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ABSTRACT: Soft-sediment m acrobenthos data  for the Norwegian continental shelf (61°N, 1 to 2°E) 
was used to exam ine species distributions, community structure and community differences, and how 
different m easures of biodiversity are related  to environm ental variability. W ater depth  at 35 sites 
ranged from 115 to 331 m over a spatial sam pling scale of ca. 45 km x 60 km, and there was consid
erable variation in sedim ent characteristics. Of a total of 508 recorded species, 39% w ere restricted 
to 1 or 2 sites, w hereas only 3 species spanned the entire sam pling area. Polychaetes w ere the most 
common and w idespread taxonomic group; crustaceans and echinoderm s w ere more restricted in 
their distributions than the other dom inant groups. W hittaker's beta diversity m easure (ßw, extent of 
change in species composition am ong sites) was highest for those groups w ith the highest proportion 
of restricted-range species. The num ber of shared species, the com plem entarity (biotic distinctness), 
and the Bray-Curtis similarity betw een all pairwise combinations of sites (3 beta diversity measures) 
w ere more strongly related to change in environm ent (notably depth, followed by m edian grain size 
and silt-clay content) than to spatial distance betw een sites. Likewise, a multivariate analysis (BIO- 
ENV) identified these factors as the major environm ental variables influencing the faunal patterns, 
w hereas univariate m easures of diversity w ere not related  to depth  or m edian grain size. Univariate 
m easures of diversity, beta diversity m easures, and BIO-ENV analyses showed that molluscs, 
followed by polychaetes, w ere most highly related  to environm ental variables. In this study, alpha, 
beta and gam m a diversity w ere higher than  in a study of a single soft-sediment habitat type in the 
southern part of the Norwegian continental shelf.
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INTRODUCTION

In recent years, biological diversity has received 
increased interest. Most studies relate to terrestrial 
systems, and know ledge of marine biodiversity lags far 
behind that of land systems. Oceans cover about 70% 
of the earth, and sedim entary habitats cover most of 
the ocean bottom (Snelgrove et al. 1997). The m acro
benthos in m arine sedim ents play im portant roles in
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ecosystem processes such as nutrient cycling, pollutant 
metabolism, dispersion and burial, and in secondary 
production (Snelgrove 1998). It is therefore im portant 
to improve our understanding of biodiversity in marine 
sediments. M arine systems differ from terrestrial sys
tems in a num ber of ways, and paradigm s concerning 
terrestrial patterns of biodiversity may not be applica
ble to m arine situations (May 1994, Gray 1997, Heip et 
al. 1998). M any benthic species have pelagic larvae 
that rem ain floating in the w ater for days or months, 
and since unlike most terrestrial systems, barriers to 
dispersal are relatively weak, m any species may dis
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perse over much broader ranges than on land. Subti- 
dally, w here sedim ents tend to grade into each other, 
the boundaries are less distinct than on land and the 
extent of a habitat or assem blage often cannot be d e 
term ined (Gray 2000). Coastal m arine benthic com m u
nities are th reatened  by hum an activities, and the 
present rate of habitat degradation is alarm ing (Gray 
1997, Snelgrove et al. 1997). Given that only a small 
fraction of the benthic organism s that reside on or are 
buried in sedim ents have been described, it is likely 
that species are being lost w ithout ecologists knowing 
they existed (Snelgrove 1998, 1999).

The num ber of species has been  the traditional m ea
sure of biodiversity in ecology and conservation, but 
the abstract concept of biodiversity as the 'variety of 
life' (Gaston 1996) cannot be encom passed by a single 
m easure (Harper & H awksworth 1994, Heywood & 
Watson 1995, Warwick & Clarke 1995). Local richness 
and biotic differences are positive com ponents of bio
diversity, w hereas biotic similarity is negatively related 
to overall biodiversity (Colwell & Coddington 1994). 
Ellingsen (2001) evaluated different m easures of m a
rine biodiversity, and suggested that, in addition to 
species diversity, distributions of species and com m u
nity differences should be taken  into account w hen 
m easuring marine biodiversity and planning conserva
tion areas.

There is no single correct scale at which ecosystems 
can be described; patterns and variability are likely to 
change w ith scale (Levin 1992, Thrush et al. 1997, 
W ard et al. 1998). Existing biodiversity studies are u n 
even in term s of spatial scales, sam pling m ethods and 
effort, as well as statistical analysis, thus m aking com 
parisons difficult betw een data from different studies. 
W hittaker (1960) p ioneered the partitioning of species 
diversity into alpha (a), beta (ß) and gam m a (y) com 
ponents. Following W hittaker, a sample or site is typi
cally, as in this study, used to describe a  diversity 
(local scale), w hereas y diversity is com puted by 
m erging a num ber of samples over a larger and fre
quently entirely arbitrary spatial scale. Most marine 
surveys have been carried out on small scales, and 
although data  from large areas exist (e.g. from m oni
toring surveys of the oil and gas industry in the North 
Sea), they have as yet seldom been used in a context 
of m easuring biodiversity at larger scales. Beta diver
sity is based on ratios or differences and is not related 
to spatial scales (W hittaker 1972). Although there 
have been  a num ber of studies of a  diversity in 
marine systems, investigations of ß diversity have 
been few (Gray 2000). Among taxa, ß diversity may 
be expected to be highest in those w ith the most 
restricted ranges and specialised habitats, w hereas 
w ithin taxa, ß diversity may increase w ith the envi
ronm ental dissimilarity betw een sites (Harrison et al.

1992). Interactions betw een ß diversity-distance and ß 
diversity-habitat change are also ecologically in terest
ing (Harrison et al. 1992), but as yet few studies have 
been  undertaken  w ith m arine data  (but see Price et 
al. 1999 and Clarke & Lidgard 2000). In m arine soft- 
bottom studies, m ultivariate m ethods have proven 
m uch more sensitive to small changes in faunal com 
position than univariate m ethods (Gray et al. 1990, 
W arwick & Clarke 1991, 1993). A m ultivariate m ea
sure of ß diversity would therefore be expected to 
provide more information than univariate m easures.

Over the last few decades, the relationship betw een 
the distribution and diversity of soft-sediment species 
and the sedim ents in w hich they reside have been the 
subject of num erous studies (see e.g. Sanders 1968, 
Gray 1974, Rhoads 1974, W hitlatch 1981, Etter & 
Grassle 1992, Snelgrove & Butman 1994). Sediment 
grain size, organic content, microbial content, food 
abundance as well as w ater dep th  are am ong the fac
tors that have been related  to community structure. 
One question that arises is how different m easures of 
biodiversity are related  to environm ental variables 
w ithin a given latitudinal area. M ultivariate m easures 
of biodiversity would be expected to have closer re la 
tionships to environm ental variables than univariate 
m easures. H eterogeneous sediments, w ith more po
tential niches, seem  to have a higher diversity than 
hom ogeneous sedim ents (e.g. Gray 1974). Thus, differ
ent m easures of biodiversity would be expected to vary 
w ith different levels of environm ental variability. The 
present paper concerns the spatial patterns of the 
fauna in relation to environm ental variability.

The present study used soft-sediment m acrobenthos 
data from the Norw egian continental shelf (61° N, 1 to 
2°E). The area was chosen in order to study distribu
tions of species, and community structure and differ
ences over a rather large area (45 x 60 km) covering a 
range of depths (115 to 331 m) and sedim ent charac
teristics (median grain size, Mdcp: 0.35 to 6.09) (i.e. the 
area probably consists of several soft-sediment hab i
tats). The distribution of the species range size for the 
4 dom inant taxonomic groups of the soft-sediment 
communities (polychaetes, molluscs, crustaceans, and 
echinoderms) was investigated, and a comparison m a
de of W hittaker's (1960, 1972) beta diversity m easure 
(ßw) betw een these groups. The num ber of shared spe
cies, com plem entarity (biotic distinctness) (Colwell & 
Coddington 1994) and the Bray-Curtis similarity (Bray 
& Curtis 1957) betw een all pairw ise combinations of 
sites are related to spatial distance and changes in 
environm ental variables and used as further m easures 
of ß diversity. The data are analysed w ith m ethods sim
ilar to those used in Ellingsen's (2001) study in a single 
soft-sediment habitat type on the southern part of the 
Norw egian continental shelf (56 to 57° N) in order to
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com pare these 2 data sets. The main objective of this 
study was to exam ine the relationships betw een differ
ent m easures of biodiversity and environm ental vari
ability over relatively large spatial scales.

MATERIALS AND METHODS

The data w ere collected in M ay-June 1996 on the 
N orw egian continental shelf as part of a routine envi
ronm ental monitoring survey of the effects of oil and 
gas industry on the seabed. The Norw egian Pollution 
Control Authority (SFT) has divided the Norw egian 
continental shelf into 'regions', based on the localisa
tion of installations, of which this data set is from 
Region IV. Whilst most continental shelves have a 
depth  limit of about 200 m, this is not so for the N orw e
gian shelf, w here there are deeper areas in the N orw e
gian Trench (which runs parallel to the Norw egian 
coast) and in the Skagerrak. Total sampling coverage 
spanned ca 60 km in a south-north direction and ca 
45 km from east to west (61°01' to 61°31'N, 1°48' to 
2°38'E: Fig. 1). W ater depth at 35 sites in the study 
area ranged from 115 to 331 m, and there was consid
erable variation in m edian grain size (Mdcp range: 0.35 
to 6.09) and silt-clay content (0 to 62%) among sites 
(see Table 1). Generally, the deeper north-eastern part 
of the study area (in the Norw egian Trench) had finer 
sedim ents with a higher content of total organic m atter 
than the shallower southw estern part.

The positioning equipm ent comprised a differential 
Global Positioning System. Physical, chemical and bio
logical samples w ere collected with a 0.1 m2 van Veen 
grab. At each site, 3 grabs w ere taken  for analyses of 
sedim ent variables. Sub-sam ples w ere taken  from the 
upper 5 cm of 1 grab for analyses of m edian grain size, 
sorting, skewness and total organic matter, and from 
the upper 1 cm of 3 grabs for analyses of metals and 
hydrocarbons. Five additional replicates w ere taken  at 
each site for analyses of benthic macrofauna. Bio
logical samples w ere w ashed through a 1 mm diam. 
round-hole sieve, and the retained fauna w ere fixed in 
formalin for later identification to the lowest practical 
taxonomic level. Additional details of sampling and 
analyses are given in Jensen  et al. (1997).

Faunal groups not properly sam pled by the m ethods 
used, such as Nem atoda, Foraminifera and inhabitants 
of hard substrata such as Bryozoa and Porifera, w ere 
not included in the data analyses. Likewise, juveniles 
w ere excluded, and unidentified species w ere not in 
cluded if they could be m istaken for identified species. 
In soft-sediment studies a single grab, covering only 
0.1 m2, is known to sample only a small fraction of the 
species at a site because of small-scale spatial varia
tion. Furtherm ore, the variability among grabs taken

from a single site is known to be high. Pooling data 
across grabs evens out the high variability among them  
and gives a more representative picture of the commu
nity structure at a site. Data analyses w ere therefore 
done on species abundance data pooled over 5 repli
cate grabs from each site. Only data from sites uncon
tam inated by oil or gas activities w ere used. For each 
field these sites w ere identified by univariate (S, N, 
expH', 1/SI) and multivariate (CLUSTER, MDS) analy
ses of faunal data, as well as m easured concentrations 
of metals and hydrocarbons (results not given here: see 
description of m ethods in the following paragraphs). 
The resulting 160 uncontam inated sites (Fig. 1) w ere 
not sam pled with the present study in mind. For the 
present study, 35 sites from the whole study area w ere 
therefore selected, based on geographic localisation, in 
order to distribute the sites evenly through the area 
(i.e. the distances betw een adjacent sites should be as 
similar as possible, see Fig. 1). This data set of 35 sites 
was used in the following analyses if not stated other
wise.

As univariate m easures of diversity species richness 
(S), the exponentiated form of the Shannon-W iener 
index (expFT) (log base 2) and the reciprocal of Simp
son's index (1/SI) w ere used (see e.g. W hittaker 1972, 
Hill 1973, M agurran 1988). H ere I follow Peet (1974) 
in calling exp FT and 1/SI 'heterogeneity  diversity'. 
Labelling of species restricted to a single site 'uniques', 
species occurring at exactly 2 sites only 'duplicates', 
species represen ted  by a single individual 'singletons',
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Fig. 1. Geographic positions of 160 uncontam inated sampling 
sites in Region IV on the N orwegian continental shelf. 
(•) Sites included in this study, i.e. 35 sites, sam ple num bers 
ordered in sequence from shallow to deep w ater (cf. Table 1); 

(°) sites not included in this study
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Fig. 2. Univariate m easures of local community structure 
within dom inant taxonomic groups. Samples ordered in se
quence from shallow to deep w ater (cf. Table 1). (a) Species 
richness (S); (b) exponentiated form of the Shannon formula 
(Exp FT) (using log base 2); (c) reciprocal of Simpsons's index 
(1/SI), pol: polychaetes; mol: molluscs; cru: crustaceans; ech: 

echinoderms

and species represented  by only 2 individuals 'double
tons' follows the terminology of Colwell & Coddington 
(1994). The non-param etric Chao2 m ethod (Chao 
1987, Colwell & Coddington 1994) was used to esti
m ate the true species richness. H ere Chao2 = Sobs + 
(Q12/2Q 2), w here Sobs is the num ber of species ob
served in all samples pooled and Qi and Q2 are the fre
quency of uniques and duplicates, respectively.

Beta diversity is the extent of change in species com
position of communities among the samples of a data 
set or along a gradient (W hittaker 1975). W hittaker's 
(1960, 1972) original ß diversity m easure, ßw = (y/öc) -1 ,

was used. H ere y is the total num ber of species in the 
whole sampling area, öc is the average num ber of spe
cies per individual sample, and 1 sample or site is the 
sum of 5 grabs (a diversity). This m easures the propor
tion by which the whole area is richer than the average 
sites within it. Beta diversity has been m easured in 
many different ways (discussed by M agurran 1988), 
but Wilson & Shmida (1984) state that ßwis perhaps the 
most widely used m easure of ß diversity. The num ber 
of species shared for each possible pair of samples j  
and k  (Vjk) was used as a second m easure of ß diversity. 
As a third m easure of ß diversity the biotic distinctness, 
or 'com plem entarity' (Cjk) (Colwell & Coddington 
1994), betw een all pairwise combinations of sites was 
used. H ere complementarity betw een 2 sites is the 
total num ber of unshared species divided by the total 
species richness for the 2 sites, ranging from 0 (identi
cal samples) to 100% (completely distinct). Finally, a 
similarity matrix was constructed using square-root 
transform ation and the Bray-Curtis coefficient (Bray & 
Curtis 1957), and the similarity betw een all pairwise 
perm utations of sites was used as a fourth m easure of 
ß diversity.

Hierarchical, agglomerative classification (CLUSTER), 
employing group-average linking (e.g. Clifford & 
Stephenson 1975) and ordination by nonmetric m ultidi
m ensional scaling (MDS) based on the Bray-Curtis sim
ilarity matrix (e.g. Kruskal & Wish 1978, Clarke & Green 
1988) was used. The species m aking the greatest contri
bution to the division of sites into clusters w ere deter
m ined using the similarity percentages procedure SIM
PER (Clarke 1993). Relationships betw een faunal pattern 
(Bray-Curtis similarity matrix) and different subsets of 
environm ental variables (matrices com puted using nor
malised Euclidean distance) w ere exam ined using the 
BIO-ENV procedure (Clarke & Ainsworth 1993). The 
above univariate and multivariate m easurements are im-
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Fig. 3. Species accum ulation curves. Estimators of species 
richness are the total num ber of all species (Sobs) and the 
Chao2 estim ator of true richness. Plotted values are m eans 
± SD of 50 estim ates based on 50 random isations of sample 

accum ulation order (without replacement)
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Table 1. Summary of depth, sedim ent characteristics and univariate m easures of 
community structure (per 0.5 m2) at 35 sites on the N orw egian continental shelf. 
Sites ordered in  sequence from shallow to deep water. Mdtp: m edian grain size; 
Silt-clay: fraction of sedim ent <0.063 mm (%); TOM: total organic m atter (%); 
S: num ber of species; N: num ber of individuals; ExpH': exponentiated form of 

the Shannon formula; 1/SI: reciprocal of Simpson's index

Site D epth (m) Mdtp Silt-clay TOM S N ExpH ' 1/SI

1 115 1.10 0.0 1.0 93 1030 34.8 19.9
2 115 1.95 0.0 0.9 80 487 43.3 30.0
3 122 1.84 0.0 1.1 101 946 25.4 10.0
4 123 1.70 6.0 1.3 103 1235 25.6 11.5
5 127 0.35 0.0 1.5 120 829 47.4 27.0
6 132 1.57 8.9 2.2 130 862 49.2 24.9
7 135 1.47 0.0 0.6 68 375 32.7 15.2
8 135 1.79 0.0 0.8 69 690 17.9 7.8
9 135 1.04 0.0 1.5 105 723 38.8 17.9
10 135 1.23 0.0 1.1 103 868 28.2 10.6
11 136 1.28 5.7 3.6 113 842 38.5 16.8
12 139 1.24 0.0 1.6 105 871 27.5 10.1
13 142 1.11 7.9 2.0 124 1011 36.0 15.6
14 145 1.73 18.5 1.2 99 856 37.6 22.1
15 146 1.41 12.8 1.6 97 1188 36.3 22.1
16 147 1.67 6.4 1.6 85 562 33.8 16.5
17 160 1.36 0.0 2.2 107 878 29.5 10.5
18 173 2.74 0.0 1.5 77 650 29.5 17.0
19 185 1.85 0.0 1.6 56 256 30.6 20.5
20 197 1.88 2.0 1.9 89 683 28.0 12.2
21 198 2.08 6.5 2.5 90 877 23.1 9.7
22 214 2.82 0.0 1.5 93 665 33.3 15.2
23 249 3.89 28.6 2.2 112 1293 31.1 13.3
24 272 2.90 0.0 1.1 81 531 39.4 25.4
25 275 3.80 21.5 2.9 123 1450 30.4 14.2
26 279 3.70 15.4 1.8 113 2663 13.8 5.6
27 286 3.43 8.1 2.0 122 2142 24.0 10.6
28 294 3.84 20.6 2.4 113 1718 31.3 15.3
29 298 3.96 33.8 2.7 101 745 51.1 34.3
30 305 3.95 33.0 4.1 131 3144 17.8 5.2
31 311 3.92 33.5 2.8 117 1008 53.9 32.2
32 325 3.98 47.3 4 104 767 36.3 15.4
33 325 6.09 61.6 6.3 105 679 42.1 22.7
34 328 4.53 45.9 5.3 108 910 36.9 17.5
35 331 4.35 44.0 4.2 104 942 30.5 10.7

plem ented in the PRIMER package, d e 
scribed in Clarke & Warwick (1994), and 
Chao2, Vjk and C¡k are included in the Es
tim ates software (Version 5, R. K. Col
well 1997, available at http://viceroy.eeb. 
uconn.edu/estim ates). Geographic d is
tances in kilometres w ere com puted 
betw een all pairwise combinations of 
sites, using the R package (Legendre & 
Vaudor 1991).

RESULTS 

Alpha and gamma diversity

Sample species richness (S) was 
highly variable (range 56 to 131), but 
22 out of 35 sites contained more than 
100 species (Table 1). Polychaetes d is
played higher local species richness than 
the other dom inant taxonomic groups 
(Fig. 2a). The heterogeneity  diversity 
(ExpH' and 1/SI) of the dom i
nant groups was also highly variable 
(Fig. 2b,c). Polychaetes displayed the 
highest heterogeneity diversity, w ith the 
exception of some sites with a high local 
abundance of the polychaetes Euchone 
incolor, M yriochele oculata, A m ytha 
sides macroglossus and Owenia fusiformis 
(Table 2). Site 30 had  the highest species 
richness; however, as E. incolor was rep 
resen ted  by as many as 1332 individuals 
(42.4%) at this site, the heterogeneity  
diversity was among the lowest recorded 
(Table 1). A num ber of environm ental 
variables w ere strongly positively related 
to each other, especially depth to median 
grain size and latitude, and silt-clay content to sorting 
and total organic matter (Table 3). Species richness for all 
taxa pooled was significantly correlated w ith a range of 
environm ental variables, notably sedim ent skewness 
and total organic matter, but not w ith depth  or m edian 
grain size (Table 3). Local heterogeneity  diversity 
showed no significant relationship to m easured envi
ronm ental factors (Table 3). Relationships betw een  e n 
vironm ental variables and univariate m easures of d i
versity varied betw een  the dom inant taxonomic groups 
(Table 3). Generally, molluscs w ere most highly corre
lated with environm ental factors, notably skewness, silt- 
clay content and sorting, and only molluscs w ere related 
to depth  and m edian grain size. Polychaetes had higher 
relationships w ith environm ental variables than crus
taceans and echinoderms.

The total num ber of species observed was 508, 
w hereas the Chao2 estim ate of true species richness 
gave 627 ± 28 (mean ± SD). These estimates showed little 
sign of approaching asymptotic values (Fig. 3). The poly
chaetes (250 species) constituted 49 % of the total num 
ber of species, w hereas the molluscs (109 species), crus
taceans (95 species), and echinoderm s (26 species) 
comprised 21, 19 and 5% , respectively (Fig. 4). The total 
num ber of individuals was 35 376.

Abundance and species range sizes

M aximum dom inance of a single species across the 
whole data set was 9.9% (for Euchone incolor), and 
the tenth  most dom inant species comprised 2.0%

http://viceroy.eeb
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Table 2. Local abundance of the most dom inant species per 0.5 m2. Sites 
ordered in sequence from shallow to deep water. * H ighest dominance 

within a single site (42.4 %)

Site Euchone
incolor

Myriochele
oculata

Amythasides
macroglossus

Limatula
subauriculata

Owenia
fusiformis

1 0 26 0 49 103
2 0 11 3 12 30
3 9 258 23 2 87
4 17 227 68 0 233
5 11 45 66 3 83
6 0 2 0 163 8
7 0 7 0 0 81
8 3 185 3 0 144
9 0 0 4 123 8
10 0 0 5 235 6
11 0 17 1 36 10
12 1 10 24 238 6
13 2 14 0 159 9
14 18 3 0 53 31
15 106 48 0 7 133
16 1 4 0 0 106
17 0 4 5 244 29
18 1 98 6 1 46
19 0 2 0 26 2
20 0 11 4 162 18
21 1 8 6 238 10
22 19 57 5 3 23
23 114 55 286 0 6
24 5 15 18 0 1
25 199 161 241 1 1
26 421 969 287 0 36
27 295 42 355 0 9
28 206 161 294 0 2
29 52 8 16 0 0
30 1332* 10 100 2 1
31 113 11 29 0 0
32 62 4 0 0 158
33 92 30 0 0 0
34 159 2 10 0 0
35 259 38 0 0 0

(Table 4). The cumulative dom inance of the 
10 most abundant species in the area was 
44.3%. Maximum dom inance within a site 
ranged from 7.0 to 42.4 %. Local abundance 
of E. incolor was positively related to a range 
of environm ental variables, notably silt- 
clay content, m edian grain size and depth 
(Table 3). Conversely, abundance of the 
mollusc Limatula subauriculata (fourth most 
abundant species: see Table 4) and Owenia 
fusiformis (fifth) was negatively correlated 
with a num ber of environm ental variables, 
notably m edian grain size and depth, re 
spectively (Table 3). The local abundance 
of M yriochele oculata (second most abun
dant) and Amythasides macroglossus (third) 
showed no relationship to m easured envi
ronm ental factors (Table 3).

Species range size within the study area 
was positively related to local abundance of 
the dom inant taxonomic groups (Table 5). 
Only 3 species spanned the whole sampling 
area of 35 sites, 5 species w ere represented  
at all but 1 site, and 1 was found at all but 
2 sites (Fig. 5). These w idespread species, 
dom inated by polychaetes, w ere among the 
19 most abundant. Conversely, 129 species, 
or 25% of the total num ber of species, w ere 
uniques (restricted to a single site), and 70 
species (14 %) w ere restricted to only 2 sites 
(duplicates; Fig. 5). The uniques had low 
abundances: 106 species (82%) w ere single
tons (only 1 individual at a site) and 14 spe
cies (11%) w ere doubletons (2 individuals). 
Only 23 % of the total num ber of polychaetes 
w ere found at 1 single site; 26% of the mot
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Fig. 4. Cumulative num ber of species plotted against area 
(m2) within dom inant taxonomic groups. Plotted values are 
m eans of 50 estim ates based on 50 random isations of sample 
accum ulation order (without replacem ent), pol: polychaetes; 

mol: molluscs; cru: crustaceans; ech: echinoderms

Fig. 5. Distribution of species range sizes within taxonomic 
groups. Range size is the num ber of sites occupied by a spe
cies out of a total of 35 sites (cf. Fig. 1). pol: polychaetes; 
cru: crustaceans; mol: molluscs; ech: echinoderms; var: varia 

(other species)
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Table 3. Pairwise Spearm an rank  correlations betw een environm ental and biotic variables, w ith significant (p < 0.01) coefficients 
in bold face (nfor all correlations = 35). Mdtp: m edian grain size; Silt-clay: fraction of sedim ent <0.063 mm (%); TOM: total organic 
m atter (%); Siy: skewness; Cf sorting. Tot: total (all taxa pooled); Pol: polychaetes; Mol: molluscs; Cru: crustaceans; Ech: echino
derms. S: num ber of species; ExpH': exponentiated form of the Shannon formula; 1/SI: reciprocal of Simpson's index; Uniques: 
species restricted to a single site; Singletons: species rep resen ted  by a single individual; N: local abundance of the most dominant

species (cf. Table 2)

Latitude Longitude D epth (m) Mdtp Silt-clay TOM Sly Oi

Longitude -0.22
D epth (m) 0.82 0.22
Mdtp 0.60 0.40 0.85
Silt-clay 0.60 0.28 0.75 0.72
TOM 0.70 0.28 0.77 0.60 0.81
Sly 0.23 -0.04 0.25 0.08 0.56 0.35
Oi 0.46 0.18 0.56 0.60 0.91 0.68 0.54
Tot S 0.39 0.08 0.27 0.11 0.49 0.60 0.63 0.42
Tot ExpH' -0.02 0.21 -0.01 -0.02 0.18 0.11 0.16 0.13
Tot 1/SI -0.06 0.14 -0.05 -0.02 0.09 -0.02 0.09 0.04
Pol S 0.29 0.15 0.27 0.21 0.56 0.53 0.60 0.49
Pol ExpH ' -0.06 0.13 -0.14 -0.25 -0.18 -0.00 -0.21 -0.27
Pol 1/SI -0.08 0.08 -0.17 -0.25 -0.25 -0.10 -0.21 -0.34
Mol S 0.50 -0.08 0.44 0.26 0.51 0.55 0.65 0.46
Mol ExpH ' 0.42 0.20 0.52 0.60 0.64 0.49 0.45 0.63
Mol 1/SI 0.38 0.20 0.47 0.57 0.60 0.42 0.37 0.60
C ru S 0.36 0.06 0.18 -0.01 0.26 0.49 0.34 0.19
C ru ExpH ' 0.39 -0.18 0.11 -0.08 0.11 0.36 0.10 0.11
C ru 1/SI 0.31 -0.31 0.03 -0.16 -0.01 0.23 -0.03 0.05
Ech S -0.17 0.01 -0.17 -0.25 -0.04 -0.02 0.25 -0.00
Ech ExpH ' -0.12 0.03 -0.11 -0.22 0.05 0.06 0.39 0.08
Ech 1/SI -0.14 0.04 -0.13 -0.25 0.04 0.03 0.41 0.08
Uniques -0.02 -0.03 -0.20 -0.29 0.03 0.04 0.22 -0.02
Singletons 0.12 0.06 -0.02 -0.15 0.17 0.32 0.26 0.12
Euchone incolor N 0.60 0.05 0.70 0.71 0.72 0.50 0.56 0.67
Myríocheleoculata N -0.04 -0.06 0.00 0.18 0.00 -0.10 0.14 0.06
A m ythasides macroglossus N 0.24 -0.02 0.23 0.29 0.08 0.12 0.29 0.04
Limatuala subauriculata N -0.26 -0.10 -0.50 -0.65 -0.46 -0.17 -0.18 -0.41
Owenia fusiformis N -0.59 -0.28 -0.60 -0.50 -0.43 -0.58 -0.08 -0.24

luscs w ere uniques; w hereas up to 31% of both the 
crustaceans and echinoderm s w ere uniques. There 
was a positive correlation betw een local species rich
ness and singletons (Spearm an's Rs = 0.69, p < 0.001, 
n = 35) and uniques (Rs = 0.44, p = 0.007, n = 35), 
although the latter explained less of the variance. The 
num ber of singletons and the num ber 
of uniques per site w ere positively cor
related  (Rs = 0.49, p = 0.003, n = 35), but 
neither was related to m easured envi
ronm ental variables (Table 3).

Beta diversity

W hittaker's ßw varied betw een the 
dom inant taxonomic groups, and was 
highest for crustaceans (6.5), followed 
by echinoderm s (5.5), molluscs (4.6) 
and polychaetes (3.2), w hereas ßw for 
all taxonomic groups pooled was 4.0

(Fig. 6). Cum ulative ßw for crustaceans and echino
derm s increased m arkedly w hen the 13 deepest sites 
(Table 1) w ere included, w hereas ßw for polychaetes 
and molluscs did not (Fig. 6). Twenty-six percent of the 
crustaceans (25 species) and 23% of the echinoderm s 
(5 species) w ere only found at these deeper sites,

Table 4. Dominance patterns across the whole data set

Species No. of 
individuals

Dominance
(%)

Cumulative 
dom inance (%)

Euchone incolor 3498 9.89 9.89
M yriochele oculata 2543 7.19 17.08
A m ythasides macroglossus 1859 5.25 22.33
Limatula subauriculata 1757 4.97 27.30
Owenia f  usiformis 1420 4.01 31.31
Notom astus spp. 1373 3.88 35.19
Thyasira succisa 1008 2.85 38.04
A onides paucibranchiata 806 2.28 40.32
Prionospio multibranchiata 708 2.00 42.32
Thyasira obsoleta 704 1.99 44.31
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Table 5. Interspecific relationships betw een local abundance 
and range size within dom inant taxonomic groups. Local spe
cies abundance values w ere averaged across space including 
only non-zero counts. M easure of correlation is Spearm an 
rank correlation (all coefficients w ere significant at p < 0.001)

Taxonomic group Local abundance 
vs range size, Rs

Polychaeta
Mollusca
C rustacea
Echinoderm ata

250
109

95
26

0.75
0.72
0.58
0.76
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w hereas the relative proportions of new  molluscs 
(19 species) and polychaetes (34 species) in this deeper 
area w ere lower (17 and 14 %, respectively).

For all pairw ise combinations of sites the num ber 
of shared species varied betw een 17 and 84, the 
com plem entarity values showed highly variable lev
els of distinctness (44 to 90%), and the Bray-Curtis 
similarities ranged from 14 to 74% (Fig. 7). These

Table 6. M easures of beta diversity related  to distance and change in environ
m ent betw een all pairwise combinations of sites. M easure of correlation is the 
product-m om ent correlation, r. Vjk: num ber of species shared; Cjk: com plem en
tarity or biotic distinctness (%); B-C: Bray-Curtis similarity (%). Tot: total (all taxa 
pooled); Pol: polychaetes; Mol: molluscs; Cru: crustaceans; Ech: echinoderms. 
Md(p: m edian grain size; Silt-clay: fraction of sedim ent <0.063 mm (%); TOM: 
total organic m atter (%); <jj. sorting, (a) All 35 sites, all coefficients w ere signifi
cant at p < 0.001, n for all correlations = 595; (b) 17 shallowest sites in the study 
area (cf. Table 1), significant coefficients (*p < 0.05; **p < 0.001) in bold face 

(n for all correlations = 136)

Beta diversity 
m easure

Distance
(km)

Depth
(m)

Md(p Silt-clay TOM <7/

a (35 sites)
Tot Vjk -0.41 -0.55 -0.49 -0.42 -0.31 -0.40
Tot Cjk 0.41 0.67 0.65 0.55 0.41 0.46
Tot B -C -0.40 -0.69 -0.67 -0.60 -0.44 -0.49
Pol Vjk -0 .36 -0.42 -0.39 -0.31 -0.26 -0.33
Pol Cjk 0.34 0.54 0.52 0.43 0.34 0.40
Pol B -C -0.37 -0.64 -0.60 -0.53 -0.39 -0.47
Mol Vjk -0 .39 -0.53 -0.49 -0.42 -0.31 -0.35
Mol Cjk 0.40 0.65 0.63 0.55 0.40 0.41
Mol B -C -0.38 -0.62 -0.64 -0.61 -0.50 -0.39
C m  Vjk -0.27 -0.45 -0.39 -0.36 -0.23 -0.29
Cru Cjk 0.29 0.54 0.53 0.47 0.31 0.34
Cru B -C -0.29 -0.57 -0.57 -0.50 -0.32 -0.38
Ech Vjk -0.22 -0.35 -0.29 -0.35 -0.29 -0.26
Ech Cjk 0.24 0.34 0.31 0.34 0.29 0.25
Ech B -C -0.25 -0.36 -0.33 -0.36 -0.34 -0.25

b (17 sites)
Tot Vjk -0.36** -0 .00 -0.06 0.04 0.02 0.00
Tot C 0.35** -0 .06 0.20* 0.02 0.22* 0.01
Tot B -C -0.30** 0.04 -0.12 -0.03 -0.16 -0.04

Fig. 6. Cumulative beta diversity (ß^) plotted against area 
(m2) within dom inant taxonomic groups and for all taxa 
pooled. Samples ordered in sequence from shallow to deep 
water, pol: polychaetes; cru: crustaceans; mol: molluscs; ech: 

echinoderms; tot: total (all taxa pooled)

m easures of ß diversity w ere closely related to 
change in environm ental variables, notably depth 
(Fig. 7), followed by m edian grain size and silt-clay 

content, w hereas, surprisingly, spatial 
distance betw een sites showed a 
lower relationship (Table 6a). Thus, 
sites located at the same depth (or 
with similar m edian grain size or silt- 
clay content) shared significantly 
more species, had lower biotic dis
tinctness and w ere more similar on 
average than sites located at different 
depths (or with different m edian 
grain size or silt-clay content). The 
Bray-Curtis similarity, followed by the 
complementarity, was in general more 
related to environm ental variables 
than the num ber of shared species. 
Relationships betw een ß diversity and 
change in environm ental variables 
varied betw een taxonomic groups 
(Table 6a). Generally, ß diversity 
m easures for molluscs w ere closely 
related to environm ental variables, 
notably depth and m edian grain size, 
and polychaetes w ere more closely 
related to environm ental factors than 
crustaceans and echinoderms. Based 
on only the 17 shallowest sites (i.e. 
depth differences <45 m), w here the 
variability in sedim ent characteristics 
was smaller than in the whole area 
(see Table 1), the relationships b e 
tw een ß diversity and environm ental 
variables w ere either w eak or not sig
nificant (Table 6a).
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Faunal assemblages in space

Clustering, based on Bray-Curtis similarities from 
square-root-transform ed abundances, took place over 
a wide range of similarities, and the M DS-ordination 
shows that the faunal patterns changed across the 
study area (Figs. 1 & 8). The multivariate analyses gave 
additional information to the univariate m easures of 
community structure. Three main groups w ere identi
fied (Groups A to C), although the average similarity 
within each group was low (52, 50 and 48%, respec
tively). Group A comprised 12 of the 13 deepest sites in 
the area, of which the 7 deepest sites (range 298 to 
331 m) w ere separated as a subgroup (AÍ). Groups B 
and C comprised sites that w ere relatively widely sep
arated  both geographically and in term s of depth. Site 
Nos. 19 and 7 w ere separated  from Groups B and C, 
respectively. These sites had the lowest num ber of 
species and individuals in the study area (Table 1).
Euchone incolor and A m ythasides macroglossus w ere 
the most dom inant species within Group A and Lim at
ula subauriculata within B, w hereas Owenia fusiformis 
and M yriochele oculata had the highest average abun
dance in C. These dom inant species (Table 2) also con
tributed much to the dissimilarities betw een the 3 main 
groups.

The rank correlations betw een single environm ental 
factors and square-root-transform ed abundance data 
(BIO-ENV analysis) ranged from 0.03 to 0.69 (Table 7).
W ater depth showed the highest degree of correlation 
with the faunal composition, followed by m edian grain 
size and silt-clay content. The subset of environm ental 
variables which best 'explained' the faunal patterns 
includes depth, m edian grain size and silt-clay content 
(Rs = 0.76). Relationships betw een environm ental vari-

Table 7. Summary of results from BIO-ENV analyses of 35 sites for all taxa pooled and for the dom inant taxonomic groups, and 
for Groups B and C from the cluster analysis (23 sites, cf. Fig. 8a). Spearm an rank correlations (Rs) betw een biotic and abiotic sim
ilarity matrices, with highest correlations in bold face. Lower correlations are omitted from the table. Biotic data square-root- 
transformed, abiotic data log (1 + n) transform ed with the exception of latitude, longitude and depth. Md(p: m edian grain size; Silt- 
clay: fraction of sedim ent <0.063 mm (%); TOM: total organic m atter (%); S k f  skewness; O f  sorting; Lat: latitude; Long: longitude

Total Polychaeta
35 sites

Mollusca C rustacea Echinoderm ata
Groups B and C 

Total

D epth (0.69) D epth (0.63) Md(p (0.63) Depth (0.59) D epth (0.36) Md(p (0.25)
Md(p (0.68) Md(p (0.60) D epth (0.61) Md(p (0.58) Silt-clay (0.32) Lat (0.20)
Silt-clay (0.53) Silt-clay (0.49) TOM (0.48) Silt-clay (0.41) TOM (0.31) Depth (0.14)
G/(0.48) G , (0.46) Silt-clay (0.48) G , (0.36) Md(p (0.29) Siq (0.10)
TOM (0.44) TOM (0.37) G j (0.38) TOM (0.32) Lat (0.24) Long (0.07)
Lat (0.34) Lat (0.31) Lat (0.33) Lat (0.20) G j ( 0 .2 1 ) TOM (0.06)
S kx ( 0.09) S kx( 0.07) Skj(0.15) Siq (0.16) Skj (0.14) G j (0.02)
Long (0.03) Long (0.00) Long (0.02) Long (0.07) Long (0.05) Silt-clay (-0.02)

Max. corr.: Max. corr.: Max. corr.: Max. corr.: Max. corr.: Lat, Max. corr.: Lat, Long,
Depth, Md(p, Depth, Md(p, Depth, Md(p, S kIf Depth, Md(p, Depth, Md(p, Silt-clay, Depth, Md(p, SkL
Silt-clay (0.76) Silt-clay (0.68) TOM (0.72) Silt-clay (0.64) SkIt TOM (0.42) TOM (0.32)
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r = 0.67, p <  0.001, n = 595
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Fig. 7. M easures of beta diversity related  to depth difference 
betw een sites for all pairwise combinations of 35 sites. M ea
sure of correlation is the product-m om ent correlation coeffi
cient, r. (a) N um ber of species shared; (b) complementarity or 

biotic distinctness; (c) Bray-Curtis similarity
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Fig. 8. (a) Hierarchical, agglom erative clustering of square-root-trans- 
formed m acrobenthos data using group-average linking on Bray-Curtis 
similarities (%); (b) m ultidim ensional scaling ordination for square-root- 
transform ed m acrobenthos data based on Bray-Curtis similarities (stress

=  0 .10)

abies and faunal patterns varied betw een the domi
nant taxonomic groups (Table 7). The patterns of mol
luscs, followed by polychaetes, w ere more strongly 
related to subsets of environm ental factors than crus
taceans and echinoderms, and depth and m edian grain 
size showed the highest degree of correlation with the 
faunal patterns. Based on only Groups B and C from 
the clustering (i.e. less environm ental variability than 
for the whole area; see Fig 8 and Table 1) the relation
ships betw een individual environm ental factors and 
biotic patterns w ere w eaker (Rs: -0.02 to 0.25: Table 7). 
The correlations betw een the faunal composition and 
different subsets of environm ental factors w ere also 
low for this data set (Rs < 0.32: Table 7).

DISCUSSION 

Alpha and gamma diversity

In this study, covering 2700 km 2, 22 of 35 sites con
tained more than 100 species, w hereas in a single soft- 
sedim ent habitat type, covering 9100 km2, in the south

ern part of the Norw egian continental shelf, 
Ellingsen (2001) found that the highest local 
(0.5 m2) richness was 81 species. The total 
richness in the present study was 508 spe
cies and the num ber of individuals 35376. 
Ellingsen found that 16 sites comprised 175 
species and 9243 individuals. For a similar 
num ber of individuals (9684) in this study, 10 
sites provided 343 species, w hereas 16 sites 
comprised 404 species and 16247 individuals 
(based on 50 randomisations). Thus, both a  
and y diversity increased with increasing envi
ronm ental variability, and the largest area was 
not richer than the other area. According to 
Rosenzweig (1995), the greater the habitat 
variety, the greater the species diversity.

The polychaete Euchone incolor (Sabelli
dae), which had the highest dom inance across 
the whole area, was represen ted  by as much 
as 1332 individuals at Site 30, and the hetero
geneity diversity at this site was therefore 
among the lowest. The fact that this site also 
had the highest species richness (131 species) 
suggests that 'tube lawns' of polychaetes may 
have positive influence on benthic ecosys
tems, presum ably by increasing sedim ent h e t
erogeneity. Furthermore, these data show that 
no single m easure can describe a  diversity.

Univariate diversity m easures of molluscs, 
followed by polychaetes, w ere generally more 
highly correlated with environm ental vari
ables than the other dom inant taxonomic 

groups, and only molluscs w ere related to depth and 
m edian grain size. In a field m anipulation experiment, 
Wu & Shin (1997) found that bivalves and gastropods 
exhibited preference in their colonisation for sand or 
mud, w hereas polychaetes and am phipods did not.

Neither the species accumulation curve nor the Chao2 
estim ate of true species richness reached asymptotic 
values, and the Chao2 value was almost certainly an un 
derestim ate. The num ber of slightly different patches 
will increase with increasing sampling area in soft sedi
ments because of small-scale spatial variability, and spe
cies accumulation curves are therefore unlikely to reach 
asymptotic values. Ellingsen (2001) found that even in a 
relatively uniform soft-sediment habitat (16 sites) these 
estim ates showed no sign of stabilising towards asym p
totes. For the present study area none of the estim ates 
C haoi, Jackknifel and Jackknife2 (Colwell & Codding
ton 1994) reached asymptotic values (data not shown). In 
a terrestrial study involving 34 species, Colwell & 
Coddington (1994) showed that as few as 12 samples 
provided a useful Chao2 estimate, and Jackknife2 gave 
the second-best estimate. Differences betw een Colwell 
& Coddington's data and the present study may be due
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to the different number of species involved in the studies. 
Differences betw een marine and terrestrial studies may 
also be due to methodology and w hat constitutes a sam 
ple in the respective environments (Paterson et al. 1998). 
Furthermore, species of low local abundance, regardless 
of the num ber of sites at w hich they occur, have a low 
probability of being recorded (Brown 1984, Gaston 
1994). With insufficient sampling intensity, species 
may appear to occur at fewer sites and/or have lower 
abundance.

Distributions of species

The finding, in this study, that common species w ere 
widely spatially distributed, w hereas species of low 
abundance had  strongly com pressed range sizes, holds 
true for many different groups of species over a variety 
of habitat types and spatial scales and appears to be 
general (Brown 1984). Polychaetes w ere the most 
common taxonomic group and had  the highest propor
tion of w idespread species, w hereas crustaceans and 
echinoderm s w ere more restricted in their distributions 
than the other dom inant groups. Moreover, the group 
of restricted-range species (uniques and duplicates) 
comprised a significant fraction of the benthos (39%). 
As Ellingsen (2001) found similar patterns in a re la 
tively hom ogeneous habitat, the above findings may 
be general for marine benthos.

Ellingsen (2001) showed that sites of high species 
richness w ere those rich in restricted-range species. 
This does not always hold true in m arine systems 
(Schlacher et al. 1998), and in the present study local 
species richness was only w eakly related  to the num 
ber of uniques. The selection of a limited num ber of 
species-rich areas will therefore not guaran tee effec
tive conservation of restricted-range species, because 
a large proportion of them  may occur outside the spe
cies-rich areas. The loss of marine habitats caused by a 
variety of hum an activities is great in coastal areas. 
Species w ith restricted range and which occur in few 
habitats are usually the most vulnerable to environ
m ental change (Thomas & Mallorie 1985). The most 
effective w ay to conserve biodiversity is to prevent the 
conversion or degradation of habitats (Heywood & 
W atson 1995, p. 920).

Beta diversity and relationships to range size, 
environmental variability and distance

Studies of ß diversity gave m uch additional inform a
tion to that of a  and y diversity. W hittaker's (1960, 1972) 
beta diversity (ßw) was highest for crustaceans, 
followed by echinoderms, molluscs and polychaetes

(range 3.2 to 6.5). Ellingsen (2001) found lower val
ues (1.0 to 2.3) for these groups in a single habitat type. 
This suggests that w ithin taxonomic groups ß diversity 
will increase w ith increasing environm ental dissimilar
ity betw een  sites, ß ^ w a s  highest for those taxonomic 
groups w ith the highest proportion of restricted-range 
species, a relationship that was also found in Elling- 
sen's study. Cum ulative ßw'for crustaceans and echin
oderms increased significantly w hen the deepest sites 
in the study area w ere included (Fig. 6), due to the fact 
that a relatively large proportion of these groups w ere 
found only at these deeper sites.

The num ber of shared species, complementarity, and 
the Bray-Curtis similarity betw een all pairwise perm u
tations of sites showed that ß diversity was higher in the 
present study than  in Ellingsen's (2001) study. M ore
over, the degree of faunal dissimilarity was highest in 
the present study. However, there are, as yet, few stud
ies that can be used as a comparison, and we do not 
know enough about ß diversity in the sea to decide 
w hat is a high value and w hat is a low value. C hange in 
environm ent, notably depth  followed by m edian grain 
size and silt-clay content, had  a stronger effect on ß d i
versity, especially Bray-Curtis similarity, than spatial 
distance betw een sites in this study. Likewise, a BIO- 
ENV analysis (Table 7) identified depth, m edian grain 
size and silt-clay content as the major environm ental 
variables influencing the faunal patterns, w hereas un i
variate m easures of diversity w ere not related  to depth 
or m edian grain size. However, the relationships to e n 
vironm ental variables w ere w eaker w ith less environ
m ental variability (i.e. w hen the deepest sites w ere ex 
cluded, see Tables 6b & 7). Likewise, Ellingsen found 
w eak relationships betw een environm ental variables 
and faunal composition. Surprisingly, Schlacher et al.
(1998) found no clear relationships betw een  environ
m ental factors and biotic assem blages in a coral lagoon 
even though there w as considerable variation in sedi
m ent characteristics. Regardless of the strength of a re 
lationship, correlations do not imply causality, and it is 
probable that factors other than those m easured may 
have influenced the community structure. Biotic factors 
such as availability and abundance of benthic larvae/ 
adults may be more important than sedim ent character
istics in determ ining benthic settlem ent (Wu & Shin 
1997). No single m echanism  has been  able to explain 
faunal patterns observed across m any different envi
ronments, and it seems likely that, at any given loca
tion, a num ber of different interacting factors will be 
involved (Snelgrove & Butman 1994, M ackie et al. 
1997). The finding that ß diversity m easures of mol
luscs, followed by polychaetes, w ere more strongly re 
lated to environm ental variables than crustaceans and 
echinoderm s is in accordance w ith both the univari
ate m easures of diversity and the BIO-ENV analyses
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(Tables 6a & 7). O lsgard & Somerfield (2000) found that 
faunal patterns of polychaetes had  stronger relation
ships to environm ental variables than those of the other 
dom inant taxonomic groups.

Ellingsen (2001) showed that the Bray-Curtis similar
ity betw een all combinations of sites was weakly 
related to distance, w hereas the num ber of shared spe
cies and the com plem entarity w ere independent of 
spatial distance. Likewise, in a study of soft-sediment 
fauna in a coral lagoon Schlacher et al. (1998) found 
that the num ber of shared species betw een all pairwise 
perm utations of sites was low, but w eakly correlated 
w ith distance. At a larger scale, Paterson et al. (1998) 
found in the Atlantic and Pacific that changes in poly
chaete composition (species turnover) was related  to 
distance. Likewise, Clarke & Lidgard (2000) showed 
that bryozoan species turnover in the North Atlantic 
was a function of distance. However, distance betw een 
sites may be associated w ith differences in environ
m ental variables, confounding the interpretation of 
distance effects (Harrison et al. 1992). Price et al.
(1999) found that ß diversity for asteroids was highest 
in shelf regions and lowest in lower bathyal/abyssal 
regions in the Atlantic Ocean. They suggested that this 
finding reflected the g reater heterogeneity  of habitats 
and environm ental conditions in coastal areas com 
pared  w ith deeper areas. However, the num ber of 
studies that have explored any patterns of ß diversity is 
small (Gaston & Williams 1996), and few m arine ß 
diversity studies have been  undertaken  as yet.

Conclusions

Polychaetes were the most common taxonomic group 
and had  the highest proportion of w idespread species, 
w hereas crustaceans and echinoderm s w ere more re 
stricted in their distribution than the other dom inant 
groups. W hittaker's (1960, 1972) beta diversity (ßw) was 
highest for those taxonomic groups w ith the highest 
proportion of restricted-range species. C hanges in e n 
vironm ent (notably depth, followed by m edian grain 
size and silt-clay content) had  a stronger effect on ß 
diversity, especially Bray-Curtis similarity, than spatial 
distance betw een sites. Likewise, a m ultivariate analy
sis (BIO-ENV) identified these factors as the major e n 
vironm ental variables influencing the faunal patterns, 
w hereas univariate m easures of diversity w ere not re 
lated to depth  or m edian grain size. Molluscs, followed 
by polychaetes, w ere more strongly related  to environ
m ental variables than crustaceans and echinoderms. As 
distributions of species, community differences and re 
lationships to environm ental variables varied betw een 
the dom inant taxonomic groups, more than one group 
in a system should be studied. Local species richness,

distributions of species, community structure and com 
munity differences varied greatly within the study area. 
As it is likely that community structure will vary within 
any latitudinal area, a comparison of only a few sites 
betw een areas may be insufficient.

In this study, alpha, beta and gam m a diversity w ere 
higher than  in Ellingsen's (2001) study of a single hab i
tat type at the southern part of the Norw egian conti
nental shelf. This suggests that m easurem ent of marine 
biodiversity may be dependent on environm ental vari
ability. However, m any more studies are needed  before 
any generality can be attached to these findings. H abi
tat diversity, m easured as diversity in environm ental 
variables, may be useful as an indirect m easure of bio
diversity (Ward et al. 1998). However, in soft-sediment 
studies, w here one is usually sam pling blind, spot grab 
or core samples may give a m isleading concept of the 
spatial scales of different seabed types. New rem ote 
acoustic and visual techniques collect continuous data 
from large areas relatively quickly, and give additional 
information to traditional point-sampling. A knowledge 
of relationships betw een m easures of biodiversity and 
different levels of environm ental variability is needed  
to study latitudinal gradients in marine systems.
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