
A comparison of
the macrofaunal
community structure
and diversity in two
arctic glacial bays

- a tcold' one off
Franz Josef Land
and a (warm' one
off Spitsbergen

MnRIn WloD.o.Rsx.r.,

J,q.N M.q.Rcrw WEsr,rwsxr
Institute of Oceanology,
Polish Academy of Sciences,

Sopot

Sl.qwoMIR.a, GRovrsz
Sea Fisheries Institute
Gdynia

OCEANOLOGIA, No. 38 (2)
pp.251-283,1996.

PL ISSN 0078,3234

Arctic ecosystems
Glacial bays

Macrofauna communities
Biodiversity

Manuscript received Janumy 26,7996, in final form April 12, 1996

Abstract

The species composing the bottom fauna of Skoddebukta, a tidal glacier bay off
West Spitsbergen (77oN), and Tikhaia Bay off Franz Josef Land (Hooker Island
80oN) were studied. Skoddebukta contained transformed Atiantic waters at a tem-
perature of > *4oC in summer, while the Arctic waters of Tikhaia Bay were at
their summer maximum temperature of < -0.50C. The glaciers were of different
types: 'warm' at Skoddebukta and 'cold' at Tikhaia Bay. Over 210 benthic taxa
were identified at both sites, 30% of species being common to both. The zoogeo-
graphicai status of the fauna was similar in boih bays. Cluster analysis of the
samples revealed the existence of 7 associations. The associations mostly influ-
enced by glacier or river outflow were significantly dominated by deposit feeders
and displayed low diversity. The Tikhaia Bay community was more diverse than
that in Skoddebukta, which is due to its better trophic conditions and lower level
of inorganic sedimentation-induced disturbance.



1. Introduction

Polar marine basins, where the presence of a nearby glacie: e-l=- ' .ie
hydrology, type of bottom sediments, level of sedimentation. r',.a.:.-: . --:-i-
ity and nutrient supply, and hence the primary production, pro-,':.; . .!i-
cific habitat for benthic fauna (Pearson, 1980). The influence of s-a --.-. .:
glaciofluvial inflows on the macrobenthos of fiords and bays has be::- :e-
scribed for a number of localities in the Canadian Arctic (Thomson. -:y:l:
Syvitski et al.,I9B9), Greenland (Schmid and Piepenburg, 1993) and S.,'a--

bard (Gulliksen el a\.,7984; Wgslawski et a\..7990a; Kendall, 1994).
While the sublittoral benthos of Spitsbergen is relatively well-knot'n

as regards the taxonomy of animal groups like the Amphipoda (Bruggen.
1907; Stephensen, 

,l935-1942). 
feu' recenl ecoioeical studies have been done.

Moreover, the benthic fauna of neighbouring Franz Josef Land is unknown
in the western literature since a number of Russian studies (except those
by Golikov and Averintsev (1977). Averintser- (1992) and \Iatishov (1993))
have not been transiated. The aim of the present studv is to compare the
benthic fauna oftwo giacial bays - Skoddebukta off Spitsbergen and Tikhaia
BayoffFranz Josef Land, twolocalities that are similar rvith respect to their
geographical position. sediment type, salinity. overall size. and the presence

of a tidal glacier. The major differences are in the water temperature
high off Spitsbergen (> ++"C in summer) and low off Franz Josef Land
(maximum -0.7"C) and in the type of glacier - 'warm' in Skoddebukta and

'cold'in Tikhaia Bay,
There are a number of definitions and concepts of ecologicai organisa-

tional units such as community, assemblage, association or biome. A com-
prehensive list of these definitions proposed by the tri'entieth-century' eco-

logical literature is provided in Schrader-Frechette and \IcCor' (1993). In
our study we use the term community to describe the rvhole macrofauna
inhabiting the bay (which has well-defined boundaries) in accordance with
the Schrader-Frechette and McCoy (1993) concept of community as a group
of species recognised by quantitatively definable boundaries and/or by the
interactions of their component species. According to these authors, an as-

sociation is a community type or category recognised primarily through the
appearance of the largely non-interacting species composing it, defined in
terms of the appearance of component species rather than by anv quan-

titative criterion or interacting species. A similar concept was applied by
Thomson (1982), who defined such associations as groups of species tend-
ing to occur together and found under similar envitonmental conditions in
different parts of the study area.

One of the most common measures of community structure is its diver-
sity, which reflects the complexity of the biological interactions rvithin it,



the stage of its development, and the diversity and stability of the habitat.
The problem of the biodiversity of the Svalbard benthic fauna was recently
raised in Kendall and Aschan (1993) with regard to latitudinal gradients in
the diversity of the macrobenthic infauna of soft sediments. In our study we
aimed to compare community diversity in two bays, as well as the diversity
of the associations within each of them,

2. Materials and methods

Material was collected at 35 stations in Skoddebukta (Spitsbergen) in
July 1980 and at 24 stations in Tikhaia Bay (Hooker Island, Franz Josef
Land) in August 1992 (Figs, 1 and 2). The irregular location of stations at
the latter site was due to the diffcult ice conditions. A rectangular dredge
(80 x 30 cm) with a net of 1 mm mesh was used in Skoddebukta; in Tikhaia
Bay samples were taken with a triangular dredge (30 x 30 cm) and a net of
the same type. 5 to 10 i quantitative samples were sieved on a 1 mm mesh,
and preserved tn 4% formaldehyde solution.

The animals were identified at the lowest possible taxonomic level. The
representativeness of the material collected was verified by plotting the num-
ber of species against the number of samples analysed. The percentage of
samples was determined in which all the species present in the study mate-
rial were found.

Fig. 1. The iocation of the samplingstations in Skoddebukta. The positions of the
glacier front in 1936, 1960 and at the time of sample collection (1980) have been
plotted
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Fig. 2. The location of the sampling stations in Tikhaia Bay. The positions of the
glacier front in 1957 and at the time of sample collection (1992) are plotted

The frequency (F%, the percentage of samples comprising specimens of
a given species) and the dominance (D%, the proportion of the abundance
of the species in question in the total abundance of macrofauna) were calcu-
lated for each species. These were classified according to their zoogeograph-
ical status, trophic ecology and maximum length. Zoogeographical distribu-
tion and maximum length were cited after Anisimova et al, (1992), Gromisz
and Lege2yriska (1992), R62ycki (1991), Wgslawski (1991), Wgslawski el a/.

(1990b), and Gajewska (1948). Three zoogeographical species groups were
distinguished:

(1) arctic - occurring only in high arctic regions as defined by Dunbar
( 1e6B),

(2) arcto-boreal - occurring in both arctic and in boreal waters,

(3) boreal - occurring mainly in the North Atlantic; the northernmost
boundary is in the European Arctic,

(4) cosmopolitan - organisms with an extensive distribution reaching
south to the Mediteuanean and tropical regions.

With regard to their feeding preferences, species were classified into trophic
types: (1) suspension feeders, (2) deposit feeders, (3) carnivores (Gromisz
and Legeiyriska, 1992; Kuznetsov, 1964; Fish and Fish, 1989; Aitken, 1990;

Syvitski et a|.,1989; Schmid and Piepenburg, 1993).



Cluster analysis was applied to the species abundance data,1 which
were double-root transformed. Group average linking of Bray-Curtis sim-
ilarities was performed and the similarity index calculated accordinq to the
Bray-Curtis (1957) formula:

" - Di=r lY;i - Y;r 
Iurk - \-:---7t1lTT\7/'z=-l \' ?J | 'l,K )

(1)

wnere
j,k - samplescompared,
Y - abundance value for the i-th species,
s - number of species.

The faunal associations were distinguished from this cluster analysis. The
typical species for each association were determined by the use of similarity
breakdown analysis (Clarke, 1993) on the basis of their high contribution
to the average similarity within the group (avS;) and the high avS;/SD(S;)
ratio.

several species diversity measures were used: the number of species,
the Shannon-weaver Index and k-dominance curves. The Shannon-weaver
Index was calculated from

s

r? = )- 
'ltrcnU. (r\L , 

-"o 
nt \Lt

x=7

where

s - number of species,

ni - abundance of i-th species,

n - total macrofaunal abundance.
The k-dominance curves were obtained by plotting percentage cumulative
abundance against species rank (Lambshead el a/., 1g83).

3. Study area

skoddebukta is an open, tidal-glacier bay off the west coast of spits-
bergen. The Torellbreen glacier, forming a 40-80 m high cliff over 3 km
in length, flows into the bay. The bay is 2.5 x 3 km in size, and is rela-
tively deep, most of it being between 20 and 50 m deep. Two conspicious
underwater moraines mark the former glacier front line. Torellbreen is re-
treating relatively slowly: about 1 km of the sea bottom was newly exposed
between 1960 and 1980. The bottom is covered with gray silty clay with

lThe cluster and 'similarity breakdown'analyses, and the k-domina.nce piots were per-
formed with use of programs from the PRIMER package kindly provided by the plymouh
Marine Laboratory.



numerous dropstones (Filipowicz and GiZejewski, 1992). The water temper-
ature in summer ranges from *4 to f6oC, and the salinity from 30 PSU
at the surface to 34.2 PSU at the bottom. A wetl-defined pycnocline occurs
at a depth of 20-25 m in summer. The glacier discharges large amounts of
turbid, sediment-laden freshwater into the bay; water transparency is less
than 1 m in the main plume, and used to be 3 to 6 m in the outer part
of the bay. Sedimentation is probably comparable to that at Recherfiorden,
Bellsund, and reaches 20 g d.w. m-2 day-1.

Tikhaia Bay is similar in size to skoddebukta, with a shorter glacier
front (about 2 km in length and 20-30 m high). The Jurij Lednik (glacier)
is not very active, and its retreat from 1957 to 1992 has been estimated at
iess than 1 km. The bay is a deep basin, most of it being between b0 and
100 m deep. The bottom is covered with brownish-grey silt, with numerous
dropstones. In summer the water temperature ranges from -0.2 to -1oC, the
salinity from 33.4 to 34.01 PSU. There is a very weak vertical gradient in
the T/s proflle (Swerpel, 1992), the surface wateris slightly colder and less
saline because of the presence of permanent ice floes. Glacial discharge is
limited to a few weeks in August; water transparency is from T to 11 m all
over the bay, decreasing to 2 m at the glacier cliff (Wiktor and Zajqczkowski,
1992). Sedimentation rates range from I to 2 g d.w. m-2 day-1.

4. Results

4.1-. Species composition

The increase in species number os. the sample number collected was
plolted for both dala sets (Fig. 3). The numbcr of species slops increasing
after the 16th sample in the material from both Skoddebukta and Tikhaia
Bay. Thus, in both cases) the total number of species present were found in
less than 70% of samples.

The species list consists of 217 taxa (Tab. 1), the rna.jority of which be-
long to 3 groups: Anneiida, Crustacea and Mollusca. In the two bays about
30% of species were Crustaceans, Amphipoda being the most abundant
ciass. The proportions of Annelida varied from 24% in Skoddeb rkta to 34%
in Tikhaia Bay; the corresponding figures for Moliusca werc Jg% and 2G%,
67 taxa (31,%) were found at both sites, 42 (21%) were present in Skodde-
bukta only, and 102 in the Tikhaia Bay material only, which means that al-
most half of the taxa identified were found only at the latter site. 10 of the 16

most common species (frequency > 50%) were found irr both localities.
Thirteen species occurred with a frequency exceeding 25% at both sites
- Yoldia hyperborea, Macoma moesta, Anaitides greonlandica, Paroed'icerus
lynceus,I{armathoe imbricata, Pontoporeia femorata, Serripes greonlandicus,
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Fig. 3. The increase in the number of species us. the sample number for both data
sets

Table 1. Checklist of the macrofaunal taxa found in the material examined.
The maximum length of the taxa specimens is given. The taxa are classified ac-

cording to their zoogeographical status (A - arctic, AB arcto-borea], B - boreal,
C - cosmopolitan) and trophic type (S - suspension feeders, D deposit feeders,
C - carnivores)

Taxa Skoddebukta Tikhaia Bay Max. Zoo- Trophic
D% F% D% F% length geogr. type

status

Annelida
I Aglaophamus malmgreni
2 Ammotryphane aulogaster 0.07
3 Ampharele sp. 24.16
4 Amphilrite birulai 0.02
5 Amphitrite cirrata 0.02
6 Anaitides groenlandica 0.44
7 Anaitides sp.
8 Anlinoella sarsi
9 Apislobranchus tullbergi

l0 Artacama proboscidea
lI Autolytus prolifer
12 Arionice fl,eruosa
13 Brada inhabilis
14 Brada uillosa

6

J,t

6

I
trt

I2OCD
60ABD
30ND
2OAD
2OCI)

450 AB C
15OCC
68ABC

D
SOABD

l()OCC
60AD
4OAD
44ABD

0.0

0.1

0.6
0.0
0.6

0.1

0.1

0.0
0.2
0.3
z.z

8

40

4

58
ld

8

4

I7
13

29

0.50 53

2.23 19



Table L. (continued)

Taxa Skoddebukta Tikhaia Bay
D% F% DVo F%

Max. Zoo-
length geogr.

slatus

Trophic
type

15 Capitella capilala
16 Chaetosone setosa
17 Chone dunesi
18 Chone infundibulif ormis
19 Chone spp.
20 Diplocirrus hireutus
2l Diplocircus sp.
22 Eteone fl,aaa
23 Eleone longa
24 Eleone sp.
25 Eteone spzlsberg enszs

26 Euchone nodosa
27 Euchone papillosa
28 Flabelligera affinis
29 Gattyana cirrosa
30 Harmathoe imbricala
3I Harmalhoe impar
32 H armalho e lon giselis
33 Harmalhoe sp.
34 Harmothoe nodosa
35 Laonome lcrogeri
36 Leitoscoloplos armiger s.l.
37 Lumbrinereis fragilis s,l.
38 Lyssipe labiata
39 Maldane sars'i
40 Neoamphilrite affinis
4l I,{ eo amp h'ilrit e gr o enl an di ca

42 Nephtgs ciliata 0.01 6

43 lr{ereimyra punctata 0.04 6

44 Nereis pelagica

45 Nicomache sp.
46 Oligochaeta n.det
47 Onuphis conchglega
48 Ophelina acuminala
49 Ophelina cylindicaudata
50 Owenia fusiformis 0.08 6

5I Pholoe minula 0.01 3

52 Pinosgllis compacla
53 Polydora quadrilobata 5.67 13

54 Proclea malmgreni

0.02 6

0.25 22

0.04 6

0.01 3

0.12 16

0.17 34

0.73 31

0.64 34

13 120 C
7725C
435C
8 120 AB
435N
830A
430N

21 T2O AB
21 160 C

i00 N
T7 1OO AB
13 30 AB
13 30 AB
860C
450AB

3865C
2L 25 AB
860C
460N

90 AB
430AB

63 r20 C
54 380 AB

22C
17 110 C
13 110 AB
4 100 AB
13 300 C
13258
4t208
4N
45N
4150C
460AB
13 150 A

100 c
825C
i

29 25 AB
21 30 AB

0.3
0.1

0.1

0.0
0.0
0.1

0.0

0.2
0.1

0.1

0.1

0.2
0.1

0.0
1.0

0.2
0.1

0.0

0.0
ao
0.6

0,6
0.1

0.1

0.1

4.2
0.0
0.0
0.0
0.0
0.0
0.5

0.1
0.0
1.1

0.1

D
n
S

S

S

D
D
C
C
U
C
S

S

D
(,
C

C
C
t
S

D
C
t)
D
D
D
U
D
D
D
D
U
D
D
D
C
t)
D
D

0.01 3

o.4J / D

0.24 19

0.05 I



Table L. (continued)

Taxa Skoddebukta Tikhaia Bay
D% F% D% F%

Max. Zoo- Trophic
length geogr. type

status

55 Sphaerodorum gracilis
56 Sphaero drop sis minula
57 Spio filicorn'is
58 Spionidae n.det
59 Spirorbis spiryllum
60 Terebellides slroemi
6l Terebellidomorpha n,de\
62 Thelepus cincinalus
63 Tri ch o b ran chus gl a ci alis
64 Typosyllis cersledi
65 Typosyllis cornuta
66 Tgposyllis faeciala

Crustacea

67 A canlh o st ep h ei a b ehri g i en sis

68 A canlh.o st ep h ei a m alm g ren'i
69 Ampelisca eschrtchli
70 Ampelisca sp.
71 Anonyr nugar
72 Anonyr sarsi
73 Apherusa glacialis
7 4 Arrhis phyllonyx
75 Atylus carinalus
76 Balanus balanus
77 Byblis gaimard'i
78 Calathura brachiata
7 9 C ap rel I a s epl entri on al'is

80 Dajus myszdis
8I Dt,astylis glaber
82 Diastylis or;yrhyncha
83 D i, asty lis s corp i onid es

84 Erytrop s ergthropthalma
85 Eualus gaimard,i
86 Eudorella emarginata
87 Eusirus cuspidatus
88 Gammarellus homari
89 Gammarus oceanicus
90 Gammarus selosus
9I H alirag es fuluocinlus
92 Haploops tubicola
93 Hgas o,raneus

0.50

0.03

0.01

0,2
0.0
0.4
0.0

0.2

5.4
0.0
0.1

0.1

0.0
0.0

0.3

0.6
0.1

0.0

0.4
0.1

0,2
0.6

0.1

0.0

0.1

0.1

0.0

0.5
0.0
0.1

0.0
0.0
1.8

0.0
1,2

0.1

z1

4

25

4

8

63

4

4

It)

8

4

2I

38

4

4

8

1.)

29

8

4

1a

4

4

38

4

4

4

4

13

AB60 D
D
D
D
S

D
D
D
f)
C
C
C

30c
30N
10 AB
IO t.;

75N
2OO AB
30 AB
30 AB
504
5AB

JT

0.01

0.03 13

!){

45

JO

30

4I
30
20

20
,'l

50

z.)

45

26

4

28

I4
11

10

60
l2
39
JO

38

34
2A

13

100

A
A

AB

AB
AB
n
A
A

AB
AB
AB
AB
AB
AB
A
A

AB
AB
AB

A

AB

AB
AB
AB
AB

D
l)
i)

S

D
D
D
D
D
S

S

C

D
l)
D
D
D
n
D
D
D
D
D
D
D
(-;

0.01
0.08
0.03

0.01

0.01
2.29

1.46

0.18
0.01
0.02

0.24

.l

6

16

6

50

16

r)

r) 4

38
13

34



Table 1. (continued)

Taxa Skoddebukta Tikhaia Bay Max, Zoo-
D% FVo D% F% lengih geogr.

status

Trophic
type

94 Ischyrocerus anguipes 0.16
95 Ischyrocerus sp.
96 Labbeus polaris
97 Melita formosa 0.27
98 Menigrales obtusifrons
99 Menigrates spp

100 Metacaprella horrida
I0l Monoculodes borealis 0.01
I02 M ono culo d,es longiro stris 0.L4
103 Monoculodes packardi
104 Munna spilsbergensis
I05 Munnopsis typica
106 Mysi,s arcticoglacialis
107 Mysis oculata
I08 Onisimus caricus
709 Onisirnus edwardsi
lI0 Onisimus littoralis
lII Orchomene minula
112 Ostracoda n.det
ll3 Pagurus pubescens
114 Pantopoda n.det
175 Parapleustes bicuspis
116 Paroediceros lynceus
ll7 Pleustes medius
lI8 Pleustes panoplus
lI9 Pontoporeia femorala
I20 Rozinanle fragilis
I2I S abinea s eptemcarinata
122 S clerocrang on boreas

723 S clerocrangon feror
I24 Spirontocaris spinus
125 Spnronto caris lurgida
126 Synidothea bicuspidala
127 Sgnidothea nodulosa
I28 Syrrhoe crenulala
129 Tanaidacea n.det
I30 Weyprech.tia pingut s

Moilusca

l,3l Arcidea jeffreysii
132 Astarte borealis

16

38

19

0.5
0.1

0.5
0,2

0.0
0,2
0.1

0.3
0.0
0.0
0.1

0.0
0.0
7.0
1,3

0.6
0.1

0.6
0.8

0.2

0.4

0.2
0.5
0.1
0.1

0.0
0.1

0.0
0.0
0.0

0.2
0.0
0.7

817
17 17

21 70

418
413

i3 13

13 20

2t 15

818
1l

255
418
^rR75 39

21 29

21 15

2T 25

17 11

253
100

77 10
10L'

25 25

20

25 2r
33 16

13 20

17 80

490
8 130

440
460
830

30

812
85
25 25

ABD
ND
ABD
AD
BD
ND
AD
ABD
AD
ABD
AD
AD
AD
ABD
AD
AD
AD

A?AB D
ND
BD
ND
ABD
AD
AD
AD
ABD
AD
AD
BD
AD
ABD
AD
ABD
ABD
ABD
ND
AD

3.01

0.28
0.07

0.22

0.02
0.91
0.01
0.0 r
0.55

0.71
0.01

0.01
0.07
0.01
0.08

0.25

69

31

o

44

o

25

4T

16

J

0.04rrAD
2.0 50 55 AB S

19



Table 1. (continued)

Taxa Skoddebukta Tikhaia Bay
DVo F% D% FTo

Max. Zoo- Trophic
l^- dtl" nonnr Irrna

status

133 Aslarte crenala
134 Aslarte eliptzca
I35 Astyris rosacea
136 Bucc'inunx angulosum
137 Buccinum fragile
138 Buccinum glaciale
L39 Buccinum undatum
140 Bucinum cyaneurn
I4l Cardium cilt,alum
142 Cglichna alba

143 Cglichna arclica
144 Cylichna occulla
145 Cylichna scalpta
746 Dacrydium aitreunl
147 Diplodonta torelli
I48 Hi,atella arctica
149 Liocyma fl,uctuosa
I50 Lgonsra arenosa
l5l Macoma calcarea
I52 Macoma rnoesta
I53 Macoma torellt
I54 Marg arites coastalis
155 Margarztes groenlandicus
156 Musculus laeuigatus
157 Musculus niger
I58 Musculus sp.
I59 Mya pseudoarenaria ?

160 Mya trunctata
167 IValica clausa
L62 IVeplunea borealis
163 I'lucella lapi,lus
164 Nucula delphinodonta
165 Nuculana minuta
166 l{uculana pernula
767 Nuculoma tenuis
168 Nudibranchia n.det
169 Oenopla harpularta
L70 Oenapta nobilis
17I Oenopla pirarnidalis
172 Oenopta scalaris

0.01
0.03
0.09
0.01
0.03

0.07
0.15
0.01

0.06

0.01
0.10
r.72
0.05

.7.J2

0.05

0.01

0.43

0,03
0.08
0.01
0.01
0.13
0,09
0,95
0.64
0.01
0.10

0.01
0.26

6

6
10

1D

22

l0
6

16

3

22

22

6

A?

1.)

4T

3

22

J

6

22
t.)
D1
.)^

3

6

3

10

0.8
0.3

0.0

0.2

0.0

5.7

0.0

0.1

1.0

0.1

0.5
0.7

r.4
6.)

0.3

0.2

0,0
0.3
0.0

)
l)

D
C
(l

t,
t,
S

t,
\,
I

C
D
D
S
q

D
D
D
D
t/

S

S

S

S

J

D
ti
U
D
D
D
D
C
C
C
C

(.i.I

0.0
0.1

0.1

0.0

3845A
27 35 AB
4IOAB

55A
60 AB

2180A
161 AB

456A
60A

29 1i AB
9A

49A
9A

136A
25A

1370K
430A

40A
l7 54 AB
2935A

20A
2525A
33 12 AB
I770A
29 45 AB

40N
440AB

25 80 AB
440AB

13A
308
5B

20 AB
42 38 AB
418AB
42AN

i5 AB
822A8
416A

26 AB



Table 1". (continued)

Taxa Skoddebukta Tikhaia
D% FYA D%

Bay Max. Zoo-
F% length geogr.

status

Trophic
type

173 Oenopta uiolacea
174 Onoba mighelsi
175 Pandora glacialis
17 6 P hil lin e finm archi c a

177 Polynzces no,nus
17 8 P olgnices pallidium
179 Portlandia arclica
I80 Retusa oblusa
I8I Retusa po,rtenuis
182 S errip es gro enlan dicus
I83 Thracia myops
I84 Thyasira fl,exuosa
185 Thyasiridae n.det
186 Velulina uelulina
187 Volulopsius defromis
188 Yoldia hyperborea
I89 Yoldzella frigtda
190 Yo ldiella lenli cula

Chordata
191 Eumicrotremus sp.
I92 Liparis fabricii
I93 L ump enu s I amp ra el ef o rmis
194 Myorocephalus scorpius

Coeienterata
195 Anthozoa n.det

Echinodermata
).96 Elpidia glacialis
197 Henricia sp.
I98 Myriotrochus rinkit
199 Ophia canta btdentata
200 Ophiocten sericeum
201 Ophr,ura robusla
202 Ophiura sarsi
203 Stegophiura nodosa
204 Slro n g y I o cenlrotus

droebachiensis

Bryozoa

205 Al cg oni dium dis cif o rm a e

206 A Ic yonid ium gelatinosum

87AB
84AB
430A
137A8

6B
25 AB

1339A
133AB

ql
JA

2985A
435AB

338A8
8N

25 AB
100 A

2946A
47A
410A

13 100 N
8180A

2OO AB
13 600 AB

420A
4I2ON

13 60 AB
29 L2 AB
67 18 AB
38 10 AB
440AB

20 AB

890AB

33 100 A
8 150 AB

0.02

0.01
0.03
3.96

0.01
0.14

10.86

0.01
0.01
9.04

3 0.1

0.0
0.1

0.6

6

l.-t

34 0.2
0.1

3

28 1.8

0.0
J.t

72

3

66 0.4
0.0
0.0

0.2
16 0.0
22

22 0.1

0.0
0.0

31 0.4
0.9

19 8.3
10.4
0.0

o.1

0.1

3 4.8
0.1

0.03
0.r2
0.30

0.03

C
D
D
D
D
D
D
C

C

S

S

S

S

D
D
D
D
D

D
D
D
D
D
D
D
D

C
C
C
C

500.i

72.93

0.08

9.89

D

0.02



Table 1-. (continued)

Taxa Skoddebukia TikhaiaBay
D% F% D% F%

Max. Zoo-
Iength geogr.

status

Trophic
type

Protozoa
207 Cornuspira foliacea
208 Foraminifera n.det
209 Miliolina spp.

Priapulida
270 Priapulus caudatus 0.24

Sipulunculida
2ll Phascolosonla sp. 0.16

D
D
D

K
N
N

D

D

AB80

20

OKLJ

44

0.3
0.5
0.0

0.4

813
IJD
.rz

Nuculana pernula, Spi,o filicornis, Ant'inoella sars'i, Lei,toscoloplos arm'iger
s.l. and Mysis oculta. The last three are common species in both areas
(frequency > 50%), Astarte borealis, a common species in Tikhaia Bay, was

absent in Skoddebukta; the reverse appiied to the Thyasiridae, Stegophiura
nodosa and Diastylis oryryncha.

Skoddebukta Tikhaia Bay

%o f .qs ffin flc [N
Fig. 4. The ratios of organisms of different zoogeographical status to the total
number of species. The species were classifled as: A - arctic, AB - arcto-boreal,
B - boreal, C - cosmopolitan. The zoogeographical status of the higher taxa was
not determined (N - non-classified)

46yo 4sYo



The fauna of both areas enjoy a similar zoogeographical status (Fig.  ):
about 30% of species have been classified as typical of the arctic zone,45%
are arcto-boreal and 10% cosmopolitan. The proportion of boreal species in
the total number of species varied slightly, fuom 2To in Tikhaia Bay to 5%

in Skoddebukta.

30.00

25.00

\s\i\\.r: .-*T
.s\gth @.

\
llr:l Skoddcbukta I Tikhaia Bay

Fig. 5. The distribution of ratios of species characterised by different L*u*
(for L-.* < 200 mm) to the total maoofauna abundance in Skoddebukta and
Tikhaia Bay

The frequency of species' maximum length was similar in the two bays,
the most common length classes being 10-20 mm (Fig. 5). Animals of max-
imum length from 60 to 100 mm were more common in Tikhaia Bay.

4.2. Faunal associations

Cluster analysis of samples revealed the existence of 4 benthic associa-
tions in Skoddebukta (S1, 52, 53, 54; Figs.6 and 7) and 3 in Tikhaia Bay
(T1, T2, T3; Figs.8 and 9). There were samples in both sets that could not be
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Fig. 6. The result of the cluster
using the Bray-Curtis similarity

analysis of samples from Skoddebukta performed
index and double-root data transformation
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Fig. 7. The distribution of the associations distinguished in Skoddebukta. The small
dots represent stations not included in any association. The depths of the sampling
sites at each station are qiven



€0

l0

30

40

50

OU

-,'tr tu
6

'e 80

I

=on
t!6 100

,y w g b k d.

T1

bcnthic associations

xut

Fig. 8. The result of the cluster analysis of samples from Tikhaia Bay performed
using the Bray-Curtis similarity index and double-root data transformation

oTl .T2 lT3
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included in these associations, As they did not form any other distinct
groups either, they are not covered by the following analysis.

Association 51 is found on the shallow (mean depth 8.5 m), stony
bottom, covered by macrophytes, situated along the south coast of Skod-
debukta. The most prominent organisms (Tab. 2) here are crustaceans
(M. oculta, Weyprechta pinguis, Eualus gaimardi, Gammarellus homari),
the fish feeding on them Myorocephalus scorpius and the bivalve Liocyma

fl,uctuosa.

Table 2. The species characteristic of the associations distinguished in the two
bays. The frequency (F%), dominance (D%), contribution to the average similarity
within the group (avS6) and the avS;/SD(S;) ratio are given for each species. The
average similarity within the group (av. sim.) and its standard deviation are given
for each association

Tikhaia Bay

Species F% avS, avS;/SD(S1)D%

Ass. T1 av. sim. = 38.98

A I cg onidium dis cif orme
Mysis oculla
Ophiocten sericeum
S errip es gro enland.i cus

L umb rin er ei s fr a g ili s s.l.
Antinoella sarsi
Leitos coloplos armig er s.l
Brada uillosa
Cylichna alba
Yoldia hyperborea
Diastylis scorpionides

Ass. T2 av. sim. :33.44

Astarte borealis
Astarte crenala
Ophioclen sericeum
Terebellides stroemi
Ophiura robusla
Harmathoe imbricata
Nuculana pernula
Ostracoda n.det
A n ailr, d es gr o enl an di ca

SD = 7.153

100 9.39
100 9,97
100 7 .87

100 3.58
100 0.76
100 0.59
83 3.54
83 4.21
67 11.15
83 0.63
83 0.80

SD : 7.369

83 2.45
83 1.54
83 r2.4r
83 1.68

50 22.79
83 |.47
67 0.70
50 1.26
83 1.33

3.8

3.6
3.1

2.6
1.9

1.8

1.6

r.4
I.J

r.2
1,2

3

2.8
2.8

2.5
1,7

1.6

i.6
r.o

5.49
7.18
6.91
2.83
4.12
4.89
1 . tlr)

1.28
IJ.IO

1.27

3.4
2,93
I.J I.

2,63
0.74
1.25
r.22
4.7
1.26



Table 2. (continued)

Tikhaia Bay

Species F% D% avSr avS;/SD(S; )

Ass. T5 av. sim. = 41.90 SD = 9,557

L eilo s co loplo s arrnig er s.l.
Terebellides slroemi
Mysis oculla
A canlh o s I ep h ei a b ehri gi ensts

Ant'inoella sarsi

100

100

83

83

83

15.58

14.77

6.33
2.rl
1.30

8.1

6.6
4.4
4.r
J.t

5.03
2.4
r.t2
1 nA

L27

Skoddebukta

Ass. 51 av. sim. = 43.01 SD :

Mysis ocuUa

Weyprechta pingu'is
My oro cephalus scorpius
Liocyma fl,ucluosa
Eualus gaimardi
Garnarellus homari

i0.965

Ass. 52 av. sim. = 42.98 SD = 9.195

100

100

100

80

80

80

100

94

94

94

94

94

30.11
3.06
J. 04

21.09
13.48
2.23

9.56
11.93
10.45
3.60
6.98
2.58

9.76
9.45
,'74

3.35
3.96

9.6
6.1

5.8
4.O

3.9
3.8

o.4
4.8
J.+
J.r)
a1

2.7

o.4
5.7
5.2
4.O

4.6

2.9r
4

o.vJ
1.12
1.1

1.11

z.o
1 .55

1.35
2.13
I.4I
i.58

4.09
7.Ll
7.53
5.64
5.64

Yoldia hyperborea
Thyasiridae n.det
Stegophiura nodosa
Macoma moesta
Leitoscoloplos armiger s.L

Daastylis oxyryncha

Ass. S3 av. sim. = 40.76

Mysis oculala
Thyasiridae n.det
Pagurus pubescens
Eualus gairnardi
Melita formosa

Ass. 54 av. sim. = 26.3

Phascolosoma sp.
Spio filicornis

SD = 2.883

100

100

100
100

100

SD = 7.644

100

75

3.93
3.06

8.8
3.9

6.01
0.91



52 is found on the muddy and sandy-muddy bottom of the deeper', cen-

tral part of the bay (depth from 19 to 60 m, average 29.4 rn).'Iire chara,cter-

istic species here are the bivalves Y. hyperborea, ArL moesla and Thyasiridae

- the ophiuroid .9. nodosa and the culnacean D. oryryncha.
On the muds and gravels of the deepest bottom (mean depth 52 in)

organisms typical of association 53 were found: these rvere ihe clus-
taceans M. oculta, Pagurus pubescens, E. gaimardi,, Melita farm.osa, and.

Thyasiridae.
Association 54 consists of samples taken close to the river mouths and on

the shallow muddy-sandy bottom infiuenced by ihe river inflorv" The organ-
isms characteristic of this association are the sinuncrrlid Phascolosama sn.
and the polychaete S. fi,licornis.

The first association distinguished in Tikhaia Bay, T1, consists of sam-
ples taken in shallow, coastal waters (average depth 6.7 m), oq bcttoms
of different types, varying from muds to stones. As a resul.t of the similar-
ity breakdown analysis we selected a number of species characterised by
high avS; and a high avS;/SD(S;) ratio (Tab. 2). The mosi typical ones are
the bryozoids Alcyonidium discifarme, M. oc,-tlta and Ophiocten sericeum.
The other characteristic species here are the molluscs S. greonlandicus,
Y. hyperborec, the polychaetes Lumbrinereis iragilis s.i., ,4. sarsi, Brada
uillosa, L. armiger s.l. and the crustacean. Di*siylis scorpionides.

The central, deeper part of the bay (depih from 20 to 50 lrr), rn'!1i-,

a muddy bottom is occupied by organisms forming association T2. The
characteristic organisms here are the bivalves A. boreo,lis, Astarte crenata,
N. pernula, the polychaetes Terebellides straern'i, fL irnbri,cata, A. groeTl-

landica and the ophiuroids O. sericeunz, Oph.iura rabusta.

Association T3 is situated in the region strcngly influenced b,u thl,
glacier. The samples were taken at different depths i5-20 m) on tlie muddy
bottom. The typical species are the euryhaline pol1'chaetes L. armiger s.1.,

T. stroemi, A. sarsi and the crustaceans M. oculta, Aca,nthasiepheia behri-
giensis.

As regards the trophic ecolog3r of the olgaliisms, ticposit feeders u,ere
signiflcantly dominant in all tlie associations (F'ig. 10). Tlie highest ratios
of this group to the total abundance - 837c and 77oio - u'ere recorded rn S2

and 53, the deep water associations in Skoddebukta. The most abundant
deposit feeders there included An'rpharete sp., S. noctosa, Y. izgperborea,
L. armiger s.L, Palydora quadril,oba,ta anrJ, Portlartd'ia arctitt iii S2, and
Y. hyperborea, P. femorata, M. oculata, Chaetosane selosa and L armiqer
s.1. in 53. Thyasiridae made up most of the 10% of suspension feedei'ei in
these two associations. At simitrar depths in Tihhaia Bay (T2) the pro-
portion of deposit feeders was lovzer {66%), the most important of them
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being O. robusta, O. sericeum, G. homari and Hali,grad,es fuluocintu,s. T'ne
suspension-feeding bivalves Hiatella arctica, A. borealis, A. crenata, It[uscu-
lus laeuigatas constituted much of the I0% of suspension feeders. The very
high percentage of carnivores (24%) is due to the abundant occutrence of
the carnivorous gastropod, Margarites groenlandica.

A very similar distribution of feeding types was observed in the t-wo

shallow water associations - 51 in Skoddebukta and T1 in Tikhaia Bay.
The proportions of deposit feeders were relatively low - ca 56%.In both
bays the most important deposit feeders were the crustaceans M. oculata,

B. uillosa and the ophiuroids - S. nodosain 51 and O. sericeum in T1. In
the latter area deposit-feeding annelids - Nereimyra punctata, T. stroemi,
L. armiger s.l. - were also abundant. Suspension feeders and carnir.ores
made up about 20% of the fauna in these associations. In S1 the rnost irn-
portant suspension feeder was the bivalve LiocEma fluctuosa, rvhile in T1
they were the bryozoi d A. disciforme, the bivalve S" groenlandicus. The r.ay
nivores are represented by an amphipod E. gaimard,iand a lish 114. .scorprus

in S1, gastropods Cylichna alba and Margarites coastal'is in T1.
Deposit feeders made up ca 70% of the fauna, both in the glacier-influ-

enced association in Tikhaia Bay (T3) and in the river-influenced association
in Skoddebukta (54). Among the most abundant deposit feeders in these
associations were the polychaetes .t. armiger s"1., T. stroemiand. P. quadrilo-
batain T3, Capitella capitata, L. armiger s.l. in 54 and the isopod ],[. ocuiaia
in both areas. Besides these, P. Iynceus, IVL moesta, Phascolosomo, sp.
and 5. nodosa occurred abundantly in 54, atd Ophelina cylincaud,ata,
O. sericeum and M. moesta in T3, The rnost significant suspension feed-
ers in both bays were Thyasiridae; the whole group ma,de up 7% af the
fauna in 54 and 13% in T3. The carnivores here were mostl;l amphipods
Onisimus caricus in T3, Onisimus littoralis and ,4. groenlandica in 54, and
poiychaetes - A. sarsi and.t. fragilis s.l. in T3 and,4. sars'iand Eteonesp.
in 54.

4.3. Diversity

Both the Shannon-Weaver Index and the k-dorninance curiles show the
Tikhaia Bay fauna to be much more diverse than that of Skocidebukta,. 'Ihe
Shannon-Weaver Index in Skoddebukta varied from 0.383 at station 13 to
2.489 at station 10, with a mean value of 1.814. The average for Tikhaia
Bav rvas 2.044, the maximum at station d was 3.005, and the minimum at
station I was 1.105. The frequency distribution of ihe diversiiy index for
both bays is shown in Fig. 11 and the k-dominance curves for both bays are
plotted in Fig. 12" As the curves do not intersect at any point, the data seis
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are comparable in terms of intrinsic diversity (Lambshead et a\.,1983). The
Skoddebukta curve always lies above the Tikhaia Bay curve.

The diversity in the associations was compared. In Tikhaia Bay the low-
est Shannon-Weaver Index and the lowest number of species were recorded
in T3, the highest values of both parameters in T1 (Tab. 3). Since the
k-dominance curves for T3 and T2 intersect, these associations are not com-
parable in terms of intrinsic diversity (Lambshead et a\.,1983). Fig. 13 shows
that association T1 is more diverse than either T2 or T3.

Table 3. The average number of species per sample (n) and the Shannon-Weaver
Index (H) for the associations distinguished in the two bays

Skoddebukta
Associations 51 52 53 S4

Tikhaia Bay

T1 T2 T3

n I4.2

H 1.693

25.4 16 8,8

1.852 2.015 r.757

43.8 33 16.2

2.830 2.409 2.098
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Fig. 13. K-dominance curves plotted for the associations in Tikhaia Bay
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Fig. 14. K-dominance curves plotted for the associations in Skoddebukta

In Skoddebukta the highest Shannon-Weaver Indices were recorded in
the deepest, outermost association 53, the lowest in the macrophytic as-

sociation S1. 52 was characterised by the highest number of species and
high Shannon-Weaver Indices. The samples from 54 contained the smallest
number of species and calculated values of the Shannon-Weaver Index were
not high. It is difficult to interpret the k-dominance curves plotted for the
Skoddebukta associations (Fig. 14) since most of the curves intersect each
other. It can only be stated that 53 was more diverse than S1.

5. Discussion

The species/sample plots showed that the material collected was repre-
sentative of the two bays. In both, the total number of species present were
found in less than 70% of samples. A11 of these were taken with a dredge,
which may have affected the species composition. The disadvantage of this
gear is that is does not dig deeply enough to sample the majority of the bur-
rowing animals inhabiting the top 10 cm of sediment (Holme, 1964). Hence
some infaunal species (mostly polychaetes and bivalves) could have been un-
derrepresented in this analysis, The other group which might have been un-
derrepresented in the material due to the sampling method are hard-bottom
organisms, On the other hand the rectangular dredge is a suitable piece of
equipment for sampling epifauna (Holme, 1964), and the number of mobile



and scarce hyperbenthic species coliected can be much higher as compared
to the grab samples.

The species list consists of 2II taxa, all of which are known from the
published checklists of the coastal fauna of Svalbard (Gulliksen and Holthe,
1992) and Franz Josef Land (Matishov, 1993).

In both areas the fauna was dominated by arctic-boreal elements
(ca 45% of species). The scarcity of typically arctic species is character-
istic of the arctic marine benthos and is explained by the brief period of
its evolution, which has not allowed much speciation to occur so far (Cur-
tis, 1975). In the material collected, arctic species comprised ca 30% of
the macrofauna. The very similar zoogeographical status of the fauna in
the two bays is surprising, since Franz Josef Land is commonly regarded
as a typically high-arctic locality, while west Spitsbergen falls within the
subarctic category (Dunbar, 1968; Atlas Arktiki, 1980). One explanation
for this is the dominance of polychaetes and bivalves animals with very
wide distributions, and hence poor as a. tool in zoogeographical analysis.
If one considers the Amphipoda only, one can see more clearly the pre-
dominance of high-arctic species (O. cari,nus, Acanthostepheia malmgreni,
Acanthostepheia behrigiensis, Syrrhoe crenulata) in Tikhaia Bay (Tab. 1).
The much stronger influence of Atlantic waters in the ocean-exposed, 'warm'
Skoddebukta is reflected in the slightly higher proportion of boreal species
in this area.

The length-frequency distribution of the benthos in both bays was sim-
ilar; medium-sized hyperbenthos 60-100 mm in length is more common in
Tikhaia Bay. That would fit well the general theory that the arctic benthos
tends to be larger than the boreal-subarctic (Thorson, 1936).

The glacial impact on the macrofauna is connected mostly with the fresh
meltwater discharge and high sedimentation rates (Gorlich et al., 1987).
The glaciomarine sedimentation depends on the type of glacier (grounded
or floating), amount of meltwater, sea-bottom relief and pattern of oceanic
currents and wind regime (Edwards, 1985). The main difference between
the glaciers in the two bays the Torellbreen and the Sedov glaciers is in
the amount of meltwater discharge and hence in the transported sediments
that result from the nature of the glaciers. The Torellbreen is a 'warm', ac-

tive subarctic glacier typical of western Svalbard (Baranowski, 1977). The
glaciers on Franz Josef Land are 'cold' polar glaciers calving during less than
one month in a year (Wqslawski, 1993a). The differences in the sedimenta-
tion rates are reflected in the different reductions in water transparency
from 2 to 13 m on Franz Josef Land and from 0.5 to 2 m in Svalbard qlacier
bays (Wgslawski and Stempniewicz, 7995).



With respect to water depth we have distinguished four shallow water
associations (S1, 54, T1, T3). The S1 association matches very well Ptlres'

(1982) description of typically arctic, infralittoral hard-bottom faunal com-

munities connected with algal assemblages, consisting mostly of Crustaceans

- gammarids, decapods, shrimps, amphipods - and the fishes feeding on

them. The shallow bottom inhabited by organisms of association T1 is much
more diversified, varying in sediment type from muds to stones, as we[ as

in macrophyte coverage, and this has given rise to numerous characteristic
species. The most typical organism, with high dominance and frequency,
was .4. d'isciforme, a flat, immobile, filter-feeding animal regarded as an in-
dicator of low sedimentation areas. Hence we assume that besides the depth
limit, the discriminating factor for this association must have been the rel-
atively low sedimentation, as compared to the glacier-impacted association
T3. The occurrence of an .4. d,isciforme community on the muddy-sandy
shallow (12-16 m) bottom of the Laptev Sea has been reported by Golikov
and Averintsev (1977). T3 consists of samples taken at different depths on

a bottom significantly influenced by the glacier. The meltwater flows over
this region in accordance with the circulation pattern of water masses in
Tikhaia Bay. Averintsev (1992) observed a strong permanent flow stream-
ing counterclockwise from south to north, from Rubini Rock along the Sedov
Glacier towards Cape Sedov. The waters in Tikhaia Bay are not stratified
(Swerpel, 1992), so the meltwaters with suspended inorganic matter do not
flow over the deeper layers bounded by the pycnocline, but mix more read-
ily with the whole water column and reach the bottom. The organisms liv-
ing in these conditions are euryhaline, active polychaetes and crustaceans.
A unique environment is produced by the two rivermouths in Skoddebukta,
which is inhabited by polychaetes and a Phascolosomasp. sipunculid. The
central, deep, soft-bottom of both bays are inhabited by associations con-

sisting largely of bivalves, ophiuroids and polychaetes: Y. hyperborea is the
most typical species in Skoddebukta and A. borelisand. A. crenalain Tikhaia
Bay. The Y. hyperbor€o communities are typical of the subarctic, circalit-
toral shelf bottom covered by terrigenous muds (P6res, 1982). There are
also several records of arctic communities with different Astarte spp. being
the predominant organisms, e.g. the Eudendrium ramosun'L community with
Astarte montagui and Ophiacanta bidentata as typical forms found on the
muddy-sandy deep bottom (32-38 m) at Heis Island (Franz Josef Land) re-
ported by GoJikov and Averintsev (1977). In the central part of Skoddebukta
we classified one more association - S3, which is probably representative of
the fauna of the deep regions outside the bay. The action of oceanic currents
is reflected here in the presence of well-washed gravel and shells, and typical



species are crustaceans, including P. pubescens - a decapod living in empty
gastropod shells.

The trophic structure of the fauna in the bays was influenced mostly
by the bottom sediment type and the rate of inorganic sedimentation. Long
and Lewis (1987) found a correlation between the proportion of deposit
and suspension feeders to sediment grain size. They observed an increase
in deposit feeders and a decrease in suspension feeders as the sand-to-pelite
ratio increased. High levels of inorganic sedimentation may also bring about
a decrease in the number of suspension-feeding animals. The impact of in-
organic suspension on these organisms is connected with two processes: the
dilution by inorganic particles of the nutritious suspensions which may be
ingested by these animals (mostly non-selective), and the risk of gill clog-
ging, dangerous to invertebrates (e,g. bivalves) employing a mesh-like gili
as a filtering organ (Moore, 1977). So the muddy bottom and inorganic sus-
pension carried by glaciers and rivers in the regions studied have produced
a predominance of deposit feeders in the macrofauna. In both bays, suspen-
sion feeders were the most abundant and deposit feeders least important in
shallow waters not exposed to the impact of river or glacier and on a stony
or mixed bottom - conditions unique to the S1 and T1 associations. In S2,
s3, s4 and 13 the proportion of suspension feeders was about r0%, the
most abundant of them being Thyasiridae. schmid and piepenburg (1993)
have classified Thyasira gouldi as a facultative filter-feeder, so we may ex-
pect that other species of this family are also able to change their mode
of feeding depending on environmental conditions. In Kuznetsov's (1g64)
classification, Thyasir,o spp. were included among the mobile suspension
feeders. These are characterised by the 'poorer' development of their fll-
tering organs, and inhabit regions with higher concentrations of inorganic
suspensions than do sessile suspension feeders. Other bivalves - H. artcica,
A. borealis, A. crenata, M. laeu'igatus - were responsible for a simiiar 1,0%
proportion of suspension feeders in T2 in extensive central part of Tikhaia
Bay. Two of them A. borealis and ,4. crenata - were also classified as
species characteristic of this association, as they had the highest avS; and
avs;/sD(s;) ratio in the similarity-breakdown analysis. In s2, the parallel
association in Skoddebukta, the most typical organism was y. hyperborea,
a deposit-feeding bivalve. The following seems to be typical of arctic glacier
bays and fiords: suspension-feeding bivalve associations in conditions of low
sedimentation provided by an inactive, 'cold' or retreating glacier, and asso-
ciations characterised by deposit-feeding bivalves in regions of high sedimen-
tation, influenced by active, 'warm'glaciers. Syvitski et at. (rggg) reported
Portlandia arctica (a deposit-feeding bivalve) associations in fiords expe-
riencing exceptionally high to moderate rates of sedimentation caused by



active glaciers, and the Onuphid association, consisting of echinoids and
fllter-feeding bivalves (ChlamEs sp., Astarte spp., Miodolari,a sp.), in a fiord
with a retreating glacier, minimal glacial impact and low levels of sedimen-
tation.

In his study of arctic and subarctic marine benthos Curtis (1975) found
that the numbers of species were much higher in areas of mixing between
cold polar and warm non-polar waters (e.g. Barents Sea, Bering Sea) than
in cold arctic waters. The potential pool of species available in the Atlantic
waters offWest Spitsbergen is at least three or four times as large (over 2000

species according to Gulliksen and Holthe, 1992) as the co 500 species ex-
pected at Franz Josef Land (Matishov, 1993; Wgslawski and Stempniewicz,
1995). This does not agree with our results, as we found almost three times
as many species in the 'cold' Tikhaia Bay as in the 'warm' Skoddebukta,
which experiences the mixing of Atlantic and Arctic water masses. Simi-
larly, the Tikhaia Bay fauna proved to be more diverse than that in Skod-
debukta when we applied such measures of diversity as the species num-
ber per sample, the Shannon-Weaver Index and k-dominance plots. In his
comparison of the ecosystems of Tikhaia Bay and Isbjornhamna (Svalbard,
Hornsund) Wgslawski (1993a)found similar differences, and explained them
by the higher primary production resuiting from the prolonged phytoplank-
ton bloom and faster sedimentation of organic particles due to the weak
stratification of the water column in Tikhaia Bay. The theory attributing
higher diversity to increased productivity was propounded by Conneli and
Orias (1964). The physical stability of the environment and the level of
disturbance are very important factors influencing faunal diversity (Con-
nell, 1978). Kendall and Aschan (1993) indicated that the sedimentation
of silt from melt water carried by the river Gipsvika caused natural distur-
bances in Sassentjord affecting the diversity of the benthic assemblage. Thus
the higher diversity of the Tikhaia Bay benthos is due to both the higher
productivity and the lower levels of sedimentation-induced natural distur-
bances in this region, as compared with Svalbard's 'warm'glacier bays. This
agrees well with I{uston's (1979) theory, which links high diversity with the
high population growth rates such as are normaily associated with high
productivity and a low incidence of disturbance. Glacier- or river-induced
sedimentation also seems to be the decisive factor responsible for the diver-
sity differences between the associations in the two bays. Ignoring the very
low diversity measures recorded in association S1, which we think are arte-
facts resulting from the inefrciency of the dredge used to sample the stony
bottom fauna, we observed the lowest diversity in the glacier-impacted as-

sociation T3 in Tikhaia Bay and in the river-influenced association 54 in
Skoddebukta. A similar situation was reported by Schmid and Piepenburg



(1993) in Disko Fjord (West Greenland), where the benthic assemblage in-
habiting the part of the fiord isolated by a sill and influenced by aestival
river outflow showed the lowest number of species per sample and the lowest
Shannon-Weaver Indices among the assemblages distinguished.

In his dissertation on the sensitivity of Svalbard's marine ecosystem to
climatic changes, Wgslawski (1993b) outlined a possible scenario of the con-

sequences of climatic warming to this ecosystem. Regarding the sublittoral
benthos, he predicted a decline in benthos biomass in areas of increased
glacial sedimentation. Our results lead to the conclusion that the warming
of the Arctic may cause a drop in benthic biodiversity owing to the increase
in mineral sedimentation from meltwaters.

6. Conclusions

o 37% of all species were common to both bays, while 77% of the most
frequent species were found in both localities.

o The zoogeographical status of the fauna was similar, regardless of the
different geographical status of the bays (the high-arctic Tikhaia Bay
and the subarctic Skoddebukta).

o The principal factors responsible for the distribution of macrofaunal
species were depth, bottom type, and glacier or river impact resulting
in increased inorganic sedimentation.

o Deposit feeders dominated the fauna in both locaiities. Their propor-
tions were highest in associations inhabiting muds and experiencing
high levels of inorganic sedimentation.

o The largest, central parts of the two bays were inhabited by the
Yoldia hyperborea (a deposit-feeding bivalve) association in Skodde-
bukta and by the Astarte spp. (suspension-feeding bivalves) associa-
tion in Tikhaia Bay.

o The 'warm' subarctic bay at Spitsbergen, with a potential species
pool of 2000 was less diverse than the 'cold' high-arctic locality with
a potential species pool of 500.

o The higher mineral sedimentation rates (disturbance) at Spitsber-
gen together with the higher production and pelago-benthic coupling
(trophic conditions) in Franz Josef Land are said to be responsible for
the richer and more diverse communities in the 'cold'localitv.



o The level of inorganic sedimentation was responsible for the diversity
differences between the associations in the two bays.

o The possible warming of the Arctic will cause the benthic biodiver-
sity to decline, owing to the increase in mineral sedimentation from
meltwaters.
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