area
biomass was 65 + 49 mg C m

Seasonal studies covering the open-water period
in Young Sound (Rysgaard et al., 1999; Rysgaard et
al., 2004; Rysgaard et al., 2005) have shown that the
mesozooplankton community is composed of Cala-
nus spp., Pseudocalanus spp., Microcalanus spp.,
Oithona sp., Oncaea spp. and harpacticoid copepods.
In addition, a few pelagic larvae of bivalvia, gastro-
poda and polychaeta have been identified, and the
appendicularians are represented by Fritillaria sp.

2000 a I C. finmarchicus
C. glacialis
1500 C. hyperboreus
"-’E Pseudocalanus spp.
jg B Microcalanus spp.
< 1000 I Oithona spp.
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£ 1 I Figure 5.9 Young Sound
8 95| = I June 1999. (a) Mean + SE
copepod abundance and
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and Oikopleura sp. In general, the mesozooplankton
community is dominated numerically by copepods.
In terms of biomass, the three Calanus species C.
glacialis, C. hyperboreus and C. finmarchicus domi-
nate the standing stock, constituting 70-90% of the
total copepod biomass (Rysgaard et al., 1999).

Only few ripe Calanus finmarchicus females were
present during the 1999 campaign and those incubated
did not produce any eggs (data not shown). The ini-
tial egg production by C. glacialis was, however, high,
68.3 eggs female™ d%, corresponding to a SEP of 0.10
d? (Fig. 5.11a & Table 5.4). However, the production
consequently decreased with time, reaching zero at the
end of June. This development was supported by the
observation that the fraction of reproductively active
females decreased (Fig. 5.11a), as did the abundance of
free-floating copepod eggs and copepod nauplii (Fig.
5.11b & Fig. 5.11c). In contrast, the egg production of
the egg-carrying cyclopoid Oithona spp. was less vari-
able throughout the investigation. When the egg pro-
duction by C. glacialis approached zero, the Oithona
egg production remained high (Fig 5.11c & Table 5.4).
The SEP of Oithona spp. was, however, several orders
of magnitude lower than that of C. glacialis (Fig. 5.11a
& Table 5.4).

The secondary production by the copepod com-
munity was calculated by multiplying SEP by the
total biomass. This yielded a secondary production
within the range 2.9-0.1 mg C m™ d, with a mean
of 1.3+ 0.4 mg C m* d* (Table 5.4). Calculating the
copepod community grazing from the secondary pro-
duction gave a mean of 3.9 £ 1.1 mg C m= d*, which
is considered an underestimation, since a copepod
biomass was present despite no SEP on the last two
dates. Assuming that the entire copepod biomass was
actively grazing throughout the study period at a spe-
cific rate corresponding to cover the SEP as recorded
initially, 0.10 d* for C. glacialis (Nielsen & Hansen,
1995), the community grazing ends up at 441 + 42 mg
C m2 d, which is assumed to be more valid, and is
therefore the one incorporated into the pelagic carbon
budgets (see below). The mean secondary production
by the meroplankton and holoplankters other than
copepods was calculated at 0.09 + 0.02 mg C m3d*,
equal to 3.2 mg C m2 d?, giving rise to a community
grazing an order of magnitude lower than that of the
copepod community (Table 5.5).
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Gastropoda _ 600
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Cirripedia Il g
Hyperiidae Il S 400 || ||
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Table 5.3 Young Sound June 1999. Copepod species and mean + SD. stagewise abundance (numbers m=) based on 8
sampling dates with 3 replicates per date = 24 samples.

Taxa Cl Cll (ol]]] Clv Ccv Male Female
Calanus finmarchicus 3.1+4.7 1.5+2.2 2.6£2.5 21.1425.5 15.5+13.1 0 3.8+35
Calanus glacialis 15.5+22.8 6.8+8.0 11.7¢12.1 98.7+53.2 56.2+43.9 0.1+0.2 11.2+#8.5
Calanus hyperboreus 94.6+61.9 45.8+24.2 4.9+4.1 11.7+£10.0 9.249.2 0 0.9+1.2
Metridia longa 0.2+0.6 0 0 0 0 0 0.5+1.8
Pseudocalanus spp. 4.745.6 3.5+£3.9 2.0£25 1.4+2.3 1.2+19 0.3+0.7 2.8+1.9
Microcalanus spp. 6.2+5.8 4.0+4.6 3.4+4.3 4.1+4.6 1.2+2.4 0.1+0.3 0.6+1.1
Oithona spp. 68.9+54.7 56.0£66.3 14.4+12.5 18.8+17.1 58.0+40.8 5.1+3.7 43.7£30.1
Oncaea spp. 2.6+£9.7 13.5+26.6 31.9£32.0 65.6+62.5 22.7%24.2 3.1+3.1 0.9£1.5
Microsetella spp. 0 0 0 0.3+1.1 1.6+5.2 0.2+0.6 1.8+5.3

Table 5.4 Young Sound June 1999. Egg production and specific egg production (SEP) of Calanus glacialis (mean + SE.
max. min. number of observations) and egg production and specific egg production of Oithona spp.

June 11 June 13 June 16 June 18 June 20 June 22 June 25 June 27
C. glacialis 68.3+10.3 52.2+10.2 22.2+411.1 26.5+10.9 21.345.3 2.4+15 No females ~ No females
Eggs fem.'d* 122.6; 4.1 142.6; 4.9 121.0; 0.0 109.6; 0.0 55.7;0.0 21.6;0.0
15 12 13 16 13 15

SEP d* 0.10+0.017 0.08+0.01 0.04+0.023 0.04+0.02 0.03+0.01  0.004+0.003

0.20; 0.05 0.18; 0.01 0.29; 0.0 0.14; 0.0 0.08; 0.0 0.04; 0.0
Oithona 0.16 0.09 0.11 0.10 0.10 0.12 0.12 0.15
Eggs fem.* d*
SEP d* 0.0024 0.0014 0.0018 0.0016 0.0015 0.0018 0.0018 0.0023

Table 5.5 Young Sound June 1999. Planktotrophic meroplankton and holoplankton other than copepods. Mean biomass
+SE (mg C m and m~ of triplicate plankton hauls); community secondary production (G = mean biomass x 0.05 d*;
Hansen et al., 1999); and community grazing (I = G x 3; Hansen et al., 1997).

Junell Junel3 Junel6 Junel8 June20 June22 June25 June 27 Mean+SE ~ Mean+SE

m3 m?2
Biomassmg Cm*® 3.61+3.73 2.65+1.00 3.79+1.28 0.52+0.48 1.52+0.98 1.02+1.39 0.96+0.11 0.37+0.40 1.81+4.46 65+49
Secondary 0.18 0.13 0.19 0.026 0.076 0.051 0.048 0.019  0.090+0.022  3.2+0.8
production mg C

m3d?

Community graz-  0.54 0.39 0.57 0.078 0.23 0.153 0.144 0.138 0.280+0.01  10.1+2.3
ingmg C m3d*

Table 5.6 Young Sound. Annual pelagic carbon budget on the 36 m deep Station A based
on the investigations in 1996 and 1999 (Rysgaard et al., 1999 and the present chapter).

Carbon need (g C m2?yr*) Production (g C m2yr?) Origin

Phytoplankton 10.4 Rysgaard et al. 1999
Bacteria 10.8 3.6 Present paper*
Ciliates 0.8 0.3 Rysgaard et al. 1999
Dinoflagellates 0.6 0.2 Rysgaard et al. 1999
Copepods 9.7 3.2 Rysgaard et al. 1999
Total 219

* Assuming that the mid winter data from Rysgaard et al. (in press) of 3.1 mg C m2 d** represents 271
d, the present investigation covering 14 d during the ice cover, and bacterial production during the open-
water period (80 d) is considered as 20% of the primary production according to Rysgaard et al. (1999).
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5.3.6 Pelagic carbon budget for the ice-covered
period

The total loss due to pelagic grazing was higher than
the primary production during the 1999 field cam-
paign, the carbon need of the grazers (copepods,
meroplankters, ciliates and heterotrophic dinoflag-
ellates) being 20% of the standing stock of phyto-
plankton (Fig. 5.12). This was presumably the reason
for the observed decrease in phytoplankton biomass
during the study period (Fig. 5.5a). In general, the
copepod grazing was much more important that the
rest of the pelagic grazing.
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Incubation flasks for primary production incubated in
situ below sea ice. Flasks are mounted in the sea ice with
an ice-auger (front). Microprofiling instrument is seen in
back (see Chapter 4).
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Photo: Torkel G. Nielsen.
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Figure 5.12 Young Sound
June 1999. Carbon budget
constructed as integrated
mean +SE (0-36 m) values
of 8 sampling dates. Bio-
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5.3.7 The annual pelagic carbon budget

The annual pelagic carbon budget for Young Sound
(Table 5.6) illustrates that the primary production at
Station A (10.4 g C m?2 y) cannot, on its own, cover
the carbon need of the heterotrophic components of
the pelagic food web (21.9 g C m2 y1).

Calanus hyperboreus from Young Sound.
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5.4 Discussion

Combining the study performed at Station A during
sea-ice cover with the open-water study conducted
in 1996 at the same station (Rysgaard et al., 1999),
documented that most of the annual pelagic produc-
tivity took place during the short open-water period
(Fig. 5.13). The integrated annual carbon budget
(Table 5.6) revealed that the estimated carbon need
of the heterotrophs was more than twice the annual
pelagic primary production at Station A, underlin-
ing the fact that Young Sound is a net heterotrophic
system relying on import of organic material from
the open sea or possibly from land.

Although a high phytoplankton biomass was
present under the sea-ice cover during mid-summer,
the low irradiance prevented nutrients from limit-
ing primary production. However, nutrient limita-
tion does occur when the sea ice breaks up and the
pelagic community is exposed to full mid-summer
irradiance in the middle of July, causing primary
production to accelerate (Fig. 5.3; Rysgaard et al.,
1999). During sea-ice cover, the relatively high phy-
toplankton biomass, 2634 mg C m, expresses only
a low productivity of, on average, 44 mg C m2d*.
Bacterial production was higher than primary pro-
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duction, 52 mg C m2 d*, illustrating the importance
of the microbial food web in this light-limited Arctic
environment. Phytoplankton was grazed by cope-
pods at a rate of 441 mg C m2 d* and by ciliates,
heterotrophic dinoflagellates and meroplankton at
rates of 73, 6 and 10 mg C m2d-, respectively. Thus,
total zooplankton ingestion corresponds to c. 20% of
the total phytoplankton biomass and grazing there-
fore exceeds daily primary production by a factor of
ten. Despite the high carbon demand of the hetero-
trophic compartments of the pelagic food web, the
phytoplankton biomass did not change accordingly
during June 1999, illustrating that the pelagic com-
munity must be renewed from elsewhere. The most
plausible source is the open areas at the entrance to
the fjord. As soon as the sea ice broke up, and melt-
water from sea ice and from terrestrial runoff stabi-
lized the water column, the developing spring bloom
changed the entire pelagic system from heterotrophic
to autotrophic dominance until the sea ice reformed
and once again reduced pelagic photosynthesis.

In recent monitoring reports on the Young Sound
pelagic seasonal cycle, Rysgaard et al. (2004; 2005)
observed that Pseudocalanus spp., Oithona spp. and
C. hyperboreus dominate during August. Further-
more, Rysgaard et al. (1999) showed that Calanus
spp. dominated the pelagic grazing during the short
open-water period. Hence, the food web structure of
the pelagic community was comparable with obser-
vations reported during spring in other Arctic eco-
systems with longer open-water periods, i.e. with
significant contributions from Calanus (Nielsen and
Hansen, 1995; Hansen et al. 1996; Hirche & Kwas-
niewski, 1997; Levinsen & Nielsen 2002; Ringuette
et al., 2002; Mgller et al., 2006). However, the total
dominance of the Calanus genus contrasted with
reports from the Disko Bay, W. Greenland (69°N),
where the protozooplankton succeeded as the main
grazers after mid-summer when Calanus left the
euphatic zone to descend to hibernation depths (Lev-
insen & Nielsen, 2002). Thus, the protozooplankton
community in the Young Sound is of less importance
in the re-cycling of primary production. This pro-
nounced difference is probably caused by significant
predation on the protozooplankton by the copepods
(Levinsen et al., 2000b) due to the temporal co-occur-
rence of protozooplankton and copepods in the short
production window associated with the open-water
period.
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Figure 5.13 Young Sound. Annual cycle of integrated bio-
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Photo: Torkel G. Nielsen

Copepods swimming in algal soup. Sample from Young
Sound.

The main contributor to the copepod biomass
was Calanus spp. Rysgaard et al. (2004; 2005) and
Sejr et al. (2006) likewise reported dominance by
this genus. During the ice-covered campaign the
vast majority of copepods consisted of C. glacialis
copepodite stages IV and V and females. This indi-
cates that the population had reached maturity and
that juvenile copepodites had grown up. Calanus
glacialis was, however, not present in August 2003
and was assumed to have migrated to deeper waters,
i.e. outside Young Sound or in the deeper parts of
the fjord. The decrease in egg production rate, in the
fraction of spawning females in the population, and
in abundance of free-floating eggs and nauplii sug-
gests that C. glacialis had its peak spawning in late
May to early June. In Disko Bay, a high egg produc-
tion rate was observed throughout June and July until
descent of C. glacialis (Madsen et al., 2001). The C.
finmarchicus population probably initiated spawn-
ing after C. glacialis as observed in the Disko Bay
population (Madsen et al., 2001), and was indeed
increasingly present during August 2003, 2004,
and 2005 (Rysgaard et al., 2004; Rysgaard et al.,
2005; Sejr et al., 2006). The C. hyperboreus was not
present as advanced copepodites but primarily as Cl
copepodites, indicating pre-bloom reproduction as
described elsewhere (e.g. Hirche & Niehoff, 1996;
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Madsen et al., 2001; Niehoff et al., 2002). In con-
trast, C. hyperboreus was numerous during August
2004 (Sejr et al., 2006).

In general, the relatively low water depth in the
outer parts of Young Sound, far below reported dia-
pause depth requirements for all three Calanus spp.
(e.g. Hirche, 1998), indicates that no self-sustaining
populations of any of the Calanus species exist here.
Hence, all reproduction must be based on advected
adult specimens originating from the Greenland Sea
or from further inside the fjords where deeper waters
are found (Chapter 3). Based on several years of
monitoring during the program MarineBasic (Chap-
ter 12) a decreased ratio between C. hyperboreus and
C. finmarchicus is proposed to be indicative of an
increased influence of Atlantic Water, as C. finmar-
chicus is considered an Atlantic Water species and C.
hyperboreus a typical Arctic species. In contrast to
the large copepods, all small-bodied calanoids were
present in all copepodite stages, confirming the pres-
ence of several generations per year in Young Sound.
The dominant cyclopoid Oithona spp., also reported
by Rysgaard et al. (2004) and Rysgaard et al. (2005),
apparently continued its reproduction after the large
free-spawning species had terminated theirs. This
pattern resembles those reported from West Green-
land and the Greenland Sea (Mgller et al., 2006).

The relative importance of the microbial food
web qualitatively confirms the observations from the
Greenland Sea (Mgller et al., 2006), the Barents Sea
(Hansen et al., 1996) and the Disko Bay, West Green-
land, (Nielsen & Hansen, 1995; Mgller & Nielsen,
2000; Levinsen & Nielsen, 2002). However, in con-
trast to the Barents Sea and Disko Bay the classical
food chain seems to dominate the grazing pattern in
Young Sound. Grazing, biomass as well as second-
ary production by copepods appears to be the major
pathways for converting phytoplankton to higher
trophic levels. Hence, the major structural difference
between Young Sound and Disko Bay plankton com-
munities is apparently that the observed succession,
i.e. large Calanus spp. followed by protozoans and
eventually by small copepods (Levinsen et al., 2000g;
Madsen et al., 2001), does not take place in Young
Sound. This difference is most likely due to the much
deeper Disko Bay offering hibernation habitats for
Calanus spp. and also the limited open-water period
in Young Sound forcing all the major trophic groups
to be temporarily present in concert.
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To fully resolve the pelagic dynamics and model
the succession of the pelagic food web in the Young
Sound, more knowledge about the exchange pro-
cesses between Young Sound and the Greenland Sea
is essential. Additionally, better knowledge of the
horizontal resolution of all the interacting compart-
ments would enable us to obtain a comprehensive
overview of the biological oceanography of Young
Sound. Knowledge of the structure, succession and
productivity of the pelagic community at the entrance
to the Sound is especially crucial, since we hypoth-
esize that this is what periodically fuels the ice-cov-
ered Young Sound with organic material.

55 Acknowledgements

This work was supported by the Danish Natural Science
Research Council, by DANCEA (the Danish Coopera-
tion for Environment in the Arctic) under the Danish
Ministry of the Environment, by the Carlsberg Founda-
tion and by the Commission of Scientific Research in
Greenland. This work is a contribution to the Zacken-
berg Basic and Nuuk Basic Programs in Greenland. We
thank E. R. Frandsen and J. W. Hansen for logistic sup-
port, and A. Haxen and the Editors as well as 3 anony-
mous reviewers for scientific and linguistic correction
of earlier versions of this contribution.

5.6 References

Beers, J. R. 1996. Studies of the chemical composition of
the major zooplankton groups in the Sargasso Sea off
Bermuda. Limnol. Oceanogr. 11: 520-528.

Berggreen, U, Hansen, B. & Kigrboe, T. 1988. Food size
spectra, ingestion and growth of the copepod Acartia
tonsa during development: implications for determina-
tion of copepod production. Mar. Biol. 99: 341-352.

Bratbak, D. & Dundas, J. 1984. Bacterial dry matter content
and biomass estimations. Appl. Environ. Microbiol. 48:
755-757.

Digby, P. S. B. 1953. Plankton production in Scoreshy
Sound, East Greenland. J. Anim. Ecol. 22: 289-322.

Edler, L. 1979. Recommendations for marine biological stud-
ies in the Baltic sea. — Baltic Mar. Biol. Publ. 5: 1-38.

Meddelelser om Grgnland « Bioscience 58

Eilertsen, H. C., Tande, K. S. & Taasen, J. P. 1989. Verti-
cal distribution of primary production, and grazing by
Calanus glacialis Jaschnov and C. hyperboreus Krgyer
in Arctic waters (Barents Sea). Polar Biol. 9: 253-260.

Fotel, F. L., Jensen, N. J., Wittrup, L. & Hansen, B. W. 1999.
In situ laboratory growth by a population of blue mussel
larvae (Mytilus edulis L.) from a Danish embayment,
Knebel Vig. J. Exp. Mar. Biol. Ecol. 233: 213-230.

Fuhrman, J. A. & Azam, F. 1980. Bacterioplankton sec-
ondary production estimates for coastal waters of Brit-
ish Columbia, Antarctica and California. Appl. Environ.
Microbiol. 39: 1085-1095.

Haas, L. W. 1982. Improved epifluorescence microscopy
for observing planktonic microorganisms. Annls. Inst.
Océanogr. 58: 261-266.

Hansen, B. W. 1999. Cohort growth of planktotrophic poly-
chaete larvae — are they food limited? Mar. Ecol. Prog.
Ser. 178: 109-119.

Hansen, B., Christiansen, S. & Pedersen, G. 1996. Plankton
dynamics in the marginal ice zone of the central Barents
Sea during spring: carbon flow and structure of the grazer
food chain. Polar Biol. 16: 115-128.

Hansen B. & Ockelmann, K. W. 1991. Feeding behaviour in
larvae of the opistobranch Philine aperta. I. Growth and
functional response at different developmental stages.
Mar. Biol. 111: 225-261.

Hansen, B. W., Nielsen, T. G. & Levinsen, H. 1999. Plank-
ton community structure and carbon cycling on the west-
ern coast of Greenland during the stratified situation. I11.
Mesozooplankton. Aquat. Microb. Ecol. 16:233-249.

Hansen, P. J., Bjgrnsen, P. K. & Hansen, B. 1997. Zooplank-
ton grazing and growth: scaling within the 2-2,000 um
body size range. Limnol. Ocenogr. 42: 687-704.

Hirche, H. J. 1998. Dormancy in three Calanus species (C.
finmarchicus, C. glacialis and C. hyperboreus) from the
North Atlantic. Arch. Hydrobiol. Spec. Issues 52:359-
369.

Hirche, H. J. & Mumm, N. 1992. Distribution of dominant
copepods in the Nansen Basin, Arctic Ocean, in summer.
Deep Sea Res. 39:485-505.

Hirche, H. J. & Niehoff, B. 1996. reproduction of the Arctic
copepod Calanus hyperboreus in the Greenland Sea
— field and laboratory observations. Polar Biol. 16:209-
219.

105



Hirche, H. J. & Kwasniewski, S. 1997. Distribution, repro-
duction and development of Calanus species in the
Northeast water in relation to environmental conditions.
J. Mar. Sys. 10:299-317.

Hygum, B. H., Rey, C. & Hansen, B. W. 2000. Growth and
developmental rates of Calanus finmarchicus (Gunnerus)
nauplii during a diatom spring bloom. Mar. Biol. 136:
1075-1085.

Jespersen, P. 1934. Copepoda. The Godthaab Expedition
1928. Medd. Grgnland. 79(10), 166 pp.

Jespersen, A. M. & Christoffersen, K. 1987. Measurements
of chlorophyll-a from phytoplankton using ethanol as
extraction solvent. Arch. Hydrobiol. 109: 445-454.

King, K. R., Hollibaugh, J. T. & Azam, F. 1980. Preda-
tor-prey interactions between the larvacean Oikopleura
dioica and bacterioplankton in enclosed water columns.
Mar. Biol. 56: 49-57.

Kigrboe, T., Mghlenberg, F. & Hamburger, K. 1985. Bioen-
ergetics of the planktonic copepod Acartia tonsa: rela-
tion between feeding, egg production and respiration,
and compopsition of specific dynamic action. Mar. Ecol.
Prog. Ser. 26: 85-97.

Levinsen, H. & Nielsen, T. G. 2002. The trophic role of
marine pelagic ciliates and heterotrophic dinoflagellates
in arctic and temperate coastal ecosystems: A cross lati-
tude comparison. Limnol. Oceanogr. 47: 427-439.

Levinsen, H., Nielsen, T. G. & Hansen, B. W. 2000a. Annual
succession of marine pelagic protozoans in Disko Bay,
West Greenland, with emphasis on winter dynamics.
Mar. Ecol. Prog. Ser. 206: 119-134.

Levinsen, H., Turner, J. T., Nielsen, T. G. & Hansen, B.
W. 2000b. On the trophic coupling between protists and
copepods in Arctic marine Ecosystems. Mar. Ecol. Prog.
Ser. 204: 65-77.

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.

Marie D, Partensky F, Jacquet S & Vaulot D. 1997. Enu-
meration and cell cycle analysis of natural populations
of marine picoplankton by Flow Cytometry using the
nucleic acid stain SYBR Green I. Appl. Environ. Micro-
biol. 63: 186-193.

Mgller, E. F., Nielsen, T. G. & Richardson, K. 2006. The
zooplankton community in the Greenland Sea; composi-
tion and role in carbon turnover. Deep Sea Res. I. 53:
76-93.

106

Niehoff, B., Madsen, S. D., Hansen, B. W. & Nielsen, T.
G. 2002. Reproductive cycles of three dominant Calanus
species in the Disko Bay, West-Greenland. Mar. Biol.
140: 567-576.

Nielsen, T. G. & Hansen, B. W. 1995. Plankton commu-
nity structure and carbon cycling on the western coast of
Greenland during and after the sedimentation of a diatom
bloom. Mar. Ecol. Prog. Ser. 125: 239-257.

Nielsen, T. G., Mgller, E. F., Satapoomin, S., Ringuette, M.
& Hopcroft, R. R. 2002. Egg hatching rate of the cyclo-
poid copepod Oithona similis in arctic and temperate
waters. Mar. Ecol. Prog. Ser. 236: 301-306.

Riemann, B., Bjgrnsen, P. K., Newell, S. & Fallon, R. 1987.
Calculation of cell production of coastal marine bacte-
ria based on measured incorporation of 3H-thymidine.
Limnol. Oceanogr. 32: 471-476.

Ringuette, M., Fortier, L., Fortier, M., Runge, J. A., Bélanger,
S., Larouche, P., Weslawski, J.-M. & Kwasniewski, S.
2002. Advanced recruitment and accelerated population
development in Arctic calanoid copepods of the North
Water. Deep-Sea Res. Pll, 49: 5081-5099.

Rysgaard, S., Glud, R. N., Sejr, M. K., Bentsen, J. & Chris-
tensen, P. B. (in press) Inorganic carbon transport during
sea ice growth and decay: A carbon pump in polar seas.
J. Geophys. Res. Ocean 2006jc003572

Rysgaard, S., Nielsen, T. G., & Hansen, B. W. 1999. Sea-
sonal variation in nutrients, pelagic primary production
and grazing in a High-Arctic coastal marine ecosystem,
Young Sound; North Eastern Greenland. Mar. Ecol. Prog.
Ser. 179: 13-25.

Rysgaard, S., Frandsen, E., Sejr & Christensen, P. B. (2004)
Zackenberg Basic: The MarineBasic Programme. In:
Zackenberg Ecological Research Operations, 9" annual
report 2003. Rasch, M & Caning, K. (eds.). Danish Polar
Center, Ministry of Science, Technology and Innovation.
Copenhagen, 91 pp.

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

Sabatini, M. & Kigrboe, T. 1995. Egg production, growth
and development of the cyclopoid copepod Oithona simi-
lis. J. Plankton Res. 16: 1329-1351.

Satapoomin, S. 2000. Carbon content of some tropical Anda-
man Sea copepods. J. Plankton Res. 21: 2117-2123.

Meddelelser om Grgnland « Bioscience 58



Sejr, M. K., Dalsgaard, T., Rysgaard, S., Frandsen, E. &
Christensen, P. B. (2006) Zackenberg Basic: The Marine-
Basic Programme. In Zackenberg Ecological Research
Operations, 11" annual report 2005. Klitgaard, A. B. &
Caning, K. (eds.). Danish Polar Center, Ministry of Sci-
ence, Technology and Innovation. Copenhagen, 111 pp.

Smidt, E. L. B. 1979. Annual cycles of primary produc-
tion and of zooplankton at Southwest Greenland. Medd.
Grgnland, Biosci. 1: 52 pp.

Steemann Nielsen, E. 1952. The use of radio-active carbon
(C¥) for measuring organic production in the sea. J.
Cons. Int. Explor. Mer. 18: 117-140.

Strickland, J. D. & Parsons, T. R. (1972) A practical hand-
book of seawater analysis. Bull. Fish. Res. Bd. Can. 167:
1-310.

Ussing, H. H. 1938. The biology of some important plank-
ton animals in the fjord of East Greenland. Medd. Grgn-
land. 100: 1-108.

Uye, S.-I. 1982. Length-weight relationships of important

zooplankton from the Inland Sea of Japan. J. Oceanogr.
Soc. Japan. 38: 149-158.

Meddelelser om Grgnland « Bioscience 58

107





