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Abstract 

Local diversity (alpha diversity) of macrobenthos in tropical, temperate and arctic soft-

bottom regions was investigated. Macrobenthos are here defined as animals retained on 

a1mm sieve. Species abundance data from the Pechora Sea (arctic), the Oslofjord 

(temperate) and Espiritu Santo (tropical) were used in the analyses. Six sites were selected in 

each of the three regions and the depth ranged from 11 m to 94 m. The Pechora Sea had the 

highest species richness with 182 taxa, followed by Espiritu Santo (170 taxa) and the 

Oslofjord (80 taxa). Polychaeta was the most abundant group and had the highest number of 

taxa in all three regions. The multivariate methods revealed differences in composition of 

fauna at family level between the three regions probably due to geographical position. 

Espiritu Santo had the highest species diversity (measured as 1/ Simpson) and greatest 

evenness (measured as J´), followed by the Pechora Sea and the Oslofjord. Espiritu Santo 

and the Pechora Sea were not statistical different from each other when diversity was 

measured as species richness (S) and Shannon-Wiener (ExpH´). The Oslofjord had lowest 

diversity for all indices applied. The heterogeneity indices applied gave additional 

information than what could be obtained by species richness alone. The results clearly 

illustrated that applying species richness as an only measure of diversity had limited value. 

Espiritu Santo had highest “true” species richness (measured as Chao 1) followed by the 

Pechora Sea and the Oslofjord. The curve for Espiritu Santo differed from the Pechora Sea 

and the Oslofjord by being steeper indicating that a greater sampling effort is needed for 

adequately sample all the species in this region. In all three regions species abundances were 

strongly right skewed, and most of the species were found within the two first bins. Espiritu 

Santo had highest number of singletons and few species occurred with more than 15 

individuals. This study revealed differences in local diversity between tropical, temperate 

and arctic coastal, soft-bottom regions. As predicted, highest diversity was observed in 

Espiritu Santo. Lowest species richness and species diversity were found in the Oslofjord 

probably due to physical conditions that exist there. In addition nutrient loading from the 

land and limited water exchange may have a great effect on the composition of fauna. The 

high species richness and diversity observed in the Pechora Sea indicate that a simple 

latitudinal gradient may not exist for soft-bottom benthic fauna. 
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1. Introduction 

The latitudinal gradient has been one of the most studied patterns of biodiversity for the last 

two centuries (Hillebrand, 2004). Latitudinal gradients describe an increase in species 

richness from higher to lower latitudes (Gaston, 2000). Terrestrial habitats show a marked 

decrease in species richness, for a number of taxonomic groups, while moving from low to 

high latitudes (Gaston, 2000; Gaston, 2007). Species richness is defined as number of species 

in a given area (Magurran, 2004). Much work concerning latitudinal gradients has been 

centred on terrestrial ecosystems and it follows that these systems have been better described 

than marine systems (Clarke & Crame, 1997).  

The sea has been less sampled than terrestrial habitats, and few studies in attempt to explore 

the latitudinal patterns of biodiversity found in the sea are done (Clarke & Crame, 1997). It is 

difficult to make comparisons between existing studies since varying sampling effort and 

measures of diversity have been employed (Clarke & Crame, 1997; Clarke & Lidgard, 2000). 

In addition the studies are uneven in geographical precision and levels of taxonomic 

resolution (Clarke & Crame, 1997). Most of the existing studies have focused on one 

taxonomic group (Hillebrand, 2004). A single taxonomic group cannot represent the overall 

diversity patterns, and it is recommended to study more than one group in a system while 

exploring latitudinal patterns (Harrison et al., 1992).The marine environment, except the 

shallowest part, is difficult to access and as a consequence most of the sampling in the sea 

has taken place in coastal areas (Clarke & Crame, 1997; Clarke & Lidgard, 2000). In 

addition very few studies from tropical, marine environments exist compared to temperate 

latitudes (Clarke & Crame, 1997). Most sampling techniques are done blind by means of 

gear suspended from vessels (Gray, 1981).The sample collected covers only an extremely 

small fraction of the total area and only an estimate of the sampling effort needed to obtain 

reliable estimates of richness can be done (Ugland et al., 2003). 

 Explanations for the observed patterns of diversity found on land may not be applicable to 

marine systems (May, 1994). Constraints on dispersal to temperate climates seem common 

among terrestrial organisms, but this pattern is far less evident in the sea (Roy et al., 1996; 

Mittelbach et al., 2007). Barriers to dispersal are relatively weak in the sea, and many species 

may disperse over much broader ranges than on land (May, 1994). Many benthic species 



 7 

have pelagic larvae that are able to float in the water for days and months and this allows 

distant migrants to reshuffle patterns of local diversity (May, 1994)                                                                                                                                             

A latitudinal gradient in species richness has been observed for  shallow-water gastropods 

(Roy et al., 1996), bivalve molluscs (Roy et al., 1998; Crame, 2000; Roy et al., 2000; 

Valdovinos et al., 2003) bryozoans (Clarke & Lindgard, 2000), deep-sea benthos (Rex et 

al.,1993), epifaunal invertebrates (Witman et al., 2004) and pelagic taxa such as fish, 

Ostracoda, Decapoda and Euphausiids (Angel, 1997) . Studies of nematodes (Boucher & 

Lambshead, 1995) and benthic macrofauna (Kendall & Aschan, 1993; Ellingsen, 2001) 

provide no support for a latitudinal cline.  

The latitudinal gradient seems to be different in the northern and southern hemisphere 

(Crame, 2000; Gaston, 2000). Assuming that a simple and universal latitudinal gradient 

exists in the sea is probably unwarranted (Rex et al., 2005). The cline is probably not linear, 

but rather has regions for rapid change in species richness (Crame, 2000).  The gradient in 

the northern hemisphere is characterised by a peak at northern subtropical latitudes (15°N-

30°N), rather than at the equator (Roy et al., 1998; Clarke & Lindgard, 2000; Crame, 2000). 

Values of species richness decrease away from the peak at both lower and higher latitudes 

(Gaston, 2000, Rex et al., 2005). In the southern hemisphere the latitudinal gradient is less 

clear, and it appears to be a more complex pattern of inter-regional variation that what is 

found at equivalent latitudes in the northern hemisphere (Clarke & Lidgard, 2000; Crame, 

2000; Valdovinos et al., 2003). There is high variability of diversity within the tropical zone 

(Rex et al., 2005; Briggs, 2007). On the continental shelves biodiversity is concentrated in 

two different areas (Briggs, 2003; Briggs, 2007). One peak called IWP is found in the Indo-

West-Pacific Ocean. Within this peak is an area called the East Indies Triangle located 

(Briggs, 2007). The area is formed by the Philippines, the Malay Peninsula and New Guinea 

(Crame, 2000). The East Indies triangle is located at the junction between the Indian and the 

Pacific oceans (Briggs, 2007). Another peak called the EAS is found in the Atlantic located 

in the southern Caribbean Sea (Briggs, 2007). The IWP peak has the greatest diversity 

between the two of them (Briggs, 2007). There exist here more species of marine animals 

than anywhere else in the world (Rex et al., 2005). It seems like coastal areas of Australia 

form a distinct “hotspot” (Crame, 2000). Hotspots are a region with high concentrations of 

endemic species (Myers, 2000).The diversity that exists along the coast of Australia is higher 

than what is observed in other tropical regions (Gray, 2002; Rex et al., 2005). There is a 
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steep fall in diversity from the coastal areas of Australia into the Antarctic region (Crame 

2000; Rex et al., 2005). Such a pattern is not found at equivalent latitudes in the northern 

hemisphere (Crame, 2000).     

Latitudinal gradients have been regarded as being persistent through time (Rex et al., 2005). 

Present fossil records indicate that latitudinal gradients in the sea have steepened 

considerably through the latest Mesozoic and Cenozoic eras (Crame & Rosen, 2002). These 

eras were periods tropical areas occupied the greater part of the globe, except for warm-

temperate waters at the highest latitudes (Briggs, 2007; Mittelbach et al., 2007). At the same 

time most of the modern components of the Earth´s flora and fauna diversified (Briggs, 

2003). The diversification was concentrated in low-latitude and tropical regions (Crame & 

Rosen, 2002).The formation of the Indo-West-Pacific (IWP) and the Atlantic-Caribbean- 

East Pacific (ACEP) peaks started in these eras due to tectonic events (Crame &Rosen, 

2002). During the Mesozoic a fourfold increase in coral genera took place in the Indo-West-

Pacific (IWP) (Briggs, 2003). It seems like tropical fauna have increased in diversity at a 

higher rate the past 150 million years than fauna found at high- and polar latitudes (Crame, 

2002). 

There are several hypotheses proposed to explain latitudinal gradients in the sea (Roy et al., 

1998). The hypotheses are probably not mutually exclusive (Crame, 2000). It is likely that a 

combination of several factors is responsible for the latitudinal gradients observed (Gray, 

2001).  In the 1960s and 1970s latitudinal gradients in the sea were mainly explained in 

terms of biological interactions (Sanders, 1968; Gray, 2002). Communities were considered 

to be limited by species interactions, especially competition operating within the local 

community (Gray, 2002). These interactions were proposed to explain different patterns in 

species richness (Sanders, 1968; Ricklefs, 2004). Today the general view is that a strong 

correlation between regional and local species richness exists (Cornell & Karlson, 1996; 

Cornell & Karlson, 2000; Ricklefs, 2004; Witman et al., 2004). Local diversity seems to 

increase with regional diversity, and the regional species pool probably determines local 

scale richness (Loreau, 2000; Gray, 2002; Ricklefs, 2004). It appears that evolutionary 

mechanisms and history functioning on regional scales, rather than local scale processes are 

the key to understanding species richness patterns (Gray, 2001; Witman et al., 2004). Several 

marine studies show stronger latitudinal effects on regional spatial scales than on local 

spatial scales (Clarke & Lidgard, 2000; Hillebrand, 2004; Witman et al., 2004). 
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From an evolutionary point of view latitudinal gradients are explained through differences in 

origination and/or extinction and changes in geographical distribution of taxa over time 

(Jablonski et al., 2006). At present time most data are consistent with an “Out of the tropics” 

(OTT) model (Jablonski et al., 2006). The model assumes that taxa originate in the tropics 

and expand over time into higher latitudes without losing their initial tropical distributions 

(Jablonski et al., 2006). The theory does not exclude the possibility that speciation can occur 

outside the tropics rather it predicts that most species existing today belong to lineages that 

originated in the tropics (Jablonski et al., 2006). It follows that the older age of polar genera 

is not caused by in situ origination- extinction (Jablonski, 2006). The genera are rather a 

result of an accumulation of taxa that evolved in lower latitudes (Crame, 2000; Jablonski et 

al., 2006). The fossil record demonstrates that geologically younger taxa are found in the 

tropics (Jablonski et al., 2006). The average age of genera and families seems to decrease 

with decreasing latitude (Roy et al., 1996; Roy et al., 1998; Crame, 2000). Crame (2000) 

found that the steepest gradients in marine bivalves were in the youngest clades. The 

youngest clades most probably represent primary radiations that are spreading to higher 

latitudes (Crame, 2000).  Benthic communities in the Arctic Ocean are composed of a 

relatively young fauna (Margalef, 1977; Dunbar, 1989). The fauna contains few endemics 

and comprise mainly species of Pacific or Atlantic affinity (Dunbar, 1989). These features 

have been cited as evidence for that the arctic biota is not in equilibrium (Margalef, 1977).  

The time and area hypothesis proposes that tropical climates are older and historically larger 

(Chown & Gaston, 2000). Tropical environments had greater extent during the Mesozoic and 

early Cenozoic (Chown & Gaston, 2000). In addition the environments are older and have 

had a longer “effective time” to diversify (Chown & Gaston, 2000). It follows that diversity 

in the tropics has accumulated and been spreading to the outside over a longer time 

(Mittelbach et al., 2007).  Greater area and longer duration of tropical environments alone 

can probably not explain the latitudinal gradient (Mitterbach et al., 2007). Phylogenetic 

studies (study of relatedness) support the assertion that tropical environments have 

diversified at a higher rate than temperate and polar latitudes (Allan et al., 2006; Jablonski et 

al., 2006). The diversification rate hypothesis holds that tropical regions diversity faster due 

to higher rate of speciation (Crame, 2000; Allan et al., 2006; Jablonski et al., 2006). Chown 

& Gaston (2000) suggest that the higher speciation rate is an effect of greater area in the 

tropics. Other authors propose that warmer temperature, (Allen et al., 2006), a stable 
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production cycle (Clarke, 1988), higher species diversity (Briggs, 2007) or habitat 

heterogeneity (Crame, 2002) found at lower latitudes are responsible for the faster speciation 

rate. Paleontological studies (study of prehistoric life forms) show mixed results for 

latitudinal difference in extinction rates (Mittelbach et al., 2007) 

Corals might be a major determinant of the latitudinal gradient observed in the southern 

hemisphere (Crame, 2000; Rex et al., 2005). Regions of high diversity in the tropics lie in 

proximity to the distribution of coral reefs (Crame, 2000; Rex et al., 2005). Areas of highest 

diversity in the southern hemisphere are found in the IWP region and along the coast of 

Australia (Crame, 2000; Briggs, 2007). Both regions are situated in close proximity to the 

world´ s greatest concentration of coral reefs (Crame, 2000).  

Clarke (1988) suggests that the extreme seasonality of primary production in the polar region 

might constrain diversification. Productivity in the Arctic Ocean is very high for a short 

season, but nutrient transfer to the next trophic level is inefficient (Margalef, 1977). There 

appears to be a large wastage of primary products to the sea bottom (Clarke, 1988). In the 

tropics primary production is more or less continuous, and a stable production cycle could be 

responsible for the higher diversity observed there (Margalef, 1977; Clarke, 1988). Further, 

change in production cycle may explain the inflection in the gradients at 30°N (Taylor & 

Taylor, 1977). The primary production is continuous to the south of the boundary (30°N) and 

seasonally to the north of the boundary (30°N) (Taylor & Taylor, 1977).  

Average sea surface temperature can be responsible for the latitudinal gradient found in the 

sea (Gray, 2001; Mittelbach et al., 2007). Roy et al. (1998) found a strong correlation 

between gastropod fauna and sea water temperature in the northern hemisphere. Frasier and 

Currie (1996) showed that annual ocean temperature was the environmental variable that 

best could predict regional richness in corals. However, Valdovinos et al. ´s (2003) results, 

for shallow water molluscs along the Pacific South American shelf, were uncorrelated with 

ocean temperature. The pattern of molluscs at the northern end of the tropics was in fact 

steeper than accompanying latitudinal temperature gradient (Valdovinos et al., 2003). In 

addition current evidence does not find support for that increased temperature correlates 

strongly with species richness (Currie et al., 2004). Currie et al. (2004) showed that only the 

fraction of rare species increased when temperature increased (Currie et al., 2004).   
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Marine soft sediments comprise one of the largest and oldest habitats in the world (Gray, 

2001). Marine sediments are primarily derived from wind driven sediments or from biogenic 

material caused by plankton that sediment (Gray, 2002). Benthic fauna is extremely patchy in 

both distribution and abundance (Underwood & Chapman, 2005). The patchiness is caused 

by processes external to the assemblage such as disturbance and recruitment and these 

processes cause spatial variability of populations (Underwood & Chapman, 2005). In 

addition there is considerable variability in recruitment within patches of habitat (Underwood 

& Chapman, 2005). The variability is caused by the existing assemblage itself or by local 

environmental variation (Underwood & Chapman, 2005). The physical and biological 

processes found at local scales that influence recruitment are interactive (Underwood & 

Chapman, 2005). This makes recruitment extremely variable in space and time (Underwood 

& Chapman, 2005). A grab used to sample soft sediment covers 0.1m2 (Underwood & 

Chapman, 2005). A single grab is known to sample only a small fraction of the species at a 

site because of small scale, spatial variation (Ellingsen, 2001).The variability among grabs 

taken from a single site is known to be high and pooling of data across grabs is applied to 

even out the high variability among them (Ellingsen, 2001). Evening out the variability 

assures a more representative picture of the community structure at a site (Ellingsen, 2001).  

Soft-bottom benthic assemblages are characterised by being dominated by rare species (Gray 

et al., 2005). The observed pattern is likely due to the sampling problem faced by marine 

studies (Gray et al., 2005). It is only possible to sample a small fraction of the area and this 

makes it impossible to sample all the benthos existing within that area (Gray et al., 2005). In 

addition soft -bottom benthic assemblages are characterised by small-sized and relatively low 

biomass species that do not occupy the whole habitat space available (Gray et al., 2005). As 

a consequence these systems are open to constant immigration of rare species (Gray et al., 

2005). The structure observed in soft-bottom communities gives support that local dynamics 

are affected by dispersal of the regional species pool (Gray et al., 2005). 

Species richness is number of species in a given area (Magurran, 2004). The number of 

individuals per species varies in natural environments (Gray, 2000). It follows that applying 

only species richness as a measure of diversity does not describe the structure of a 

community (Gray, 2000; Magurran, 2004). Diversity indices, also referred as heterogeneity 

indices (Peet, 1974), encompass both the number of species and the proportional distribution 

of individuals among the species (Magurran, 2004). These methods are therefore 
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recommended (Gray 2000; Magurran, 2004). All heterogeneity indices must emphasise one 

or another component of diversity and the two components include either richness or 

evenness (Magurran, 2004). As a consequence more than one index should be applied while 

measuring diversity (Magurran 2004).  

During the last half century quantitative data have been available rather than semi-

quantitative data in soft-bottom ecology (Gray, 2001).Quantitative samples (involves an 

exact measure of volume) are taken with a grab, corer or box corer (Underwood & Chapman, 

2005). One important advantage is that quantitative data can be used to plot species 

accumulation curves (Gray, 2001). Species accumulation curves measure the number of new 

species that accumulate as increasingly larger areas are sampled (Colwell & Coddington, 

1994). Species accumulation curves are much preferred to rarefaction methods for predicting 

species richness and to comparing different samples (Gray, 1997). Rarefaction methods 

assume a random distribution of individuals and that dominance does not vary with 

increasing sample size (Gage & May, 1993; Gray, 1997). These assumptions do not apply to 

benthic datasets (Gray, 2002). Benthic fauna is patchy in both distribution and abundance 

(Underwood & Chapman, 2005). In addition dominance rather decreases with increasing 

sampling size (Gage & May, 1993; Gray, 1997). As a consequence rarefaction methods have 

a tendency to overestimate species richness when applied to soft-bottom datasets (Gray, 

2001).  Non-parametric methods that take into consideration the distribution of rare species 

have been developed (Colwell & Coddington, 1994). These methods are based on 

randomisation of all samples collected and assume homogeneity within the total area 

sampled (Colwell & Coddington, 1994).The nature of soft-bottom habitat is heterogeneous 

and homogeneity is rather an exception (Ugland et al., 2005). It follows that the non-

parametric methods have a tendency to underestimate species richness (Ugland & Gray, 

2005).  

 

1.1  Objectives of the investigation 

The aim of this study is to compare local species diversity and community structure of soft-

bottom macrobenthic assemblages in tropical, temperate and polar regions. Macrobenthic 
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fauna are here animals retained on a 1mm sieve. Local diversity comprises samples taken 

within a habitat (Gray, 2000). Local diversity is also referred as alpha diversity (Whittaker, 

1972). My samples are taken from the South Pacific Ocean along the coast of Espiritu Santo 

(tropics), the Oslofjord (temperate) and the Pechora Sea (arctic). Espiritu Santo is situated 

close to the East Indies Triangle and Australia (Figure 4). I predict that Espiritu Santo has 

higher species diversity than comparable regions at higher latitudes. Soft-bottom benthic 

assemblages are characterised by being dominated by rare species (Gray et al., 2005). This is 

probably due to the sampling problem faced by marine studies and that soft-bottom systems 

are constant open to immigration (Gray et al., 2005). I predict that rare species will dominate 

the samples taken from all three regions (Gaston, 1994; Gray et al., 2005). 

 

Table 1. An overview of hypotheses (H) and predictions (a-b) investigated.       

Hypotheses and predictions           

        H1. Species diversity is higher along the coast of Espiritu Santo. 

 

  a. Species diversity, measured as species richness, heterogeneity indices and evenness, will 

be higher in Espiritu Santo compared to the Pechora Sea and the Oslofjord. 

 

b. “True” (predicted) species richness, measured as species accumulation curves, will be 

higher in Espiritu Santo compared to the Pechora Sea and the Oslofjord. 

 

 

 

H2. The assemblages should be dominated by rare species in all three regions investigated. 
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2. Materials and methods  

2.1 Study areas 

2.1.1 The Pechora Sea  

The Pechora Sea is located to the Russian mainland in the south, the islands Novaya Zemlya 

to the north and Kolguyev to the west (Figure 1). The Pechora Sea is in effect an extension of 

the Barents Sea, and is found in the South-Eastern part (Midttun & Loeng, 1987). The 

Pechora Sea is quite shallow and average depth is 6 m and maximum depth is 210 m 

(Midttun & Loeng, 1987). The Pechora Sea is influenced by the relatively warm extension of 

the North Atlantic Current and the North Cape Current which carries water into the sea from 

the northwest (Midttun & Loeng, 1987). Almost the entire Pechora Sea is ice-covered from 

November until June, but the ice cover can vary considerably from year to year according to 

the annual variation of North Atlantic water influx (Lundhaug et al., 2001). The southern 

part of the Pechora Sea is influenced by coastal run-off, and the main river entering the sea is 

the Pechora (Midttun & Loeng, 1987).  
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Figure 1. First map: The Pechora Sea located on a worldmap, marked as sample area nr. 1. Second map: Sites 

sampled in the Pechora Sea. 

Novaya Semlya 

Kolguyev 

Russia 
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2.1.2 The Oslofjord  

The Oslofjord is divided into an outer part and inner part (Figure 2). The inner part of the 

fjord is separated from the outer part by the Drøbak sound (Figure 2).The sampling took 

place in an area called Steilene situated in the inner part of the fjord (Figure 3). The inner 

Oslofjord is a long narrow and deep basin with a maximum depth of 164 m (Baalsrud & 

Magnusson, 2002).The depth found at the Drøbak sound is only 27 m and water exchange 

between the outer and inner fjord is limited (Baalsrud & Magnusson, 2002).  The limited 

water exchange makes the Oslofjord vulnerable to nutrient loading from land and deeper 

water basins easily become anoxic (Baalsrud & Magnusson, 2002).   

 

 

Figure 2 (Rueness, 1974). Map over the Oslofjord (study area nr.2). The small map placed to the left 

represents the Oslofjord (inner- and outer part). The big map represents the inner Oslofjord.  
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Figure 3. First map: The Oslofjord located on a world map, marked as sample area nr. 2. Second map: Sites 

sampled in the Oslofjord. 
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2.1.3 Espiritu Santo  

SANTO 2006 is a scientific expedition organised by Muséum national d'Histoire naturelle, l'Institut 

de Recherche pour le développement and Pro-Natura International (www.santo2006.org).The 

expedition involved 160 scientists from 25 different countries (www.santo2006.org). The goal of the 

expedition Santo2006 has been to measure the marine biodiversity along the coast of the island 

Espiritu Santo belonging to the nation Vanuatu.  

Vanuatu is an archipelago located in Southern Pacific, 1750 km east of northern Australia and 

approximately 2500 km northeast of Sydney (Cillaurren et al., 2001). It lies 4500 km from Tahiti, 

500 km north-east of New Caledonia, 1000 km west of Fiji and 1000 km south of the Solomon 

Islands (Cillaurren et al., 2001).The nation Vanuatu consists of 83 islands, and Espiritu Santo is the 

largest island covering a surface area of 3955.5km2 (Cillaurren et al., 2001). Espiritu Santo is located 

close to the East Indies Triangle and the coast of Australia (Figure 4). There are three major currents 

that pass Vanuatu islands; the Southern Equatorial Counter Current, the South Equatorial Current 

and the Southern tropical Counter Current. In Vanuatu the surface waters are hot and nutrient-

deficient, but winds during the wintertime cause vertical turbulence which gives upwelling of 

nutrients (Cillaurren et al., 2001). There are no lagoons in Vanuatu and the islands are surrounded 

by fringing reefs (Cillaurren et al., 2001). Sampling took place on the northeast coast of Espiritu 

Santo (Figure 5). 

 

Figure 4 (Briggs, 2005). The map shows the East Indies Triangle. The triangle expands to Java and Sumatra in 

the southwest, Sabah and the Philippines in the northeast and Papua New Guinea in the southeast. Vanuatu is 

marked on the map. 

Islands of Vanuatu 
Australia 

http://www.mnhn.fr/
http://www.ird.fr/
http://www.ird.fr/
http://www.pronatura.org/fr
http://www.santo2006.org/
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Figure 5. First map: Espiritu Santo located on a world map,  marked as sample area nr. 3. Second map: Sites 

sampled in E. Santo. 
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2.2  Sampling 

Data from the Pechora Sea were extracted from the marBEF database. Salve Dahle 

(akvaplan-niva) gave authorization for using of the data. Details relating to the materials and 

methods are found in Dahle et al. (1998). Further information about sediment sampling and 

analyses are described in Smith et al. (1995).  

2.2.1  Field work 

In the Oslofjord sampling was carried out from the research vessel Trygve Braarud between 

08.01.07 and 10.01.07 and on the 03.03.07. In Espiritu Santo sampling took place between 

15.09.06 and 29.09.06 on the research vessel Alice. In the Pechora Sea sampling was carried 

out from the research vessel R/V Dalnie Zelentsie in July 1992 (see Dahle et al., 1998). 

2.2.2 Biological sampling 

Six sites were selected in each region and a total of 90 grabs were taken (Figure 1, 3 and 5). 

In Espiritu Santo site selection was restricted to accessible area. Six sites out of a total of 

fifteen were selected from the Pechora Sea (see Dahle et al., 1998). The selected sites had 

similar depth as sites sampled in the Oslofjord and Espiritu Santo. The depth for the three 

regions ranged from 11 m to 94 m (Table 2). 

 

Table 2. Depth (m) found at six selected sites in the Oslofjord, E. Santo and Pehcora. 

Oslofjord   E. Santo   Pechora   

Site Depth(m) Site Depth(m) Site Depth(m) 

1 94 7 60 13 74 

2 90 8 50 14 53 

3 50 9 47 15 16 

4 50 10 90 16 11 

5 17.6 11 16 17 88 

6 16.7 12 82 18 85 
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A Van Veen grab of 0.1m2 was used to sample macrobenthic fauna in the Oslofjord, Espiritu 

Santo and the Pechora Sea. The grab was lowered vertically from a stationary ship and a 

deposit sample of the surface area was taken (Eleftheriou & Moore, 2005). The Van Veen 

grab was received on deck at a sieving table. The sieving table is designed in such a way that 

the sampler can be emptied and the content washed through different sieves without loss of 

material. Each site was replicated 5 times, which gave a total of 90 samples. Grabs not 

completely filled were thrown overboard and a new grab was taken. In the Oslofjord and 

Espiritu Santo the grab was washed slowly, in small sections, through two sieves with mesh 

size 5mm and 1mm and the material was transferred into plastic containers after sieving 

(Eleftheriou & Moore, 2005). The plastic containers were labelled both outside and inside on 

waterproof paper and with a waterproof marker (Eleftheriou & Moore, 2005). In the Pechora 

Sea the samples were washed through a circular 1 mm round mesh- screen immersed in 

running water (see Dahle et al., 1998). In the Oslo fjord and the Pechora Sea formalin (4%) 

was used as a preservative and diluted with seawater before added to the containers (see 

Dahle et al., 1998; Eleftheriou & Moore, 2005). The dilution ratio was 1/9 of formalin to 8/9 

of seawater. In Espiritu Santo the containers were filled up with only pure sea water and 

living material was brought back to the laboratory and sorted the same day. In the Oslofjord 

Rose Bengal was put into the solution to facilitate later sorting in the laboratory (Eleftheriou 

& Moore, 2005). No more than half of each container was filled with material to make sure 

there was sufficient preservative present that could adequately mix through the content. The 

samples were reduced to a manageable size by sieving on the boat and taken to the laboratory 

for extraction of animals from the material.  

2.2.3 Sediment sampling          

A sediment sample was taken from the upper 5 cm of three grabs at each site in the Oslofjord 

(Simpson et al., 2005). In Espiritu Santo only one sample was taken at each station. The 

sediment sample was put into a plastic bag and labelled both outside and inside on 

waterproof paper and with a waterproof marker (Simpson et al., 2005). In the Oslofjord the 

samples could be stored outside on the boat due to the cold weather (below 0°C). The 

samples were placed and stored in the freezer immediately upon the return to the laboratory. 

In Espiritu Santo the samples were stored in a freezer on the boat (Simpson et al., 2005). All 

samples taken in Espiritu Santo were brought back to New Caledonia and analysed by 



 22 

Christophe Chevillon (wtfi CC). In the Pechora Sea one sediment sample was collected at 

four out of the six stations selected (see Smith et al., 1995).  

2.3 Treatment and sorting of the samples 

In Espiritu Santo living material was sorted under a light microscope (Wild M3) by 5 

different persons. For the Oslofjord and Pechora Sea the samples were stored and sorted in 

the laboratory later on (see Dahle et al., 1998). Since Formalin is a toxic compound each 

container was washed thoroughly with tap water, under ventilation, in a confined space (see 

Dahle et al.; Eleftheriou & Moore, 2005). The content was sieved with a mesh of 1 mm in 

order to eliminate most of the formalin, sediment and microfauna (see Dahle et al., 1998; 

Eleftheriou & Moore, 2005). In the Oslofjord and Espiritu Santo each container was divided 

in fractions and each one sorted at the time. One fraction after the other was put in a plastic 

tray and the content was hand-sorted under a light microscope (Wild M3). Animals were 

picked out with a forceps and put in glass jars after; Mollusca, Crustacea, Polychaeta and 

preserved in 70 % ethanol (C2H6). Animals destroyed during sampling and therefore not able 

to identify were thrown away.                                                                                                                  

2.4 Identification 

Fauna from Espiritu Santo, the Oslofjord and the Pechora Sea were identified down to lowest 

possible taxonomic level (see Dahle et al., 1998; Eleftheriou & Moore, 2005). Individuals 

collected in Espiritu Santo were generally not able to identify down to species level since 

species existing within this part of the tropical region have not been described. The 

individuals were instead divided into species A, B, C etc within each family or genus. The 

animals sampled in Espiritu Santo were identified by taxonomists at Le muséum national 

d´Histoire naturelle in Paris. The animals identified in Paris were molluscs (Bivalvia and 

Gastropoda) and crustaceans (Isopoda and Decapoda). Amphipoda and Ecnodermata were 

not identified at Le muséum national d´Histoire naturelle due to lack of taxonomists at the 

museum. Fauna from the Oslofjord and polychaetes collected in Espiritu Santo were counted 

and identified at the University of Oslo. A light microscope (Wild M3) and a microscope 

(Leitz 100x) were used for identification (Eleftheriou & Moore, 2005). The process was 
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carried out with the help of taxonomic keys (www.nhm.ac.uk) and books (Fauchald, 1977; 

Pleijel, 1993; Hartmann-Schröder, 1996).  

2.5 Sediment analysis           

The sediment collected in the Oslofjord was defrosted and after stirred until homogenized 

before grain size analysis (Somerfield et al., 2005). A fraction of the homogenized sediment 

was placed into of mesh of seize 63um and washed thoroughly (Somerfield et al., 2005). The 

sediment particles below 63um were dried 80°, weighted and percentage mud was calculated 

(Table 4) (Somerfield et al., 2005).  The plastic box were labelled after station and grab and 

then dried at 80°C (Somerfield et al., 2005). The sediment particles above 63um were wet 

sieved with pure water through sieves arranged after mesh size; 2000mm, and 1000mm, 

500mm, 250mm, 125mm, and 63mm (Somerfield et al., 2005). The sediment was then 

labelled after station, grab and mesh size and dried at 80°C (Somerfield et al., 2005).The dry 

sediment was weighted and median grain size (µm) (Folk & Ward, 1957) was calculated 

using the program Gradistat described in Blott & Pye (2001).  

Data for grain size (µm) was not available from the Pechora Sea and percentage mud was 

only available for four out of six sites (Table 4). 

2.6 Data analysis 

Faunal groups not properly sampled by the methods used such as nematodes, foraminifera 

and colonial groups (Porifera, Hydrozoa, and Bryozoa) were not included in the data analysis 

(Ellingsen, 2001). Pelagic crustaceans (Calanoida, Mysidacea, Hyperiidae, Euphausiacea) 

were also excluded (Ellingsen, 2001).                                        

 Data analyses were done on species abundance data pooled over 5 replicate grabs from 6 

different sites (Ellingsen, 2001). Five replicate grabs from a single site constitute point 

species diversity (Gray, 2001). Sample diversity corresponds to six sites sampled in each 

region at which local (alpha) diversity is described (Whittaker, 1972; Gray, 2001).   

The data were analyzed using both univariate and multivariate techniques. Species diversity 

was measured as species richness (S) and the two heterogeneity indices, Shannon-Wiener 
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index (H) and the Simpson´s index (D) were applied. Evenness was measured as J´. The 

exponentiated form (ExpH´) of the Shannon-Wiener index was used. The species diversity 

(ExpH´) for a given number of species has a maximum equal to S when all species are 

equally frequent in the community (Lande, 1996). Transforming the Shannon- Wiener index 

has the advantage of spreading the values out (Magurran, 2004). The ExpH´ is a measure of 

richness and is most affected by the species in the middle (Magurran, 2004). The reciprocal 

of Simpson´s index (1/D) was used as a measure of dominance (Magurran, 2004). The 

reciprocal of Simpson´s index (1/D) is heavily weighted towards the most abundant species 

in the sample and is less sensitive to richness than the Shannon index (Magurran, 2004). 

Equitability or evenness (J´) describes how even individuals are distributed among the 

species (Peet, 1974). J´ is based on the Shannon Wiener formula (Peet, 1974).  If follows 

from the above that if J=1 (or 100%), S=ExpH´=1/D, and when J<1; S> ExpH´>1/D. 

Moreover, the smaller J is (i.e. the greater dominance), the greater the difference between the 

numbers will be. A two-tailed T-was calculated by using the program R and applied for all 

univariate measures. 

A measure of community structure within the three regions was calculated using ordination 

by Nonmetric multidimensional scaling (NMDS) and hierarchical, agglomerative 

classification (CLUSTER) employing group-average linkage based on Bray-Curtis similarity 

(Clarke & Warwick, 2001). Family level was chosen as basis for the multivariate analyses 

since most of the individuals collected in Espiritu Santo could not be identified down to 

scientific species names. One way analysis of similarity (ANOSIM) was applied to test for 

differences in species assemblages (community structure) between the three regions (Clarke 

& Warwick, 2001). Significance was tested for using 999 permutations. Difference is 

measured as R and varies between 0 and 1. In case of 0, there are no difference between the 

E. Santo, the Oslofjord and Pechora. In case of 1, dissimilarities between E. Santo, the 

Oslofjord and the Pechora Sea are larger than any dissimilarity among samples within each 

region (Clarke & Warwick, 2001). 

All abundance data were square root transformed before multivariate methods were applied 

(Clarke & Warwick, 2001). The Plymouth Routines in Multivariate Ecological research 

(PRIMER) package, described in Clarke &Warwick (2001) was used for all multivariate 

analyses.  
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Species accumulation curves were calculated and the curves describe number of new species 

that accumulate as increasingly larger areas are sampled (Colwell & Coddington, 1994). 

“True” species richness measures how many species would be found in a larger set of 

samples from the same assemblage (Colwell and Coddington, 1994). The non-parametric 

method Chao 1 was applied to measure “true” species richness (Chao, 1987). The method 

uses species represented by one individual (singletons) and species represented by two 

individuals (doubletons)  to estimate number of missing species (Chao, 1987). The estimator 

is on the form Ŝ= Ssobs+ f1
2 / (2f2); Ŝ is predicted species richness; Ssobs is total of species 

observed in the samples pooled; f1 is singletons; f2 is doubletons (Chao, 1987). Expected 

species accumulation curves were calculated as Mao Tao (Colwell et al., 2004). The species 

accumulation curves were constructed using 50 randomizations without replacement. 

Colwell´s EstimateS software package was used for calculating the species accumulation 

curves: 

(http://viceroy.eeb.uconn.edu/EstimateS7Pages/EstS7UsersGuide/EstimateS7UsersGuide.ht

m)   

Species abundance distribution (SADs) describes the number (or fraction) of species 

represented by a give abundance (Gray et al., 2006). SADs were calculated using a modified 

variant of Preston (1948, 1962) original binning method (Table 3). 

Table 3. Species abundance distribution (SADs) calculated as a modified variant of Preston (1948, 1962) 

original binning method. Bin 1= number of species occurring with one individual per species.  Bin 2= number 

of species occurring with 1-2 individuals per species. Bin 3= number of species occurring with 3-7 individuals. 

Bin 4= number of species occurring 7- 15 individuals etc.  

Bin Individuals 

1 1 

2 2 to 3 

3 3 to 7 

4 7 to 15 

5 15 to 31 

6 31 to 63 

6 63 to 127 

8 127 to 255 

9 255 to 511 

 

 

http://viceroy.eeb.uconn.edu/EstimateS7Pages/EstS7UsersGuide/EstimateS7UsersGuide.htm
http://viceroy.eeb.uconn.edu/EstimateS7Pages/EstS7UsersGuide/EstimateS7UsersGuide.htm
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3. Results 

3.1 Environmental variables 

A description of depth and sediment characteristic for the three study areas are given in 

Table 4 and illustrated in Figure 6. The depth ranged from 11 m to 94 m in the three regions 

and average depth in the Oslofjord was 53 m ± 16 m (mean ±SD), in Espiritu Santo 57.5 m ± 

16 m (mean ±SD) and in the Pechora Sea 54.5±11 m (mean ±SD) (Figure 6). There was no 

statistical difference for depth between the regions (Figure 6). All three regions are classified 

as soft-bottom habitats (Table 4). In general, a finer sediment type is found in the Oslofjord 

compared to Espiritu Santo and the Pechora Sea (Table 4). Percentage mud and grain size 

was in the Oslofjord statistical different from Espiritu Santo and the Pechora Sea (P≤0.05; 

Figure 6). Data for % mud was, however, not available at two sites in the Pechora Sea and 

data for grain size was not available at any site (Table 4).  
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Table 4. Summary of depth and sediment characteristics (per 0.5 m2) taken at 6 sites in the Oslofjord, E. Santo 

and Pechora. Each site (1- 18) consists of 5 pooled grabs. Na= Data not available 

Site 

Depth 

(m) 

Type of 

sediment 

% 

Mud 

Grain size 

(µm) Area sampled (m2) 

The Oslofjord         Total: 3,0m2 

1 94 Mud 94.7 17 0.5m2 

2 90 Mud 98.5 16 0.5m2 

3 50 Mud 97.0 17 0.5m2 

4 50 Mud 95.4 17 0.5m2 

5 17.6 Mud 81.0 22 0.5m2 

6 16.7 Mud 97.2 17 0.5m2 

E. Santo         Total: 3,0m2 

7 60 Mud 68.2 51 0.5m2 

8 50 Mud 59.9 54 0.5m2 

9 47 Very fine sand 34.9 82 0.5m2 

10 90 Mud 53.0 58 0.5m2 

11 16 Very fine sand 24.4 95 0.5m2 

12 82 Mud 55.7 58 0.5m2 

Pechora         Total: 3,0m2 

13 74 Fine sand 12.0 Na 0.5m2 

14 53 Silt 51.0 Na 0.5m2 

15 16 Na Na Na 0.5m2 

16 11 Na Na Na 0.5m2 

17 88 Silt  57.0 Na 0.5m2 

18 85 Fine sand 9.0 Na 0.5m2 

 

Figure 6. A graphic illustration of the environmental variables given in Table 4. Standard box plot; the central 

box spans the 75 % quartiles. The error bars above and below the box indicate the 90th and 10th percentiles and 

the line in the box marks the median. Outlying points correspond to the smallest and largest observation.  
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3.2 Community structure 

The multivariate analyses demonstrated that the benthic communities in the three regions 

(Espiritu Santo, the Oslofjord, and the Pechora Sea) were distinct from each other (Figure 7 

and Figure 8). The NMDS ordination (Figure 7) and classification analysis (Figure 8) 

separated the sites from each other and clustered them together in three distinct groups 

according to region. Espiritu Santo split from the Oslofjord and the Pechora Sea at a 23% 

similarity level (Figure 8). The Pechora Sea and the Oslofjord separated from each other at a 

30% similarity level (Figure 8). All three regions were significant different from each other 

at a 0.1% level (ANOSIM R; Table 5). 

Family level was chosen as basis for the multivariate analyses since most of the individuals 

collected in Espiritu Santo could not be identified down to scientific species names.  

Table 5. One way ANOSIM pairwise test R statistic for comparison of benthic communities in the three 

regions. Significance tested for using 999 permutations. All pariwise comparisons were significant different 

(p<0.001). 

Pairwise Tests         R Significance       Actual 

Groups Statistic      Level % Permutations 

E. Santo & Oslofjord 0.88 0.1 999 

E. Santo & Pechora 0.97 0.1 999 

Oslofjord & Pechora 0.96 0.1 999 
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Region
E. Santo

Oslofjord

Pechora

2D Stress: 0.05

 

Figure 7.  Nonmetric multidimensional scaling (NMDS) ordination of 18 sites from three regions using Bray-

Curtis similarities on square root transformed abundance data (NMDS stress= 0.05). Each triangle or square 

represent one site. Green triangles=sites sampled in E. Santo; Blue triangles=sites sampled in Oslofjord; Light 

blue squares= sites sampled in Pechora.  
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Figure 8. Hierarchical, agglomerative clustering with group average linking of 18 sites from three regions 

using Bray-Curtis similarities on square root transformed abundance data. Symbols and colour codes as in 

Figure 7.   
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3.3  Species richness and abundance patterns 

The Pechora sea had the number of taxa with 182 taxa, followed by Espiritu Santo (170 taxa) 

and the Oslofjord (80 taxa) (Figure 9). Polychaeta was the most abundant taxonomic group 

in all three regions; comprising 55%, 76% and 41% of taxa for the Pechora Sea, the 

Oslofjord and Espiritu Santo respectively (Figure 9). Highest number of polychaetes and 

molluscs was found in the Pechora Sea (Figure 9). The highest number of crustaceans was 

found in Espiritu Santo (Figure 9). The Oslofjord had the lowest number of taxa and 

contained no taxa of crustaceans (Figure 9). The Oslofjord had also relatively few taxa of 

molluscs compared to the Pechora Sea and Espiritu Santo (Figure 9). 

The Pechora Sea had the highest abundance with a total of 5343 individuals and the highest 

abundance of polychaetes (4278) (Figure 10). In contrast Espiritu Santo had the lowest 

abundance with a total of 1347 individuals (Figure 10). In Espiritu Santo 1032 individuals of 

polychaetes, 172 individuals of molluscs and 143 individuals of crustaceans were found 

(Figure 10). In the Oslofjord a total of 3692 individuals were distributed on 2371 individuals 

of polychaetes and 1321 individuals of molluscs (Figure 10).  
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Figure 9. The bars show number-  and %  of taxa found in Pechora, Oslofjord and E. Santo 

 

Figure 10.The bars show abundance of Crustacea, Mollusca and Polychaeta found in Pechora, Oslofjord and 

E. Santo 
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3.4 Species diversity (S, H, D and J) 

Species diversity and equitability (J´) for the three regions is compared in Figure 11. The 

Pechora Sea had the highest species richness (S) followed by Espiritu Santo and the 

Oslofjord (Figure 11, upper left panel). Espiritu Santo had greatest diversity when 

considering ExpH´, 1/D and J´ (Figure 11, upper right panel, left and right lower panels). In 

contrast the Oslofjord had the lowest diversity for all indices (Figure 11). For species 

richness (S) Espiritu Santo and the Pechora Sea were not significantly different from each 

other (P≤0.11; Table 6). The species richness in the Oslofjord was significantly lower than 

the two other regions (P≤0.01; Table 6). When considering Shannon-Wiener (ExpH´´) 

Espiritu Santo and the Pechora Sea were not significantly different from each other 

(P≤0.008; Table 6). The Oslofjord was significantly different from the two other regions 

(P≤0.004; Table 6). For Simpson (1/D) the three regions were significantly different from 

each other (P≤0.003; Table 6). Espiritu Santo had significantly higher evenness than the two 

other regions (P≤0.005; Table 6).The evenness for the Oslofjord and the Pechora Sea did not 

differ significantly from each other (P≤ 0.17; Table 6).  

The polychaete Capitellidae C sampled in Espiritu Santo was not included in the analyses 

above. The diversity indices for Espiritu Santo were greatly reduced when Capitellidae C 

was included in the analyses due to very high abundance at two sites compared to other 

species recorded at these sites. The fact that ExpH´ captures only the abundance of species in 

the middle and Simpson the 2-3 most common species was taken into consideration when 

making this decision (Gray, 2000; Magurran, 2004).  

Table 6. Two-tailed t-test (90% significance and 10df) applied for species diversity and equitability in the 

Oslofjord, E. Santo and Pechora.  S: Number of species; ExpH´: the exponentiated form of the Shannon 

formula; 1/D: the reciprocal of Simpson index J´: equitability/evenness 

 Index S   ExpH´   1/D   J´   

 Statistic P t P t P t P t 

Oslofj & Pechora 0.002 -3.92  0.004 3.68  0.02 -2.71  0.17 -1.46  

Oslofj & E. Santo 0.01 2.94  0.0006 4.92  0.001 4.57  0.002 4.13  

E. Santo & Pechora 0.11 -1.73  0.08 1.91  0.03 2.53  0.005 3.56  
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Figure 11. Species diversity (S, H, D, J´) estimated for the Oslofjord, E. Santo and the Pechora Sea. Standard 

box plot as described in Figure 6.  
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3.5 Species accumulation curves (SACs)  

Espiritu Santo had the highest “true” species richness followed by the Pechora Sea and the 

Oslofjord (Figure 12, right panels).  

The Chao 1 estimate of “true” species richness in Espiritu Santo was 310 species (interval: 

246, 419) (Figure 12, upper right panel). The “true” species richness for the Pechora Sea was 

216 species (interval: 195, 263) (Figure 12, middle right panel).  The Chao 1 estimate of 

“true” richness for the Oslofjord was 90 species (interval: 84, 124) (Figure 12, lower right 

panel).  

The species accumulation curve for Espiritu Santo differed from the Oslofjord and the 

Pechora Sea by being steeper (Figure 12). It seems like the SACs calculated for Espiritu 

Santo lie farther away to reach an asymptote compared to the Pechora Sea and the Oslofjord 

(Figure 12). When using the singletons and doubletons to estimate the number of missing 

species (Chao 1) species richness increased with 45 % (170 to 310 species) in Espiritu Santo, 

14 % (180 to 216 species) in the Pechora Sea and 11 % (80 to 90 species) in the Oslofjord 

(Figure12). 

The accumulation of species was similar for the expected species accumulation curves (Mao 

Tao) (Figure 12; left panels) and the “true” species richness curves (Chao 1) (Figure 12; right 

Panels). The confidence intervals were less wide for the expected species accumulation 

curves (Mao Tao) (Figure 12, left panels).  
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Espiritu Santo 

 

Pechora Sea  

 

Oslofjord 

 

 

Figure 12. To the left: Expected species richness (Mao Tao) based on 50 randomisations with replacement for 

the Pehcora (180), E. Santo (170) and Oslofjord (80). To the right: Predicted species richness (Chao1) with 

95% confidence limits found in Pechora (220), E. Santo (310) and Oslofjord (90). Estimates are based on 50 

randomisations without replacement.  
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3.6 Species abundance distributions (SADs) 

The distribution among the species was strongly right skewed in all three regions and most 

species were found within the two first bins (Figure 13).  

Espiritu Santo had the highest number of singletons (83 species) (Figure 13 and Figure A1). 

Few species were recorded with more than 15 individuals and only three species had 

abundance higher than 127 individuals (Figure 13 and Figure A1). In the Pechora Sea 

number of species found within bin 2, 3, 4 and 5 varied little and the range spanned from 23-

31 species (Figure 13 and Figure A1). In the Oslofjord the species occurred with a more 

irregular distribution and a clear top at bin 4, 5 and 6 was observed (Figure 13 and Figure 

A1). The Oslofjord was the only region that contained taxa within bin 10 (511 to 1023 

individuals) (Figure 13 and Figure A1). The two taxa that were found within this bin were 

the polychaete Heteromastus filiformis and the bivalve Thyasira indet (Figure 13).  

See appendix (Figure A1) for a more detailed description.  
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Espiritu Santo 

 

Pechora Sea 

 

The Oslofjord  

 

Figure 13: Frequency of species distributed within modified log abundance classes (bins) in Pechora, 

Oslofjord and E. Santo respectively. X-axis:  Number of individuals found within bins. Bin 1= number of 

species occurring with one individual per species.  Bin 2= number of species occurring with 1-2 individuals per 

species. Bin 3= number of species occurring with 3-7 individuals. Bin 4= number of species occurring 7- 15 

individuals etc. Y -axis: Frequency of species. The Oslofjord is the only region that contains bin 10. Two taxa 

(bivalve Thyasira and the Polychaete Heteomastus filiformis) are found within this bin.  
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4. Discussion 

The clustering of the three regions into three distinct areas demonstrated clearly that different 

composition of fauna at family level exists in these regions (Figure 7, Figure 8 and Table 5). 

The regions sampled were classified as soft-bottom habitats, but lie at different latitudes. 

Temperate and arctic regions are geologically younger than tropical regions and this may 

have an effect on the faunal composition (Crame, 2000; Jablonski, 2006). In addition 

primary production differs within the regions and probably affects the composition of fauna. 

The production is more or less continuous and in phase with the zooplankton grazers at 

tropical latitudes and less production reach the seafloor (Warwick & Ruswahyuni, 1987; 

Clarke, 1988). A different pattern is observed in the Pechora Sea and the Oslofjord. Here 

primary production is seasonal and much of the spring bloom settles to the bottom before the 

zooplankton reach a population size that is able to graze it sufficiently (Margalef, 1977; 

Paache, 2001).  

Percentage mud and grain size in the Oslofjord was significantly different from the two other 

regions (Figure 6). Sediment characteristic is a major determinant for the composition of 

soft-bottom fauna and may explain the difference in fauna assemblages at family level found 

in the Oslofjord compared to the two other regions (Gray, 1981). In contrast no statistical 

difference in sediment characteristic was found between Espiritu Santo and the Pechora Sea, 

still the regions clustered into two distinct areas (Figure 7 and Figure 8).  

4.1 Species diversity (S, H, D and J) 

Species richness is number of species in a region and heterogeneity indices encompass both 

the number of species and the proportional distribution of individuals among species 

(Magurran, 2004).  The species diversity in the three regions was significant different from 

each other when measuring the reciprocal of Simpson index (1/D) (Figure 11). The 

reciprocal of Simpson index is a measure of dominance and captures the 2-3 most common 

species (Magurran, 2004). Espiritu Santo had the highest diversity, reflecting that two 

individuals selected at random along the coast of Espiritu Santo are much more likely to 

represent different species than two individuals selected in the Pechora Sea and the Oslofjord 
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(Peet, 1974). The high diversity, measured as 1/D, in Espiritu Santo was probably due to a 

distribution of most species within bin 1, 2, 3, 4 and 5 (Figure 13). In contrast the Pechora 

Sea contained five species with high dominance, thus had lower diversity than Espiritu Santo 

(Figure 13).  

The Oslofjord clearly had the lowest species richness and species diversity for all indices 

measured probably due to high dominance with the majority of individuals distributed on 

few species (Figure 13). This result coincides with results generally observed in estuarine 

ecosystems (McLusky & Elliot, 2004). Boucher et al. (1994) found similar results for 

nematodes when comparing diversity of different biotopes at temperate and tropical 

latitudes. They showed that the temperate, estuarine biotope had lowest diversity (Boucher et 

al., 1994). The low species richness and diversity observed in the Oslofjord can be explained 

by the severe physiological stress organisms in estuarine communities are exposed to 

(McLusky & Elliot, 2004). These communities are characterised by unpredictable physical 

conditions that fluctuate widely, and the communities normally have high abundance and 

low diversity as a consequence of the physical challenges existing within the habitat 

(McLusky & Elliot, 2004). The estuarine environment is also of recent past history and there 

has probably not been sufficient time for colonisation to occur from the regional species pool 

(Gray, 2002; McLusky & Elliot, 2004). In addition species have not had enough time to 

adapt to the harsh conditions existing within estuaries (Gray, 2002; McLusky & Elliot, 

2004). During the 20th century the inner Oslofjord has been exposed to municipal sewage 

discharges (Arnesen, 2001).The inner Oslofjord is highly vulnerable to nutrient loading since 

limiting water exchange between the basins often result in deep anoxic water layers 

(Baalsrud & Magnusson, 2002). These conditions make the Oslofjord a less pristine region 

compared to Espiritu Santo and the Pechora Sea and probably have a great effect on the 

fauna that exist there. 

The Pechora Sea and Espiritu Santo were not significantly different from each other when 

measuring ExpH´ (Figure 11). ExpH´ is a measure of species diversity, and the index is most 

affected by the species in the middle (Magurran, 2004). The species abundance distributions 

(SADs) reflected the same result as what was found by ExpH´. The SADs showed that the 

Pechora Sea and Espiritu Santo had similar distribution of the species in the middle; i.e. bin 

3, 4, 5 (Figure13).  
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High species richness, in macrobenthic fauna, has been reported from the Barents Sea by 

Kendall (1996) and Krøncke (1998). The Pechora Sea and Espiritu Santo had nearly the 

same amount of species, and the two regions were not significantly different from each other 

when measuring species richness (S) (Figure 11). Similar Kendall & Aschan (1993) did not 

find a difference in species richness for macrobenthos between tropical, temperate and polar 

soft-bottom regions. In addition Boucher et al. ´s (1994) showed that tropical fauna of 

marine nematodes had lower diversity than temperate nematodes. Kendall (1996) observed 

that muddy sand communities around Svalbard were no less diverse than comparable 

assemblages in the North Sea. Ellingsen & Gray (2001) found that the highest local richness, 

along the Norwegian continental shelf, was at the northernmost area. However, the steepness 

of the accumulation curve calculated for Espiritu Santo, the high number of rare species 

found in this region and the fact that Espiritu Santo has the highest “true” species richness 

should be taken into consideration. These results indicate that an extensive sampling effort is 

needed to assure a more representative picture of the community structure in this region 

(Paterson et al., 1998). A higher number of replicates probably would result in both higher 

species richness and species diversity (Gray, 2002). Still a simple latitudinal gradient may 

not exist for soft-bottom benthic fauna and probably a more complex pattern is likely to be 

found. The high species richness observed in the Pechora Sea surely underlines the 

importance of studying more than one taxonomic group in a system.                                        

4.2 Species accumulation curves (SACs) 

The highest peak of marine diversity worldwide is found in a region called the East Indies 

Triangle (Briggs, 2007).The region is situated at the junction between the Pacific and Indian 

Ocean (Briggs, 2005). The East Indies Triangle is proposed to function as an evolutionary 

centre for spreading (Briggs, 2007). In addition the coast along Australia is regarded as a 

“hotspot” for species diversity in the southern hemisphere (Crame, 2000; Gray, 2001).   

“True” (predicted) species richness was calculated through species accumulation curves 

(Chao 1). Species accumulation curves measure the number of new species that accumulate 

as increasingly larger areas are sampled (Colwell & Coddington, 1994). Chao 1 is based on 

the concept that rare species carry the most information about the number of missing species 

and uses the singletons and doubletons to account for missing species by extrapolation 
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(Chao, 1987). It follows that a high number of rare species sampled in a region equals a high 

number of species missed, and thus predicted species richness estimated by Chao 1 will be 

higher (Chao, 1987). Espiritu Santo had the highest “true” richness among the three 

communities (Figure 12). The accumulation curves for Espiritu Santo, the Oslofjord and the 

Pechora Sea showed no tendency to approach an asymptote. The observed pattern is the 

general rule (Gray, 2002). When larger areas are sampled additional new species are found 

(Gray, 2002). It is only possible to sample a very small fraction of the total area of sediment 

available and as a consequence an asymptote will in practise never be reached (Gray, 2002).  

The accumulation curve for Espiritu Santo differed from the accumulation curves for the 

Pechora Sea and the Oslofjord (Figure 12). The curve for Espiritu Santo was steeper and an 

asymptote was farther away to reach. The shape of the curve suggests that the coast along 

Espiritu Santo is highly heterogeneous (Ugland et al., 2003). In general an accumulation 

curve rises steeply first and then more slowly as the increasingly rare species are added 

(Colwell & Coddington, 1994). A major factor affecting the shape of species accumulation 

curves is how species are distributed over an area (Gray, 2002). The steep accumulation 

curve for Espiritu Santo is probably due to the large number of rare species; i.e. low 

abundance, range and/or occurrence (Ugland et al., 2005). The accumulation curve observed 

for Espiritu Santo shows that extensive sampling effort and a high number of replicates are 

needed (Paterson et al., 1998). Taking more replicates over larger regions could assure 

adequate sampling of all species (Paterson et al., 1998). The flatter curves for the Pechora 

Sea and the Oslofjord indicate that these habitats are less variable (Ugland et al., 2005). 

Since degree of homogeneity is related to the accumulation of new species less sampling 

effort may be needed for sampling the total number of species found in the Oslofjord and the 

Pechora Sea (Ugland et al., 2003).  

The results obtained contradict to what Kendall and Aschan (1993) found in a similar study. 

Kendall and Aschan (1993) compared tropical, temperate and arctic soft-bottom regions and 

found no difference in species richness between the regions. The results agree, however, with 

recent studies (Hillebrand, 2004). Hillebrand (2004) found a decrease in species richness for 

several marine phyla when moving from lower to higher latitudes. In addition higher species 

richness in tropical faunas has been reported for shallow-water gastropods (Roy et al., 1996; 

Roy et al., 1998), bivalve molluscs (Crame, 2000; Valdinonver et al.,  2003), bryozoans 

(Clarke & Lindgard, 2000), deep-sea benthos (Rex et al., 1993), epifaunal invertebrate 
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communities (Witman et al ., 2004) and pelagic taxa such as fish, Ostracoda, Decapoda and 

Euphausiids (Angel, 1997). These studies demonstrated a clear difference in species richness 

between tropical, temperate and polar samples.  

4.3 Species abundance range (SADs) 

In ecological samples most species are represented by a small number of individuals (Gaston, 

1994). Most of the individuals belong to a few abundant species (Gaston, 1994). It follows 

that the distribution among species is strongly right-skewed (Gaston, 1994) as was found for 

all three regions in this study. Gray et al. (2005) observed that the rare group of species in 

marine soft-bottom datasets was dominant at all spatial scales.  

The species abundance distribution for Espiritu Santo differed, however, from the two other 

regions. In Espiritu Santo nearly all species had a frequency between 1 and 2-3 individuals 

(Figure 13). There was a more even distribution of individuals in the Pechora Sea and the 

Oslofjord (Figure 13).The high frequency of rare species in Espiritu Santo can be an effect of 

sampling only a small fraction of a strongly patchy area (Gray et al., 2005). In addition 

Espiritu Santo had considerably less individuals than the two other regions (Figure 10). 

Lower abundance of soft-bottom macrobenthos in tropical samples, compared to samples 

from high latitudes, has been reported in an earlier study (Warwick & Ruswahyuni, 1987). 

Warwick & Ruswahyuni (1987) suggested that the low abundance could be an effect of less 

primary production reaching the bottom in the tropics.  

The Oslofjord had high abundance distributed on few species (Figure 9 and Figure 10). This 

is normally observed in communities of estuaries as a consequence of the physical challenges 

existing there (McLusky & Elliot, 2004).  Both moderately common species and common 

species will generally increase in abundance under organic enrichment (Gray & Pearson, 

1982). The Oslofjord had two very common taxa, the polychaete Heteromastus filiformis and 

the bivalve Thyasira indet (Figure 13). Heteromastus filiformis is known to be highly 

adapted to organic pollution due to reproduction strategy and short life-cycle (Gray, 1981). 

The bivalve Thyasira thrives in sediments with high organic content and is often found in 

polluted bottom sediments (Pearson, 1972). In addition species of Thyasira seem to have a 
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high tolerance for sediments with low oxygen conditions (Pearson, 1972; Dando et al., 

1994).  

4.4  Sampling bias 

Only a small fraction of the total area was sampled. Samples from the three regions were 

taken from 0,5m2 of sediment surface (Table 4). This limitation should be borne in mind 

when making conclusion about the results obtained.  

In addition the high variability, in species richness, existing at small local scales should be 

taken into consideration (Boucher & Lambshead, 1994; Clarke & Lidgard, 2000; Underwood 

& Chapman, 2005). The influence of local factors, such as recruitment and disturbance, 

could have an effect on the results (Clarke & Lidgard, 2000).  

A reliable estimate of species richness and species diversity can only be done if the extent of 

the habitat is measured and an adequate number of samples are taken (Gray, 2000). The coast 

along Espiritu Santo had greater patchiness than the Oslofjord and the Pechora Sea. High 

species richness combined with low densities was found in samples from Espiritu Santo 

(Figure 9 and Figure 10). It seems like more replicates taken over a larger extent of the 

habitat is needed along the coast of Espiritu Santo and greater sampling may give a more 

reliable picture of community structure found there (Paeterson et al., 1998; Gray, 2000; 

Gray, 2002).  

Non-parametric methods, as Chao1, take rare species into account (Colwell & Coddington, 

1994). These methods assume homogeneity within the total area sampled (Colwell & 

Coddington, 1994). The nature of soft-bottom habitats is heterogeneous and homogeneity is 

rather an exception (Ugland et al., 2005). It follows that Chao 1 has a tendency to 

underestimate “true” species richness (Ugland & Gray, 2004).  
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5. Conclusion 

Different composition of fauna at family level exists in the three regions probably due to 

geographical position. The Pechora Sea had highest species richness, but Espiritu Santo had 

highest diversity (measured as 1/D and J´) and highest “true” species richness (measured as 

Chao 1). In contrast the Oslofjord had lowest species richness and diversity probably due to 

the physical conditions that exist there. In addition nutrient loading from the land and limited 

water exchange probably have a great effect on the composition of fauna. The steep 

accumulation curve for Espiritu Santo illustrates that larger sampling effort is needed to 

obtain more reliable estimates of “true” species richness. A more extensive sampling effort 

will probably give both higher species richness and species diversity. The species 

accumulation curves from the Pechora Sea and Oslofjord, were flatter and these regions 

seem to be less variable compared to Espiritu Santo. All three communities were dominated 

by rare species and the distribution of abundance among the species was strongly right 

skewed.  
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Appendix-  Appendix 1: Species abundaunce range (SADs) 

Bin Individuals Frequency 

1 1 17 

2 2 to 3 17 

3 3 to 7 4 

4 7 to 15 12 

5 15 to 31 8 

6 31 to 63 12 

7 63 to 127 3 

8 127 to 255 2 

9 255 to 511 2 

10 511 to 1023 2 

 

Bin Individuals Frequency 
1 1 83 

2 2 to 3 38 
3 3 to 7 20 
4 7 to 15 12 
5 15 to 31 9 
6 31 to 63 5 
6 63 to 127 1 
8 127 to 255 1 

9 255 to 511 1 

 

 
    

Bin Individuals Frequency 

1 1 43 

2 2 to 3 29 

3 3 to 7 31 

4 7 to 15 24 

5 15 to 31 23 

6 31 to 63 14 

7 63 to 127 10 

8 127 to 255 6 

9 255 to 511 5 

   
    

Figure A 1. Species range distribution found in the Oslofjord, E. Santo and the Pechora Sea respectively. Bin 

1= number of species occurring with one individual per species.  Bin 2= number of species occurring with 1-2 

individuals per species. Bin 3= number of species occurring with 3-7 individuals. Bin 4= number of species 

occurring 7- 15 individuals etc. 


