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ABSTRACT: Soft-sediment m acrobenthos data  from the southern part of the Norwegian continental 
shelf was used to study faunal patterns and spatial variability, and to evaluate different m easures of 
marine biodiversity. W ater depth  and sedim ent characteristics w ere rem arkably uniform over the 
spatial sam pling scale of 130 x 70 km, and relations betw een m easured environm ental variables and 
community structure w ere weak. Out of 175 recorded species, 10 % spanned the entire sam pling area 
(16 sites), while 27 % w ere restricted to a single site. The num ber of rare species was positively corre
lated w ith species richness. Common species w ere w idely spatially distributed, while species of low 
abundance had  strongly com pressed range sizes. The distribution of species varied am ong the 4 
dom inant taxonomic groups: the polychaetes, crustaceans, molluscs, and echinoderm s. Polychaetes 
w ere the most common taxonomic group and had the highest proportion of w idespread species. 
W hittaker's beta diversity m easure (ßw, extent of change in species composition am ong sites) varied 
am ong the dom inant taxonomic groups and w as highest for crustaceans, followed by molluscs. 
Neither the num ber of shared species nor the com plem entarity (biotic distinctness) betw een all pair
wise perm utations of sites w as linked to spatial distance. However, the Bray-Curtis similarity b e 
tw een all pairwise combinations of sites was a function of spatial arrangem ent and was the most sen
sitive m easure of beta diversity. Faunal pattern  changed across the study area, despite the uniform 
habitat. Furtherm ore, faunal pattern  and variability changed with scales. The m easurem ent of biodi
versity is therefore dependent on spatial scale, and cross-scale studies are important. The abstract 
concept of biodiversity as the 'variety of life' cannot be encapsulated by a single m easure. Distribu
tions of species and community differences should be taken  into account in addition to species diver
sity w hen m easuring m arine biodiversity and planning conservation areas, and more than 1 taxo
nomic group should be studied in a system.
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INTRODUCTION

O ceans cover about 70% of the surface area of the 
earth, and sedim entary habitats ranging from gravel to 
fine m ud cover most of the sea-bottom  (Snelgrove et al. 
1997). Soft-sediment habitats are common in coastal 
areas throughout the world, but only a small fraction of 
the m acrobenthos that reside on or are buried in sedi
m ents has been  described (Snelgrove 1999). Human ac
tivities, directly or indirectly, are now the prim ary cause
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of changes to marine biological diversity (biodiversity), 
especially in coastal areas. The present rate of habitat 
degradation in m arine ecosystems is alarm ing (Gray 
1997, Snelgrove et al. 1997), and conservation of marine 
biodiversity is of critical importance. The principal ques
tions are how marine biodiversity should be m easured 
and how conservation areas should be identified.

The most prevalent use of the term  'biodiversity' is as 
a synonym for the 'variety of life' (Gaston 1996). Biodi
versity covers the range of variation in and variability 
among systems and organisms at the levels of ecological 
or community, organismal, and genetic diversity (Harper
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& H awksworth 1994, Heywood & W atson 1995). Here I 
will consider species diversity and distributions of spe
cies as well as community differences w ithin a single 
habitat type. Most biodiversity studies relate to te rres
trial systems, and the terminology originates from te r
restrial literature and traditions. Techniques used for a 
long time in terrestrial studies of biodiversity are now 
being applied to marine systems. However, m arine sys
tems differ from terrestrial systems in a num ber of ways, 
and paradigms concerning patterns of biodiversity in ter
restrial systems may not be applicable to m arine situa
tions (May 1994, Gray 1997, Heip et al. 1998). M any ben- 
thic species have pelagic larvae that rem ain in the water 
for days or months, and since marine systems are more 
'open ' and barriers to dispersal are relatively weak, u n 
like most terrestrial systems, species can disperse over 
much broader ranges.

The num ber of species has been  the traditional 
m easure of biodiversity in ecology and conservation, but 
the biodiversity of an area is much more than the 'species 
richness' (Harper & H awksworth 1994). As the num ber 
of individuals per species varies in a given area, a variety 
of diversity indices combine the species richness and 
how evenly the individuals are distributed among the 
species (see M agurran 1988 for an overview). Here I fol
low Peet (1974) in calling these indices 'heterogeneity 
diversity'. The 2 most popular criteria for a conservation 
strategy are species richness and 'rarity' (Prendergast et 
al. 1993). 'Rare' species can simply be regarded  as those 
having low abundance or small range size, and the terms 
'common' (or 'abundant') and 'w idespread ' can be used 
as the antitheses of 'rare ' (Brown 1984, Gaston 1994). 
Species w ith a restricted range and that occur in few 
habitats are usually the most vulnerable to environm en
tal change (Thomas & Mallorie 1985). As the loss of 
marine habitats caused by a variety of hum an activities is 
great in coastal areas, range size rather than abundance 
is used in this study to define rarity.

The partitioning of species richness into alpha (a, 
within-area), beta  (ß, betw een-area), and gam m a (y, 
w ithin-area) com ponents to characterise different as
pects or levels of diversity was first proposed by W hit
taker (1960). The use of scales describing a  (local) and 
y (regional) diversity varies am ong authors, but here a  
is used as the num ber of species at a site and y as the 
species richness in the whole study area or region. 
Most studies of ß diversity have focused on a single 
taxon, but patterns in ß diversity may be expected to 
vary am ong taxa (Harrison et al. 1992). Furthermore, 
studies of ß diversity are traditionally concerned with 
samples arranged along 1 or more environm ental g ra 
dients (W hittaker 1960, Wilson & Shmida 1984). In 
marine soft-bottom studies multivariate m ethods have 
proved m uch more sensitive to small changes in faunal 
composition than species richness and diversity indices

(Gray et al. 1990, Warwick & Clarke 1991, Warwick & 
Clarke 1993). A m ultivariate m easure of ß diversity 
may be expected to give additional information to 
other m easures of ß diversity.

Most surveys cannot sample large areas of marine 
systems, so m uch data relate to only small areas of the 
seafloor (Ward et al. 1998). However, it is likely that the 
community structure varies greatly w ithin any latitudi
nal area (Gray 2000), and a comparison of only a few 
sites betw een areas may be insufficient. Furthermore, 
pattern  and variability are likely to change w ith scale 
(Levin 1992, Thrush et al. 1997b, W ard et al. 1998), and 
the m easurem ent of m arine biodiversity may therefore 
be dependent on spatial scale.

Soft-sediment m acrobenthos data from the southern 
part of the Norwegian continental shelf are used in this 
study. Sediment type or dep th  are commonly assum ed 
to be the prime factors in structuring benthic assem 
blages (Sanders 1968, Gray 1974, Snelgrove et al. 
1997). However, the area was chosen to study faunal 
patterns and variability over a rather large area of sim
ilar sedim ent properties and uniform depth  (i.e. a sin
gle habitat type). Faunal pattern  and variability and 
the im portance of environm ental heterogeneity  will be 
the subject of a further paper. In this study the m ethod
ological problems in m easurem ent of the num ber of 
species and individuals in a given area as well as the 
insufficiency of univariate m easures of biodiversity 
w ere considered. Moreover, the distribution of species 
range sizes w ithin the 4 dom inant taxonomic groups in 
soft-sediment communities — the polychaetes, crus
taceans, molluscs and echinoderm s — and the relations 
betw een local abundance and range size w ere investi
gated. W hittaker's (1960, 1972) ßw was also com pared 
am ong the 4 dom inant taxonomic groups. Further
more, the num ber of shared species, the com ple
m entarity (biotic distinctness) (Colwell & Coddington 
1994), and the m ultivariate Bray-Curtis similarity (Bray 
& Curtis 1957) betw een all pairw ise perm utations of 
sites w ere related  to geographic distance and used as 
other m easures of ß diversity. Finally, changes in fau
nal patterns and variability w ith increasing geographic 
scale and across the study area w ere investigated.

MATERIAL AND METHODS

The data w ere collected in M ay 1996 at the southern 
part of the Norw egian continental shelf as part of a 
routine environm ental monitoring survey of the effects 
of the oil and gas industry on the seabed. The Norw e
gian Pollution Control Authority (SFT) has divided the 
Norwegian continental shelf into 'regions', of which 
this data set is from the southernm ost region (Region I). 
Total sam pling coverage spanned approxim ately
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relatively constant (ranging from 65 to 74 m), and the 
sediment, dom inated by fine sand, was rem arkably 
uniform (Table 1).

Biological, physical, and chemical samples w ere 
taken  with a 0.1 m2 van Veen grab. At each site 5 repli
cates for analyses of m acrobenthos w ere taken. Biolog
ical samples w ere sieved on a 1 mm round hole diam e
ter sieve, and retained fauna w ere fixed in formalin for 
later identification to lowest practical taxonomic level. 
Three additional grabs w ere taken  at each site for 
analyses of sedim ent variables. Sub-sam ples w ere 
taken  from the upper 5 cm of the grabs for analyses of 
total organic matter, sedim ent m edian grain size, sort
ing, skewness, and kurtosis, and from the upper 1 cm 
for chemical analyses of hydrocarbons and metals. 
Additional details of sampling and analyses are given 
in M annvik et al. (1997). Procedures w ere in accor
dance with the m ethods recom m ended by SFT (Ano
nymous 1990).

Data analyses. Taxonomic groups not properly sam 
pled by the m ethods used (Nematoda, Foraminifera), 
colonial groups (Porifera, Hydrozoa, Bryozoa), pelagic 
crustaceans (Calanoida, M ysidacea, Hyperiidae, Eu
phausiacea), and juveniles w ere excluded from the 
data analyses. Unidentified species w ere only included 
if they could not be m istaken for other identified spe
cies. Data analyses w ere done on species abundance 
data pooled over 5 replicated sampling units (grabs) 
from each site. Only data from sites unaffected by oil or 
gas activities w ere used. For each field these sites w ere 
identified by univariate (S, AT, ExpH', 1/Simpson) and 
multivariate (CLUSTER, MDS) analyses of faunal data 
and m easured concentrations of hydrocarbons and 
metals (the results are not given here, see description

T able  1. Sum m ary  of d ep th , sed im en t characteristics, a n d  u n iv aria te  m easu re s of com m unity  stru c tu re  (per 0.5 m 2) a t 16 sites at 
th e  so u th e rn  p a r t of th e  N o rw eg ian  co n tin en ta l shelf. Sites o rd e re d  in  a seq u en ce  from  sou th  to north . Md(p: m ed ian  g ra in  size; 
TOM : % to ta l o rgan ic  m atter; S: th e  n u m b er of species; N : th e  n u m b er of indiv iduals; E x p H ’: th e  ex p o n en tia ted  form  of th e

S han n o n  form ula; 1 /S im p so n : th e  recip roca l of Sim pson 's in dex

Site D ep th  (m) Mdcp TO M  (%) S N E x p H ’ 1/S im pson

Hod24 67 3.53 0.92 74 924 12.2 4.1
H o d l l 70 3.53 0.91 67 638 25.6 13.9
V ail 2 65 3.52 0.81 68 484 23.6 12.1
Val24 67 3.50 0.81 69 511 26.5 15.9
Reg4 68 3.48 0.95 81 502 36.0 16.6
V ail 9 67 3.52 0.80 70 580 31.4 18.5
E ldblO 69 3.54 0.86 63 540 29.4 18.8
Tom6 74 3.57 1.20 68 451 40.1 28.0
Reg7 72 3.53 0.93 61 576 24.0 15.5
E k o l l 72 3.52 0.86 71 551 29.7 16.4
Eko42 67 3.52 0.86 58 486 20.7 12.8
Reg6 70 3.56 0.95 64 589 23.3 10.9
Reg2 65 3.50 0.95 67 605 27.0 17.2
G yd22 65 3.50 0.97 65 452 25.6 15.2
Reg5 69 3.59 0.94 80 849 14.1 5.2
Ula22 71 3.50 0.82 59 505 17.2 7.4
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Va!19
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Fig. 1. G eographic  position of 39 uncon tam inated  sam pling sites 
in  R egion I a t th e  so u th e rn  p a r t of th e  N o rw eg ian  co n tin en ta l 
shelf. • :  sites included  in th e  reg ional scale d a ta  set, i.e. 16 sites; 
O : sites not in c lu d ed  in  th e  reg io n a l scale  d a ta  set; all b u t 1 are  

in c lu d ed  in  th e  2 d a ta  sets a t in te rm ed ia te  scales

130 km in a south-north direction and approxim ately 
70 km from east to west (56° 02' to 57°08'N , 2°30' to 
3°49'E, see Fig. 1). The positioning equipm ent was a 
differential global positioning system with an accuracy 
within ± 10 m. Depth at 16 sites in the study area was
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of m ethods in the following sections). The resulting 39 
unaffected sites (Fig. 1) w ere located w ithout reference 
to the present study. Data sets from local (i.e. a single 
site), interm ediate, and regional (i.e. the whole study 
area) scales w ere used in this study. From data sets at 
interm ediate scales (Fig. 1) only 1 site from each group 
was selected at random  and included in the regional 
scale data set. The reason for this selection was to d is
tribute the sites relatively evenly through the whole 
study area (i.e. the distances betw een adjacent sites 
should be as similar as possible). In the following 
analyses a resulting data set of 16 sites from the whole 
area w ere used if not stated otherwise.

As univariate m easures of diversity, species richness 
(S), the exponentiated form of the Shannon-W iener in 
dex (ExpH') (log base 2), and the reciprocal of Simpson's 
index (1/Simpson) w ere used (see e.g. W hittaker 1972, 
M agurran 1988). Hill (1973) labelled these diversity 
m easures N 0, A/j and N 2, respectively. S  is the num ber of 
all species regardless of abundance. ExpH ' is most 
affected by species in the middle of the species rank 
sequence, w hereas 1/Simpson  is primarily a m easure of 
dom inance (Whittaker 1972). Thus S  and the 2 hetero 
geneity diversity indices (ExpH' and 1/Simpson) m ea
sure different aspects of species diversity. The above 
m easurem ents are im plem ented in the Plymouth Rou
tines in M ultivariate Ecological Research (PRIMER) 
package, described in Clarke & Warwick (1994).

W hittaker (1960) established a simple m easure of ß 
diversity, ß = y/a, w here a  is the diversity value for an 
individual sample and y is the value resulting from 
m erging a num ber of individual samples. W hittaker 
(1972) stated that the m ean num ber of species in a  
samples (i.e. a) could be used, and recom m ended 
modifying the m easure of ß diversity as the ratio given 
minus 1.0 (i.e. (y/a) -  1). In the present study ß d iver
sity was m easured as ßw = (y/a) -  1. H ere y is the total 
num ber of species in the whole sam pling area 
(regional richness), a  is the average num ber of species 
per individual sample, and 1 sample or site is the sum 
of 5 grabs (local richness). This m easures the propor
tion by which the whole area is richer than the average 
sites w ithin it. Its formulation does not assum e a grad i
ent structure and is the m easure of choice w hen sam 
ples cannot be arranged along a single gradient (Wil
son & Shmida 1984), as w as the case in the present 
study. ßw was also used to exam ine pairwise differ
ences betw een sites. In pairw ise ßw (as opposed to 
overall) y is the num ber of species in the 2 sites com 
bined. ß diversity or species turnover is based  on ratios 
or differences and is not related  to spatial scales, in 
contrast to a  and y diversity, ß diversity is the extent of 
change in species composition of communities among 
the samples of a da ta  set or along a gradient (Whittaker 
1975).

Site sequences w ere random ised (without rep lace
ment) for the calculation of species accumulation 
curves. Following the terminology of Colwell & Cod- 
dington (1994), uniques are species restricted to a 
single site, duplicates are species occurring at exactly 
2 sites only, singletons are species represen ted  by a 
single individual, and dubletons are species rep re 
sented by only 2 individuals. The non-param etric 
Chao2 m ethod (Chao 1987) was used to estim ate the 
true species richness. H ere Chao2 = Sobs + (Q12/2Q 2), 
w here Sobs is the num ber of species observed in all 
samples pooled, Q1 is the frequency of uniques, and Q2 
is the frequency of duplicates. According to Colwell & 
Coddington (1994) Chao2 provides the least biased 
estim ates of species richness for small num bers of sam 
ples. The num ber of species shared for each possible 
pair of samples was used as a second m easure of ß 
diversity. As a third m easure of ß diversity biotic d is
tinctness, or 'com plem entarity', betw een all pairwise 
combinations of sites was used (Colwell & Coddington 
1994). Com plem entarity betw een 2 sites is the total 
num ber of unshared species divided by the total spe
cies richness for the 2 sites. The percentage of species 
that are com plem entary varies from zero (when the 
samples are identical) to 100% (when the samples are 
completely distinct). The above m easurem ents are 
included in the Estim ates software (Colwell 1997). For 
calculations of range size-local abundance relations, 
local species abundance values w ere averaged across 
space including only non-zero counts.

A similarity matrix was constructed using square 
root transform ation and the Bray-Curtis coefficient 
(Bray & Curtis 1957). As a fourth m easure of ß diversity 
the Bray-Curtis similarity betw een all pairw ise perm u
tations of sites was used. Hierarchical, agglom erative 
classification (CLUSTER), employing group-average 
linking (e.g. Clifford & Stephenson 1975) and ordina
tion by non-metric multidimensional scaling based 
on the Bray-Curtis similarity matrix (e.g. Kruskal & 
Wish 1978, Clarke & G reen 1988), was used. Relations 
betw een faunal pattern  and various subsets of environ
m ental variables w ere exam ined using the BIO-ENV 
procedure (Clarke & Ainsworth 1993). Environm ental 
variables analysed w ere depth, latitude, longitude, 
total organic matter, m edian grain size, sorting (inclu
sive standard deviation), skewness, kurtosis, and p er
centage silt-clay fraction (<0.063 mm). Scatter plots of 
all pairwise combinations of environm ental variables 
indicated that conversion to approxim ate normality 
using a log(l + N )  transform ation w as appropriate 
before m ultivariate analyses for all variables w ith the 
exception of depth, latitude, and longitude, which 
w ere not transformed. M atrices derived from all pos
sible combinations of environm ental variables w ere 
com puted using norm alised Euclidean distance. The
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T able  2. P airw ise  S p ea rm an  ra n k  co rrelations b e tw e e n  env iro n m en ta l v a riab les  a n d  bio tic  d iversity  (*p < 0.05, all o thers p  > 0.05 
n  = 16 for all correlations). TOM : to ta l o rgan ic  m atte r  (%); silt-clay: frac tion  of sed im en t < 0.063 m m  (%); M A p: m ed ia n  g ra in  size 
Sk¡: skew ness; a¡: sorting; I \G: kurtosis; S: th e  n u m b er of species; E xpH ': th e  ex p o n en tia ted  form  of th e  S h an n o n  form ula

1/Sim pson: th e  rec ip ro ca l of S im pson 's in d ex

L atitude L ongitude D ep th  (m) TOM Silt-clay M A p Sk¡ Oí K g S E xp H '

L ongitude -0.61*
D ep th  (m) 0.14 -0 .3 9
TOM 0.31 -0 .1 6 0.15
S ilt-c lay -0.66* 0.24 0.13 0.17
M A p -0 .0 2 -0 .4 5 0.50* 0.22 0.36
Sk¡ -0 .2 6 -0 .1 8 0.43 0.20 0.58* 0.91*
Gl -0 .1 0 -0 .1 1 0.17 0.27 0.40 0.03 0.10
K g -0 .3 0 0.10 0.07 0.18 0.56* -0 .1 9 -0 .01 0.84*
S -0 .3 9 0.26 -0 .1 6 0.04 0.36 -0 .0 6 0.15 0.46 0.39
E xp H ' -0 .21 0.25 0.12 0.10 0.32 -0 .2 6 -0 .21 0.11 0.31 0.24
1/S im pson -0 .1 3 0.14 0.11 0.10 0.31 -0 .1 6 -0 .1 6 0.04 0.22 0.05 0.95*

environm ental variables w ere norm alised (subtracting 
the m ean across sites and dividing by standard devia
tion) because the variables need to be reduced to a 
common m easurem ent scale because of different ini
tial units. The Spearm an rank correlation was used as 
a m easure of agreem ent betw een each of the abiotic 
matrices and the biotic Bray-Curtis similarity matrix. 
The above non-param etric m ultivariate techniques are 
included in the PRIMER package.

A m ultivariate M antel correlogram  (Oden & Sokal 
1986, Sokal 1986) was com puted to describe the spatial 
structure of species assem blages, using the R package 
(Legendre & Vaudor 1991). G eographic (Euclidean) 
distances w ere com puted betw een all pairw ise com bi
nations of sites, and the resulting distance matrix was 
recorded into distance classes, created  with equal 
w idth using Sturge's rule (Legendre & Legendre 1998). 
This matrix of distance classes gives rise to model 
matrices, different for each distance class. A biotic 
Bray-Curtis similarity matrix was com pared w ith all 
the model distance matrices in turn, and norm alised 
M antel statistics (rM) w ere computed. The statistics 
w ere tested for significance using 999 perm utations, 
and a global test of significance of the resulting M antel 
correlogram  was carried out using the Bonferroni 
m ethod (Legendre & Fortin 1989).

RESULTS 

Species richness and heterogeneity diversity

Local species richness or alpha diversity (S) was re l
atively low, ranging from 58 to 81 species (Table 1). 
Sample species richness and heterogeneity  diversity 
(ExpH' and 1/Simpson) had  no significant relation 
with m easured environm ental variables (Table 2). The 
heterogeneity  diversity of the 4 dom inant taxonomic
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Fig. 2. U nivaria te  m easu re s  of local com m unity  stru c tu re  
w ith in  dom inan t taxonom ie groups. S am ples a re  o rd e re d  in  a 
se q u e n ce  from  so u th  to n o rth  in  th e  s tu d y  area . (A) Species 
richness (S); (B) th e  ex p o n en tia ted  form  of th e  S hannon  
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T able  3. Local ab u n d an c e  of th e  m ost d o m inan t species. Sites 
a re  o rd e re d  in  a  se q u e n ce  from  so u th  to north . ’ H ig h est dom 

in an ce  w ith in  a  sing le  site  (47.5 %)

groups showed more variability than  the species rich
ness, especially for the polychaetes (Fig. 2A,B,C). G en
erally, polychaetes had  the highest local heterogeneity 
diversity, with the exception of some sites, explained 
by high dom inance of the polychaetes M yriochele ocu
lata and Chaetozone setosa (see Table 3). The diversity 
of the polychaetes was highest at the m id-range sites 
in the south-north sequence. Species richness was not 
correlated w ith ExpH ' or 1/Simpson, but these 2 ind
ices w ere closely positively correlated (Spearman rank 
correlation coefficient rs = 0.95, p = 0.0001, n = 16, see 
Table 2), even though they m easure different aspects 
of species diversity.
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Fig. 3. S pecies accu m u la tio n  curves. E stim ators of spec ies 
rich n ess a re  th e  to ta l n u m b er  of all spec ies (Sobs) a n d  th e  
C hao2 estim ato r of tru e  richness. P lo tted  v a lu es a re  m e a n  ± 
SD of 100 estim a tes b a se d  on 100 ran d o m isa tio n s of sam p le  
accu m u la tio n  o rd er (w ithout rep lacem en t). F ittin g  a  re g re s 
sion  to  th e  n u m b er of sp ec ies  g ives S o b s  = 92.03 + 90.01 x 
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Fig. 4. C um ula tive  n u m b er of spec ies p lo tte d  ag a in s t a re a  (m2) 
w ith in  dom inant taxonom ic groups. P lo tted  va lues a re  m ean s of 
100 e stim a tes b a se d  on  100 ran d o m isa tio n s of sam p le  a ccu m u 
la tio n  o rd er (w ithout rep lacem en t). See  Fig. 2 for abbrev ia tions

Estimates of cumulative species richness against 
area show ed little sign of approaching asymptotic val
ues (Fig. 3). The total num ber of species observed was 
175r while the  Chao2 estim ate of species richness gave 
236 ± 24 (mean ± SD). The polychaetes (78 species) 
constituted 45% of the total num ber of species, 
w hereas the crustaceans (42 species), molluscs (35 spe
cies) and echinoclerms (8 species) constituted 24, 20, 
and  5 %, respectively. The low num ber of echinoderm s 
reached  an  asymptotic value. However, the species 
accum ulation curves for the other groups did not 
stabilise towards asymptotic values (Fig. 4).

A bundance and species range sizes

The cum ulative dom inance of the 10 most abundant 
species in the study area w as 64.6% (Table 4). Domi
nance of single species across the whole elata set had  a 
maximum of 10.9% (Amphiura filiformis), and the 10th 
most dom inant species comprised 3.7%. Maximum 
dom inance w ithin 1 site w as occasionally much higher, 
ranging from 10.4 to 47.5%. The echinoderm  A, fili
formis was abundant in the w hole study area, Chaeto
zone setosa  h ad  the highest abundance in the northern

T able  4. D om inance p a tte rn s across th e w ho le  d a ta  se t

Species N D om inance C um ulative
(%) dom inance (%)

A m p h iu ra  filif orm is 1005 10.87 10.87
C haetozone  setosa 956 10.34 21.22
M yriochele  oculata 876 9.48 30.69
E udorellopsis deform is  714 7.72 38.42
Phoronis sp. 508 5.50 43.91
O phiura affinis 428 4.63 48.54
S p io p h a n es b o m b yx 401 4.34 52.88
S p io p h a n es k ro eyeri 389 4.21 57.09
M ysella  b iden ta ta 353 3.82 60.91
Scoloplos arm iger 337 3.65 64.56

Site A m phiura
filiform is

C haetozone
setosa

M yriochele
oculata

H od24 87 17 439*
H o d l l 103 23 104
V all2 22 9 87
Val24 51 18 18
Reg4 101 10 16
V a il 9 72 26 27
EldblO 59 45 17
Tom6 47 24 26
Reg7 66 37 25
E k o l l 28 18 54
Eko42 51 3 10
Reg6 65 103 12
Reg2 77 55 4
Gyd22 56 50 7
Reg5 62 353 15
Ula22 58 165 15
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Fig. 5. D istribu tion  of spec ies ra n g e  sizes w ith in  taxonom ic 
groups. R ange  size is th e  n u m b er of sites o ccup ied  b y  a 
species out of a  to ta l of 16 sites (cf. Fig. 1). See Fig. 2 for 

ab b rev ia tio n s

part (Reg5r Ula22r and Reg6)r w hereas Myriochele 
oculata was the most dom inant species in the southern 
part (Hod24r H o d ll, and Vall2) (Table 3). The abun
dance of C. setosa in a single grab ranged from 8 to 66 
individuals out of a total of 307 individuals in 10 grabs 
at Ula22. Likewise, at Hod 24 the abundance of M. 
oculata in a single grab ranged from 6 to 242 individu
als out of a total of 586 individuals in 10 grabs.

Seventeen species, or 10 % of the total num ber of spe
cies recorded, spanned the entire sam pling area of 16 
sites (Fig. 5). These species w ere am ong the 25 most 
abundant and w ere dom inated by polychaetes (47 %), 
w hereas the proportion of crustaceans, molluscs, and 
echinoderm s was lower, at 18, 12, and 12%, respec
tively. Conversely, 47 species, or 27 % of the total num 
ber of species, w ere uniques (restricted to a single site). 
Thirtysix percent of the uniques w ere polychaetes, 
w hereas the proportion of crustaceans, molluscs, and 
echinoderm s was 32, 23, and 6%, respectively. The 
uniques had low abundances, w here 39 species (83%) 
w ere singletons (only 1 individual at a site), 3 species 
w ere dubletons (2 individuals), and the rem aining 5 
species had only 3 individuals. Eighteen species w ere 
restricted to only 2 sites (duplicates). Only 22% of the 
total num ber of polychaetes w ere found at a single site 
only, while as much as 36% of the crustaceans, 31 % of 
the molluscs, and 38% (3 species) of the echinoderm s 
w ere uniques. Species range size was positively corre
lated w ith local abundance w ithin the dom inant taxo
nomic groups (Table 5). Thus, common species w ere 
widely spatially distributed, while species of low abun
dance had strongly com pressed range sizes. There was 
a clear positive correlation betw een the total num ber of 
species and the num ber of unique species (product-mo- 
m ent correlation coefficient, r = 0.76, p = 0.001, n = 16). 
The num ber of singletons was also related  to the total 
num ber of species (r = 0.56, p = 0.023, n = 16). However, 
there was no significant correlation betw een the num-

T able  5. In terspecific  re la tions b e tw e e n  local a b u n d an c e  an d  
ra n g e  size w ith in  dom inan t taxonom ic groups. M easu re  of 
co rre la tion  is S p ea rm an  ra n k  co rre la tion  (all coefficients a re  

sign ifican t at p  < 0.05)

Taxonom ic g roup n Local ab u n d an c e  versus 
ra n g e  size 

r s P

Polychaeta 78 0.77 <0.001
C ru stacea 42 0.74 <0.001
M ollusca 35 0.70 <0.001
E ch in o d erm ata 8 0.85 0.008
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Fig. 6. Species accum ula tion  curves. E stim ators of richness 
a re  th e  to ta l n u m b er of spec ies (Sobs), th e  n u m b er of species 
re s tr ic ted  to  a  sing le  site  or g rab  (uniques), an d  th e  n u m b er of 
spec ies fo und  at exactly  2 sites or g rabs only (duplicates). 
P lo tted  v a lu es a re  m ean s of 50 estim ates b a se d  on 50 
random isa tions of sam ple  accum ula tion  o rder (w ithout 
rep lacem en t). (A) 16 sites from  th e  w hole  sam p lin g  area , 
(B) 10 re p lica ted  sam p lin g  un its (grabs) from  th e  n o r th e rn 
m ost site  in  th e  s tu d y  a re a  (Ula22), (C) 10 g rabs from  th e  

sou th e rn m o st site  (Hod24)
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Fig. 7. C um ula tive  b e ta  d iversity  (ßw) p lo tte d  ag a in st a rea  
(m2) w ith in  d o m inan t taxonom ic g ro u p s an d  for all tax a  
pooled . Sam ples o rd e re d  in  a  se q u e n ce  from  so u th  to n o rth  
in  th e  study  area , tot: to ta l (all tax a  pooled). See Fig. 2 for 

o th er abbrev ia tions

ber of uniques and the num ber of singletons per site 
(r = 0.33, p = 0.207, n = 16).

Fig. 6A shows that more w idespread species w ere 
added with increasing sam pling coverage rather than 
restricted-range species. The cumulative num ber of 
uniques and duplicates showed a rapid approach to an 
asymptote, w hereas total species richness did not. The 
same pattern  appeared  at a local scale w hen the spe
cies richness estimators w ere plotted against the num 
ber of sam pling units (Fig. 6B,C). Thus, species that ap 
pear to have restricted range in a small data set of few 
sites or sam pling units might actually seem  to be more 
w idespread if sam pling effort or area is increased. The 
num ber of species restricted to a single grab (uniques) 
was 34 (36.2 %) out of a total of 94 species in 10 grabs at 
Hod24 and 26 (31.7 %) out of a total of 82 at Ula22.

Beta diversity

Total ßw varied betw een taxonomic groups and was 
highest for crustaceans (2.3), followed by molluscs 
(1.8), polychaetes (1.4), and echinoderm s (1.0) (Fig. 7). 
The overall ßw for all taxonomic groups pooled was rel-

T able  6. R elations b e tw e e n  la titu d e  a n d  p a irw ise  b e ta  d iv er
sity (ßw) b e tw e e n  ad jacen t sites w ith in  dom inan t taxonom ic 
groups a n d  for all tax a  p o o led  in  a  se q u e n ce  from  so u th  to 
n o rth  in  th e  study  area . M easu re  of co rre la tio n  is S p ea rm an  
ra n k  co rre la tio n  (rs) w ith  sign ifican t (p < 0.05) coefficients in  

b o ld  (n = 15 for all correlations)

T axonom ic group P airw ise  ßw
r s

v ersus la titu d e  
P

Po lychaeta -0 .2 3 0.412
C ru stacea 0.17 0.540
M ollusca -0 .4 8 0.070
E ch in o d erm ata -0 .4 4 0.232
All tax a -0 .5 4 0.038

atively low (1.6). For all taxa pooled there w as a n eg a
tive correlation betw een latitude and pairwise ßw 
betw een adjacent sites in a sequence from south to 
north (rs = -0.54, p = 0.038, n  = 15) (Table 6). Thus, spe
cies turnover betw een adjacent sites was lower further 
north. Neither the m easured environm ental variables 
nor a  diversity was correlated w ith latitude (Table 2), 
so the decrease in pairwise ßw in the south-north 
sequence could not be attributed to such gradients. 
However, no significant relation was found betw een 
latitude and pairwise ßw for each of the dom inant tax
onomic groups (Table 6).

The num ber of species in common betw een all pair
wise combinations of sites was relatively high, ranging 
from 35 to 54 species, but not correlated w ith spatial 
distance betw een sites (r = -0.04, p = 0.638, n = 120) 
(Fig. 8A). Thus, adjacent sites (nearest neighbours) did
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Fig. 8. B eta  d iversity  across sites. M easu re  of co rre la tion  b e 
tw e e n  b e ta  d iversity  a n d  d istan ce  b e tw e e n  sites is th e  p rod- 
uc t-m o m en t co rre la tion  coefficient r. (A) T he n u m b er of sp e 
cies com m on b e tw e e n  all p a irw ise  p e rm u ta tio n s of sites over 
th e  to ta l a re a  sam pled , (B) C o m p lem en tarity  (biotic d istinc t
ness, %) b e tw e e n  all p a irw ise  com binations of sites, (C) Bray- 
C urtis sim ilarity  (%) b e tw e e n  all pairw ise  perm u ta tio n s of sites
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not on average share significantly more species than site 
pairs further apart, even though the maximum distance 
betw een sites was as m uch as 130 km. The com plem en
tarity values showed a relatively low to moderate level of 
distinctness betw een all pairw ise combinations of sites 
(37 to 63 % distinct), but was not correlated with distance 
betw een sites (r = 0.178, p = 0.052, n = 120) (Fig. 8B). This 
shows that biotic distinctness betw een adjacent sites was 
not on average lower than betw een site pairs further 
apart. However, the Bray-Curtis similarity betw een 
all pairw ise perm utations of sites, ranging from 51 to 
74%, was negatively correlated with distance (r = 
-0.425, p < 0.001, n = 120) (Fig. 8C). Although this cor
relation was not strong, this indicates that adjacent sites 
had higher similarity on average than site pairs further 
apart. There was an overall significance in the M antel 
correlogram, based on the Bray-Curtis similarity matrix, 
since 2 of the individual values exceed the Bonferroni- 
corrected significance level (aIk  -  0.05/8 = 0.006, w here 
icis the num ber of distance classes) (Fig. 9). There was 
significant positive autocorrelation in the small distance 
classes (1 to 2) and significant negative autocorrelation 
in the large classes (7 to 8). The overall shape of this 
correlogram could be attributed to a faunal gradient, 
a result that is in accordance with the multivariate 
m easure of ß diversity in Fig. 8C.

Faunal assemblages in space and relations 
with environmental variables

M ultidimensional scaling ordination and clustering, 
based on Bray-Curtis similarities from square root 
transform ed abundances, are shown in Fig. 10A,B. 
With the exception of 2 single sites (Hod24 and V a il2), 
virtually all clustering took place over a tight range of 
similarities (65 to 75%). Despite the tight range of 
similarities betw een the sites, the 2 multivariate analy
ses gave additional information to the univariate mea-
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Fig. 9. M an tel corre logram . T he 8 d istance  c lasses w ere  
c rea te d  w ith  eq u a l w idth , w h e re  1 un it of d istance  is abou t 
16 km. D ark  sq u a res re p re se n t significant va lues of th e  
M an tel statistic  (p < 0.05). * V alue ex ceed s th e  B onferroni- 
co rrec ted  sign ificance leve l (a Ik  = 0.05/8 = 0.006, w h e re  k  is 
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sures of community structure. An im portant feature is 
the relative proximity of the 5 northernm ost sites to 
each other on the ordination plot, despite their wide 
geographic range (Fig. 1). Conversely, the distances 
betw een the 3 southernm ost sites Hod24, H o d ll, and 
Val 12 on the ordination plot show that they had more 
different community patterns, despite the relatively 
small geographic distances betw een them.

As the Spearm an rank correlation analysis (Table 2) 
of environm ental variables showed that no variables 
w ere highly correlated (all correlations <0.95), all vari
ables w ere used in the BIO-ENV analysis, the results 
of which are sum m arised in Table 7. The relations 
betw een individual environm ental factors and square 
root transform ed abundance data w ere generally w eak 
(range of rs = 0.39 to -0.02). Latitude showed a higher 
degree of correlation with the faunal composition (rs = 
0.39) than the other single factors and 'explained' the 
faunal patterns better than any subset of environm en
tal variables. Adding further variables degraded the 
correlation.

Faunal pattern and variability and relations 
with scales

At the local scale (i.e. a single site) the variability in 
heterogeneity  diversity among 10 replicated grabs was
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T able  7. S um m ary  of re su lts  from  th e  BIO-ENV analysis. C om binations of v a riab les, i  a t a  tim e, g iv ing  th e  h ig h es t r s b e tw e e n  
b iotic a n d  abiotic sim ilarity  m atrices; b o ld  ty p e  in d ica tes  th e  h ig h es t corre lation . Low er corre lations a re  om itted  from  th e  tab le . 
Biotic d a ta  sq u a re  roo t transfo rm ed , abiotic d a ta  lo g (l + N) tran sfo rm ed  w ith  th e  excep tion  of la titu d e , lo n g itu d e  an d  dep th . Silt- 

clay: frac tion  of sed im en t < 0.063 m m  (%); S k f  skew ness; a¡: sorting; Lat: la titude ; Long: lo n g itu d e

k Best variable combinations

1 Lat (0.39) Gj (0.26) Long (0.19)
2 Latf Long (0.38) Lat, öj (0.32) Lat, Depth (0.31)
3 Lat, Long, Depth (0.37) Lat, Long, Silt-clay (0.36) Lat, Long, G/ (0.34)
4 Lat, Long, Depth, Silt-clay (0.36) Lat, Long, Depth, Sk¡ (0.34) Lat, Long, Depth, G/(0.33)

T able  8. D iversity  m easu re s  a t local (a sing le  site), in te rm ed ia te  a n d  reg io n a l sca le  (w hole s tu d y  area). A t in te rm ed ia te  an d  
reg io n a l scale  each  site is th e  sum  of five 0.1 m 2 g rab s ± 9 5 %  confidence  in te rv a ls  (CI). COV: coefficient of v a ria tion  (stan d ard  
d ev ia tion /m ean) m u ltip lied  by  100 %; *10 g rabs (each  0.1 m 2) at 1 site; S: th e  n u m b er of species; E xpH ':  th e  e x p o n en tia ted  form  
of th e  S h an n o n  form ula; 1/Sim pson: th e  rec ip ro ca l of S im pson 's index; Ula22: th e  n o rth ern m o st site; Hod24: th e  sou th e rn m o st site

Scale No. of sites Latitude Longitude S mean S
COV

Total S ExpH'
mean

ExpH'
COV

1/Simpson
mean

1/Simpson
COV

Regional 16 56° 02'-57° 08' 2o30'-3°49' 67.81 ±3.49 9.67 175 25.21 ±3.95 29.41 14.28 ± 3.08 40.49
Intermediate 16 56° 19-56° 26' 3° 12-3° 16' 66.31 ±3.14 8.87 144 29.08 ± 1.70 10.95 17.44 ± 1.69 18.14
Intermediate 8 56° 28'-56°30' 2° 54'-2° 55' 68.50 ± 2.79 4.87 134 35.14 ± 2.60 8.87 22.10 ± 2.46 13.33
Local 1* Ula22 29.40 ± 2.55 12.13 82 14.66 ± 2.07 19.73 8.65 ± 2.05 33.05
Local 1* Hod 24 34.30 ±3.71 15.12 94 15.66 ±4.66 41.62 9.11 ± 3.94 60.42

high (Table 8). The average num ber of species in 10 
grabs at Hod24 was 34 out of a total of 94 recorded, 
while the average num ber at Ula22 w as 29 out of a 
total of 82 species. Furtherm ore, the average Bray- 
Curtis similarity am ong the 10 grabs at Ula22 and 
Hod24 was low (56.2 and 56.5 %, respectively). This 
shows that a single grab would not be representative of 
1 site. The num ber of species in the first 5 grabs pooled 
was 76 (80.9%) at Hod24 and 61 (74.4%) at Ula22. 
Thus, pooling data across grabs evens out the high
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Fig. 11. B ray-C urtis sim ilarity  (%), g iven  as m e a n  a n d  95%  
confidence in te rv a l (Cl) of biotic  d a ta  from  d ifferen t g eo 
graph ic  scales. A t local sca le  th e  sim ilarity  is b e tw e e n  th e  sum  
of 5 g rabs se lec ted  at ran d o m  a n d  th e  sum  of th e  re m a in in g  5 
grabs. T he n u m b er of sites or sam ples (i.e. sum  of 5 grabs) at 
e ach  sca le  is g iven  in  p a ren th es is . Hod24: th e  sou thernm ost 
site; Ula22: th e  n o rth e rn m o st site; Loc: local sca le  (1 site); 
Int: in te rm ed ia te  scale; Reg: reg io n a l sca le  (w hole s tu d y  area)

variability am ong them  and gives a more rep resen ta
tive picture of the community structure at a site. Data 
sets from 3 different scales are com pared in Fig. 11. At 
local scale 5 grabs w ere selected at random  and the 
Bray-Curtis similarity betw een the sum of these grabs 
and the sum of the rem aining 5 grabs was, respec
tively, 77.3 and 72.7% at Hod24 and Ula22 (Fig. 11). 
The average Bray-Curtis similarity betw een  sites (i.e. 
sum of 5 grabs) w as higher at interm ediate (about 
71 %) than  at the regional scale (62.8%) (Fig. 11). Thus, 
the faunal pattern  changed w ith scales. Furthermore, 
the biotic variability was higher at regional than  at 
interm ediate scales (Table 8). Thus, the variability also 
changed w ith scales.

In the data set from the whole study area, the aver
age Bray-Curtis similarity betw een sites decreased sig
nificantly w ith increasing geographic scale, starting at 
the northernm ost site (Ula22) of the area and including 
m ore and more sites in the data  set (Fig. 12A). The unit 
of increase in scale was 25 km in all directions from this 
'start site'. However, contrary to expectation, there was 
no significant change in average similarity w ith in 
creasing scale, starting at the southernm ost site 
(Hod24) (Fig. 12B). Thus, there w ere different patterns 
depending on the start site. This can be explained by 
the fact that the average similarity betw een the sites in 
the southern part (located relatively close to each 
other) was not higher than the average similarity 
betw een all pairw ise combinations of sites in the whole 
study area. The southernm ost sites w ere more dissimi-
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Fig. 12. B ray-C urtis sim ilarity  (%) g iven  as m e a n  an d  95 % CI 
of bio tic  d a ta  se ts w ith  in c reas in g  geo g rap h ic  sca le  (i.e. in 
c reasin g  n u m b er  of sites, Scale 1 to  5). T he u n it of in c rease  in  
scale  is 25 k m  in  all d irections from  a 's ta rt site '. T he n u m b er 
of sites a t e ac h  sca le  is g iven  in  p a ren th eses . (A) T he s ta rt site 
is th e  n o rth ern m o st site  in  th e  study  a rea  (Ula22), (B) th e  sta rt 

site  is th e  sou th e rn m o st site  (Hod24)

lar to each other than the sites in the northern part, a 
pattern  also illustrated by the classification and ordina
tion techniques (Fig. 10A,B).

DISCUSSION

Species richness and rarity — the 2 common 
measurements

The heterogeneity  diversity (ExpH' and 1/Simpson) 
of the 4 dom inant taxonomic groups showed more vari
ability than the species richness. The diversity of the 
polychaetes was highest at the m id-range sites in a 
sequence from south to north in the area. This can be 
explained by the high dom inance of M yriochele ocu
lata and Chaetozone setosa in, respectively, the south
ern  and northern part of the study area (especially at 
Hod24, Reg5, and Ula22). C. setosa has been reported 
to increase in abundance in areas affected by oil or gas 
activities in the North Sea (Gray et al. 1990, O lsgard & 
Gray 1995), and both species are common in the tran 

sition zone along a gradient of organic enrichm ent 
(Pearson & Rosenberg 1978). However, as the m ea
sured m etal and total hydrocarbon concentrations at 
Hod24, Reg5, and Ula22 w ere low (Mannvik et al. 
1997), the high local abundance of these species in the 
present study was more likely to be the result of n a t
ural factors rather than  oil or gas activities. Moreover, 
K irkegaard (1969) found that M. oculata and C. setosa 
w ere common throughout the North Sea during the 
years 1950 to 1955, before any oil or gas activities.

The brittle star Amphiura filiformis was abundant in 
the whole study area and had  the highest dom inance 
across the whole data  set. A. filiformis has been  re 
ported to decrease in abundance in areas affected by 
oil or gas activities in the North Sea (Olsgard & Gray 
1995). This again indicates that the dom inant species 
w ere typical of non-polluted areas. A. filiformis and 
m any of the other benthic invertebrates found in the 
present study have planktonic dispersal (see refer
ences in Josefson 1986). W idespread dispersal of 
planktonic larvae is largely regarded  as passive trans
port by w ater currents (Butman 1987).

Butman (1987) discussed large spatial scale pro
cesses such as passive deposition and small scale pro
cesses such as active habitat selection in determ ining 
larval settlem ent of soft-sediment invertebrates. In a 
study of corals along the G reat Barrier Reef, H ughes et 
al. (1999) proposed that much of the variation in p a t
terns of recruitm ent occurred at the time of settlement, 
at both large and small scales. In the present study the 
abundance of Chaetozone setosa and M yriochele ocu
lata varied considerably betw een single grabs at a site 
and betw een sites in the study area. According to 
Levin (1992) ecological systems exhibit heterogeneity  
and patchiness on a broad range of scales, and the d is
tribution of any species is patchy on a range of scales.

The actual num ber of species in a given soft-sedi
m ent area is usually not m easurable, and a central 
problem  for any sam pling-based study is to estim ate to 
w hat extent the values obtained from sam pling rep re 
sent the reality. N either the species accumulation 
curve nor the Chao2 estim ates reached asymptotic val
ues in the present study (16 sites). Thus, there was no 
sign of having collected all the potential species, and 
the Chao2 value was almost certainly an underesti
mate. In a study of polychaetes in the Pacific Paterson 
et al. (1998) suggested that Chao2 gave a reasonable 
estim ate of the likely num ber of species at a site of 47 
samples. However, the species accum ulation curve did 
not reach an asymptote, despite extensive sampling. 
They reported that at 2 other sites of 15 and 16 sam 
ples, neither Chao2 nor the species accumulation 
curves reached  asymptotic values. The data presented  
here are similar and suggest that a larger num ber of 
samples are needed  before Chao2 gives a reliable esti-
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m ate in marine soft sediments. Subtidally, w here sedi
m ents tend  to grade into each other and the extent of a 
habitat or assem blage often cannot be determ ined, the 
species accum ulation curves may not necessarily reach 
asymptotic values. As sampling area is increased so is 
the num ber of slightly different patches. Colwell & 
Coddington (1994) suggested that for terrestrial stud
ies as few as 12 samples would enable a useful Chao2 
estimate. Differences betw een  m arine and terrestrial 
studies may result from methodology and w hat consti
tutes a sample in the respective environm ents (Pater
son et al. 1998). The Chao2 m ethod is based on the 
total num ber of species observed in addition to the 
frequency of occurrence of uniques and duplicates. In 
this study 47 species w ere uniques and 18 w ere dupli
cates, and this group of 65 restricted-range species 
comprised a significant fraction of the benthos (37%). 
The fact that species of low abundance at any 1 site, 
regardless of the num ber of sites at w hich they occur, 
have a low probability of being recorded because they 
are more difficult to detect (Brown 1984, Gaston 1994) 
may distort the results. With insufficient sam pling in 
tensity, species may appear to occur at fewer sites or 
have lower abundance.

The most species-rich sites contained significantly 
more rare species, w ith regard  to both range size and 
abundance. From terrestrial studies there is also evi
dence that areas of high species richness are those rich 
in restricted-range species, thus supporting argum ents 
for conservation of species-rich habitats (Thomas & 
Mallorie 1985, Kerr 1997). However, this assumption 
does not always hold either in terrestrial (Prendergast 
et al. 1993) or in m arine systems (Schlacher et al. 1998). 
Therefore, a strategy based on the selection of a lim 
ited num ber of species-rich areas does not guarantee 
effective conservation of rare species because a large 
proportion of them  might occur outside the species- 
rich areas. The finding, in this study, of a positive re la 
tion betw een range size and local abundance holds for 
many different groups of species over a variety of spa
tial scales and appears to be general (Brown 1984). 
According to Brown (1984) it is highly unlikely that all 
areas are equally favourable for all species, and th e re 
fore it is more realistic to assume that the differences in 
abundance and spatial distribution are primarily the 
result of different requirem ents and tolerances. How
ever, any correlation betw een range size and abun
dance should be treated  cautiously because a possible 
explanation for this pattern  is undersam pling of rare 
species.

Polychaetes were the most common taxonomic group 
and had  the highest proportion of w idespread species. 
Crustaceans w ere more restricted in their distribution 
(i.e. had  smaller range sizes) than the other dom inant 
taxonomic groups, and molluscs w ere more restricted

than polychaetes. The fact that m any crustaceans are 
mobile, and hence may be undersam pled because they 
are able to move away from the grab, may distort the 
result. Echinoderms w ere represen ted  by only 8 spe
cies, and are therefore not given m uch w eight in the 
following discussions. In summary, common species 
w ere widely spatially distributed, while species of low 
abundance had strongly com pressed range sizes. The 
num ber of rare species was positively correlated with 
species richness. As the distribution of species varied 
betw een the dom inant taxonomic groups more than  1 
group should be studied in a system.

Beta diversity — a component of biodiversity

Alpha and beta diversity m easure together the over
all diversity or biotic heterogeneity  of an area (Wilson & 
Shmida 1984). Since ß diversity is y divided by a  (Whit
taker 1960) or alternatively y minus a  (Loreau 2000) we 
also need  y diversity. Local richness and biotic differ
ences are positive components of biodiversity, w hereas 
biotic similarity is negatively related  to overall biodi
versity (Colwell & Coddington 1994). Wilson & Shmida 
(1984) state that ßw is perhaps the most widely used 
m easure of ß diversity. In the present study the overall 
ßw varied betw een the dom inant taxonomic groups and 
was highest for crustaceans, followed by molluscs and 
polychaetes. The findings that crustaceans and mol
luscs also had higher relative proportions of unique 
species than polychaetes suggests that ß diversity m ea
sures are highest in those taxonomic groups w ith the 
highest proportion of restricted-range species. How
ever, the few echinoderm s recorded in this study are an 
exception to this suggested relation.

The num ber of shared species and the com plem en
tarity w ere independent of spatial scale, w hereas Bray- 
Curtis similarity was a function of spatial arrangem ent. 
In these m easures the identities of the species is taken 
into account, in contrast to the ßw m easure. Distance 
betw een sites may be associated w ith differences in 
environm ental variables, confounding the in terpreta
tion of distance effects (Harrison et al. 1992), but in this 
study the habitat was uniform. There was a general 
agreem ent among these 3 m easures that ß diversity in 
the area was relatively low to m oderate.

The com plem entarity of 2 samples can be overesti
m ated and the num ber of shared species underesti
m ated because an undersam pled species tends to occur 
in fewer samples than it should (Colwell & Coddington 
1994). Schlacher et al. (1998) found in a study of m ac
robenthos in a coral lagoon that the num ber of shared 
species betw een all pairw ise perm utations of sites was 
low (i.e. high ß diversity), but w eakly correlated with 
distance. In a study of polychaetes in the Atlantic and
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Pacific Paterson et al. (1998) showed that change in fau
nal composition (species turnover) is related  to d is
tance. However, the num ber of published studies that 
have explored any patterns in ß diversity is small 
(Gaston & Williams 1996), and interactions betw een ß 
diversity-distance and ß diversity-habitat change are 
ecologically interesting, but no generalisations have 
been derived as yet (Harrison et al. 1992). To sum 
marise, studies of ß diversity gave information addi
tional to local species richness and estim ates of total 
species richness. The ßw varied am ong the dom inant 
taxonomic groups and was highest for crustaceans, 
which had a high proportion of restricted range species. 
The multivariate m easure of ß diversity, the Bray-Curtis 
similarity, was most sensitive to community differences 
betw een sites w ithin the single habitat type.

Faunal pattern and variability and the importance 
of spatial scales

Universal definitions of local and regional scales do 
not exist, and according to Harrison et al. (1992) the 
choice is entirely arbitrary. However, the scale of the 
local habitat depends on the taxon in question and 
generally increases for taxa having larger body sizes 
and w ider home ranges (Cornell & Lawton 1992). G as
ton (1994) defined local scale as 'a  small area of hom o
geneous habitat' and regional scale as 'an  area large 
enough to em brace m any habitats, but not so large as 
to encom pass the geographic ranges of a significant 
proportion of the species in an assem blage'. Defining 
w hat is a habitat in soft sedim ents is not a simple task, 
and in addition no habitat is truly hom ogeneous (Col
well & Coddington 1994). In the present study the sed
iment grain size and depth  w ere rather uniform over 
the whole area and I regard  this as a single habitat. 
Thrush et al. (1997a) considered 3 separate com po
nents of scale: 'grain', the area of an individual sample; 
'lag', the intersam ple distance; and 'extent', the total 
area over which samples w ere collected. In the present 
study I used a site as local scale and the whole study 
area as regional scale, corresponding to grain and 
extent, respectively.

The spacing betw een replicates in soft-sediment 
studies is generally in the order of a few meters, but the 
actual distance is often unknow n and varies w ith w ater 
depth  and w ater movements. The replicates do not 
necessarily come from the same type of patch because 
of small-scale spatial variation. A single grab, covering 
only 0.1 m2, is known to sample only a small fraction of 
the species at a site. Thus, neither local species rich
ness nor diversity can be estim ated from a single grab. 
Therefore, da ta  from 5 grabs pooled together w ere 
used to give a more m eaningful m easure of local scale

biodiversity. Harrison et al. (1992) used 2500 km2 as a 
local scale at w hich they m easured a  diversity, yet 
following W hittaker (1960) a  diversity was described 
over a scale of only a few m 2 in the present study (i.e. 
1 sample or site). As the ecological processes that 
affect these 2 scales must be different (Gray 2000), the 
pattern  and variability will also be different.

According to Levin (1992) there is no single correct 
scale at w hich ecosystems should be described. How
ever, it is difficult to scale up from the results of small- 
scale surveys to conclusions that are relevant to eco
logical patterns and processes at larger spatial scales 
(Thrush & Warwick 1997). Cross-scale studies are crit
ical to complement more traditional studies carried out 
on narrow  single scales (Levin 1992). M ore care is 
needed  in the selection of appropriate spatial scales for 
sam pling before conclusions about differences in fau
nal pattern  from one place to another can be reached 
(Morrisey et al. 1992). Furtherm ore, a comparison of 
only a few samples may be insufficient in a study of 
latitudinal gradients in the marine system (Gray 2000). 
In this study the Bray-Curtis similarity betw een sam 
ples (i.e. sum of 5 grabs) was highest at the local scale 
and lowest at the regional scale. The biotic variability 
betw een sites was lower at interm ediate than at the 
regional scale. Thus, the faunal pattern  and variability 
changed with scales. However, the southernm ost sites 
w ere more dissimilar to each other than the sites in the 
northern part. Thus, the faunal pattern  changed across 
space in the study area, despite the uniform habitat. In 
summary, the m easurem ent and assessm ent of marine 
biodiversity depend  on spatial scale, and a comparison 
of only a few sites betw een areas is insufficient. The 
know ledge of community diversity and differences 
w ithin a single habitat type is needed  to differentiate 
am ong habitats.
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