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The ctenostome bryozoan Alcyonidium disciforme is the only known free-living Arctic bryozoan.
Alcyonidium disciforme has a strictly Arctic circumpolar distribution. The material studied was collected
during 1995^2002 inWest Spitsbergen, Svalbard. Densities of the bryozoan inVanVeen grab and SCUBA
diving samples are presented together with environmental data. Alcyonidium disciforme is restricted to the
inner part of Kongsfjorden�main area of study. The activity of the tidal glacier situated in the inner part
of the fjord results in strong environmental gradients, meltwater out£ows causing salinity and temperature
£uctuations together with high concentrations and rates of mineral material sedimentation. The wide
bathymetric range of the species (8 to 240m) suggests that depth is not its limiting factor within the
fjord. High densities of A. disciforme recorded in shallow glacial bay waters indicate that it is highly tolerant
of £uctuations in salinity. It also tolerates high mineral sedimentation rates; this is unusual for a
suspension-feeding animal. The species has a very regular disc-like shape. Colonies develop a central hole
when they reach approximately 3mm in diameter. There are signi¢cant positive correlations between wet
mass vs colony diameter, wet mass vs central hole diameter, and diameter of the whole colony vs central
hole diameter. Alcyonidium disciforme is adapted, through its colony shape and zooids ¢lled with sand parti-
cles acting as a ballast to survive in a dynamic sedimentary environment.

INTRODUCTION

Alcyonidium disciforme Smitt, 1871 is a ctenostome
bryozoan. The type specimen was collected during the
Smitt expedition to Spitsbergen in 1868, on-board the
iron-steamer ‘So¢a’, led by the Swedish geologist
Nordenskiold (Smitt, 1871; Nathorst et al., 1909).

An Arctic, circumpolar species (for a more detailed
distribution see Figure 1), the most southerly record
(608N) of A. disciforme is from Wakeham Bay in Canada
(Osburn, 1953), while the most northerly record is the
J�rgen Br�nlund Fjord (828N) in northern Greenland
(Andersen, 1973). Ecological and biological knowledge is
scant. Most of the ecological data regarding A. disciforme

was published by Russian researchers (Kluge, 1975;
Androsova, 1977; Denisenko, 1990). Androsova (1977)
presented the ¢rst quantitative description of a species
population. Her data from Franz Josef Land revealed that
A. disciforme density reached over 45 colonies and 36 grams
of biomass per square metre. In terms of biomass this
makes the species an important contributor to the
biomass of Arctic benthic communities, which was
reported to vary from 4 to 643 g of wet mass/m2 (Carey,
1991;W =lodarska-Kowalczuk et al., 1998).

Why is A. disciforme exceptional? It is the only free-
living, non-attached, bryozoan known from the Arctic
(Kluge, 1975). There are other examples of free-living
bryozoans (lunulitiforms), but their occurrence is
restricted to warm waters (Cook & Chimonides, 1994).
The shape of the colony is also unusual (Figure 2).
Mature colonies have a ring-like appearance, with an
opening in the middle of the colony. Kluge (1975), in his

monograph on Arctic bryozoans, presented the ¢rst obser-
vations on colony development. Initially, the colony has
the appearance of a more or less convex disc. As growth
continues (5^6mm in diameter) a round hole appears in
the middle of the colony, giving the colony a ring-like
appearance (Kluge, 1975). The oldest colony recorded in
the literature was 5^6 y old (Kluge, 1975). Kvitek (1989)
found that the shape of the colony is an adaptation to the
highly dynamic sedimentary habitat. Alcyonidium disciforme

occurs in unstable, soft sediments�an environment
unusual for bryozoans and for suspension feeders in
general.

In Svalbard waters the species has been recorded only in
glacial bays (Kirkpatrick, 1925; W =lodarska et al., 1996;
Gontar et al., 2001; Kuklin¤ ski, 2002; J.M. Wecs =lawski,
unpublished data; present observations). Glacial meltwater
out£ows result in salinity and temperature £uctuations,
and high concentrations and high rates of mineral mate-
rial sedimentation (Elverh�i et al., 1983; Svendsen et al.,
2002). The activity of tidal glaciers situated in the inner
part of the fjords results in strong environmental gradients
(Syvitski et al., 1987; Svendsen et al., 2002) which in£u-
ence both pelagic and benthic biota (W =lodarska-
Kowalczuk et al., 1998; Syvitski et al., 1987).

The species is an important component of the benthos of
Arctic glacial bays, and has potential as a bioindicator of
speci¢c hydrographic conditions.With the ongoing coastal
change and massive glacial melt in the Arctic, A. disciforme
may become widespread as a result of such changes in
hydrographic conditions.

The aim of the present study is to provide a detailed
description of the species’ distribution in relation to
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environmental factors in an Arctic glacier-in£uenced
fjord, together with some aspects of its biology, including
morphometric data, morphological adaptation and histo-
logical analyses.

MATERIALS AND METHODS

Study site

The material was collected in Kongsfjorden (Figure 3),
a fjord on the western coast of Spitsbergen at 798N and
128E. The length of coastline in the fjord is 89.6 km,
15.9 km of which is covered by glaciers. The principle
factors responsible for hydrological conditions in the fjord
are bathymetry, vicinity of the ocean, glaciers (presence of
the four tidewater glaciers) and climate (Wecs =lawski et al.,
1991; Svendsen et al., 2002).

The area is highly in£uenced by Atlantic water, which
enters the fjord with the in£ow of the West Spitsbergen
Current as Transformed Atlantic Water (T418C,
S434.7 psu) (Wecs =lawski et al., 1991; Svendsen et al.,
2002). The glacial meltwater out£ow results in formation
of surface water with temperature less than 70.58C and
salinity below 34.4 psu (Svendsen et al., 2002).

The inner fjord is characterized by winter (mid-
December to between April and July) coverage of fast-ice
(frozen sea surface) and is subject to ice scour down to
40m depth from icebergs during summer months

268 P. Kuklin¤ ski and J.S. Porter Alcyonidium disciforme: an exceptional Arctic bryozoan

Journal of the Marine Biological Association of the United Kingdom (2004)

Figure 1. Global distribution of Alcyonidium disciforme�in the frame area of study (1. West Spitsbergen�Smitt, 1871;
Kirkpatrick, 1925; W =lodarska et al., 1996; Gontar et al., 2001; Kuklin¤ ski 2002; 2. East Spitsbergen�Bidenkap, 1897, 1900;
3. northern Norway�Bidenkap, 1905; Nordgaard, 1905, 1912a, 1918; 4. Barents Sea�Nordgaard, 1900; Calvet, 1903;
Denisenko, 1990; 5. Pechora Sea�Pogrebov et al., 1997; Dahle et al., 1998; 6. Novaya Zemlya�Stuxberg, 1887; Nordgaard,
1912b, 1923; 7. Franz Joseph Land�Androsova, 1977; W =lodarska et al., 1996; 8. Kara Sea: 8a�Stuxberg, 1882; 8b�Smitt,
1879; Levinsen, 1886; 8c�Jorgensen et al., 1999; 9. Laptiev Sea�Abrikosov, 1932; 10. East Siberian Sea�Kluge, 1975;
11. Bering Sea�Kvitek, 1989; 12. Chukchi Sea�Kvitek, 1989; 13. Beaufort Sea�Osburn, 1953; 14. Ungava Bay, Canada�
Osburn, 1953; 15. west of Greenland�Levinsen, 1914; 16. northern Greenland�Andersen, 1973; 17. east of Greenland�
Andersson, 1902; Levinsen, 1914).

Figure 2. Alcyonidium disciforme in situ�Kongsfjorden (photo:
B. Gulliksen).
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(Dowdeswell & Forsberg, 1992; Svendsen et al., 2002).The
central and outer parts of the fjord are only occasionally
covered with fast-ice (Svendsen et al., 2002).

Suspension concentrations in the surface plume close to
glaciers can reach 300^500mg/dm3, decreasing in the
central and outer parts of the fjord in summer. In the
inner basin concentrations in the intermediate water layer
may reach 20^25mg/dm3, in the central parts 2^3mg/
dm3, while relatively clear water in the outer parts of the
fjord contains 0.5mg/dm3 (Elverh�i et al., 1983; Svendsen
et al., 2002). The £oor of the inner basin is covered with
soft sediments, while in the outer part the bottom types are
much more diverse�ranging from mud, to gravel and
rocky shelves (Svendsen et al., 2002).

For a more detailed study of the biological ecosystem of
Kongsfjorden, see Hop et al. (2002); recent physical data
for the area are presented and discussed by Svendsen et al.
(2002).

Sampling programme

Samples were taken during the 1995, 1996, 1997 and
1998 cruises of RV ‘Oceania’, the 2001 land based project,
and the 2001 and 2002 cruises of RV ‘Jan Mayen’. Several
techniques were used to collect the samples: a Van Veen
grab (0.1m2), SCUBA (frame 0.25m2 and, on soft
bottoms, cores 185mm in diameter) and dredging. The
sampling stations are illustrated in Figure 3. At each
station three replicates of faunal samples were taken and
the depth was recorded.

The frequency of occurrence of Alcyonidium disciforme

was calculated, where:

F ¼ ni �N
�1 � 100 (1)

F¼frequency of given taxon [%]; ni¼number of samples
where given taxon was present; N¼total number of
samples.

Physical factors

To con¢rm gradient of sedimentation rate along the
fjord observed in similar systems elsewhere (Syvitski,
1987), sedimentation rate at the seabed was measured in
2001. Stations sampled included both the inner and outer
parts of the fjord (see Figure 3). Tube shaped traps, 8 cm
diameter and 54 cm high, were placed by divers onto the
seabed and these traps were subsequently exposed for
24 hours. To minimize the e¡ect of sediment resuspension,
opening of the traps was postponed until the suspension
was stabilized. At each station three replicates were taken.
After a 24 h period of exposure the traps were recovered,
taken to the laboratory and left for another 24 h to settle.
Then, the upper 2 litres of supernatant were removed,
while the remaining mixture of water and sediment was
¢ltered through the glass ¢bre ¢lters (Whatman GF/C,
47mm). The ¢lters were weighed before and after
¢ltering.

In order to measure the organic content of the sediment,
the GFC ¢lters loaded with sediment were weighed, then
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Figure 3. Distribution of Alcyonidium disciforme within the Kongsfjorden (number denotes the station where environmental factors
were measured; KF, Kongsfjorden).
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placed in an oven (4508C) for 24 h and subsequently
reweighed.

To analyse the grain size composition of the sediment,
subsamples were taken from cores that had been collected
by a diver. Sediment fractions were categorized as clay
(54 mm), silt (4^63 mm), sand (63^2000 mm), pebbles (2^
64mm) and cobbles (64^256mm). Grain size measure-
ments were made using a combination of the hydro-meter
method and sieving. Subsequently all sediments were
suspended in a solution of hexa-metaphosphate (5 g/l),
which has the e¡ect of reducing the links between clay
particles due to £occulation. The density variation of the
solution was measured at di¡erent time intervals and,
¢nally, Stokes’ law was used to compute the mean
diameter of the sediment particles from their settling
speed and the changing density of the solution with time.
This method is described in detail by, for example, Gee &
Bauder (1979). Randomly selected pebbles and cobbles
were measured using callipers, and mean, standard devia-
tion and range calculated.

Temperature and salinity measurements were con-
ducted by the Hydrology Department (IO PAS) for the
whole fjord.

Morphological studies

The collected material was ¢xed in 4% formaldehyde,
and following sorting was transferred into 70% ethanol.
All the individuals sampled in 2001 and 2002 were
weighed (wet mass). Measurements of total and central
hole diameter were made for all colonies using an eyepiece
micrometer in a stereomicroscope.

Six specimens of A. disciforme from Station 5 were
deposited in the Natural History Museum, London
(NHM) under the registration numbers 2003.1.13.1^6.
These six specimens varied in diameter (2 cm, 2.5 cm,
3.5 cm, 3.7 cm, 3.8 cm and 4.0 cm respectively) and were
chosen to represent di¡erent stages of ontogeny. Histolo-
gical sections were prepared from these specimens. In
preparing para⁄n wax sections, two pieces of tissue
approximately 1�1cm were cut from each specimen, one
was embedded to be cut longitudinally and the other
embedded to be cut transversely. The tissue pieces were
¢rst dehydrated through a series of ethanol: 90% over-
night, followed by three changes of 100% ethanol (one
every two hours); the samples were then put into a 1%
Neceloidine solution for 24 h followed by chloroform for
24 hours. Finally, the samples were embedded after three
changes of para⁄n wax. Blocks were sectioned at 7 mm,
mounted using a solution of ¢ve drops of glycerine
albumin in 100ml of distilled water, and dried on a hot
plate before staining with Mallory’s triple stain, using the
following protocol: Histoclear 5min, 100% ethanol 1min,
90% ethanol 1min, 70% ethanol 1min, distilled water
1min, Mallory’s stain 5min, rinse in running water for
30 s, 70% ethanol 1min, 90% ethanol 1min, 100%
ethanol 1min, Histoclear 5min. Slides were mounted in
DPX mountant.

Measurements were made from the cut sections of the
six chosen specimens, including autozooid width and
length, and diameter of developing oocytes, using an
Image Analysis system (a Hitachi JVC TK1270 camera
mounted on an Olympus BH2 microscope and connected
to a computer). Measurements were generated with
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Table 1. Environmental data collected during the expedition in 2001�station number refers to the station presented in Figure 3.

Station no. 1 2 3 4 . 5 . 6 . 7 8 9

Environmental factors
Latitude 78858.5’N 78857.3’N 78855.8’N 78853.5’N 78856.5’N 78858.9’N 78859.5’N 79801.8’N 79803.5’N
Longitude 11829.8’E 11846.1’E 11854.9’E 12815.0’E 12825.9’E 12813.3’E 11858.9’E 11849.8’E 11839.4’E
Total sedimentation g/m2/

24 h
4.62 �0.74 11.31 �1.78 49.47 �8.31 58.38 �9.73 119.78 �5.88 59.35 �5.1 9.11 �1.67 91.1 �8.25 14.03 �0.81

Mineral sedimentation g/
m2/24 h

3.6 �0.53 9.04 �1.89 40.5 �10.95 51.92 �10.24 110.3 �3.07 49.56 �7.96 7.44 �1.33 82.41 �7.24 12.33 �0.43

Organic sedimentation g/
m2/24 h

0.77 �0.61 2.26 �0.52 8.97 �3.24 6.46 �0.51 9.47 �2.81 9.89 �3.15 1.67 �0.41 8.69 �0.84 1.7 �0.38

Distance from the nearest
tidal glacier (km)

24.63 20.37 14.63 6.48 5.74 4.63 6.67 9.91 14.96

Clay (%) � � 26.61 28.98 36.08 54.87 � � �
Mud (%) � 4.43 50.28 66.09 29.69 27.00 2.27 4.32 �
Sand (%) � 23.23 10.73 4.93 29.75 9.90 5.21 35.29 7.27
Gravel (%) 100.00 72.34 12.38 � 4.48 8.91 92.52 60.39 92.73
Pebbles* 19.2 �14.5

(2.0^63.0)
N¼82

9.1 �7.2
(2.0^55.0)
N¼247

4.1
N¼1

� � � 21.9 �15.1
(2.0^63.1)
N¼240

17.0 �13.3
(2.0^63.0)
N¼260

23.0 �14.5
(2.0^62.0)
N¼82

Cobbles* 87.5 �23.4
(65.0^139.0)

N¼9

� 117.6 �31.2
(64.3^144.0)

N¼5

� � � 75.3 �11.7
(66.0^102.0)

N¼12

79.4 �3.3
(77.0^81.7)

N¼2

94.0 �28.3
(65.0^156.0)

N¼12
Presence of bear rock YES NO NO NO NO NO YES NO YES
Temperature (8C) 4.88 4.55 4.10 3.14 1.71 3.10 2.50 4.99 4.62
Salinity (psu) 34.02 34.17 34.35 33.23 32.90 33.27 33.43 33.66 33.77

., Alcyonidium disciforme present; *, mean diameter �SD (mm), range (mm); N, number of stones measured.
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Imagepro software, saved into an Excel datasheet and
basic statistics performed.

Data analyses

To investigate the environmental factors that might be
responsible for the distribution of A. disciforme, the
PRIMER software package was used (Clarke &
Warwick, 1994). An environmental data matrix was
constructed and used in principal components analyses

(PCA). A Draftsman plot was then produced and used to
estimate correlations between each of the environmental
factors.

Nonparametric Spearman correlation was used to eval-
uate all relationships and signi¢cance between the presence
ofA. disciforme and individual environmental factors.

Other correlations (wet mass^colony diameter; number
of individuals^depth distribution; organic, mineral vs
total amount of sedimentation) were tested using the para-
metric Pearson product^moment correlation.
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Figure 4. Principal component analyses based on data
from Table 1 (stations encircled indicate presence of
Alcyonidium disciforme).

Table 2. Correlations between environmental factors and
presence of Alcyonidium disciforme (data taken from Table
1).

Environmental factors r P

Clay 0.90 0.001
Mud 0.64 0.062
Total sedimentation 0.64 0.064
Mineral sedimentation 0.64 0.064
Organic sedimentation 0.64 0.064
Sand 0.00 1.000
Presence of bare rock 70.50 0.170
Temperature 70.64 0.064
Distance from nearest tidal glacier 70.82 0.007
Gravel 70.82 0.007
Salinity 70.82 0.007
Cobbles 70.84 0.005
Pebbles 70.84 0.005

Table 3. Details of stations where Alcyonidium disciforme was recorded.

No.

Date of
collection (year,
month, day) Station coordinates

Gear type
(no. of replicates)

Depth
(m)

Individuals/m2

(mean�SD)

Biomass
(g/m2)

(mean�SD)

1 1995.07.22 12826.8’E 78854.8’N g (3) 69 3.3�5.77 n.a.
2 1995.07.22 12822.5’E 78856.5’N g (3) 40 3.3�5.78 n.a.
3 1996.07.11 12828.6’E 78852.5’N g (3) 45 26.7�46.19 n.a.
4 1996.07.11 12831.0’E 78852.4’N g (3) 15 23.3�40.41 n.a.
5 1996.07.11 12833.4’E 78852.3’N g (3) 85 3.3�5.77 n.a.
6 1996.07.11 12833.3’E 78853.2’N g (3) 83 3.3�5.77 n.a.
7 1996.07.11 12833.1’E 78853.9’N g (3) 81 10.0�17.32 n.a.
8 1996.07.11 12830.9’E 78853.5’N g (3) 88 6.7�11.55 n.a.
9 1996.07.11 12831.0’E 78853.7’N g (3) 97 3.3�5.77 n.a.
10 1996.07.11 12831.4’E 78853.8’N g (3) 85 3.3�5.77 n.a.
11 1996.07.12 12816.2’E 78855.2’N d 111 52* n.a.
12 1996.07.12 12813.1’E 78855.4’N d 75 1* n.a.
13 1996.07.12 12810.1’E 78854.8’N d 70 3* n.a.
14 1996.07.12 12803.5’E 78856.1’N d 240 2* n.a.
15 1997.07.25 12827.9’E 78854.0’N g (3) 60 3.3�5.79 1.4�2.42
16 1997.07.25 12810.9’E 78854.1’N g (3) 38 6.6�11.55 n.a.
17 1997.07.25 12821.1’E 78857.5N d 80 56* n.a.
18 1997.07.20 12813.8’E 78858.7’N g (3) 70 3.3�5.77 n.a.
19 1998.07.10 12824.3’E 78857.4’N g (3) 40 6.6�5.77 0.1�0.12
20 2001.08.07 12825.9’E 78856.9’N S-c (3) 10 37.2�64.47 0.9�1.56
21 2001.08.08 12815.0’E 78853.5’N S-c (3) 10 1240.6�1202.81 27.4�10.64
22 2001.08.09 12825.9’E 78856.9’N S-f (3) 8 9.3�6.11 14.4�10.24
23 2001.08.13 12813.3’E 78858.9’N S-f (3) 10 6.6�2.31 6.9�1.79
24 2001.08.15 12815.0’E 78853.5’N S-f (3) 10 40.0�16.00 31.5�18.80
25 2001.08.14 12815.0’E 78853.5’N S-f (3) 9 33.3�30.02 29.1�24.21
26 2002.09.23 12815.0’E 78853.5’N S-c (5) 10 3.6�2.07 0.35�0.31

g, grab; d, dredge; S-c, core taken by SCUBA diver; S-f, sample with use of frame taken by SCUBA diver; *, no quantitative sample;
n.a., not available.
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All the statistical analyses were performed using the
STATISTICA software package.

RESULTS

Sediment input to the bottom showed a gradual change,
decreasing from the inner part of the fjord to the outer
part except for Station 8 (Table 1). The highest value was
measured at Station 5, the lowest at Station 1. The organic
and mineral content of the suspended matter correlated
positively with the total amount of sedimentation
(r¼0.86; P50.05; r¼0.99, P50.05 respectively).

There was a gradual change from silt sediment in
the inner fjord to predominantly rock at the outer
Kongsfjorden (Table 1). There was a positive correlation
(r¼0.61, P50.05) between rocky bottom and distance
from the tidal glacier, in contrast with a negative correla-
tion (r¼70.61, P50.05) between soft bottom and distance
from tidal glacier.

During this investigation the near-bottom salinity on
the stations ranged from 32.90 to 34.35 psu while the
temperature varied from 1.718C to 4.998C (Table 1).
Salinity and temperature were slightly lower in the inner
part of the fjord (Stations 4, 5 and 6).

The plot of PCA (Figure 4) (constructed using all the
environmental data in Table 1) re£ected the gradual
change in environmental factors from the inner to the
outer part of the fjord.

Occurrence of Alcyonidium disciforme correlated most
strongly with the presence of clay and mud (Table 2).

Alcyonidium disciforme was present in 36 samples (22
stations) out of a total number of 300 samples (97 stations).
The calculated frequency of occurrence was 12%. In total,
296 colonies were found: 32 from the grab, 58 from dred-
ging, and 206 from SCUBA diving.The distribution of the
species is illustrated in Figure 3, its presence was strictly
restricted to the inner basin of Kongsfjorden. The outer-
most station where A. disciforme occurred was 14 (see Table
3), and it was recorded from 8m to 240m depth. The
highest number of individuals was recorded from 10m
depth, the lowest at 9m (Table 3).There was no signi¢cant
correlation between the number of individuals and depth
(r¼0.22, P50.001, N¼26).

The wet mass of colonies ranged between 0.024 and
4.540 g (mean 0.51g�0.72 SD). The collected colonies

were circular in outline and total colony diameter ranged
from 0.85 to 47.00mm (mean 14.26mm�13.11SD). The
correlation between colony diameter and wet mass was
highly signi¢cant (r¼0.92, P50.001, N¼296). This result
is shown in Figure 5.

In general, colonies with a diameter 43mm had
started to develop the central hole. The central hole
diameter of the specimens ranged from 0.14 to 19.00mm
(mean 4.87mm�4.69 SD). However, the largest colony
without a central hole was 3.70mm in diameter, while the
smallest colony with it was 1.90mm in diameter. Of the
296 colonies collected, 84.8% had developed a central
hole whilst the remaining 15.2% had not.

Considering colonies without a central hole, the correla-
tion between diameter and wet mass was signi¢cant
(r¼0.87, P50.001, N¼45). Considering colonies with a
central hole, there was also a signi¢cant correlation
between colony diameter and wet mass (r¼0.95,
P50.001, N¼251).

Six specimens were used in histological analysis, but
only specimen NHM 2003.1.13.6 yielded useful sections.
This was due to large amounts of sand particles being
present inside the colonies causing sections to rip rather
than be cut.

Measurements of autozooids and oocyte diameters are
given in Table 4. A section of a piece of A. disciforme cut
from the centre to edge of the colony and parallel to the
oral surface is shown in Figure 6A. This reveals that the
zooids were arranged in a particular pattern with auto-
zooids at the outermost edge of the colony ¢lled with
sand particles, then reproductive zooids with oocytes
further towards the colony centre. After reproduction the
zooids appear to ¢ll with degenerating material and were
sloughed o¡ from the colony centre, ¢rst creating and then
enlarging the central hole. This corresponds to a certain
extent with external observations on zooidal arrangement
by Kvitek (1989), although he did not mention the exis-
tence of reproductive zooids in his account. Figure 6B
shows the zooidal arrangements in slightly higher magni-
¢cation. In Figure 6C it can be noted that there are cup-
like extensions protruding from the edge of the colony
surface. These extensions appear to be engul¢ng or
enclosing sand particles and other inorganic material. In
the ¢gure these cup-like extensions can be seen in various
stages of development. The autozooids behind the cup-like
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Figure 5. Relationship between wet mass and diameter of the colony.
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extensions appear to contain vesicles consisting of sand
particles bound by external cuticle. There were at least
three layers of autozooids containing such sequestered
sand vesicles, which were themselves quite large, approxi-
mately 0.3mm in diameter. A typical sand ¢lled vesicle is
shown in Figure 6D. Further towards the inner part of the
colony the autozooid bands changed to reproductive
zooids and there was a clear band of zooids containing
large lipid ¢lled eggs, one per zooid and taking up
almost the whole of the space inside the zooid (Figure
6B&E). Measurements of oocyte diameters are given in
Table 4.
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Figure 6. (A) Histological section through a piece of Alcyonidium disciforme, indicating arrangement of di¡erent zooid types: o,
oocyte and sv, a sand vesicle; (B), histological section showing the arrangement of zooids at the edge of the colony with reproduc-
tive zooids in a band behind the autozooids; (C) section showing the zooids at the edge of the colony with cup-like extensions
indicated by arrows, at di¡erent stages of sand particle collection, also arrowed is a single large oocyte (o) and a sand vesicle (sv);
(D) section showing a sand vesicle in detail; (E) section showing a single large oocyte in detail. Scale bars: A, 0.75 cm; B, 0.5 cm;
C^E, 0.3mm.

Table 4. Measurements of zooids and oocytes in
Alcyonidium disciforme.

Zooid
length

(mm)�SD

Zooid
width

(mm)�SD

Oocyte
diameter 1
(mm)�SD

Oocyte
diameter 2
(mm)�SD

Mean 0.44�0.06 0.34�0.05 0.37�0.04 0.33�0.05
Range 0.29^0.61 0.20^0.45 0.28^0.41 0.24^0.40
N 52 52 11 11

SD, standard deviation.

https://doi.org/10.1017/S0025315404009130h Published online by Cambridge University Press

https://doi.org/10.1017/S0025315404009130h


DISCUSSION

The main aim of this study was to provide a detailed
description of the distribution and morphology of
Alcyonidium disciforme found in Kongsfjorden, Svalbard,
West Spitsbergen, in relation to local environmental
parameters.

Results from the study show that there is no correlation
between A. disciforme distribution and depth.The bryozoan
occurred from shallow to very deep waters (8 to 240m).
Nordgaard (1912a,b, 1923) found this species at depths
ranging from 5 to 408m. Kluge’s (1975) investigations
also found no in£uence of depth on the distribution of the
species. Alcyonidium disciforme in most cases lives in coastal
areas (see Figure 1), with a few exceptional o¡shore occur-
rence (north of Norway�Nordgaard, 1900; Belgica Bank,
East Greenland�B. Bader, personal communication).
Thus the species’ distribution encompasses a wide range
of depths within the shelf area.

The local distribution of A. disciforme in the
Kongsfjorden correlates with the presence of high concen-
trations of ¢ne sediment and high sedimentation rates (see
Tables 1 & 3, Figure 4).These conditions are mainly found
in glacial bays situated in the inner parts of the fjord
(Svendsen et al., 2002). The distribution of A. disciforme in
other areas of Svalbard shows the same patterns as
observed here at Kongsfjorden (Kirkpatrick, 1925;
W =lodarska et al., 1996; Wecs =lawski unpublished data;
personal observations). Of the 14 other localities with A.

disciforme from Van Mijenfjorden and Isfjorden, all are
characterized by a soft bottom and high sedimentation
rate (IO PAS unpublished archival data); these are
mainly glacial bays and river outlets. Station 8 (see Table
1) was characterized by strong sedimentation, which
should favour occurrence of A. disciforme, but it was not
present there. The bottom at Station 8 was covered with
gravel. The combination of a high rate of sedimentation
and a rocky bottom is the result of strong currents occur-
ring in that part of the fjord (Svendsen et al., 2002) and
was obviously unsuitable forA. disciforme colonies.

The glacial bays of Spitsbergen are characterized by a
physically distinctive habitat; cold, dense near-bottom
water, silt sediment, high mineral sedimentation rates,
and a young seabed (W =lodarska-Kowalczuk et al., 1998;
Svendsen et al., 2002). The preference of A. disciforme for
this distinctive habitat is shared by a range of other
macrobenthos (W =lodarska-Kowalczuk et al., 1998), domi-
nated by deposit-feeding polychaetes and bivalves
(W =lodarska et al., 1996; W =lodarska-Kowalczuk et al.,
1998).

Alcyonidium disciforme occurs in a wide range of hydrolo-
gical conditions. The shallow part of the Kongsfjorden is
strongly in£uenced by freshwater input; here the salinity
drops to 28 psu (Svendsen et al., 2002). This £uctuation
does not seem to in£uence the abundance or presence of
A. disciforme. The density of the species is quite high
(1240 ind/m2�see also Table 3) in the shallow area close
to the glacier front at a salinity of 33.2 psu. On the other
hand the species was also found at stations (see Table 3)
which are under the in£uence of highly saline Atlantic
waters (Svendsen et al., 2002).

Colony morphology in the Svalbard population was
studied in detail. Gross measurements were made and

positive correlations demonstrated between wet mass,
colony diameter and central hole diameter. Development
of the central hole of the colonies varies very much. Some
of the colonies do not have a central hole at a diameter of
3.28mm while others develop a hole at a diameter of
1.85mm. Since most of the small colonies were collected
from the same site (Station 4, Table 1), and were even part
of the same samples, it is not easy to infer which environ-
mental factors cause these variations. A signi¢cant corre-
lation between the diameter of the whole colony and
diameter of the central hole and between the weight and
diameter of whole colony has also been noted in other
Arctic regions: Barents Sea (Denisenko, 1990) and
Chukchi-Bering Sea regions (Kvitek, 1989).

Our results show that there is a clear pattern of zooidal
arrangement in A. disciforme which has not been previously
described by histological methods. This study shows that
one oocyte is brooded per zooid, and that the oocyte is
relatively large (mean diameter 0.37mm�0.04 SD). This
is an unusual strategy in Alcyonidium species as oocytes
are generally brooded in clusters of four or more, for
example, in A. hirsutum, A. gelatinosum and A. polyoum

(Ryland & Porter, 2003).
Another notable feature of A. disciforme is its capacity to

sequester sand particles and inorganic debris from its
immediate environment by means of cup-like extensions
of the outer body wall, which protrude from the outermost
colony edge. These cup-like extensions are here observed
surrounding masses of sand particles and subsequently
the particles appear to be bound by external cuticle. This
phenomenon of sand grain sequestering has also been
reported in A. diaphanum, an erect subtidal Alcyonidium

(Porter et al., 2001). It is not currently known as to why
A. disciforme sequesters sand in this manner though one
possibility is that the colony could be using the sand as
ballast to help reorientate itself in the upright position
following movement in the currents from one area to
another.

There are many aspects of the basic biology and ecology
of A. disciforme which remain to be fully elucidated. For
example we are still far from establishing the life history
(reproduction, astogeny) of this highly unusual species of
Alcyonidium. Future studies are likely to reveal novel
insights into new aspects of the life history of this unusual
life form.

Many thanks to ProfessorJan MarcinWecs

=lawski who helped to
initiate and o¡ered encouragement throughout the present study,
thanks to Professor John Ryland, Dr Peter Hayward and Dr
Maria W =lodarska-Kowalczuk whose comments were always
helpful. Thanks are due to Dr Adam Sokoowski (Gdan¤ sk
University) and BartoszWitalis (KDP Skalar) for great company
and help during the sampling.We are grateful to Professor Bj�rn
Gulliksen for his supportive reactions but especially for his
underwater pictures.We are thankful to Malin Daase for Swedish
translations, Agnieszka Beszczyn¤ ska-Moller for CTD data and
Agata Zaborska for granulometry analyses.This study was ¢nan-
cially supported by grant 6 PO4E 044 21 from the Polish State
Committee for Scienti¢c Research. The stay in Ny Alesund�
LSF during the study was supported by a grant (NP-51/2001)
from the European Commission’s programme ‘Transnational
Access to Major Research Infrastructures’.

274 P. Kuklin¤ ski and J.S. Porter Alcyonidium disciforme: an exceptional Arctic bryozoan

Journal of the Marine Biological Association of the United Kingdom (2004)

https://doi.org/10.1017/S0025315404009130h Published online by Cambridge University Press

https://doi.org/10.1017/S0025315404009130h


REFERENCES

Abrikosov, G.G., 1932. Bryozoan fauna of the Laptev Sea.
Issledovaniya Morey SSSR�Gosudarstvenny Gidrologicheskiy Institut,
XV, 141^145. [In Russian.]

Andersen, M., 1973. Bryozoa fromJ�rgen Br�nlund Fjord, North
Greenland. Meddelelser om Gr�nland, 191, 1^18.

Andersson, K.A., 1902. Bryozoen, w�hrend der schwedischen
Expeditionen 1898 und 1899 unter Leitung von Professor
A.G. Nathorst und 1900 unter Leitung von Conservator G.
Koltho¡ gesammelt. Zoologische Jahrbycher, Abteilung fˇr

Systematik, XV, 537^560.
Androsova, E.I., 1977. Bryozoa in the biocoenoses of the Arctic
Ocean (Franz Josef Land). In Explorations of the fauna of the seas

XIV (XXII) (ed. A.N. Golikov), pp. 194^205. Leningrad:
Izdatielstvo ‘‘Nauka’’. [In Russian.]

Bidenkap, O., 1897. Bryozoen von Ostspitzbergen. Zoologische

Jahrbucher, Abteilung fˇr Systematik, Geographie und Biologie der

Tiere, 10, 609^639.
Bidenkap, O., 1900. Die Bryozoen: 1 Teil Die Bryozoen von
Spitsbergen und K˛nig-Karls-Land. Fauna Arctica, I, 503^540.

Bidenkap, O., 1905. Fortegnelse over de arktiske bryozoer. Bergens
Museums Aarbok 1905, no. 9, 1^79.

Calvet, L., 1903. Description d’une nouvelle espece de Bryozoaire
Ctenostome du genre Alcyonidium Lamouroux (A. brucei),
Bulletin de la Societe Zoologique de France, 23, 33^36.

Carey, A.G., 1991. Ecology of North American Arctic continental
shelf benthos: a review. Continental Shelf Research, 11, 865^883.

Clarke, K.R. & Warwick, R.M., 1994. Change in marine commu-

nities: an approach to statistical analysis and interpretation, pp.144.
Plymouth: Plymouth Marine Laboratory.

Cook, P.L. & Chimonides, P.J., 1994. Notes on the family
Cupuladriidae (Bryozoa), and on Cupuladria remota sp.n. from
the Marquesas Islands. Zoologica Scripta, 23, 251^268.

Dahle, S., Denisenko, S.G., Denisenko, N.V. & Cochrane,
S.J., 1998. Benthic fauna in the Pechora Sea. Sarsia, 83,
183^210.

Denisenko, N.V., 1990. Species composition, occurrence of bryozoans

fauna in the Barents Sea. Murmansk: Apatity. [In Russian.]
Dowdeswell, J.A. & Forsberg, C.F., 1992. The size and frequency
of icebergs and bergy bits derived from tidewater glaciers in
Kongsfjorden, northwest Spitsbergen. Polar Research, 11, 81^91.

Elverh�i, A., L�nne, O. & Seland, R., 1983. Glaciomarine sedi-
mentation in a modern fjord environment, Spitsbergen. Polar
Research, 1, 127^149.

Gee, G.W. & Bauder, J.W., 1979. Particle size analysis by hydro-
meter: a simpli¢ed method for routine textural analysis and a
sensitivity test of measurement parameters. Soil Science Society of
AmericaJournal, 43, 1004^1007.

Gontar, V.I., Hop, H. & Voronkov, A.Y., 2001. Diversity and
distribution of Bryozoa in Kongsfjorden, Svalbard. Polish Polar
Research, 22, 187^204.

Hop, H. et al., 2002. The marine ecosystem of Kongsfjorden,
Svalbard. Polar Research, 21, 167^208.

Jorgensen, L.L., Pearson, T.H., Anisimova, N.A., Gulliksen, B.,
Dahle, S., Denisenko, S.G. & Matishov G.G., 1999.
Environmental in£uences on benthic fauna associations of the
Kara Sea (Arctic Russia). Polar Biology, 22, 395^416.

Kirkpatrick, R., 1925. Scienti¢c results of the ¢rst Oxford University

Expedition to Spitzbergen (1921). Appendix. Oxford: University
Press.

Kluge, G.A., 1975. Bryozoa of the northern seas of the USSR. New
Delhi: Amerind Publishing Co. Pvt.

Kuklin¤ ski, P., 2002. Fauna of Bryozoa from Kongsfjorden, West
Spitsbergen. Polish Polar Research, 23, 193^206.

Kvitek, R.G., 1989. Hydrodynamic morphology and behavior of
a free-living sediment-dwelling bryozoan, Alcyonidium disci-

forme (Smitt). Journal of Experimental Marine Biology and Ecology,
125, 13^32.

Levinsen, G.M., 1886. Bryozoer fra Karahavet. Dijmphna Togtets
zoologisk ^ botaniske Udbitte, Kj�benhavn. 307^328 pp.

Levinsen, G.M., 1914. Bryozoa, Endoprocta, Pterobranchia og
Enteropneusta^Conspectus Faunae Groenlandicae.
Meddelelser om Gr�nland, 23, 547^634.

Nathorst, A.F., Hulth, J.M. & De Geer, G., 1909. Swedish explora-
tions in Spitzbergen 1758^1908. Stockholm: Centraltryckeriet.

Nordgaard, O., 1900. Polyzoa.^The Norwegian North-Atlantic
Expedition 1876^1878. Zoology, 7, 1^30 pp. Christiania:
Gr�ndahl & S�n.

Nordgaard, O., 1905. Hydrographical and biological investiga-
tions in the Norwegian Fiords. Bergens Museum. Bryozoa or

Polyzoa, 164^174.
Nordgaard, O., 1912a. Revision av Universitetsmuseets Samling
av Norske Bryozoer Det KGL. Norske Videnskabers Selskabs
Skrifter, 1911 nr.3. Aktietrykkeriet i Trondhjem: 1^27 pp.

Nordgaard, O., 1912b. Bryozoaires. Duc d’Orleans Campagne
Arctiques de 1907. 1^43 pp. Bruxelles: Imprimerie Scienti¢que.

Nordgaard, O., 1918. Bryozoa from the Arctic Regions. Troms�
Museums Aarshefter 40 (1917). Nr. 1. Aktietrykkeriet i
Trondhejm, 1^99 pp.

Nordgaard, O., 1923. Bryozoa. Report of the scienti¢c results of
the Norwegian expedition to Novaya Zemlya 1921. No. 17.
Videnskapsselskapet i Kristiania: 1^18 pp.

Osburn, R.C.,1953. Bryozoa of the Paci¢c Coast of America. Part 3.
Cyclostomata,Ctenostomata,EntoproctaandAddenda.Reportson
theCollectionsobtained byAllanHancockPaci¢cExpedition,14, 614^841.

Pogrebov, V.B., Ivanov, G.I. & Nekrasova, N.N., 1997.
Macrobenthic communities of the Pechora Sea: the past and
the present on the threshold of the Priraz lomnoye Oil-¢eld
Exploitation. Marine Pollution Bulletin, 35, 287^295.

Porter, J.S., P.J. Hayward & Spencer Jones, M., 2001. The iden-
tity of Alcyonidium diaphanum (Hudson, 1778) (Bryozoa:
Ctenostomatida). Journal of the Marine Biological Association of

the United Kingdom, 81, 1001^1008.
Ryland, J.S. & Porter, J.S., 2003 in press. The identity of
Alcyonidium polyoum. Journal of Natural History.

Smitt, F., 1871. Kritisk Forteckning ofver Skandinaviens Hafs-
Bryozoer. Ofversigt af Kongl Vetenskaps�Akademiens

Forhandlingar, 27, 1115^1134.
Smitt, F., 1879. Recensio systemmatica animalium Bryozoorum,
quae in itineribus, annis 1875 et 1876 ad insulas Novaja Semlja.
Ofversigt afKonglVetenskaps�Akademiens Forhandlingar, 35,11^26.

Svendsen, H. et al., 2002. The physical environment of
Kongsfjorden-Krossfjorden, an Arctic fjord system in
Svalbard. Polar Research, 21, 133^166.

Stuxberg, A., 1882. Invertebrate fauna of Siberian Seas. In
Scienti¢c observations of the Vega Expedition prepared by its members

and other scientists, vol. 1 (ed. A.E. Nordenskiold), pp. 677^812.
Stockholm: F. & G. Beijers Forlag. [In Swedish.]

Stuxberg, A., 1887. Fauna of Novaja Ziemja. In Scienti¢c observa-

tions of theVega Expedition prepared by its members and other scientists,
vol. 5 (ed. A.E. Nordenskiold), pp. 1^239. Stockholm: F. & G.
Beijers Forlag. [In Swedish.]

Syvitski, J.M., Burrell, D.C. & Skei, J.M., 1987. Fjords: processes
and products. NewYork: Springer-Verlag.

W =lodarska, M., Wecs

=lawski, J.M. & Gromisz, S., 1996. A
comparison of the macrofaunal community structure and
diversity in two arctic glacial bays ^ a cold ‘‘one of Franz Josef
Land and a warm’’ one o¡ Spitsbergen. Oceanologia, 38, 251^
283.

W =lodarska-Kowalczuk, M., Wecs

=lawski, J.M. & Kotwicki, L.,
1998. Spitsbergen glacial bays macrobenthos ^ a comparative
study. Polar Biology, 20, 66^73.

Wecs

=lawski, J.M., Jankowski, A., Kwaniewski, S., Swerpel, S. &
Ryg, M., 1991. Summer hydrology and zooplankton in two
Svalbard fjords. Polish Polar Research, 12, 445^460.

Submitted 27 May 2003. Accepted 28 November 2003.

Alcyonidium disciforme: an exceptional Arctic bryozoan P. Kuklin¤ ski and J.S. Porter 275

Journal of the Marine Biological Association of the United Kingdom (2004)

https://doi.org/10.1017/S0025315404009130h Published online by Cambridge University Press

https://doi.org/10.1017/S0025315404009130h

