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ABSTRACT: The epibenthic megafauna of the high-Arctic Laptev Sea shelf was investigated in 
August/September 1993 and October 1995. At 13 stations in water depths of between 14 and 45 m, 
series of 5 to 29 photographs, each depicting about 1 m2 of the seabed, were taken to assess epifaunal 
dis t r~but~on patterns and abundances. Furthermore, population biomass of dominant br~ttle stars was 
estimated by combining abundance values with size-mass relationships and size frequencies estab- 
lished by measuring specimens on scaled photographs. A total of 13 epibenthic species were identified. 
Species numbers per station were low, ranging between 1 and 6. Total epibenthic abundances, aver- 
aging 173.7 ind. m-2, ranged considerably between 0.1 and 579.5 ind. m-2 Except for some stations on 
shallow shelf banks <20 m that were characterized by bottom-water salinities <30 due  to fluvial dilu- 
tion, the brittle star Ophiocten senceum dominated the megabenthic shelf assemblages. At the flanks 
of sunken Pleistocene river valleys In depths >30 m, it reached maximum density and biomass values 
of 566 ~ n d .  m-2 and 1.5 g ash-free dry mass (AFDM) m ', respectively. At some sites, the brittle star 
Ophlura sarsi occurred in abundances of up to 35 ind. m-' and attained a biomass of 3.8 g AFDM m-2 
Of local importance were the sea cucumber Myrjotrochus rinckii (up to 7 0  ind. m-') and the bivalve 
Arctinula greenlandica (up to 33 ind. m-2). All other species were recorded with distinctly lower densi- 
ties (S1 ind. mT2). Gross estimates of population respiration and production of dominant brittle stars 
suggest that their organic carbon demand may amount to a pooled average of about 4 mg C m-' d-' in 
the Laptev Sea, locally even to a maximum of >l0 mg C m-2 d-' This finding indicates that a substan- 
tial portion of the energy flow in this high-Arctic shelf ecosystem may be channelled through dense 
brittle star assemblages. 
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INTRODUCTION 

The Laptev Sea, one of the Arctic shelf seas north of 
Siberia, is among the world's least investigated regions 
(Thiede & Kassens 1994). First benthos collections of 
Russian explorers date back to 1878 (Sirenko & Piep- 
enburg 1994), but more intensive studies were always 
severely impeded by the remoteness and the long- 
lasting ice cover of the area (Zenkevitch 1963). Fur- 
thermore, the region was closed for western reseach- 
ers due  to political reasons (Piepenburg 1995). Golikov 
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(1990) and co-workers performed a first systematic 
sampling programme in the 1970s, mainly by scuba- 
diving. Quantitative data on the benthic communities 
were, therefore, largely confined to the near-shore 
zone of the eastern and southeastern sea,  whereas 
information on the vast off-shore shelf was still rather 
poor until the beginning of the 1990s (Petryashov 1994) 
when the Russian-German multidisciplinary research 
project 'System Laptev Sea'  was ~nit iated (Thiede & 

Kassens 1994). 
In the framework of this project, several field studies 

(TRANSDRIFT expeditions I,  I1 and 111) to the Laptev 
Sea were conducted in 1993, 1994 and 1995, respec- 
tively (Kassens & Karpiy 1994, Kassens 1995, Kassens 
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in press). A principal objective of the ecological 
research during these expeditions was to contribute to 
an understanding of pathways and mechanisms of the 
coupling between sea ice, water column and seabed in 
a high-latitude marine ecosystem (Knickmeier & 

Schmid 1994). This aim demands, besides information 
on the rates of the various processes involved, a sound 
knowledge of the distribution and the standing stock of 
major elements in the various sub-systems, as esti- 
mates of abundance and biomass are essential pre- 
requisites for any budgeting or modelling of the flow of 
matter and/or energy through biological systems 
(Lampitt et al. 1986). The benthos was, therefore, 
investigated with different types of gear (grabs, 
dredges, cameras) to adequately sample the different 
community fractions on various spatial scales (Knick- 
meler & Schmid 1994, Petryashov 1994). Within this 
context, we  focused on the epibenthic megafauna. 

The megabenthos is operationally defined as the 
group of benthic animals large enough to be visible on 
seabed photographs and to be caught by towed gear 
(Gage & Tyler 1991). There is evidence that these 
organisms form a functional component distinct from 
the macro- and meiofauna (Lampitt et al. 1986). They 
are more important in benthic habitats than their com- 
paratively low abundances imply, especially in food- 
limited systems such as polar seas or the deep sea (e.g. 
Haedrich et  al. 1980, Lampitt et al. 1986, Romero-Wet- 
zel & Gerlach 1991, Smith et  al. 1993, Thurston et  al. 
1994, Piepenburg et  al. 1995). However, only very 
few strictly quantitative data on megabenthic standing 
stock are available so far, especially for Arctic seas, 
because assessments are notoriously difficult (Holme & 
McIntyre 1984). A combination of seabed imaging and 
catches of towed gear has been proposed to be most 
adequate for examining the epibenthic megafauna 
(Rice et al. 1982, Schneider et al. 1987). 

In this paper, we present quantitative data on abun- 
dance and spatial distribution of the epibenthic 
megafauna of the Laptev Sea by applying this method- 
ological approach. For dominant brittle stars, size fre- 
quencies were assessed and population biomass values 
were computed. Furthermore, their population respira- 
tion, production, and organic carbon demand was esti- 
mated by combining biomass and size data with empir- 
ical allometric functions to explore their ecological 
significance in this high-Arctic shelf ecosystem. 

MATERIAL AND METHODS 

Study area. The Laptev Sea is the smallest (660000 
km2) of the Eurasian-Arctic shelf seas (Zenkevitch 
1963, Timokhov 1994). As typical of all high-Arctic 
marine systems, its biota are generally affected by low 

water temperatures, long-lasting ice cover (October- 
June), and large seasonal fluctations in light regime 
and primary productivity (Hempel 1985). Specific 
properties of the Laptev Sea shelf are the shallow 
water depths, extending over long distances off the 
coastline (up to about 500 km), and the strong terres- 
trial impact due to the seasonally strongly pulsed river 
discharge (Timokhov 1994). The complex seabed mor- 
phology is characterized by very shallow banks 
(<20 m) and troughs of 50 m depths at maximum, 
formed by sunken Pleistocene valleys of large Siberian 
rivers (Khatanga, Anabar, Olenek, Lena, Yana) flowing 
into the Laptev Sea (Fig. 1). The hydrography is heav- 
ily influenced by the fresh water discharge of the 
Siberian streams, primarily of the Lena River (about 
525 km3 yr-l; Gordeev & Sidorov 1993). During sum- 
mer, a surface layer, diluted and warmed by the abun- 
dant fluvial waters, is separated from the more saline 
deeper water masses (salinity >30) by a sharp halo- 
cline at about 15 m. Due to the river discharge, sedi- 
ment load is much higher in the Laptev Sea than e.g. in 
the Barents Sea (Timokhov 1994). Seabed properties 
were summarized by Lindemann (1994). The sedi- 
ments of the western Laptev Sea seabed are domi- 
nated by relict delta sands. Sediment accumulation 
seems to be restricted to the sunken valleys of the 
Khatanga, Anabar and Olenek Rivers. In the eastern 
Laptev Sea, the seabed surface sediments are dorni- 
nated by silt and clay, tracing the modern deposition 
areas of the sediments discharged by the Lena and 
Yana Rivers. 

Field work. Seabed photographs were obtained dur- 
ing 2 exped~tions to the Laptev Sea, TRANSDRIFT I 
with RV 'Ivan Kireyev' in August/September 1993 
(Kassens & Karpiy 1994) and TRANSDRIFT I11 with RV 
'Kapitan Dranitsyn' in October 1995 (Kassens in press). 
The photo probe employed basically consisted of a ver- 
tically oriented high-resolution still camera (Photo- 
seaThf 70 D), utilizing the 70 mm color slide film Kodak 
EktachromeTSf 64 ASA, and an oblique strobe (Photo- 
seaTM 1500 D). The probe was vertically lowered from 
the drifting ship. On seabed contact of a forerunner 
weight hanging about 1.5 m below the probe, camera 
and strobe were triggered and bottom contact was sig- 
nalled to the operator on the ship. The probe was then 
heaved about 5 m and lowered again for the next bot- 
tom contact. This procedure was repeated several 
times. Thus, series of 5 to 29 non-overlapping photo- 
graphs, each depicting approximately 1 m2 of the 
seabed, were taken along transects of about 30 to 
200 m length at 13 stations in water depths between 
14 and 45 m (Table 1, Fig. 1). A compass hanging 
below the camera at a known distance (just touching 
the seabed on bottom contact of the forerunner weight) 
was visible in most photographs and provided a size 
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Fig. 1 Laptev Sea. Distribution, composition and standlng stock of epibenthic megafauna, derlved from seabed photographs 
taken during TRANSDRlFT expeditions I and 111 in August/September 1993 and October 1995, respectively. Pie sizes are loga- 
rithmically scaled according to total megabenthic abundances (ind. m-'), wedges depict abundance shares of dominant species, 
and inserted numbers denote station labels. Small open dots indicate stations from which seabed photographs could not be ana- 

lyzed quantitatively because bottom water was too turbid 

scale. Due to the high resolution of the optical system 
used, epibenthic organisms as small as 1 mm were 
identifed and are, by definition, operationally referred 
to as megabenthic animals. In 1993, a m~cro-CTD (Fal- 
mouth Inc., Caulumet, MA, USA) was attached to the 
probe to measure in situ temperature and salinity of 
the bottom water. For a detailed description of the 
imaging system and its operation, see Piepenburg & 
von Juterzenka (1994). In addition, megabenthic ani- 
mals were collected from dredge catches carried out at  
the same stations or at those adjacent to the imaging 
sites (M. K. Schmid & V. V. Petryashov unpubl.). The 
cod end of the dredge had a mesh size of 10 mm. How- 
ever, at most of the stations the cod end was clogged 
by sediment so that smaller animals were caught as 
well. The specimens collected from the catches were 
preserved in a borax-buffered 4 % formaldehyde-sea- 
water solution for further laboratory analyses. 

Data analysis. Epibenthic specimens were identified 
to species (or putative species) and counted on each 
photograph. Identifications were conducted with refer- 
ence to Mortensen (1927), D'yakonov (1967), and Pater- 
son (1985) for echinoderms, and Ockelmann (1958) and 
Bernard (1979) for bivalves. They were aided by the 
comparison with specimens collected from concomitant 
dredge catches and the taxonomic advice of I. S. Srnirnov 
and V. V. Petryashov from the Zoological Institute of 
the Russian Academy of Sciences in St. Petersburg (Rus- 
sia). Due to the resolution of the optical system used, the 
smallest specimens identifiable in the photographs had 
a body size of 1 mm (Piepenburg & von Juterzenka 
1994). The mean counts per station were raised to abun- 
dance figures (ind. m-2) using the average area covered 
by each photograph of a given transect. 

Population biomass of 3 dominant brittle star species 
was estimated from the photographically derived 
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Table 1 Station 1st  Seabed photography in the Laptev Sea d u r ~ n g  expedlt~ons TRANSDRIFT I with RV 'Ivan Klreyev In 1993 
and  TRANSDRIFT 111 with RV Kapitan Dranitsyn in 1995 S ta t~on  label date of sampllng positlon (latitude, long~tude topogra- 
phy) ,  water depth bottom water temperature and salin~ty,  dry weight percentage ( dtv) of sand and gravel (grain slze >63 pm) 
in surficlal sedunents (from L~ndemann  1994), and number of seabed photographs are  glven for each statlon (-) Missing values 

Stn Date Lat. Long Topography Depth Temp Sal. Sand Photos 
(NI (E)  (m)  ("c) ( %  dw) (n )  

P P 

TRANSURIFT I, 1993 
I61 10 Aug 74" 59.7' 114" 33.3' Anabar-Khatanga Valley 36 -1.6 34.0 5 2 2 1 
I27 13 Aug 73"59.5' 119" 51.6' Olenek Valley 30 1.7 30.0 - 18 
I38 14 A u g  74'29.8' 119" 58.2' Olenek Valley 34 1.7 30.0 50 29 
I40 15 Aug 74" 30.0' 122'59.6' Western Lena Valley 15 2.0 28.0 97 10 
I46 17 Aug 74"29 7' 134'01.2' Stolbovoy Bank 14 0.0 26.0 80 28 
I48 18 Aug 74" 29 8' 137O01.6' Yana Valley 20 1.5 27.5 10 5 
I58 5 Sep 75" 00 4' 119"51.1' Olenek Valley 3 3 1.6 30 0 4 6 15 
I65 6 Sep 75" 28.9' 119" 54.1' Olenek Valley 4 5 1.7 30 0 68 5 
I70 8 Sep 75" 18.6' 129O33.4' Eastern Lena Valley 4 4 1 5  29.5 23 14 

TRANSDRIFT 111, 1995 
K48 16 Oct 75'29.1' 130°41.6' Eastern Lena Valley 39 - - 15 
K55 17 Oct 75O34.2' 134O32.5' Yana Valley 3 6 - - 20 
K61 18 Oct 73O53.8' 126O52.4' Western Lena Valley 23 - - 18 
K64 20 Oct 74'36.8' 114" 29.7' Anabar-Khatanga Valley 39 - - - 2 6 

abundance values. Wet mass values were determined 
for 74 specimens of Ophiura sarsi, collected from 
dredge catches, with disc diameters ranging from 
3.5 to 23.5 mm. The values were converted to ash-free 
dry mass (AFDM) using a conversion factor of 0.064 
(k0.002 SD) determined for 15 individuals from the 
Barents Sea (Schmid unpubl. data).  A functional rela- 
tionship between disc diameters (d) and body mass 
(M)  was established ( M =  0.0404 d 2  762, r2 = 0.976) using 
least-square regression. For the species Ophiocten 
senceum and Ophiacantha bidentata, size-mass rela- 
tionships determined in the Barents Sea were used 
(Piepenburg & Schmid 1996a: M = 0.0465 d 2  445 and 
M = 0.1507 d2488, respectively). Furthermore, disc 
diameters of bnttle star specimens were measured on 
scaled photographs from 6 stations to the nearest mm 
below (i.e. with a resolution of 1 mm). Thus, it was pos- 
sible to construct station-specific slze frequency distri- 
butions (for all specimens t l  mm) which are, in con- 
trast to net catches, not biased by size-dependent 
differences in sampling efficiency. By combining mean 
abundance values, size frequency distributions and 
size-mass relationships, biomass values per size group 
were computed for each station and then summed up 
to mean biomass values per station. For stations for 
which no size data were available, size frequency dis- 
tributions recorded at nearby stations or at those 
located at a similar depth were assumed to be repre- 
sentative. AFDM was converted to organic carbon 
mass using a factor of 0.5. Spearman's rank correlation 
coefficient p was used to statistically assess the rela- 
tionship between biotic and abiotlc parameters (Zar 
1984). 

In a similar approach, population respiration (R; in 
mg C m-2 d-l) of the 3 selected brittle stars was approx- 
imated by combining our data on station-mean abun- 
dance and size frequencies with size-dependent ~ n d i -  
vidual respiration rates (IR; in mg C d-l). These rates 
were estimated for each size class by a n  allometric 
equatlon relatlng IR to body mass M (IR = 0.007M-024; 
r2 = 0.884) proposed by Mahaut et al. (1995) for deep- 
sea benthos living at temperatures of 2 to 4OC. Further- 
more, gross estimates of somatic production (P; in mg C 
m-2 d-') were derived from respiration values R by 
assuming a size-independent net growth efficiency K, 
of 30 % (= 100 X P/A, with assimilation A = R + P; equiv- 
alent to a ratio P/R = 3/7). This K, value has been pro- 
posed as a grand average for poikilothermic wild pop- 
u la t ion~ (Wleser 1986, McLusky & MacIntyre 1988). 
Finally, estimates of the carbon demand (D; in mg C 
m-2 d-l) were computed from A by assuming an aver- 
age assimilation efficiency of 80% of the organic car- 
bon in the ingested food (i.e. D = A/0.8; Winberg 1960) 
for the primarily carnivorous brittle star species consid- 
ered here (Warner 1982). 

RESULTS 

Species composition 

Thlrteen epibenthic species were recorded on 224 
seabed photographs taken at  13 stations in the Laptev 
Sea: 

Anthozoa: Alcyonaria 
Gersemia sp. 
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Anthozoa: Ceriantharia 
Cerianthus sp. 

Mollusca: Bivalvia 
Arctinula greenlandica (Sowerby, 1842) 

Crustacea: Isopoda 
Saduria sp. 

Echinodermata: Crinoidea 
Heliometra glacialis (Owen, 1833) 

Echinodermata: Asteroidea 
Hymenaster pellucidus Wyville Thomson, 1873 
Urasterias lincki (Miiller et Troschel, 1842) 

Echinodermata: Ophiuroidea 
Ophiacantha bidentata (Retzius, 1805) 
Ophiura sarsi Liitken, 1855 
Ophiocten sericeum (Forbes, 1852) 
Ophiopleura borealis Danielssen et  Koren, 1877 

Echinodermata: Echinoidea 
Strongylocentrotus sp. 

Echinodermata: Holothuroidea 
Myriotrochus rinkii Steenstrup, 1851 

The sea star Urasterias lincki was recorded with only 
a single specimen at 1 station (K55) and was, therefore, 
excluded from further analyses. 

Species numbers 

The faunistic diversity of epibenthic assemblages, as 
derived from the analyses of seabed photographs, was 
low. Species numbers per station ranged between 
1 and 6 (Table 2 ) .  In our data set, no significant relation 
of species numbers to water depths (p = 0.219, n = 13, 
p = 0.469) or bottom-water salinities (p = 0.563, n = 9, 
p = 0,137) or seabed con~position, parameterized by the 
percentage of sand and gravel (grain sizes >63 pm) in 
surficial sediments (p = -0.409, n = 9, p = 0.280), could 
be detected. 

Megabenthic abundance 

Overall, the brittle star Ophiocten sericeum was 
the most abundant epibenthic species (Table 2). Espe- 
cially at the flanks of the sunken Pleistocene liver val- 
leys, specimens of 0 .  sericeum were observed on 
almost every photograph. Its within-station mean 
abundances ranged from about 4 to 566 ind. m-2 (Table 
2, Fig. 1). The distribution of the specimens along the 
photographic transects was, however, extremely 
patchy, as indicated by the high standard deviations of 
the means (Table 2). At some sites, the brittle star 
Ophiura sarsi occurred in abundances of up to 36 ind. 
m-2 (Table 2, Fig. 1). Of local importance were the sea 
cucumber Myriotrochus rinckii (Stn 140: 70 ind. m-2) 

and the bivalve Arctinula greenlandica (Stn 165: 
33 ind. m-2). All other species were recorded in dis- 
tinctly lower numbers (Table 2: 51  ind. m-2). 

Total epibenthic abundances ranged considerably 
between 0.1 and 579.5 ind. m-2, averaging 173.7 ind. 
m-' (Table 2). A cause of this substantial variation was 
not discernible in our data. The values tended to 
increase with water depths and bottom-water salini- 
ties, but these trends were statistically not significant 
(p = 0.579, n = 13, p =0.055 a n d p  = 0.634, n =  9, p = 
0.093, respectively). Likewise, no significant relation of 
epifaunal densities to seabed composition (i.e. sand 
content in surficial sediment) was observed (p = 
-0.357, n = 8, p = 0.345). 

Size composition of brittle stars 

The disc diameters of Ophiocten sericeum ranged 
between < l  and 9.5 mm (Fig. 2). Along the Olenek 
Valley, there was a clear depth-related trend: the 
modes in the size frequency distributions increased 
from 1.5 mm at 30 m (Stn 127) to 6.5 mm at  43 m (Stn 
165). In the Anabar-Khatanga Valley, 2 modes were 
conspicuous in the size distribution, one a t  1.5 mm and 
the other at 5.5 mm (Fig. 2). In the Western and Eastern 
Lena Valley (Stn I40 a t  16 m and Stn I70 at 44 m, 
respectively), the size distributions were rather broad 
and exhibited little pronounced modes at 3.5 mm and 
2.5 mm, respectively. 

The disc diameters of Ophiura sarsi, measured on 
the seabed photographs, fell into a range of 7 to 27 mm 
(Fig. 3).  As for Ophiocten sericeum, a bathymetric 
trend was discernible: in the Olenek Valley (Stns 127, 
138, 1651, as well as in the Western (Stn 140) and East- 
ern Lena Valley (Stn I70), the modes in the size distrib- 
utions increased with water depths from 11 to 17 and 
19 mm, respectively (Fig. 3). 

For Ophiacantha bidentata in the Anabar-Khatanga 
Valley (Stn I61), disc diameters ranging from 3.5 to 
11.5 mm with maximum abundance of between 8 and 
9 mm were recorded (Fig. 4 ) .  

Biomass, respiration, production and carbon demand 
of brittle stars 

Population biomass was computed for the 3 brittle 
star species Ophiocten sericeum, Ophiura sarsi and 
Ophiacantha bidentata (Table 3). The most abundant 
species 0 .  senceum reached maximum values of 
nearly 1500 mg AFDM m-2 (equivalent to 750 mg C 
m-2) in the Olenek Valley. Despite its lower abun- 
dances, the much larger 0. sarsi was similarly impor- 
tant in terms of biomass, especially in the Eastern Lena 
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Olenek Valley (127, 30 m) Western Lena Valley (140, 16 m) 

Olenek Valley (138, 34 m) Anabar-Khatanga Valley (161, 36 m) 

Olenek Valley (165,43m) 
6 0 .  

l l  = 164 

Eastern Lena Valley (170, 44 m) 

m .  
j 30: 
S .' 

B 203 
Fig. 2. Ophlocten sericeum. Size fre- : 
qiencies (1 mm disc diameter classes) of 10; 

specimens measured on seabed pho- o '  
tographs from the Laptev Sea (Stns 127, 0 1 2 3 4 5 6 7 8 9 1 0  

138, 165, 140, 161, 170) mm.Classes 

Table 3.  Dominant brittle stars of the Laptev Sea Biomass (mg AFDM m-', mg C m-2) of Ophiocten serjceum, Ophiura sarsi and 
Ophiacantha bidentata, as  well as estimates of thelr total daily respiration, production and organic carbon demand (rounded to 
the nearest mg C m-2 d-'). Stations arranged according to their geographic location. (.) Absent. Average values were computed 

across all stations 

Reglon Stn Depth Ophiocten Ophiura Ophiacantha Total biomass Respiration Production C-demand 
sericeum sarsl bidentata (rng m-2) 

(m) (rng AFDM m-') AFDM C (mg C m-' d-l) 

Anabar-Khatanga 161 
Valley K64 

Olenek Valley 127 
138 
158 
165 

Western Lena I40 
Valley K61 

Eastern Lena 170 
Valley K48 

Stolbovoy Bank 146 14 
Yana Valley 148 20 

K55 36 

I Pooled averages 3 1 469 528 24 1021 510 2 1 1 
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Olenek Valley (127, 138 - 30-34 m) Western Lena Valley (140 - 16 m) 

Olenek Valley (165 - 43 m) Eastern Lena Valley (170 - 44 m) 
70 7 0 

60 60 - g 50 E so 
'9 

m 4 0  a, P 40 
U 

0 

3 0  $ 30 
3 W W 
m 20 E 20 
U Fig. 3. Ophlura sarsi. Slze frequen- 

10 10 cles (2 mm d ~ s c  diameter classes) of 

o o specimens measured on seabed 
o 2 4 6 E I S  1 2  I 4  l 6  I Q  2.  22 2 d  I 6  zu 1 -  , 2 4 6 B 1 0  12 16 I &  z o  z2 24  A b  photographs from the Laptev Sea 

2rnrn-Classes 2mm-Classes (Stns I27 and 138, 165, 140, 170) 

Anabar-Khatanga Valley (161 - 36 m) 
A 0 

n.29 

Fig. 4 .  Ophiacantha bidentata. Size frequency ( 1  mm disc 
diameter classes) of specimens measured on seabed photo- 

graphs from the Laptev Sea (Stn 161) 

Valley (maximum 3764 mg AFDM m-2 = 1732 mg C 
m-'). 0, bidentata was distinctly less important, reach- 
ing a maximum biomass of 176 mg AFDM m-2 (88 mg 
C m-2) in the Anabar Khatanga Valley. The pooled 
average biomass of the 3 brittle star species in the 
Laptev Sea was 468, 528 and 24 mg AFDM m-2 for 0 .  
sericeum, 0 .  sarsi and 0. bidentata, respectively. 

Total brittle star biomass in the Laptev Sea rangea 
from 17 mg AFDM m-' (about 9 mg C m-2) in the West- 
ern Lena Valley to 3765 mg AFDM m-2 (about 1883 mg 
C m-') in the Eastern Lena Valley, averaging 1021 mg 
AFDM m-2 (510 mg C m-2). It increased significantly 
with water depths (p = 0.636, n = 13, p = 0.035). The 
relations to other presumably important environmental 

parameters such as bottom-water salinity and seabed 
composition (i.e. sand content in surficial sediment) 
were not significant (p = 0.586, n = 9, p = 0.121 and p = 

-0.381, n = 8, p = 0.314). 
Besides biomass, the total respiration, production 

and organic carbon demand of the 3 brittle stars Ophi- 
octen senceum, Ophiura sarsi and Ophiacantha biden- 
tata were estimated (Table 3).  Respiration values 
ranged from ~ 0 . 1  mg C m-2 d-' in the Western Lena 
and Yana Valleys to about 6 mg C m-2 d-' in the dense 
brittle star beds of the Olenek and Eastern Lena Val- 
leys. The respiration-derived production values 
ranged between ~ 0 . 1  and nearly 3 mg C m-' d-l. The 
highest organic carbon demand of the brittle stars was 
estimated to be > l 0  mg C m-2 d-' at the flanks of the 
Olenek and Eastern Lena Valleys. Pooled average val- 
ues of ophiuroid daily respiration, production and car- 
bon demand in the Laptev Sea were estimated to be 2,  
1 and 4 mg C m-2 d-l. 

DISCUSSION 

Sampling 

In contrast to the investigations in the Greenland and 
Barents Seas (Piepenburg & Schmid 1996a, b),  most 
photo probe casts in the Laptev Sea (i.e. 25 out of 38) 
were unsuccessful. The turbidity of the bottom water 
was often so high that the seabed photographs taken at 
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a distance of 1.4 m from the bottom could not be quan- 
titatively analysed. Such high turbidities were encoun- 
tered especially at  sites in the western Laptev Sea (i.e. 
west of 125OE) shallower than 25 m,  and in the eastern 
Laptev Sea even throughout the whole depth range 
covered (Fig. 1: 9 to 47 m).  Consequently, our sampling 
effort was concentrated on the relatively deep shelf 
valleys, and shallow shoal stations were under-repre- 
sented in our data.  

It may be argued that seasonal and/or interannual 
trends possibly biased the spatial patterns described 
since samples were taken in August/September and 
October in 2 different years (Table 1). Our admittedly 
rather limited data on faunistic composition, abun- 
dance and size distribution do not provide unequivo- 
cal evidence that spatial and bathymetric patchiness 
is more pronounced than temporal changes during 
the study period. The similarity in composition and 
abundance of 2 nearby stations (I61 and K64) in the 
Anabar-Khatanga Valley (Fig. l ) ,  sampled on 10 
August 1993 and 20 October 1995 (Table l ) ,  respec- 
tively, suggests that temporal variation was not so 
conspicuous that it could severely mask spatial differ- 
ences. In contrast, 2 stations (I70 and K48) in the East- 
ern Lena Valley, sampled on 8 September 1993 and 
16 October 1995 (Table l) ,  respectively, differed sub- 
stantially in epifaunal composition and abundance, 
though they were even closer than Stns I61 and K64. 
It cannot be decided whether this reflects a temporal 
shift or rather mesoscale spatial patchiness. In gen- 
eral, temporal effects on the time scale of months can 
probably be neglected for megabenthic assemblages. 
It is very unlikely that coinmunity patterns changed 
significantly during the 4 wk sampling period of mid- 
August to mid-September 1993, considering the gen- 
eral time scale of megabenthic population dynamics 
in polar waters (Dayton 1990). 

Species composition 

Most of the megabenthic organisms recorded in our 
photographic survey belonged to boreal-Arctic species 
(Myriotrochus rinkii, Ophiocten sericeum, Ophiacantha 
bidentata, Ophiura sarsi), while the species classified as 
endemic-Arctic, such as Arctinula greenlandica, He- 
liometra glacialis, Ophiopleura borealis and Hymen- 
asterpellucidus, were less abundant (Ockelmann 1958, 
Smirnov 1994). It should be noted, however, that the 
taxonomic status of some geographically and bathy- 
metrically widely distributed boreal-Arctic species is 
still being discussed. 0. bidentata occurring on Arctic 
shelves, for instance, may not belong to the same spe- 
cies as the specimens inhabiting the North Atlantic 
deep sea because they differ in their reproduction 

modes: while the Arctic animals are  gonochoric, the At- 
lantic ones have been shown to be protandric hermaph- 
rodites (Tyler & Gage 1982). For more information on 
the general zoogeographic and  bathymetric distribu- 
tion of the species, see  Mortensen (1927). D'yakonov 
(1967), Bernard (1979), Anisimova (1989), Smirnov & 
Smirnov (1990), as well as Smirnov (1994). 

Four of 10 brittle star species reported by Smirnov & 
Smirnov (1990) to occur on the Laptev Sea shelf were 
recorded in the seabed photographs. Among these 
were the most abundant species listed by Smirnov & 
Smirnov (1990) in their compilation of the results of 
Russian collections from 1901 to 1973. Our study cor- 
roborates previous findings that brittle stars dominate 
the megabenthic communities in water depths of 30 to 
60 m (Sirenko et  al. 1995). They accounted for up to 
>99% of the specimens visible on the photographs. 
Their share in the total number of megabenthic organ- 
isms (echinoderms, crustaceans, polychaetes and 
bivalves) in dredge catches ranged from nil to 60% 
(Schmid & Petryashov unpubl.). Such a predominance 
of brittle stars was also recorded in other seabed imag- 
lng studies in Arctic waters (Piepenburg & Schmid 
1996a, b) and seems to be a common phenomenon of 
many polar shelf communities both in the Arctic (Zen- 
kevitch 1963. Curtis 1975, Carey 1991) and Antarctica 
(Van 1988, Dahm 1995). 

Standing stock 

The benthos of the high-Arctic Laptev Sea had been 
reported to be generally poor in terms of both diversity 
and standing stock compared to other Eurasian-Arctic 
shelf seas (Zenkevitch 1963, Golikov 1990). This 
scarcity was attributed to the most severe climate in 
the Laptev Sea, as well as to the very low salinities due 
to strong freshwater inflow. However, w e  recorded 
quite high megabenthic abundances on the Laptev Sea 
shelf, especially for the brittle stars Ophiocten seri- 
ceum and, though less pronounced, Ophiura sarsi. 
Very high densities of 0 .  sericeum (up to >500 ind. 
m-') were locally found on the flanks of the shelf val- 
leys, being similar to maximum values reported for 0. 
sericeum from shoals in the Barents Sea (about 500 ind. 
m-2; Piepenburg & Schmid 1996a) or the Belgica Bank 
off Northeast Greenland (about 330 ind. m-'; Piepen- 
burg & Schmid 1996b). The n ~ a x i n ~ u m  brittle star bio- 
mass values were not lower in the Laptev Sea either: 
>3.5 g AFDM m-2 in the Laptev Sea,  about 5 g AFDM 
m-2 in the Barents Sea (Piepenburg & Schmid 1996a), 
and about 2 g AFDM m-2 off Northeast Greenland 
(Piepenburg & Schmid 1996b). 

The standing stock figures recorded at  these Arctic 
sites were not much lower than those observed for both 
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endobenthic amphiurids and epibenthic Ophiura spe- 
cies on boreal shelves (Muus 1981, Salzwedel et al. 
1985). They are comparable to abundances of dense 
bathyal brittle star populations that were reported by 
imaging inventories of e.g.  Ophiophthalmus normani 
from 1300 m off California, USA (16 ind, m-*; Smith & 
Hamilton 1983), Ophiacantha fidelis from 450 m off 
Tasmania, Australia (350 ind. m-2; Blaber et  al. 1987), 
as well as Ophiura sarsi from 280 m off Japan (370 ind. 
m-'; Fujita & Ohta 1989) and 500 m off South Carolina, 
USA (>30 ind. m-2; Stancyk et al. 1994). 

The input of organic carbon to the benthic systems 
must be  sufficient to sustain these high brittle star den- 
sities. Primary production in the euphotic zone and 
food supply to the benthos is ultimately controlled by 
hydrodynamics and, in polar waters, ice cover (Greb- 
meier & Barry 1991, Graf 1992). In the Laptev Sea, the 
following features may lead to an enhanced pelagic 
production and/or flow of organic matter to the seabed. 
Firstly, marginal ice zones (MIZ) are well known as 
sites of locally and temporally enhanced production in 
ice-covered seas (Slagstad 1985. Sakshaug & Skjoldal 
1989). In particular 'seasonally receding ice edges', as 
they are also found in the Laptev Sea (Timokhov 1994), 
provide favourable conditions for rapid diatom blooms 
(Rey & Loeng 1985). A large amount of the organic 
matter produced in the MIZ sinks out of the euphotic 
layer in pulsed sedimentation events (Hebbeln & 
Wefer 1991, Andreassen et  al. 1996) and is, thus, avail- 
able to the benthos. Secondly, polynyas, permanent or 
recurrent ice-free areas in the pack ice zone, have 
been identified to be of special importance for physical 
and ecological processes of polar waters (Stirling 
1980). A narrow flaw lead or polynya along the border 
of the coastal fast ice is a characteristic feature of the 
sea ice cover of the Laptev Sea in winter and spring 
(Dethleff 1994, Timokhov 1994, Gukov 1995). Com- 
pared to the surrounding ice-covered areas, pelagic 
production is often relatively high in polynya regions 
(Gradinger & Baumann 1991), and pronounced meso- 
scale gradients characterize their hydrographic 
regimes (Schneider & Budeus 1994). Field studies in 
the Northeast Water Polynya off Northeast Greenland 
have provided evidence for a tight benthic-pelagic 
coupling (Piepenburg et al. in press). Hobson et al. 
(1995) concluded from isotopic studies that fresh 
ungrazed organic carbon apparently reaches the 
seabed below the polynya, and benthic biomass was 
reported to be considerably enhanced (Ambrose & 
Renaud 1995). Grebmeier (1993) described a similar 
pattern for an area in the Bering Sea influenced by the 
St. Lawrence Island polynya in winter/spring. For the 
Laptev Sea, Gukov (1995) reported evidence that ben- 
thic standing stock is positively affected by the Lena 
polynya. Thirdly, allochthonous organic matter im- 

ported from more productive areas or from terrestrial 
ecosystems was shown to be an additional major food 
source of benthic communities, particularly in barren 
Arctic seas (Grebmeier 1993, Feder et al. 1994). This 
source may be quite important for the Laptev Sea, 
which is heavily affected by fluvial inflow (Timokhov 
1994). Cauwet & Sidorov (1996) estimated that the 
Lena discharges about 5.3 X 106 tons of total organic 
carbon yr-', most of it during the flood period in June/ 
July. 

Besides food supply, biotic interactions may control 
the standing stock of epibenthic organisms. Based on 
paleoecological evidence, Aronson & Sues (1987) 
argued that brittle star populations are primarily 
affected by predation. If predation pressure is low, as it 
can be generally assumed to have been before the evo- 
lution of modern fish, dense beds of epibenthic brittle 
stars can exist. This hypothesis implies that predation 
pressure on epibenthic brittle stars is rather low at pre- 
sent, both in bathyal zones and on Arctic shelves from 
which high abundances have been reported. 

Organic carbon demand 

The amount of organic carbon consumed by the 
populations of 3 selected brittle star species does not 
depend primarily on their standing stock but on their 
respiration, production and assimilation efficiency. 
Their population respiration was estimated using an 
allometric relationship between body mass and indi- 
vidual respiration rates (Mahaut et  al. 1995). For 18 
specimens from 2 of 3 species, Schmid (1996) pub- 
lished individual oxygen consumption values which 
could have been used instead. However, the body 
mass of the animals covered by these measurements 
encompassed only a small part of the range of the 
specimens recorded on the seabed photographs in the 
Laptev Sea (12 to 60 mg AFDM vs < l  to 300 mg 
AFDM). Therefore, we preferred to apply the equation 
of Mahaut et al. (1995) which allowed for taking the 
size dependence of individual respiration rates into 
account. For specimens of the same mass, the values 
estimated by this approach were quite close to those 
measured by Schrnid (1996), being 50% higher and 
100% lower at maximum (with an average of 20% 
lower for both species). Production of brittle stars was 
approximated from respiration values using a constant 
net growth efficiency K2 of 0.3, which has been recom- 
mended as grand average for poikilotherrnic wild 
populations from boreal regions (Wieser 1986, Mc- 
Lusky & MacIntyre 1988). However, for polar inverte- 
brates K2 may be higher than 30% because tempera- 
ture may be less important in limiting benthic 
production than in controlling respiration (Emerson 
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1989). Therefore, our estimates of production and,  
hence, also organic carbon demand can be assumed to 
be rather conservative. 

For the Laptev Sea, no data on primary production 
and vertical particle flux are yet available. Generally, 
the Eurasian-Arctic marginal seas (Kara, Laptev, East 
Siberian and Beaufort Seas), being ice-covered for 8 to 
10 months each year, are believed to be characterized 
by comparatively low rates of pelagic primary produc- 
tion. Anderson et al. (1990) estimated that total new 
production over the Eurasian-Arctic shelves averages 
45 g C m-2 yr-l. Phytoplankton production estimates 
range from 10 to 25 g C rn-'yr-', most of it built up  dur- 
ing the short (1 to 4 mo) periods of open water. During 
the time of ice cover, sea-ice algae might contribute an  
additional 1 to 5 g C m-2 yr-I (Moritz et al. 1990). 
Legendre et al. (1992) suggested a value of 37 g C m-2 
yr-' (combining 27 g C m-2 yr-' by phytoplankton plus 
10 g C m-2 yr-l by sympaglc algae in first-year ice) as 
gross average microalgal production in Arctic shelf 
regions. Only a part of the organic matter produced 
and suspended in the water column eventually reaches 
the seabed. In the high-Arctic northern Barents Sea in 
July 1991, Andreassen et al. (1996) recorded a high 
variability of the sedimented matter in composition, 
quality and quantity, primarily related to ice cover, 
hydrography and zooplankton grazing. From a station 
in the seasonally ice-covered zone of this region, which 
can best be compared to the Laptev Sea in its environ- 
mental conditions, they reported a vertical particle flux 
of about 50 nlg POC m-2 d-' in 60 m depth. In a model 
of the particulate carbon flux dynamics in the Barents 
Sea, Wassmann & Slagstad (1993) estimated an annual 
sedimentation of 9 g POC m-2 yr-' for the high-Arctic 
northern region. Sedimentation varied substantially 
among years in relation to ice cover dynamics, but was 
in any case essentially confined to the 4 mo period 
June-September (during which the average daily sed- 
imentation rate was, thus, about 70 mg POC d-l) .  

In an  attempt to relate our n~egabenthic carbon 
demand estimates to the potential carbon supply, we 
generally assume that primary production and sedi- 
mentation are (1) lower than average in the Laptev Sea 
if compared to other Eurasian-Arctic shelves and 
(2) virtually nil before and after the 4 mo ice-free 
period of mid-June to mid-October. During this inter- 
val, the average daily primary production is supposed 
to be about 150 mg C m-2 d-' (equivalent to a n  annual 
production of about 20 g C m-2 yr-l) and the average 
vertical particle flux to the seabed to be about 50 mg 
POC m-2 d-' (equivalent to an annual sedimentation of 
about 6 g C m-2 yr-l). Given these assumptions, our 
data on the organic carbon demand (Table 3) suggest 
that epibenthic brittle star populations consume < l  to 
7 % of the autochthonous primary production and < l  to 

20 % of the sedimented POC during an  average day be- 
tween mid-June and mid-October. It should be noted, 
however, that allochthonous carbon sources whlch 
might be particularly important in the Laptev Sea are  
not considered in such a budget. For comparison: 
Dahm (1995) estimated that dense Antarctic brittle star 
assemblages may consume, on a yearly basis, 5 to 20% 
of the organic carbon supplied by the vertical particle 
flux. Though our consumption figures are based on 
numerous assumptions and certainly represent gross 
estimates only, they indicate that the locally abundant 
epibenthic brittle stars may contribute substantially to 
the cycling of organic matter in the Laptev Sea.  

Conclusions 

The standing stock of the epibenthic megafauna of 
the Laptev Sea shelf was found to be not lower than in 
other Arctic seas, at least in the deeper shelf valleys 
that are not subject to reduced and probably fluctuat- 
ing salinities. Together, the data from this study in the 
Laptev Sea and from investigations in other Arctic 
shelf regions (Greenland Sea, Barents Sea) indicate 
that brittle stars can reach high abundances and 
strongly dominate the epibenthic communities of high- 
latitude shelves. Gross estimates of brittle star respira- 
tion, production and organic carbon demand suggest 
that a substantial portlon of the energy and carbon 
flow in Arctic shelf ecosystems is channelled through 
these dense assemblages. 
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