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ABSTRACT: Summer melting of sea ice leads to the formation 
of under-rce melt ponds in Arctic seas. The biological char- 
acteristics of such a pond were studied in summer 1993. 
The chlorophyte Pyramimonas sp. (Prasinophyceae) formed a 
unialgal bloom with cell densities of 19.1 X 103 cells ml-' and 
a pigment concentration of 29.6 mg m-" comparison with 
ice core data revealed differences in algal biomass and com- 
munity structure. Physical data indicate that under-ice ponds 
are a common feature in the Arctic Ocean. Thus, communit~es 
within under-ice ponds, which have not been included in pro- 
duction estimates, may slgniflcantly contribute to the Arctrc 
marine food web 
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The development of algal blooms in the Arctic 
Ocean is largely controlled by the unique environmen- 
tal conditions in this area. Low water temperature, the 
dark polar winter and a permanent ice cover severely 
limit biological production. Thus, the Arctic was con- 
sidered to be one of the most oligotrophic oceans of the 
world (Platt & Subba Rao 1975). Nevertheless, consid- 
erable algal biomass can accumulate, at least for peri- 
ods of weeks, in 3 Arctic marine habitats: (1) inside the 
sea ice (Horner 1990). (2) in polynyas and (3) in mar- 
ginal ice zones (e.g. Gradinger & Baumann 1991). The 
algal communities forming these 'blooms' are usually 
dominated by diatoms (Smith & Sakshaug 1990). 
Under the permanent ice cover, algal biomass remains 
low during the entire growth season with flagellates as 
dominating primary producers (Braarud 1935, Horner 
& Schrader 1982). During summer 1993, we surpris- 
ingly encountered an  algal bloom immediately below 
the sea ice. This note presents our observations on this 
phenomenon, discussing its possible significance for 
the Arctic marine system. 

Materials and methods. The investigation was con- 
ducted during the RV 'Polarstern' expedition ARK IX/4 
from August to October 1993. Sampling of ice cores 
and under-ice water took place at Stns (station number 
= day of the year) 230 (82"45.4'N, 40" 12.2' E) and 231 
(82O23.2' N, 40°54.9'E) At Stn 230, ice was collected 
from a 2 m thick multi-year ice floe. At Stn 231, we 
encountered a layer of thin ice (grey ice of 21 to 60 cm 
thickness) between 2 multi-year ice floes, which were 
more than 4 m thick (Fig. 1) Ice cores were taken at 
both stations with a 7.5 cm SlPRE ice auger. Under-ice 
water was collected at  Stn 231 from inside the core 
hole following removal of the core. The ice cores were 
cut into 2 to 20 cm long sections to analyse the vertical 
distribution of ice organisms and algal pigments within 
the ice. The concentration of algal pigments (chloro- 
phyll a + phaeopigments) was measured on ice sam- 
ples that were melted directly. The determination was 
done fluorometrica.lly according to Evans et  al. (1987) 
after filtration on Whatman GF/F filters. For the deter- 
mination of algal abundances, ice samples were 
melted in 0.2 pm filtered sea water (for details see 
Gradinger et al. 1991) and filtered onto 0.2 pm 
Nuclepore filters. Species abundances were determined 
using epifluorescence microscopy after DAPI staining 
(Porter & Feig 1980). The Prasinophyte species Pyrami- 
monas sp. was identified by H. A. Thomsen (Botanical 
Institute, Dept. Phycology, University Copenhagen). 
Morphometric data of algal species were obtained 
from fixed material (1 % formaldehyde final concentra- 
tion) using a video image system (Leica QSOOMC) 
attached to a Zeiss Axiovert 135 inverted microscope. 
Salinity was measured with a WTW LF 191 conduc- 
tometer 

Results. The ice thickness at Stn 231 varied between 
0.2 and more than 4 m (Fig 1). Under-ice video obser- 
vations through the core holes (M. Poltermann pers. 
comm.) revealed an  approximately 1 m thick layer of 
greenish coloured water just below the young ice. The 
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salinjty of this under-ice pond was 9.1 psu. A sharp 
pycnocline between this pond and the clear water 
below could be easily seen by video. 

Algal pigment concentration (Fig 2) was h.ighest In 
the under-ice brackish water pond (UBP) at 29.6 mg 
m-! Sharp gradients were observed inside the Ice 
cores from Stns 231 and 230. Algal pigment concentra- 
tions greater than 10 mg m-3 were restricted to the 
lowermost 10 cm of the cores (Fig. 2).  Almost no 
phaeopigments were detected in the ice samples, 
while they contributed 63 % to total algal pigments in 
the UBP. Large differences were evident in the algal 
composition of the samples (Fig. 3). Pennate diatoms 
contributed between 9 and 32 % of all algal cells in the 
bottom 2 cm of the ice cores. The algal community in 
the UBP consisted almost entirely of a single type of 
phototrophic flagellate. The relative contribution of 
pennate diatoms to the UBP community was insignifi- 
cant (3%).  Centric diatoms were only observed in the 
2 ice cores collected at Stn 231 and contributed less 
than 6 % to total algal abundance. 

Microscopical observations of living material on 
board 'Polarstern' showed that the phototrophic protist 
(Fig. 4 )  belonged to the chlorophytes. The cells were 
characterised by 4 flagella, a cup-shaped chloroplast, 
a pyrenoid and an eye spot. The species was later 
identified by electron microscopy as Pyramimonas sp. 

106 cells ml-l) were detected in the UBP 
depth (m) 

sample by epifluorescence microscopy. A 

(H. A. Thomsen pers. comrn.). Its maximum size varied 
between 4 and 16 pm. In addition to this alga, photo- 
trophic euglenophytes (< l  cell ml-'), heterotrophic 
flagellates (4360 cells ml-l) and bacteria (2.21 X 

. . . . . . . . . . . .  

core 1 

- 0 large fraction of the heterotrophic flagel- 
lates of the size class 10 to 20 pm (61 % of all 
heterotrophic protists) contained ingested 
chlorophytes. 

- I Discussion. The sea ice cover of the Arctic 
Ocean has attracted increasing interest 
from marine biologists over the last decades 
(see Horner 1985 for a review). Today, i t  is 

-2 well known that algae occur in high concen- 
trations in the lowermost decimetres of the 
ice floes, close to the ice-ocean interface, 
and contribute substantially to total primary 

-3 productivity of the Arctic (Legendre et al. 
1992). 

The high ice algal biomass is used by a 
variety of animals, which either live perma- 

- 4 nently on the underside of the sea ice 
(Carey 1985, Lmne & Gulliksen 1991) or 

core 2 

migrate for parts of their life cycle into the 
ice-ocean interface (Runge et al. 1991). No 

Fig. 1. Ice situation at Stn 231 direct measurements were available until 

algal pigments (rng rn3) 

Fig. 2. Phaeopigment and total algal pigment (chlorophyll a + 
phaeopigments) concentrations in the surface melt pond 
(MP), sea ice and under ice pond (UBP) at Stns 230 and 231 

(core 1 and core 2) 
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Fig. 3. Composit~on and abundance of phototrophic cells (penn. 
diat.: pennate diatoms; pp: phototrophic protists other than 
diatoms) in the under-ice brackish water pond (UBP) and the 

bottom 2 cm of the sea ice at  Stns 230 and 231 

now on the biology of under-ice melt ponds, but Apol- 
lonio (1985) summarised the evidence for the existence 
of a so-called 'halocline flora'. This algal community is 
characteristic for the upper 2 m of Arctic waters after 
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Fig. 4. Size spectra of the chlorophyte observed in the under-ice 
pond at Stn 231 Cellular structure based on observations of 
1.iving cells: (S) stigma; (N) nucleus; (C) chloroplast; (P)  pyrenoid; 

(F) flagella. Arrows indicate location of measurements 

the summer melt of sea ice and occurs at a constant 
biomass level of 1 to 2 mg chl a m-"or periods of 6 to 
8 wk.  Observations by Bursa (1963) suggest that the 
halocline flora is dominated by phototrophic flagellates 
(Chlorophyceae and Chrysophyceae) similar to our 
UBP results, but with a different species composition 
(Chlorella sp., Oocystis sp . ,  Scenedesrnus bijugatus, and 
Ochromonas sp.). Thus, distinct differences exist be- 
tween the halocline flora and the 'under-ice pond flora' 
in terms of biomass and species composition. Conse- 
quently, the under-ice pond algae represent a fourth 
type of algal community of the Arctic Ocean, in addi- 
tion to ice algae, phytoplankton and halocline flora. 

Eicken (1994) summarised our present knowledge 
on under-ice ponds in the context of their distribution 
and impact on ice morphology. He  stated that under- 
ice ponds influence the exchange rates between ice 
and the water column by enhanced desalination, seal- 
ing of the ice bottom, and topographic smoothing of 
the ice bottom. He estimated that the under-ice ponds 
could cover at  least 5% of the total ice area of the 
Arctic. No such estimates are  available for their occur- 
rence under refrozen leads. Wadhams (1994) showed 
that refrozen leads, characterised by an  ice thickness 
of less than 1 m,  contribute between 4 %  (October 
1976) and 8 to 16% (May 1987) of the total ice cover- 
age. Thus, refrozen leads are an  important structural 
component of the Arctic sea ice zone. Therefore, 
under-ice ponds as observed in this study may be a 
common feature of the Arctic seas. Further evidence to 
support this idea is th.e observation of greenish 
coloured water flooding over ice floes while RV 'Polar- 
stern' was cruising through the ice at  several locations 
along the cruise track. 

For a n  interpretation of our biological observations, 
the major factors controlling algal development in ice- 
covered waters, i.e. irradiance and water column sta- 
bility, have to be taken into account. The light climate 
in polar waters is highly variable due  to the existence 
of the ice cover. The surface albedo of ice floes ranges 
from less than 0.3 for ice floes covered with melt ponds 
to more than 0.8 for snow-covered ice (Maykut 1985). 
Assuming a 30 cm thick first year ice without snow 
cover, as observed at Stn 231, about 4 % of the surface 
photosynthetically active radiation will reach phyto- 
plankton cells in an  under-ice pond, which is about 
4 times more than under 2 m thick ice (Maykut & 
Grenfell 1975). Hence, the light climate of an  under-ice 
pond in a refrozen lead is more likely to favour algal 
growth compared to the water column or ponds under 
multi-year ice with a mean draft of more than 2 m. The 
high irradiance and vertical stability due  to the low 
salinity within the under-ice pond allow the formation 
of an  algal bloom of similar magnitude as observed in 
marginal ice zones or polynyas (Table 1). 
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Table 1 Algal biomass (mg chl a )  in various habitats of the 
Arctic 

Chl a m-3 1.5 0.2 1.4 11.0 

"Data from Gradinger & Baumann (1991) represent inte- 
grals (upper values) and means (lower values) for the up- 
per 40 m of the water column in the ice-covered East 
Greenland Current 

hIntegrated over 1 m thickness 

The specific environmental conditions inside the un- 
der-ice pond are reflected in the formation of a unique 
community structure, dominated by Pyramimonas sp. 
Salinlty greatly affects species distributions, with low 
salinity braclush water habitats containing the lowest di- 
versity of phyto- and zooplankton species (Krey 1974). 
Therefore, the low salinity of 9.1 psu is probably re- 
sponsible for the dominance of Pyramimonas sp., in con- 
trast to the relevance of diatoms inside the sea ice. The 
occurrence of bacteria and of protozoa, which contained 
~ngested chlorophytes, indicate that an active microbial 
food web was present within the under-~ce pond. 

The high phaeopigment concentrations in the under- 
ice pond probably cannot be attributed to protozoa, as 
these organisms do not significantly contribute to the 
production of chlorophyll breakdown products (Barlow 
et al. 1988). Therefore, other processes, e .g .  meso- and 
macrozooplankton grazing (Welschmeyer & Lorenzen 
1985) or pigment damage due to high light intensities, 
might be responsible for our observation. At present, 
we do not know whether grazers such as amphipods 
and herbivorous copepods are able to use the high algal 
biomass. The low salinity of the under-ice pond may act 
to exclude the marlne herbivores. Thus, the pigment 
composition in the UBP remains enigmatic and cannot 
be explained with the available data. Future studies by 
phyto- and zooplanktologists should therefore include 
research on processes occurring in the interface of ice 
and the water column in various regions and habitats, 
i e. leads, refrozen leads and under thicker ice floes, 
which might represent spots of high primary productiv- 
ity which have so far been neglected in the estimates by 
Legendre et al. (1992) and Subba Rao & Platt (1984). 
New studies should try to integrate coupling processes 
between ice, under-ice ponds and the water column in 
this highly structured environment on vertical scales of 
centimetres to decimetres below the ice floes. 
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