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Abstract

In this thesis, several soutrces of variation which affect macrobenthic biodiversity was examined, in
addition to addressing the resulting implications for monitoring programmes in the Barents Sea. Marine
benthic biodiversity patterns at the time of sampling were examined across a range of scales, pre-
defined by the study design. The benthic distribution was examined in relation to characteristics of
organisms (e.g. functional groups) and environmental variation by multivariate analyses. Then the two
main sources of error in monitoring programmes were addressed, spatial variation and detection error,
e.g. the likely biodiversity in the Finnmark region IX at that time given that not all species and
individuals present were sampled. Hence, probable species richness and detectability in addition to
spatial variation was examined. Sources of bias and their importance for the statistical inference in the
current monitoring programme were discussed. Suggestions based on the results are provided for how
to develop a more robust monitoring programme, in order to separate the effects of confounded

variables on soft-sediment benthic fauna.



1 Introduction

1.1  Marin biodiversity patterns over a range of scales

Marine biodiversity patterns are controlled by a complex of biological, environmental and
anthropogenic factors operating at different temporal and spatial scales. It is difficult to explain the
driving forces behind observed patterns in soft-sediment macrobenthic fauna in a dynamic biotope
such as the Barents Sea. Usually, one is sampling remotely and blindly (Gray 2000). The high variability
of marine ecosystems at most scales, means that it is difficult, but all the more important to tease apart
the physical and biotic driving functions and to separate them from human impacts (Dayton ¢f a/.
2000). Faunal patterns and variability of soft-sediment macrobenthic faunas change with scales
(Ellingsen 2001). Thus the observed benthic biodiversity patterns will differ according to scale, and
under the influence of different sources of variation. In addition, the combined effects of several
sources of variation may produce different benthic patterns at localities. Deducing the causal link of a
mechanism in a marine system a posteriori would be impossible in most cases. Dayton ¢# a/. (2000)
stressed the fact that environmental and human impacts often are synergistic, and a clear separation
may not be possible, even when comparing disturbed to undisturbed reference sites. The term
biological diversity is applied here according to the Convention on Biological Diversity (Article 2,
CBD) “Biological diversity means the variability among living organisms from all sources including,
inter alia terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are

part; this includes diversity within species, between species and of ecosystems” (Magurran 2004).

The problem of scale, thus, also has fundamental applied importance. One principal question is how
marine biodiversity should be measured in a given latitudinal area or within a monitored area.
According to Levin (1992) there is no single natural scale at which ecological phenomena should be
studied; systems generally show characteristic variability on a range of spatial, temporal and
organizational scales. The concepts of scale and pattern are ineluctably intertwined. The description of
pattern is the description of variation, and the quantification of variation requires the determination of
scales (Hutchinson 1953; Denman & Powell 1984 in Levin 1992). Hence the study scale should be
specified when dealing with patterns of diversity (Gray 1997). This is why the chosen sampling design
should correspond with the aim of biological monitoring programmes, i.e. on which scale does the
patterns and processes we want to monitor occur? Monitoring is defined as the process of gathering
information about some system state variables at different points in time, for the purpose of assessing
system state and drawing inferences about changes in state over time. The systems of interest are
typically ecosystems or components of such systems, e.g. communities and populations, and the state

variables of interest include quantities such as species richness, species diversity, biomass and



population size (Yoccoz e al. 2001). Therefore the management decisions regarding chosen sampling
effort, spatial scale and sample allocation will affect the likelihood of detecting species present at the
time of sampling, in addition to affecting the likelihood of actually separating between effects from

different sources of variation.

1.2  The correlation between benthic variability and environmental
variation
Biodiversity patterns are correlated with environmental variables over a range of scales, from the
immediate surroundings of benthic organisms to large scales including different habitats. Whittaker
(1960 in Gray 1997) originally partitioned diversity into alpha, beta and gamma components. At small
scales, where species are presumed to interact and compete for limiting resources, the diversity is called
within-habitat or alpha diversity (Whittaker 1960, 1967 in Gray 1997). Beta diversity can be defined as
the variability in species composition among sampling units for a given area, by measuring the average
dissimilarity from individual observation units to their group centroid in multivariate space (Anderson ez
al. 2000). Thus, beta diversity is not a measurement of the number of species in different habitats in an
area (Gray 2000), nor is it biodiversity measured on an intermediate scale. At large scales, i.e. regional
scale, where evolutionary rather than ecological processes operate, the diversity is called gamma

diversity (y) (Gray 1997).

Different environmental variables influence the distribution of taxonomical groups to a varying degree.
Ellingsen (2001) found that polychaetes were the most common and widespread taxonomic group,
whereas crustaceans and echinoderms were more restricted in their distribution. In a multivariate
analysis based on Bray-Curtis similarities, Ellingsen & Gray (2002) found that faunal patterns were
more closely related to sorting and depth than latitude. Mollusks, followed by polychaetes, had the
highest correlation to environmental variables. In another study, sediment and latitudinal gradients had
a major effect on species composition and distribution of crustaceans, and sediment structure was

found to be most important (Stransky 2007).

In several studies, characteristics of benthic taxa have been examined in order to gain knowledge of the
ecological composition in the studied matine system (Brenke 2002; Buhl-Mortensen & Mortensen
2004; Weslawski ez a/. 2003). The classification of benthic organisms into functional groups based on
feeding modes, results in important ecological information regarding benthic distribution in relation to
environmental variability. On local and regional scales, the composition and origin of the benthic fauna
contains important information about the ecological processes in the monitored area (Brenke 2002).

For this purpose, a database of functional groups was constructed with feeding modes and the mobility



of organisms classified according to their assumed ability to leave a disturbed and unfavorable habitat

(see table A3.2).

1.3  Estimation of species richness and detectability

The likelihood of detecting a species in a given area is closely correlated with environmental
heterogeneity, abundance and chosen sampling scale. Since both the distribution and abundance of
species vary throughout the monitoring region, and the correct description of these patterns depends
on the chosen study design, errors are quickly introduced when monitoring biological diversity.
Therefore, the examination of total species richness and species detectability on differing scales in a
given area is in fact complementary problems, all essential considerations when designing a monitoring
programme. With respect to the question of how monitoring should be carried out, many existing
programmes either ignore or deal ineffectively with the two primary sources of variation in monitoring
data, spatial variation and detectability (Yoccoz ef al. 2001). Detectability is defined as the probability
that a member of a population of interest is detected during sampling. Detection error occurs because
few survey methods permit the detection of all species in surveyed areas. The error of spatial variation
in diversity estimation involves the inability to survey large areas entirely, resulting in a need to draw

inferences about large areas based on samples of locations within those areas (Yoccoz et al. 2001).

It is usually impossible with sampling, regardless of effort, to obtain a complete list of species present
in an area. Rare species have a low probability of being recorded, and thus their characterisation and
observed distribution is directly linked to sampling intensity (Brown 1984; Gaston 1994 in Colwell &
Coddington 1994). Even after intensive sampling, some species are only represented by one or two
individuals, commonly dubbed singletons or doubletons, or are detected in only one or two samples in
a replicated sample set, commonly dubbed uniques or duplicates (Colwell & Coddington 1994; Mao &
Colwell 2005). Enlarging the sample size yields additional individuals of these rare species and reveals
additional new species that now represent new singletons and doubletons or uniques and duplicates.
These are the workings of Preston’s demon, the moving “veil line” between detected and undetected
species as sample size increases (Preston 1948 in Mao & Colwell 2005). For habitats such as marine
sediments, one cannot expect to sample all the species. All that can be done is to estimate total species
richness and the sampling effort needed to obtain reliable estimates of this richness (Ugland e a/. 2003).
Does the species richness and detectability vary among areas? Does varying detectability and spatial

variation among areas affect the statistical inference?

So not only should biologists who design today’s monitoring programs separate and quantify the effects
on biodiversity patterns of the several confounding factors; spatial and temporal scales, varying

detectability and environmental variation. They should also account for the fact that several



anthropogenic factors influence the biodiversity of benthic fauna. In the present study area, Finnmark
region IX (Bakke ¢z al. 1999; Bakke ¢f al. 2001), the focus will be on three potential major sources of
variation affecting the benthic fauna in the monitored region; oil excavation and gas industry, bottom

trawling and predation by the red king crab (Paralithodes camtschaticus).

Olsgard and Gray (1995, in Gray ef a/. 1999) analyzed much of the data then available on the effects of
oil and gas exploration on the Norwegian continental shelf, and found that the effects on benthic
organisms to a radius of 3 km, i.e. ca. 30 km’, at a single field was a general pattern. Thus, the effects of
excavation are found adjacent to installations. Regional monitoring was introduced in 1996, and makes
it possible to examine the environmental effects of the offshore activities on a regional basis (Gray e7 a/.
1999). The sampling sites cover all the oil fields and in addition a number of general reference sites are
included. The purpose of these is to provide data for long-term changes such as those included by
climate change (Gray ¢t a/. 1999). The new monitoring systems makes it far easier to examine trends in
distribution patterns of fauna across the whole shelf and this provides knowledge of zoogeography and

long-term changes which were not possible previously (Gray e a/. 1999).

Dredging and bottom trawling are very destructive for the benthic fauna, but unfortunately few studies
have documented matine habitats before they were trawled (Thrush et al. 1995, 1998, in Dayton ¢f .
2000). The Finnmark region IX has a substantial amount of fishery activities (von Quillfeldt &
Dommasnes 2005). In addition, there is a large standing-stock of the invasive king crab in the

monitored region (Denisenko ez a/. 2008).

In every marine monitoring programme, one should consider effects from predation by an introduced
key-stone predator on benthic fauna, not to mention the resulting dynamical population fluctuations
between predator and prey. Introduced predators are assumed to have the largest effect on native
communities (Elton 1958; Lodge 1993; Ross ¢ @/. in Lindal Jorgensen 2005), yet numerous top
predators have been intentionally introduced for the purpose of fisheries establishment. Adult red king
crabs are opportunistic omnivores (Cunningham 1969 in Lindal-Jergensen 2005), feeding on the most
abundant benthic organisms. King crabs have a seasonally variable consumption of prey such as
bivalves and echinoderms (spring and summer in shallower waters ¢. 75-0 m) and polychaetes (autumn
and winter in deeper waters ¢ 200-300 m) (Lindal Jergensen 2005). Hence, king crab predation is an

unknown source of variation in the Finnmark region IX.

Since marine systems are complex and controlled by numerous factors, a full review of all potential
sources of variation in benthic biodiversity patterns is beyond the scope of this thesis. The aim,

therefore, is to address the chosen soutces of variation which affect the statistical inference of the



monitoring programme, e.g. will it be possible to separate and quantify the effects from various sources

of variation with the current study design?

First, it was examined if marine benthic biodiversity patterns at the time of sampling differed across the
range of scales pre-defined by the study design. In the second part, the benthic distribution was
examined in relation to characteristics of organisms (e.g. functional groups) and environmental variation
by multivariate analyses. In the third part, the implication of varying species richness and detectability in
addition to spatial variation was examined, e.g. the likely biodiversity at that time given that not all

species and individuals present were detected and sampled.

Sources of error and their importance for the statistical inference in monitoring programmes were
discussed. Suggestions based on the findings are provided for how to develop a more robust
monitoring programme, in order to separate the effects of confounded variables on soft-sediment
benthic fauna. The sampling design of the monitoring program will depend on the choice of error that
should be considered when estimating biological diversity. Obviously, the extent and strength of the

inferences drawn will vary depending on the design used (Yoccoz e al. 2001).

2 Methods

2.1 Site description and sampling

The quantitative monitoring survey Finnmark region IX was carried out over a spatial scale of c. 85 000
km?® in the Barents Sea adjacent to the coast of Finnmark, and the three sampled regions covered
roughly 11 862 km?’ (figure 1). The survey area is on the Northern part of the Norwegian continental
shelf and the latitude range is approximately 170 km from North to South (70°45' to 72°15' N),
whereas longitude spans approximately 500 km in a Eastern-western direction (17°00' to 32°10". The

study area inhabits water masses with coastal and Atlantic water masses (Denisenko e7 a/. 2008).

Benthic samples were collected from the Finnmark region IX on the Northern part of the continental
shelf prior to oil and gas excavation in May 1998 and June 2000, as part of a monitoring project of the
region that over time aims to discover potential negative effects due to oil and gas extraction. Thus, the
analyzed data in this paper is from the existing quality-controlled OLF Database, owned by the
Norwegian Oil Industry Association, on soft-sediment communities and sediment characteristics from

the Norwegian continental shelf.
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Figure 1 Map of sampled sites in 1998 and 2000 at the Finnmark region IX. The map was made in Telchart V

version 1,47B (CMAP 5130), and thereafter edited in Paint. The South-western area: sample 1-32. The

North-eastern area: sample 33-46. The North-western area: sample 47-55.
Biological, chemical and environmental samples were taken with a2 0.1 m” van Veen grab, 5 replicates
were taken on each site for the analyses of benthic biodiversity. The data set consists of data from 55
sites in total, 30 sites sampled in 1998 and 25 in 2000 (figure 1). Only two sites were sampled both
years, sample number 10 and 31, sample number 27 and 32. Use of the differential global positioning
system (GPS) in addition to the dynamical positional system onboard the research vessel, ensured that
site placement was within * 2 m accuracy from the planned position. Site water depth ranged from 154

to 371 m.

Biological samples were washed through a sieve with 1 mm mesh size, thus only macrobenthos
(organisms > 1 mm) were included in the survey. Then the organisms were fixed in formalin with
added Bengal pink, for later identification to lowest possible taxonomical level. For chemical analyses,
approximately 1 cm of the upper sediment layer was taken from three grabs on each site for analyses of
metals and hydrocarbons. Sub-samples to determine sediment characteristics were taken from the
upper 5 cm of 1 grab per site for analyses of sediment distribution (silt, clay, gravel and sand), kurtosis,
sediment median grain-size, sorting, skewness and total organic matter (TOM). Samples for estimation

of TOM were taken from three grabs per site.

2.2 Laboratory work and environmental variables

Later on in the laboratory, sediment characteristics were analyzed and determined. The gravel at size

2000-4000 pwm, was separated from the remainder sediment, and the cumulative percentage in weight
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per site determined. Then the percent distribution of sand and silt-clay was determined by a mechanical
separation of the sand fraction at size larger than 63 um, from the silt-clay fraction with size between 0
and 63 um. The remainder sand fractions were sieved on graded Wentworth sieves with different mesh
sizes, at the range 63-2000 um (Buchanan 1963). Afterwards the weights of all the fractions were
determined, and cumulative weight distribution computed in percentage for each site. Then,
calculations were done to determine values of kurtosis, skewness, sediment median grain-size and
sorting (see tables Al to A4). These must therefore be considered extrapolated environmental variables
(Bakke ez al. 2001). TOM was determined from sediment weigh loss after incineration (ignition loss) in
an oven, where the sediment weight loss after incineration constitutes TOM (view Bakke ¢z a/. 1999;
Bakke ¢ al. 2001 for additional information on sampling and analyses). Sediment characteristics varied
considerably throughout the survey area (silt-clay content 5.9-92.4 %; TOM 2.1-11.3 %,; gravel 0-30.9
%; for a full overview of environmental characteristics, see table A5). Sediments were more uniform in
the Eastern part of the area, with substratum primarily consistent of coarse silt to medium-clay (3.81 to
5.81, see table Al). The heterogeneous Western part had a patchy distribution with a mixture of sand,

gravel and clay.

The applied methods were in concordance with the guidelines for biological monitoring of offshore
installations set by the Norwegian Pollution Control Authority (NPCA, Norwegian abbreviation SFT,
1997) with the following exception of guideline 99:01: Placements of sites in an axe cross formation
adjacent to an oil or gas installation is routinely imposed by SFT. However, the exact locations of the
installations were not known at the time of the survey. Consequently a dispensation was given and the

sites were placed in a grid formation along longitudes and latitudes (Bakke ¢# a/ 2000).

According to the SFT guidelines, taxa unsuitable for sampling by the applied methods were excluded
from all data analyses (SFT, 1997). These taxa include (Newatoda, Foranminifera and Hydrozoa); colonial
and primarily hard bottom organisms (Porifera, Bryozoa), pelagic crustaceans (Calanoida, Mysidacea,
Hyperiidae, and Euphasiacea) and juvenile specimens. Some organisms were quantified, but not identified
to species level (Platybelminthes, Nemertini, Tanaidacea and Tunicata). Taxa within the material listed as both
one species (sp.) and many species (spp.) were pooled as spp. All taxa higher than species/genus level
were excluded prior to data analysis; eventually there were 550 species left. Additional eight species
which did not belong to the five main taxa examined were also removed (view appendix list Al) to ease
comparison between various analyses. Species were pooled from the five replicated grabs taken at each
site. In soft-sediment studies a single grab (sampling unit of 0.1 m?), samples only a small fraction of
the species at a site because of small scale variation (Ugland ef /. 2003). Pooling data across grabs evens

out the high variability among them and gives a more representative picture of the community structure
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at a site (Ellingsen 2002). The data analyses were primarily based on abundance or incidence. Hence

there were 542 species left in the modified data file, ready for data analysis.

Profile, i.e. the angle of the sea floor, was assessed as a potential environmental variable. Sample
placement were run in an Olex simulator (version 7.1) with a realistic 3D view of the seafloor
topography, which showed that sample placement had only minor variance as they were placed either

on flat substrate or on a gentle slope. Thus profile was excluded as a potential environmental variable.

Data on physical properties of the water masses (measurements of physical properties in water masses;
Conductivity, Temperature and Depth; referred to as CTD) with information on salinity and
temperature were not taken during the monitoring program. As a result, interpolated values were
modelled based on CTD data found in databases from the area around the time of sampling. Since
CTD’s were not taken during the survey, environmental variables such as salinity and temperature were
missing. To get an approximation of these two variables, they were modelled by linear interpolation in a
linear regression model. The model was based on information found in oceanographic databases from
the Finnmark region IX around the time of the surveys. Two databases were used; www.ices.dk and
www.noaa.nodc, in addition to files from the Marine Research Institute in Bergen. The search for
physical environmental data in the databases included data from May 15 to August 15 both years, thus
oceanography data from a period around the time of biological sampling was downloaded. It was
considered a trade-off between widening the search too much in time from biological sampling

moment, and not having enough data points to model the oceanography of the region properly.

The data were then modeled in the linear model to give an approximate value of the oceanography for
each site in the region. The final results were maps with approximate oceanographic properties by
linear interpolation of data base information (see figure Al and A2), in addition to approximate values
for the environmental variables salinity and temperature (see table A5). In summary, environmental
variables analysed were water depth, latitude, longitude, TOM, median grain-size, sorting (inclusive
standard deviation), skewness, kurtosis, silt-clay, sand, gravel and approximate values of salinity and

temperature. Average values of TOM were computed for each site based on three replicates.

2.3 Data analyses

2.3.1 Marine biodiversity pattern over a range of scales

Alpha diversity (o) is commonly measured as the number of species in a single sampling unit or at a
site. Species diversity includes two aspects (Gray 2000); the total number of species in a given area
(species richness) and the proportional abundances of the species (heterogeneity diversity). These

univariate measures can be measured over different scales; a single point, samples, large scales,
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biogeographical provinces and in assemblages and habitats. Based on the data from the Finnmark
region IX, species richness and abundance were examined over a range of different scales: sample
(which consists of 5 pooled replicates), within areas and between areas. The three examined areas were
the South-western area, sample 1 to 32, North-eastern area, sample 33 to 46, and the North-western
area, sample 47 to 55 (see figure 2). In order to avoid confounding between temporal and spatial
variation, only spatial variation was examined. The chosen univariate methods of heterogeneity diversity
were recommended in Gray (2000); Exp H’, where H’ is the Shannon-Wiener index, and 1/Simpson’s
index. The two heterogeneity diversity indices were also computed for the five dominant taxonomical

groups; polychaetes, mollusks, crustaceans, echinoderms and sipunculids.

2.3.2 The correlation between benthic variability and environmental variation

2.3.2.1 Beta diversity

Whittaker’s original measure of beta diversity (, = y/a& or ,,= (y/@) — 1) (Whittaker 1960; Whittaker
1972), the proportion by which a given area is richer than the average of samples within it, has been
one of the most frequently used measures of beta diversity (Koleff ez a/. 2003). Beta diversity, {3, can be
measured in many different ways (Koleff ¢ /. 2003; Magurran 2004) and at different scales. Beta
diversity may also be based on differences in species composition between sites measured by

dissimilarity (Legendre & Legendre 1998; Magurran 2004).

Beta diversity can be defined as the variability in species composition among sampling units for a given
area, and it can be measured as the average dissimilarity from individual observation units to their
group centroid in multivariate space (Anderson ef a/. 2006). This method was used in this thesis, and
has the added advantage over Whittaker’s original measure that it can be used to test for differences in
beta diversity among areas, through a multivariate test for homogeneity in dispersions. F-statistics was
calculated to compare the average distance of observation units to their group centroid for the applied
dissimilarity measure, and then p-values were obtained by permutation of least-squares residuals
(Anderson 2006). Tw incidence-based dissimilarity indices were chosen; Bray-Curtis and Jaccard. For
comparison, Chao’s abundance-based Jaccard and Chao’s bias-corrected dissimilarity was also
examined. In addition, Euclidean distances based on normalized environmental vatriables were
computed, in order to examine differences in species composition and environmental heterogeneity
directly. Spatial coordinates wete excluded as environmental variables in this analysis: “Note that what
concerns us here is the structure within groups — the test says nothing about potential differences in

location among groups in multivariate space” (Anderson ez a/. 2000).
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2.3.2.2 Multivariate analysis

The same five dominant taxonomical groups were analyzed in the multivariate analyses as in the
univariate analyses; polychaetes, mollusks, echinoderms, crustaceans and sipunculids. Explanatory
analyses were done to examine the associate pattern and possible correlations between the response
variables, which are the taxonomical groups. The scatter plot between the five groups showed non-
uniform associate patterns between the response variables (see figure A3.1) and a canonical
correspondence analysis was chosen. The scatter plot displayed a correlation for only two of the groups
(see figure A3.1), mollusks and polychaetes are positively correlated with a pairwise Spearman rank

value of 0.66 (see table A3.1).

In summary, environmental variables analysed were water depth, latitude, longitude, TOM, median
grain-size, sorting (inclusive standard deviation), skewness, kurtosis, silt-clay, sand, gravel and
approximate values of salinity and temperature (see table A5). However, some of the variables were
confounded. Scatter plots of all pairwise combinations of the environmental variables showed that the
associate pattern was correlated for some of these variables (see figure A3.2), and the Spearman rank

correlation gave values of almost 1 for the variable silt-clay combined with grain-size and sand.

Hence, a stepwise model selection by Akaike’s Information Criterion (AIC)(Ims & Yoccoz 20006) was
done in order to identify the best combination of parameters between response variables (all
taxonomical groups) and environmental variables, explaining the most of the variance while reducing
the numbers of confounded variables. The best fitted model included seven environmental variables;
temperature, sorting, skewness, grainsize, latitude, longitude, and depth. In addition, stepwise model
selection by AIC was also done for each taxonomical group. TOM was the most important
environmental variable for the sipunculids. Therefore, TOM was also included after verifying that the
variable was not confounded with any of the other chosen environmental variables. As a result, the
final number of environmental variables was eight. The environmental variables were standardized to
zero mean and unit variance in the CCA-analysis; this is done to obtain a common measurement scale
for data analyses in the multivariate analyses. Finally, the five dominant taxa (response variables), the
eight chosen environmental variables and spatial coordinates formed the basis of subsequent
multivariate analyses. In addition, the categorical variables from the functional groups and the
biogeographical classifications were included in the ordination. Spatial coordinates were not included in

the dendrogram (see figure 9).

Much of the information was summed up in a multivariate analysis with direct ordination by Canonical
Cortrelation Analysis (CCA), to explain the correlation between environmental variables and
biodiversity patterns. CCA begins with two data matrices, species and environmental data, and seeks

linear compounds which maximally reveal the joint or common structure of the two matrices (Austin

14



1976; Oksanen 2008). The purpose of ordination, beyond arrangements of ecological significance, is
that of science: Understanding — in this case, understanding the complex patterns of natural

communities in relation to environments that we see in the field (Austin 1976).

2.3.2.3 Functional groups

The classification of benthic organisms into functional groups was based on the work of Holte (1998)
and Fauchald & Jumars (1979). However, since the Finnmark region IX set consists of a wider range of
phyla, categories were added and modified to fit the wide taxonomical range of organisms sampled.
The different categories also had to be categorical variables, to accommodate the various data analyses.
Feeding categories were (1) subsurface detrivor (all types of deposit feeding carried out in a buried
state), (2) surface detrivor (all forms of deposit feeding on the seabed), (3) suspensivores (including
both organisms which filters, such as sponges, and organisms which primarily collects food from the
water masses with tentacles etc.), (4) carnivores (including scavengers, commensals, parasites and semi-
parasitic life forms) in addition to (5) omnivores. The omnivorous category consists of organisms with
a mixed diet consisting of detritus in addition to scavenging and/or commensally and/or predacious

feeding modes. See table A3.2 for the entire database with the functional groups.

Species which are both commensals and partially feed on the host were defined as omnivores if they eat
detritus in addition. But species which only use sponges etc. as a vantage point for more favorable
filtering were defined as suspensivores. Examples of this are the mollusk Heteronamia squamata and the
amphipod Gitana abysscola (Buhl-Mortensen & Mortensen 2005). These species are probably facultative
commensals, but are considered suspensivores, since they are primarily filter feeders which do not
depend upon a host for survival. The taxonomical groups also differ in terms of diversity in feeding
mechanisms. Most families of marine gastropods are trophically homogeneous (Taylor & Taylor 1977),
so feeding mechanisms described on the family level may be generalized to all family members. On the
other hand, amphipods are very diverse and feeding mechanism may differ within a family, therefore an
affirmed feeding mechanism desctibed on a genus level was preferred when ascribing taxa to a feeding

category.

Amphipods in the family Cresseidae are very small and often overlooked in samples, therefore
autecological literature is scarce. However, they share a strong resemblance in morphology with
Stenothoidae; because they both have narrowed and lengthened mouthparts. Both cresseids and
stenothoids are more chitinized than other amphipods and petfectly fused, adapted to strongly moved
biotopes, such as among algae or on locations with many sessile epibenthic organisms (KKrapp-Schickel
2005). There are discrepancies in regards to descriptions of feeding in Stenothoidae, with claims that for
instance Stenothoe brevicornis is an obligate commensal of the cnidatian Actinostola callosa (Vader & Krapp-

Schickel 1996). The evolutionary development of obligate commensal crustaceans in a highly dynamic
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biotope such as the Barents Sea is not likely. The Barents Sea is subject to not only high annual
variability in terms of physical properties and environmental factors (Ingvaldsen ez a/. 2002), but also a
variable biogeographical distribution of benthic organisms on a longer time scale in response to global
weather patterns. Thus the evolution of obligate commensal crustaceans in the Barents Sea is not an
evolutionary stable strategy, they would simply become extinct. These amphipods should be considered
facultative commensal, in addition to other known feeding modes such as grazing and surface deposit

feeding (Biernbaum 1979). Both Stenothoidae and Cresseidae are classified as omnivores in the database.

Amphipods in the family Lysianassidae can be either obligate scavengers or facultative scavengers, the
latter also feeds on detritus (De Broyer ef al. 2004; Klages ez a/. 2001). A transition to a detritus diet
from a carrion diet seems likely in this family (Enequist 1949). Hence, all the sampled lysianassids were
listed as omnivores due to their mixed diet consistent of both detritus and carrion. The only exception
was Anonyx sp, which is considered to be primarily a scavenger and known to feed extensively on

weakened animals as well (Klages ¢ a/. 2001; Steele & Steele 1993).

The two most difficult species to assign to a feeding guild were the isopods Lschnomesus bispinosus and
Dendrotion spinosum, since autecological information on deep-water fauna is scarce. When comparing the
diets of pelagic and benthic isopods in the deep sea, Wolff (1962) found that most benthic asellotans
have a mixed diet. They feed upon detritus, foranminiferans, phytoplankton, and scavenge and prey
upon other crustaceans, polychaetes, sponges and hydroids. Both Dendrotionidae and ILschnomesidae are
found primarily in the deep sea at depths greater than 200 m (Hessler & Thistle 1975). Ischnomesidae is
defined as an infaunal family, whereas Dendrotionidae is defined as an epibenthic family (Wilson &
Hessler 1987). Specimens of Ischnomesidae have shown some interest for carrion in captivity (Hessler &
Stromberg 1989), and have also been sampled with detritus in the intestines (Wolff 1962). Since
Dendrotion spinosum have been sampled on location with enormous quantities of sponges, it has been
theorized as to whether these isopods feed on sponges (Wolff 1962). As most benthic isopods are
closely associated to the seabed with limited mobility, omnivore feeding mechanisms seems plausible in
an oligotrophic environment such as the deep sea. Both species were assigned to the omnivorous

feeding category.

The organisms were further classified into three different groups in terms of mobility, (i) non-mobile
(sessile), (if) discretely mobile (limited mobility) and (iii) mobile (capable of leaving an unfavorable
location). Assigning organisms in diverse phyla to the same three mobility groups is not
straightforward, due to substantial variation in size and mobility range. A crustacean may be very
mobile compared to other small organisms, but when compared to considerably larger organisms such
as brittle stars, have a short mobility range. The three before-mentioned mobility categories were

considered the best solution in order to compare mobility over the diverse phyla.
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When it comes to the applied definitions on the organism’s movement, the term non-mobile includes
only sessile organisms assumed to stay on one locality during the entire adult lifespan. These organisms
will not be able to reposition themselves in response to disturbance. However, usage of the term is not
as straightforward as one might expect. There is still some uncertainty as to whether for instance some
polychaets, such as maldanids, have a limited form of mobility although they are considered sessile. The
tubes of tubicolous polychaetes are often very long compared to the length of the animal which
indicates that an apparently sessile, tubiculous polychaetes may in fact move slowly from one location
to another (Fauchald & Jumars 1979). Following the terminology in Fauchald & Jumars (1979), these

polychaetes were defined as non-mobile.

Discretely mobile organisms include those who burrows and move around in their immediate
surroundings, and which may reposition within the same location in response to disturbance. The
organism in the mobile category is considered capable of leaving an unfavorable location when needed.
However, organisms with full mobility or swimming capability for only parts of their life cycle were
classified as discretely mobile, since they are more dependent on the habitat and migration to a new
locality is more difficult. For instance, the amphipods ampeliscids and phoxocephalids were defined as

discretely mobile; they are more restricted to the sediment since only the adult males can swim

(Enequist 1949 in Stransky 2007).

2.3.3 Estimation of species richness and detectability

2.3.3.1 Detectability

The software CARE-2 was used to implement a class of discrete-time closed capture-recapture models,
developed by Chao (Chao & Yang 2003) to estimate population size. However, in recent years scientists
have used the CARE-2 to estimate species richness. In the context of estimating species richness, the
detections of species encountered at different sample locations are analogs of the captures and
recaptures of marked individuals at different sample times, hence names of a species served as an
individual mark (Dorazio & Jelks 2005). In this analysis, species is the equivalence of individual or
animals. CARE-2 incorporates the use of covariates such as environmental variables or characteristics

of a species.

In a closed capture-recapture model the underlying assumption is that there is no birth, death, or
migration so that the population size is constant over trapping times (Chao & Yang 2006). Obviously
this is not the case in three examined areas of the Finnmark region IX, as these areas are part of an
open marine system. Then again, since the sampling within each of the three areas was carried out over
a short period of time, one can assume that during sampling the variance coming from birth, death or

migration was negligible and therefore the capture-recapture models applicable. Dependence may be
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caused by local dependence, the so called list dependence, within each animal (species) or by
heterogeneity among animals (species). The capture intensity is allowed to vary with time, behavioral
response and heterogeneity. The heterogeneity effect is modeled as a function of observable covariates

but no assumptions regarding the time-varying function are made (Hwang & Chao 2002).

Detectability analyses were performed separately for the three areas, to examine whether various
characteristics (covariates) of organisms’ affect their catchability and if this differs between the three
monitored areas. The “individuals” (species) were heterogeneous in the sense that some were immobile
organisms whereas others were mobile, a proportion living infaunal versus epibenthic. Is there a higher
likelihood of sampling infaunal than epibenthic species? (Hypothesis H1). For the test of distribution in
relation to sediment, the data entry was set as 1 for infaunal organisms and 0 for epibenthic organisms
(betal). Is there a higher likelihood of sampling immobile organisms than mobile ones? (H2). For the
test of mobility, the data entry in CARE-2 was set as 1 for mobile organisms and 0 for non-mobile
organisms (beta2). In addition, abundance was transformed (In(x) +1) to fit the required input of the
software CARE-2 and entered to examine whether abundance affected captutre probabilities (beta3).
Does the abundance of species in the three areas affect the catchability differently in the examined
areasr It is assumed that the transformed abundance data functions as a continuous individual
covariate, such as weight in mammals, so that the associated transformed abundance data of each

species has an effect on the catchability.

2.3.3.2 Estimation of total species richness

Estimates of total species richness in the area was obtained by several methods; non-parametric
estimators Chao2 and ICE (Colwell 20006), a traditional extrapolation of species accumulation curve
(O'Dea ¢t al. 20006) in addition to the T-S method developed by (Ugland ¢# a/. 2003). This method
explicitly integrates the spatial heterogeneity of samples into the estimate of species richness for large

areas by grouping areas into subsets based on shared environmental characteristics (O'Dea e# a/. 2000).

First, a traditional standard species accumulation curve was made by randomizing samples until the
highest number of species was encountered, i.e. sampling with replacement. The curve was generated
by the method described in (Ugland e# a/. 2003), this analytical expression is synonymous with Sobs in
Colwell’s Estimates, but with no variance, that is mean among runs. The species accumulation curve
was extrapolated in order to estimate the species richness for a bigger area than sampled, by applying a
semi-log estimate of the cutve (O'Dea ez al. 2006; Ugland ez al. 2003). Thereafter the number of species
was regressed against the logarithm of samples. Subsequently, the logarithm of the number of samples
needed to cover three sampled areas was plotted into the regression equation to estimate true species

richness.
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In regards of the T-S projection, by applying the areal of the three different areas any patchiness in the
distribution among the areas was examined (an underlying assumption of heterogeneity between the
three regions, see figure 2). The species-area relationship and thus a new total-species curve (T-S curve)
was extrapolated to estimate the likely true species richness in the three areas at the time of sampling
(Ugland ez al. 2003). The size of the areas (m®) was obtained by using the Telchart mapping device to
calculate distances in nautical miles (based on datum WGS 84), and then convert the resulting numbers

to a metric scale.

1 : 3 000 000

Figure 2 Map of sampled sites in 1998 and 2000 at the Finnmark region IX. The map was made in Telchart V
version 1,47B (CMAP 51306), and thereafter edited in Paint. The South-western area: sample 1-32. The
North-eastern area: sample 33-46. The North-western area: sample 47-55. Green = the South-western
area, pink = North-eastern and blue= 47 to 55.

Following the terminology in Ugland e7 a/. (2003), two non-parametric estimators was applied to
estimate true species richness and then compare with the T-S curve, by using the EstimateS free
software with statistical estimation of species richness and shared species based on biotic sampling data
(Colwell 2006). The applied estimators of species richness were g, (total number of all species
recorded) and the non-parametric Chao2 estimator of true species richness (probable number of

species present at the time of sampling).
The Chao?2 estimator = ¢, + (Q,”/ 2Q,) (Equation 1)

Q, and Q, are the frequencies of uniques and duplicates. According to Colwell & Coddington (1994),
uniques are species found in one site, duplicates are species found in two sites, singletons are
represented by a single individual whereas doubletons are represented by two individuals. The resulting

species accumulation curves were based on means £ SD of 55 estimates based on 200 randomizations’
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of sample accumulatio n order (without replacement). The applied incidence-based coverage estimator,

ICE, focuses on species found in < 10 sampling units (Colwell 2000).

All the data analyses were primarily done in Excel and the free-computing statistical software R (R

Development Team 2009). As previously mentioned, CARE-2 and EstimateS were used to compute

detectability and estimate species richness, respectively.

3 Results

3.1 Marine biodiversity patterns over a range of scales

Local species richness or alpha diversity recorded in the Finnmark region IX varied noticeably (67 to

145, see figure 3 below), and the abundance even more so (1 to 1537, see figure 4 further down).

Sample 23, 33, 38 and 48 had a higher standard deviation than the remainder samples and displayed

more variance between replicates for each sample.
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Boxplot of species richness in each sample from a) SW area b) NW and NE areas (sample 33-46 and 47-
55, respectively). Horizontal bars are median, both ends of the boxes mark the 25/75 percentiles,
whiskers extend to 1.5 times box width (interquartile range), mild outliers (open circles) are between 1.5-3
times box width while extreme values (closed circles) are outside 3 times the box width.
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The abundance varied considerably between samples. Numbers were particularly low for sample 28 and
29 in the South-western area, whereas the sample 39 and 43 had the highest abundance. The South-
western area had the lowest abundance for pooled samples compared to the other areas, with 268 as
the highest value in sample five. The highest abundance in a sample was recorded in sample 39 (pooled

value of 308).
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Figure 4 Boxplot of abundance in each sample from a) SW area b) NW and NE areas (sample 33-46 and 47-55,
respectively). Horizontal bars are median, both ends of the boxes mark the 25/75 petcentiles, whiskers
extend to 1.5 times box width (interquartile range), mild outliers (open circles) are between 1.5-3 times
box width while extreme values (closed circles) are outside 3 times the box width.

Species richness and abundance showed different patterns in the Finnmark region IX. The species

richness was markedly higher in the South-western and North-western areas than in the North-eastern

area (see figure 5a) below). However, the abundance was highest in the North- eastern area and the

North-western area, and lowest in the South-western area (see figure 5b) below). There was most

variability within the South-western area.
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Figure 5 Species richness a) and abundance b) as modelled interpolations between stations in the software R.
Station placement is marked by black dots, and the three regions are encircled. This figure is based on an
interpolation, and the data between the data points are generated. Abbrevations: NW = North-western
area, SW= South-western area and NE = North-eastern area.

Species richness (S) and heterogeneity measures varied within and between areas. Values of
heterogeneity measures were highest for sample 3, 8 and 30 when computed with Shannon formula
(see figure 6b) below), sample 8, 23 and 30 had highest values when applying the reciprocal of Simpson
(see figure 6¢) below). In general, values were higher when applying Simpson’s measure of dominance
in the South-western area and the North-western area, than in the North-eastern area, which in turn
indicates the dominance of certain species in the North-eastern area when compared to the remainder

areas, values were particularly low in sample 41 and 44.
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Figure 6 Univariate measures of local community structure on all stations for the three examined regions; South-
western (SW), North-eastern (NE) and North-western (NW). a) Species richness. b) The exponential of
the Shannon formula (ExpH’). ¢) The reciprocal of Simpson’s index (1/Simpson).

Species richness and heterogeneity measures were examined for the five main benthic groups:
polychaetes, crustaceans, mollusks, echinoderms and sipunculids (see figure 7 below). Heterogeneity
diversity for the 5 dominant taxonomic groups varied more when computed with the reciprocal of
Simpson, compared to the plot of Shannon formula (see figure 7 below). Of the 5 dominant taxonomic
groups, polychaetes had the highest values of both species richness (see figure 7a below) and
heterogeneity diversity when the exponential of Shannon formula was applied (see figure 7b) below).

Interestingly, this was not the case in the heterogeneity diversity measure of dominance (see figure 7c

23



below). Crustaceans had the highest heterogeneity diversity values in the 1/Simpson plot (sample 27

and 29). The latter is due to low crustacean abundance evenly distributed between several species.
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Figure 7 Univariate measures of local community structure divided in the 5 dominant taxonomical groups on all

stations. a) Local species richness for the monitoring area. b) The exponential of the Shannon formula. c)
The reciprocal of Simpson’s index (1/Simpson). Abbreviations; Pol = Polychaeta, Cru = Crustacea, Mol
= Mollusca, Ech = Echinodermata and Sip = Sipuncula.
On average, heterogeneity diversity in the 1/Simpson plot was higher for polychaetes than crustaceans
and the other groups. However, Polychaetes had very low values on sample 41 and 44 (see figure 7¢),
explained by the dominance of Maldane sarsi and Lumibrinereis spp. in these two samples (sample 41 =
45%, sample 44 = 40%). A scatter plot with a pairwise comparison of the five groups in the Finnmark

region IX showed that polychaetes and molluscs are positively correlated in the region (see figure A3.1),
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which may indicate a similar distribution pattern in response to environmental characteristics. The two
applied heterogeneity measures (1/D and ExpH’) were strongly positively correlated with each other

although these are different aspects of univariate biodiversity analyses.

Table 1: The percentage of species richness and abundance of the five dominant taxonomical groups.

South-western area North-eastern area North-western area

Species Species Species

richness Abundance richness Abundance richness Abundance
Polychaeta 55.2 66.4 53.1 66.7 58.0 59.4
Mollusca 21.8 10.8 18.5 21.1 14.0 19.9
Crustacea 19.3 12.4 21.3 6.4 21.2 10.2
Sipuncula 2.0 7.8 4.4 5.4 3.8 7.5
Echinodermata 1.7 2.6 2.7 0.5 3.0 3.1

The North-eastern area had the highest abundance of both polychaetes and mollusks when compared
to the other two areas, but the abundance of crustaceans, sipunculids and echinoderms were markedly
lower (see table 1). The lowest species richness of polychaetes was found in the North-eastern atea, but
species richness of mollusks was higher than in the North-western area. In the North-western area,
echinoderms were most abundant and had highest species richness here when compared to the
remainder areas. Species richness of polychaetes was highest here. The South-western region had
markedly lower abundance of mollusks compared to the other groups. However, species richness was

highest for mollusks in this area.

3.2  The correlation between benthic variability and environmental
variation

3.2.1 Beta diversity

In concordance with the analyses in Anderson e¢# 4/ (20006) ; the null hypothesis of homogeneity in the
multivariate dispersions among areas were tested both for compositional and environmental data. For
the species composition, differences between areas were tested on the basis of the Serensen
dissimilarity measure. Subsequently, the null hypothesis of environmental homogeneity was tested by

computing Euclidean distances to group centroid on the basis of normalized environmental data.

The null hypothesis of homogeneity in compositional data among areas was rejected, since there were
significant differences among regions in biotic variability (see table 2 below). There was highest
variability in the South-western area, followed by the North-eastern area and then the North-western
area. The results from the test of environmental homogeneity mirrored the analysis of compositional
data, as there were statistically significant differences between all the three areas in concordance with

that found in the benthic fauna (see table 3 further down). In addition, the multivariate dispersion
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patterns of environmental variation among areas were similar, as the biggest area (South-western) had
the highest degree of variability, followed by the intermediate area (North-eastern), and then the North-
western area (see figure A3.1). But the results for the test of environmental homogeneity differed from
the test of homogeneity in biotic variability when it came to pairwise comparison between the North-
eastern and North-western areas. There was no statistically significant difference in environmental

heterogeneity between the North-western and North-eastern area (pairwise comparisons, P < 0.16,

table 2).

Table 2: The results of tests for homogeneity of multivariate dispersions based on several dissimilarity measures. Where
there was a statistically significant overall F-ratio comparing group (P < 0.05, Permutation test for homogeneity of
multivariate dispersions with permutations: 9999). Numbers 1-3 corresponds to the three areas; 1) South-western, 2) North-
eastern and 3) North-western. Underlining bars indicate groups that were not statistically significantly different.

Distance measure F P-value

Serensen 123 17.651 0.00071 %
Jaccard 123 40.624 0.0001***
Chao’s bias-corrected 123 19.911 0.0007#k*
Chao’s abundance-based Jaccard 123 18.896 0.0001***
Euclidean — normalized 123 12.606 0.00071 %

Thus three of the applied dissimilarity measures showed the same pattern among areas, namely
Serensen, Jaccard and Euclidean distances (see table A3.1). The biggest area sampled (SW) showed the
highest degree of variation, followed by the intermediate area (NE) and then the smallest area sampled
(NW). This pattern was also depicted when applying Whittaker’s beta diversity (By,) measure (see table
3); the South-western area had the most variability. In concordance with the results in Anderson et al
(20006), there was a general agreement in the rank order of measures of beta diversity, using Serensen,

Jaccard and By.

Table 3: Average species richness (), gamma diversity () and beta diversity (bw=(p/ &)-1).

Area a y Bw
South West (1-32) 100 455 3.5
North West (33-40) 84 226 1.7
North East (47-55) 111 237 1.1

However, although the patterns of multivariate dispersions in biotic data were similar, the results were
somewhat different when applying the bias-corrected version of Chao and the abundance-based
Jaccard. When applying the abundance-based Jaccard dissimilarity measure, the pattern was inverse
compared to those previously displayed. Whereas the incidence-based Jaccard measure showed the
greatest variability in the biggest area and then receded (see figure 8a below), the abundance-based

Jaccard showed the opposite (see figure 8b below).
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Figure 8 Boxplots of the multivariate dispersion to group centroid for the three areas. a) Jaccard; b) Chao’s
abundance-based Jaccard and c) the bias-corrected Chao.

The values were lowest for the South-western area, followed by the intermediate area North-eastern
area and with the highest degree of variability in the North-western area. This could be due to higher
and more variable abundance of the benthic fauna in the North-eastern and North-western area. The

bias-corrected version of Chao which accounts for unseen species in the samples showed the most
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variability in the South-western area, than followed by the North-western area and then the North-
castern area (see figure 8¢), a different pattern than previously shown for the other dissimilarity indices.
The lowest values computed for the North-eastern area was possibly due to more homogenous

environmental conditions there.

The unbalanced study design could have affected the observed dissimilarity patterns between areas.
Number of samples in the biggest area, the South-western one, amounted to a total of 32 samples,
whereas there were 14 samples in the North-eastern area and only nine in the North-western area. In
concordance with the data analysis in Anderson ez a/. (20006), the results from the Serensen dissimilarity

measure was regressed against the normalized environmental variables based on Euclidean distances.

The regression of biotic variables against the environmental data resulted in a high value of 0.98 for the
coefficient of determination (R?). In order to examine the importance of the unbalanced study design
on the observed pattern of multivariate dispersions in biotic data, the bias-corrected Chao dissimilarity
measure was regressed against the abundance-based Jaccard (this measure reduces the sample-size bias,
view Anderson ef a/ 2006 for further details). When the results from the three areas were regressed
against each other with a simple bivariate regression, the R? coefficient of determination was 0.92.
However, since there were only three data points in the regression, whether or not the unbalanced

study design was the driving force behind the observed patterns could not be resolved.

3.2.2 Multivariate analyses

In the cluster analysis based on chi-square distances for the dominant taxonomical groups, there were
several easily identified outliers markedly dissimilar from the rest of the samples (see figure 9a) below).
Sample 2, 18, and 55 are outliers markedly different from the remainder samples. Overall, the samples
from the North-eastern area is clustered together on the right side of the figure (sample 35 to 43),
whereas the samples from the two Western area are mote scattered, although samples 50, 51 and 52

from the North-western area are clustered together.
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Figure 9 Cluster analyses. a) Chi-square distances for the five dominant taxonomical groups in all samples;
polychaetes, mollusks, crustaceans, echinoderms and sipunculids. b) Euclidean distances for normalized
environmental variables in samples. The best subset of environmental variables excluding spatial
coordinates was chosen (view methods for details).

Regarding the cluster analysis of the environmental characteristics based on Euclidean distances,
sample 2 was an outlier in conformity with the chi-square distances on taxa (see figure 9b). Sample 2, 7
and 9 were outliers markedly dissimilar from the other samples. There was a considerable dissimilarity
among samples; samples were clustered together in three groups according to similarity. In
concordance with the dissimilarity of taxa, the samples from the North-eastern area were grouped
together on the right (sample 38 to 43). In addition, samples from the North-western area were

grouped together on the left (sample 52 to 51).
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Figure 10 Non-metric multidimensional scaling figures NMDS) in two dimensions (function isoNMDS in R),

which show the multidimensional distance between sampling samples according to group abundance. a)
All samples included. b) The outliers; sample 2, 11, 47 and 55 have been removed and the spread of the
samples are improved.

The non-metric multidimensional scaling (NMDS; figure 10) shows the distance between samples
according to species abundance and retained the total distance in the multidimensional sampling space
in the reduced dimension with a substantial amount of stress. The NMDS stress was relatively high,
with a value of 18.07. Hence, even though the NMDS retained the multidimensional relationship
between samples in a multidimensional space based on the five 5 pooled taxonomic groups, the high
stress value indicated a poor two-dimensional display of the high multidimensional variation in the data

set.

Polychaets ends up being localized centrally in figure 11 below, which is expected as this is the
dominant group in most of the samples. Thus the samples in the middle of the figure are mostly
dominated by polychaets, since they are placed adjacent to this group. However, a sample with all
groups present and with the same abundance would also be in the middle (Nigel Yoccoz, pers.
comm.)The size of the triangles indicates the weight of the groups when it comes to abundance, and the
big triangle of the polychaets shows the dominance of this group compared to the other groups. In
comparison, the echinoderms are the least abundant organisms in the samples and therefore placed in
the outskirts of the figure. Mollusks are the second dominating groups in terms of abundance, as
shown by the second largest triangle. The samples placed in between polychaets and mollusks are the
ones which are influenced by both groups. Interestingly, these samples are mostly found in the Nozth-
eastern area, with the exception of sample 41 and 44 which are placed between polychaetes and
sipunculids. So the samples from the North-eastern region are clustered together, which indicates a
more homogenous distribution, whereas the samples from the Western regions are scattered which in

turn points to higher heterogeneity.
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Figure 11 Correspondence analyses (CA) plot of the 5 taxonomical dominant groups in all samples; polychaets,

crustaceans, mollusks, echinoderms and sipunculids. Northeast samples are circled.

The outliers are placed in the outskirts of the CA plot (figure 11), and these are sample 11, 18 and 55.
Two more outliers were identified in the NMDS plot (sample 2 and 47, figure 10). The outlier seen in
the upper left corner of figure 11 (sample 55) is dominated by mollusks, sipunculids and polychaetes.
The outliers 2 and 11 appear to be primarily dominated by crustaceans rather than by echinoderms. But
a closer look in the RGL device (3D) actually shows that sample 2 also have a high proportion of
echinoderms, as it is positioned closely to the group in a multidimensional space. Sample 47 is equally
influenced by crustaceans, mollusks and echinoderms since it is placed in the center of these three

groups. The outlier 18 is dominated by sipunculids.
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Figure 12 Triplot from a canonical correspondence analysis (CCA) showing samples (sample 1 to 55, black),
taxonomical groups as response variables (red), environmental and categorical variables (blue). Total
variation explained is 38.69%. CCA-1-axis explains 24.48% and the CCA2-axis 7.23%.

The total amount of variation by direct ordination was 38.69 percent. There were 4 CCA-axes on
constrained (shared) environmental axes presented in triplots with an ecological gradient along each
CCA axis. Only the triplot of the main ordination axes CCA1 and CCAZ2 are included here (see figure
12), since they explained most of the vatiation (42.48 and 7.23% respectively, view appendix for the
triplot with CCA2-axis and CCA3-axis; see figure A3.3). The gradient associated with the main
ordination axis (CCA1) separates environmental variables skewness, latitude and longitude from the
remainder variables (figure 12). The length of the arrow shows the strength of the correlation between
the variable and the ordination; hence sorting, longitude and TOM are important constraints. CCA1
axis (the environmental gradient) decreases when latitude, skewness, sorting and temperature increase.
The CCA1 axis increases with longitude, grainsize and TOM. Depth is placed in the middle of the

figure and connects the vectors.

Sorting was almost parallel to CCAl-axis, sorting and temperature decreased with increasing longitude
in the Finnmark region IX. Echinoderms were predominately affected by temperature and sorting, as
seen by the placement. TOM ran almost parallel with the CCA2-axis and increased when longitude
decreased, e.g. the organic content increased from the East towards the West along an ecological
gradient. The abundance of sipunculids was strongly positively correlated with TOM. The distribution
of crustaceans was probably determined by several environmental variables, since this group was placed
further from the vectors. Skewness was positively correlated with the latitude and these vectors

influential on mollusks, as previously mentioned the samples clustered together were primarily from the
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North-eastern area. Polychaetes were the dominant group given the groups placement in the middle of

the CCA plot, the abundance was positively correlated to grainsize.
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Figure 13 A Canonical Correspondence analysis (CCA) plot (sample 1 to 55, black), taxonomical groups as response

variables (red), environmental and categorical variables (blue). The percentage of variation explained in
figure 12 is 48.87%. CCA-1-axis explained 25.27% and the CCA2-axis 13.04%. Abbreviations’; TOM:
(total organic matter), Grain: grainsize, Long: longitude, Ssdet: sub-surface detrivores, Lat: latitude, Skew:
skewness, Sort: sorting, Carn: carnivores, Temp: temperature, Susp: suspensivores, Omn: omnivores,
Sdet: surface detrivores. Temp and Susp are placed on top of each other.

The total amount of variation by direct ordination was 48.87 % (figure 13). In concordance with the
first ordination plot, CCAl-axis and CCA2-axis had the highest percentage of variation explained
(25.27 and 13.04 % respectively, see appendix for the triplot with CCA2-axis and CCA3-axis; figure
A3.4). As seen in the CCA plot of the feeding guild (figure 13), subsurface detrivores dominated in the
samples from the North —eastern area, this feeding mode was positively correlated with longitude, e.g.
numbers increase from the West to the East in the Finnmark region IX. Interestingly, subsurface
omnivores shared an almost inverse relationship with the surface omnivores and latitude. Thus
numbers of surface detrivores increased with decreasing latitude, e.g. an overweight in the South-
western area. However, samples from the two Western areas were more scattered than the samples

from the Notth-eastern area.

Surface omnivores, suspensivores, carnivores and surface detrivores were positively correlated towards
the West in the Finnmark region IX, as the samples adjacent to vectors are from the Western areas.
Temperature and suspensivores are strongly correlated. Not surprisingly, crustaceans were

predominated by suspensivores, but also by omnivores and carnivores. Echinoderms had a
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predominance of omnivores, but also had organisms with a carnivorous feeding mode. Polychaetes
were localized in the middle and had diverse feeding modes. Sipunculids are surface detrivores, but
since TOM is a very influential variable on the distribution of primarily this group alone, sipunculids

were localized closer to the vector of TOM in multivariate space.

The importance of three different mobility modes for the benthic response variables was examined, in
addition to the eight predictor variables previously examined (see figure 14 below). Total amount of
explained variation by the predictor variables were 43.25 %, CCA-1-axis explained 25.13 % and the
CCA2-axis 9.83 % (see appendix for CCA-triplot of CCA-axis 2 and 3; figure A3.5). The gradient
associated with the main ordination axis (CCA1) separates environmental variables skewness, latitude
and longitude from the remainder variables (figure 14). The same trend was shown in the previous plot,
where the gradient associated with the main ordination axis CCA1, separated these variables in addition

to sub-surface detrivores from the remainder predictor variables.

The vector of non-mobility ran almost parallel to the CCA2-axis, in concordance with surface
detrivores in the previous plot. Non-mobility and depth were positively correlated, but less important
in explaining total variation compared to sorting and longitude (short arrows). Temperature, mobility
and discretely mobile were strongly positively correlated. Sorting was also positively correlated with
these three variables. Both crustaceans and echinoderms had mostly mobile and discretely mobile
organisms, as seen by the group’s placement and direction of the vectors. Sipunculids are the only
completely non-mobile group, thus they are placed at the end of non-mobility vector. Polychaetes are
placed in the middle of the plot where the vectors are connected. This group had a higher number of
non-mobile organisms than mobile and discretely mobile. Mollusks were dominated by the
environmental variables skewness, latitude and longitude to an extent where these constraints
dominated in the ordination for this group, since the CCA ordination presents the best possible

combination of the three-dimensional space in a reduced two-dimensional plot.
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Figure 14 A Canonical Correspondence analysis (CCA) plot (sample 1 to 55, black), taxonomical groups as response

variables (red), environmental and categorical variables (blue). The percentage of variation explained in
figure 11 is 43.25%. CCA-1-axis explained 25.13% and the CCA2-axis 9.83%. Abbreviations’; TOM:
(total organic matter), Grain: grainsize, Long: longitude, Lat: latitude, Skew: skewness, Sort: sorting,
Temp: temperature, Dmob = discretely mobile, Mob = Mobile, Nmob = Non-mobile.
As previously shown in the pairwise scatter plot of benthic groups (see figure A3.1), polychaetes and
molluscs were positively correlated in the region with a rank value of 0.66. The distribution of
echinoderms was correlated with longitude (-0.66), their abundance decreases from west to east (see
table 1). Temperature was strongly correlated with longitude (-0.87) (see figure A3.1), the approximate

values of temperature decreases towards the east in the Finnmark region IX both years (see figure Al).

Echinoderms were also correlated with longitude.

3.3 Detectability and estimation of total species richness

3.3.1 Detectability

In the North-western area, there is no difference in catchability between epibenthic and infaunal
organisms and the regression coefficient beta2 was very small, so the effect of mobility is almost
negligible (see table 4 below). When the coefficient of f>0, the larger the covariate is, the larger the
capture probability is (Chao & Yang 2006). However, the North-western area had the highest
proportion of mobile and epibenthic organisms when compared to the other areas, whereas the beta2
coefficient (H2) was not significant in the North-eastern atrea, the likelihood was equal both for mobile
and immobile organisms (see table 4). This area had the highest catchability of infaunal organisms when
compared to the other areas. When <0 then the larger the covariate is, the smaller the capture

probability is (Chao & Yang 2003). High abundance had highest effect on the catchability of organisms
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in the North-western area; a beta3 value of 1.46 is the effect for a unit change in abundance. In the
North-western area, the beta3 value was 1.17 whereas it was lowest in the South-western area with 0.82
(table 4). Higher abundance increased catchability of organisms in all the regions, but the effect was

most pronounced in the North-eastern and North-western areas.

Table 4: Maximum likelihood estimates (with SE) of model parameter regression coefficients with and without time effects
from each of the three areas (South-western, North-eastern, North-western). Model parameters: 2 = intercept, » =
behavioral tesponse, f1 = infaunal/epibenthic, §> = mobility, and f3 = abundance. h = heterogeneity, b = behaviour and t
=time.

Area Model a v b B 5

SW M*bh 2.66 (0.17)  2.60 (0.17) -0.51 (0.08) -0.80 (0.06)  0.82 (0.03)
SW (time) M*th -1.07 (0.07) -0.58 (0.06)  -0.79 (0.06)  0.91 (0.03)
NE M*h 4.35 (0.17) -0.23 (0.13)  -0.03 (0.00)  1.14 (0.06)
NE (time) M*tbh 5.38 (0.44) 0.45(0.28) -0.24 (0.12) -0.02 (0.09)  1.17 (0.05)
NW M*h 4.38 (0.22) 0.01 (0.04)  0.06 (0.30)  1.39 (0.07)

NW (time) M#*tbh 592 (0.32)  0.20 (0.28)  0.00 (0.08)  0.06 (0.21)  1.46 (0.07)

In the North-eastern and North-western area, the most complex models converged (M*tbh; table 4).
The parameter » represents the effect of a recapture, e.g. the behavioral response effect. Thus »>0
(table 4) is an estimate of the recapture-likelihood. The higher the value of » s, the higher the likelihood
is of a recapture. Since the input in the analysis was not individuals, but species, the output can be
interpreted as the likelihood of re-sampling a species in an area given the values of the covariates. In the
South-western area the most complex model including time effect did not converge, but the M*bh
model gave a v-value of 2.60 (table 4). Possibly, the amount of spread in the data material was too high
for the software to converge the most advanced model in the biggest area. However, the parameter »
was 0.45 in the North-eastern and 0.20 in the North-western area. These results are not indicative of a
behavioral component in the organisms, but are estimates of an organism’s recapture-likelihood. The
likelihood of an organism to be captured and recaptured was highest in the South-western area with the
most samples, followed by the intermediate area (NE) and finally by the North-western area with the
lowest number of samples. In summary, both the number of samples in an area and the abundance of

an organism affect the cathability and thus the likelihood of being captured and recaptured in an area.

The estimates were linked to sampling effort and are also a measure of the species richness in the areas.
Then from the summary of model fitting the estimated population size under the selected model M*bh
in the South-western area is 792.97 (s.e. 96.78) with a 95% confidence interval 649.78 — 1040.77 (see
table A2.1). In the North-eastern area the estimated population size under the selected model was
388.28 (s.e. 60.48) with a 95% confidence interval 305.86 — 554.72 (see table A2.4). In the North-
western area the estimated population size under the selected model was 368.87 (s.e. 49.37) with a 95%
confidence interval 301.48 — 501.18 (see table A2.6). Consequently, the estimated species richness was

792 species, 337 estimated additional species in the South-western area (M*0 model 455, see table
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A2.1). The estimated number of additional species were 163 in the North-eastern area (M*0 model 225,

see table A2.4) and 131 additional species in the North-western area (M*0 model 237, see table A2.6).

3.3.2 Estimation of total species richness

The non-parametric species estimators gave results in the same order of magnitude; Chao2 estimates
gave a probable total species richness of 734 species and ICE 683. The curve of Chao2 does not level
off, whereas the ICE estimator appears to approach an asymptote (see figure 15a below). The graph of
singletons level out and show a slight increase towards the tail whereas the graph of doubletons
declines towards the tail (see figure 15b below). The curve shapes of uniques and duplicates are almost
identical to those of the singletons and doubletons, the graph of uniques levels out with a slight
increase towards the tail and the graph of duplicates levels out and declines toward the tail of the graph

(see figure 15c).

Conversely, the two non-parametric estimators Chao2 and ICE resulted in estimates of total species
richness in the same order of magnitude, compared with results from the extrapolated species

accumulation curve and T-S curves method.
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Species accumulation curves. The estimators of total species richness were Chao2 (lower bound estimator
with standard deviations) and ICE (estimates based on species found in ten or fewer sampling units with
standard deviations). Plotted values are means of 55 estimates based on 200 randomizations of sample
accumulation order (without replacement). Sobs(Mau tau: analytical expression without variance) b)
Singletons (21.4 %) are found in only one location, doubletons (9.8 %) are found in two locations c)
Uniques (25.6 %) are species sampled only once, duplicates (9.97 %) are sampled twice. The Chao2
estimator is based one the ratio between uniques and duplicates, respectively.
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Figure 16 a) The species accumulation curves for all combinations of the three areas sampled in the Finnmark

region IX (North-western, South-western and North-eastern areas); the number of species are plotted
against the number of samples. b) A semi-log approximation of the species accumulation curves
combining all areas, the number of species were regressed against the logarithmic number of samples.

On figure 16a), the S/In(x) ratio of the standard species accumulation cutrve abates towatds the tail of
the graph, but the graph does not reach an asymptote. The traditional extrapolation of the standard
species accumulation curve when the number of species were regressed against the log number of
samples, gave an estimate of 2 164 species for the area covered by the three regions, had the entire area
been sampled. Since all the pooled samples consisted of five replicates of 0.1 m” each, it would take two
pooled samples to cover 1 m”. The three examined areas covered roughly 11 862 km® when added
together, which in turn equals 118 620 000 m®. Since all the pooled samples consisted of five replicates

of 0.1 m” each, totally 0.5 m’, it would take two pooled samples to cover 1 m”.

11 863 km?* = 118 620 000 m?
5 replicates*0.1 m? = 0.5 m? pooled sample
0.5 m*2 = 1 m? sample coverage

118 620 000 m**0.5 m? = 59 310 000 number of samples needed to cover 118 620 000 m?

117.39*%1n (x) + 63.304 =y (Equation 2; see figure 16b))
117.39*%1n (59 310 000) + 63.304 = 2 164 estimated number of species.

Consequently, the number of samples needed to cover all the three areas was 59 310 000 (118 620 000

m?* 0.5 m? pooled sample) and the estimate of total species richness were calculated as follows:

117.39*1n (59 310 000) + 63.304 = 2 164.

However, this traditional approach does not account for the spatial heterogeneity among the different
areas sampled. Hence, the species richness of all the three areas in the Finnmark region IX was

examined with an emphasis on the spatial and environmental heterogeneity observed between areas

(see table A5).
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Figure 17 a) Species-accumulation curves for all combinations of the three examined areas in the Snow white

monitoring area. The new total species projection curve (T-S curve) is the weighted line drawn through
the average total number of species in all three combinations of three areas. b) Regression of the average
number of species in all combinations of the three examined areas, against the logarithm of the number
of samples in each of the areas.

As seen in figure 17a, the species-accumulation curve becomes steeper every time a new combination
of sub-regions is added. Following the terminology in (Ugland e a/. 2003), the new total species
projection curve (T-S) is a smooth curve drawn through the average total number of species in all three
combinations of the three regions (figure 17a). When compared with the species-accumulation curve in
figure 16a, the T-S curve rose more steeply, it had higher S/In(x) ratio and thus a higher estimate of
total species richness. Over 99% of the variability is explained when the T-S curve is fitted as a linear
expression on a semi-log approximation, which may indicate that the assumption of a semi-log
approximation to the curve is appropriate. The function of the T-S curve thus forms the basis for the

subsequent extrapolation:
163.44 *In(x) — 109.44 =y (Equation 3; see figure 17b)

All samples consist of five pooled replicates; each covered a 0.1 m” of the seabed. Thus each pooled
sample consists of 0.5 m®, respectively. Therefore all the pooled samples, 55 in total, results in a 27.5 m*
total sampled area. Following the same assumption as in Ugland ez 2/ (2003), it was assumed that each
sample (5 pooled replicates) were representative of approximately 100 m” The 55 samples were from
three examined regions, which spanned over an area of roughly 11 682 km® (118 620 000 m?).

Assuming that one sample is representative of 100 m’, an extrapolation based on the coverage of the

three areas results in:

Total no. of species = 163.44 *1n (59 310 000) — 109.44 = 2815
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Table 5 Summed recorded and estimated species richness in the Finnmark region IX.

Area Species Extrapolation of Chao2 ICE T-S curve
observed species accumulation
curve
116820000m’ 550 2164 734 683 2815

4 Discussion

Overall, the univariate indices depicted a species rich region. When the Finnmark region IX was
compared to other survey areas along the Norwegian coast, the species richness was high (area 5 in
Ellingsen e al. 2002, but all samples were not included in their article). As previously mentioned,
species richness and abundance showed different patterns in the Finnmark region IX. The abundance
was highest in the North- eastern area and the North-western area, and lowest in the South-western
area (see figure 5b). However, the species richness was markedly higher in the South-western and

North-western areas than in the North-eastern area (see figure 5a).

There was also most variability within the South-western area, as shown in the beta diversity analyses
(see table 2, figure 8, figure A3.1 and table A3.1). Thus all the methods to examine beta diversity and
the environmental variables gave the same results, except for the two dissimilarity measures bias-
corrected Jaccard and abundance-based Jaccard. The observed pattern in the latter dissimilarity measure
is possibly due to higher and more variable abundance of species in the North-eastern and North-
western areas (see figure 4b, 8b). When applying the bias-corrected Jaccard which accounts for unseen
species in the samples, the resulting pattern was somewhat different. Here, the North-eastern area had
the lowest variability, indicative of a more uniform species distribution pattern throughout this area
when compared to the remainder areas (see figure 8c). However, the unbalanced study design could
have been a driving factor behind the observed patterns. Whether this was the case, could not be

resolved from regression modelling (see Results 3.3.1).

In concordance with the results from univariate analyses and the beta diversity analyses, the
multivariate analyses based on the five main taxonomical groups also depicted considerable dissimilarity
among samples in the Finnmark region IX (see figure 9). Low similarities within a dendrogram denote
high beta diversity (Ellingsen & Gray 2002). However, samples taken in the North-eastern were more
similar and clustered together both for taxa and environmental variables (see figure 9), whereas the
samples from the Western areas were more dissimilar and scattered in the cluster analysis. This also
corresponds well with the findings in the univariate analyses. In the North-eastern area, primarily two
groups were dominant in terms of abundance and numbers of the remainder groups were markedly

lower in this area when compared to that in the other two areas (3.1, table 1). The outliers had higher
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values of gravel and sand, in addition to higher temperature values (see figure 9b). The stress value in
the NMDS-plot was high, 18.07, indicative of a great deal of heterogeneity in overall sample placement

in a multidimensional space.

However, despite the variability in sample placement in a multidimensional space, the samples from the
North-eastern area were clustered together which indicates a more homogeneous distribution, whereas
the samples from the Western regions were scattered which in turn points to higher heterogeneity. Of
the five dominant taxonomical groups, polychaetes are often numerically dominant in the benthic
assemblages, both with regard to the number of species and their abundance (Olsgard ez a/ 2003).
Polychaets was the most dominant group in the region Finnmark IX, which explains why this group
was placed in the middle of the CA-plot (see figure 11). Fauchald (1984) suggested that the
understanding of the distribution of recent polychaetes requires the analysis of ecological conditions

rather than comparison of geographic ranges (Kupriyanova & Badyaev 1998).

Thus polychaetes were influenced by all constraints in the CCA-ordination, but the environmental
variable grain-size was particularly important for the distribution of polychaetes in sample 41 and 42
from the North-eastern area placed along the CCl-axis (see figure 12). As previously pointed out in the
univariate analyses, polychactes had very low values of Simpson’s diversity in sample 41 and 44,
explained by the dominance of Maldane sarsi and Lumbrinereis spp. in these two samples (see figure 7c,
results 1.1). These two samples had among the highest values of grain-size recorded in samples.
Average grain-size values were highest in the North-eastern area (see table A5). Polychaetes in the
Maldanaidae family often live in sediments consisting of silt, and may dominate in bottom sediments
with silt (Kirkegaard 1996). All the analyses indicate that the environmentally more homogenous

North-eastern area had lower species richness with a predominance of more opportunistic species.

The direction of the vector shows the direction of the gradient, and the length of the arrow
proportional to the correlation between the variable and the ordination axes (Oksanen 2008), hence
sorting, temperature and longitude were important variables associated with the main ordination axis
CCAL. In a multivariate analysis based on Bray-Curtis similarities, Ellingsen & Gray (2002) found that
faunal patterns were more closely related to sorting and depth than latitude. As shown in the CCA
ordination plot (see figure 12), latitude was positively correlated with skewness. Both the North-eastern
and the North-western areas had higher proportions of fine-skewed particles when compared to the
South-western area (see table A5). Thus degree of skewness in the sediment increases with latitude.
Sample placement showed that the number of mollusks were highest in samples with high values of
skewness, namely the North-eastern area and in samples 50, 51 and 52 from the North-western area.
As seen in figure 12, the environmental variables sorting and longitude associated with the ordination

CCAZ2-axis are inverse, which means that when longitude increases towards East then values of sorting
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decreases. Values of sorting were lowest in the North-eastern area when compared with the other areas,

which indicate more homogenous sediments (see also table A5).

Overall, the benthic distribution pattern of the Finnmark region IX shown in the multivariate analyses
were consistent with patterns found in the other analyses, the exponential of Shannon-Wiener diversity
index resulted in less heterogeneity for the samples taken from the North-eastern area than from the
samples taken in the two Western areas (see figure 6¢). In addition, markedly lower temperature in this
area also plays an important role for the benthic distribution patterns and may limit the distribution of
more Southern species in the North-eastern area. Temperature also shared an inverse relationship with
longitude in figure 14, positively correlated with sorting. Thus temperature decreases when longitude

increases, e.g. towards the East in the Finnmark region IX.

Feeding guild characteristics were clearly associated with environmental gradients (see figure 13). The
grainsize and TOM in sediment increased with depth, which were favorable conditions for polychaetes
and sipunculids associated with these vectors. Increased organic content in the sediment at deeper
waters may indicate less current and therefore more sedimentation, or be coupled up against how the
primary production was distributed due to physical properties of the water masses. Sub-surface
detrivores dominated in the North-eastern area, probably due to the high silt content in sediments, well
suited for burrowing. In the detectability analysis, this area had the highest catchability of infaunal
organisms (betal) when compared to the other areas. The higher silt-clay content in this area probably
favors infaunal organisms which may occur in high numbers. The South-western area had lower

catchability for infaunal and immobile organisms than the North-eastern area, (betal and beta2).

Temperature and suspensivores were strongly positively correlated constraints, but that was probably
because both variables increase in the same samples due to other factors, regardless of their mutual
relationship (primarily in samples from the upper part of the South-western area). Temperature levels
were highest in the South-western area (see figure Al), whereas the same samples also have a high
proportion of suspensivores, probably due to higher levels of water transport and current (Ingvaldsen ez
al. 2004). In the North-western area, there was no difference in catchability between epibenthic and
infaunal organisms. However, the North-western area had the highest proportion of mobile and
epibenthic organisms when compared to the other areas. This is probably due to the environmental
characteristics in the North-western area; there is more gravel and sand in this area in combination with
higher values of sorting, which could indicate more current in this area compared with the other areas
(see table A5). Within the Finnmark region IX, the North-western area has the most current due to

high pulses of Atlantic water coming into the Barents Sea, northwards these water masses are displaced

(Ingvaldsen ez al. 2004).
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Crustaceans were equally distributed among suspensivores, omnivores and carnivores, while
echinoderms were mostly omnivores and some carnivores. Sorting and carnivore proportion are
correlated, which may indicate that carnivore distribution is linked with more heterogeneous sediment
characteristics. Not surprisingly, discretely mobile and mobile predominated also in the same samples,
which seem plausible given the high numbers of carnivores in these samples (see figure 13). The vector
for non-mobile organisms was positively correlated with depth and influential for sipunculids, a group

consistent of non-mobile surface detrivores dependent on the percentage of TOM in the sediment.

In general, echinoderms were mobile omnivores; they decreased in numbers from the west towards the
cast in the Finnmark region IX, thus increasing in numbers with higher environmental heterogeneity.
The North-eastern area was more environmentally homogenous than the two Western areas. Their
presence in the North-western area was probably linked to higher environmental heterogeneity here.
Echinoderms contributed to the detectability patterns found here, with the same likelihood of catching
an epibenthic as an infaunal organism. However, representative sampling of echinoderms (especially
brittle stars) is not feasible with a Van Veen grab, as these highly mobile organisms tend to move away
from the pressure wave generated in front of the grab prior to sampling (Bjorn Gulliksen, pers.comm).

Thus the chosen sampling gear was also a source of variation.

High abundance had highest effect on the catchability of organisms in the North-western area (see
table 4). Higher abundance increased catchability of organisms in all the areas, but the effect was most
pronounced in the North-western area and North-eastern area. This corresponds well with the
interpolation of the abundance previously shown (univariate analyses, figure 5b), where the two
Northern areas had the highest abundance of organisms. In addition, these findings probably also
indicates that the numbers of sampling sites within each area affects the likelihood of an organism
being sampled. In the North-western area, where the numbers of samples were lowest, the abundance
of organisms had the biggest impact on whether or not an organism would be sampled. Whether the
unbalanced study design affected the statistical inference between areas could not be determined in the

beta diversity analysis, but it seems likely that this indeed was the case.

However, although considered species rich when compared to other examined soft-sediment areas
along the Norwegian continental shelf, the Finnmark region IX had a similar distribution pattern of
rare species as found along the whole Norwegian continental shelf. In concordance with the results
found in Ellingsen e7 a/. 2002, approximately 25 % of the species were restricted to a single site
(uniques) and ¢. 10% were restricted to only two sites (duplicates, 14 % for the entire shelf). The non-
parametric estimators of species richness such as Chao2 and ICE probably underestimated the total
species richness. Chao-2 is predominantly a lower bound estimator for assemblages where rare species

predominate (Colwell & Coddington 1994). As shown by the reciprocal of Simpson’s diversity measure
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of dominance (figure 6c, figure 7¢), the Finnmark region IX as a whole was not dominated by many
rare species, with the exception of crustaceans in sample 27 and 29, and for all phyla in sample 23 and
30. The latter two samples are from the species-rich South-western area with the highest recorded
species richness. On the other hand, the extrapolation from the semi-log approximation of the T-S
curve overestimated the total species richness, 2 815 species for the Snow white monitoring area was
excessive; as it is approximately five times the recorded species. This was possibly because the estimates
are adjusted upwards to account for beta-diversity when this diversity was already captured in the

sampling design (O'Dea ez al. 2000).

The estimates in the detectability analysis were also measures of the species richness in the areas. In
summary, the biggest area with the most samples, South-western, had the highest amount of variability
(s.e.) and the highest estimated species richness (see table A2.1), followed by the same pattern in the
intermediate North-eastern area (see table A2.4) and then in the smallest North-western area (see table
A2.6). These results coincide with the remainder detectability analysis, as seen in table 4 higher
abundance increased catchability in the North-eastern and North-western area. However, it was
difficult to separate whether the pattern was driven by generally higher abundance in these two areas or

if the lower number of samples here affected the cathability (likelihood of being sampled).

The differing species richness and varying detectability were also a considerable source of variation
among the three examined areas. To obtain correct measures of the likely total species richness proved
difficult, as the applied methodologies all had weaknesses and limitations. The ICE and Shao2 most
likely underestimated the total species richness, whereas the TS-curve overestimated the total number
of species present in the three areas. By extrapolating beyond the data set, one can identify where the
species accumulation curve reaches an asymptote and get an estimate of how many samples is required
to capture the probable total species richness at the time of sampling, which could prove useful when
monitoring an area. One never gets all the samples — the only relevant aspect is the variance and the
bias which will decrease with increasing sample size (Nigel Yoccoz, pers.comm.). But the estimate of the
TS-curve is provided that the same relationship of area sampled and species richness will hold when
extrapolated to a bigger area, in addition to implying that there is correct division of ateas into spatial

subsets based on environmental heterogeneity (O'Dea e7 al. 2006), often this is not the case.

However, although the claim that there is twice as many species along the Norwegian coastline is an
extrapolation (Ugland e a/. 2003), it indicates something important; namely that the total species
richness is probably much higher than recorded. Consequently, previous studies may have had high
sampling error, too few samples and insufficient detectability of organisms. Failure to detect all species
in sampled communities not only leads to estimates of species richness that are negatively biased but

also produces biased estimates of the comparative or relative richness of two (or more) areas. In
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addition, the use of count statistics as naive estimates leads to problems estimating quantities reflecting
differences in community composition (Nichols ez a/. 1998). If we are to base our conclusions on
objective criteria (e.g. by the use of statistical models), we can only allow ourselves to make inferences

about the statistical population being sampled (Ims & Yoccoz 2000).

In summary, the benthic fauna in the Finnmark region IX is subjected to several sources of variation
on different scales, which in sum all add bias to the statistical inference in the monitoring programme.
So basically the sources of variation on benthic matine fauna are numerous, confounded and exist on
different scales. In addition, the fact that all the three examined areas were both temporally and spatially
heterogeneous and unevenly affected by various anthropogenic factors adds to the complexity of the
monitored system. The available resources to monitor these benthic patterns are limited, and the causal
mechanisms behind these observed patterns difficult to entangle. But if we return to the main focus in
the “how, what and why monitor” article by Yoccoz ¢t a/. (2001), could there be a solution for how to
improve future monitoring programmes in the region without exceeding costs notably? But first, what

are the strongholds and weaknesses in the current study design?

The current study design has some strongholds. Firstly, the sampling was carried out during
approximately the same short time period of the year both in 1998 and 2000, which efficiently
minimizes potential bias from annual variation in the benthic communities when comparing differences
between years. A final requirement of the sampling protocol is that the entire survey must be
completed within a sufficiently short time that local extinctions or colonization cannot change the
composition of species that occupy a sample location (Dorazio ef al. 20006). Five replicates were taken
per sample, thus the variance within each sample could be examined and the effect of small-scale
variation reduced. The mapping of the average biodiversity along the Norwegian continental shelf
based on data from the OLF-database, resulted in several articles which increased the knowledge of
large-scale biodiversity pattern along the shelf, and the correlation of benthic fauna with environmental
variability (Ellingsen 2001; Ellingsen & Gray 2002; Ellingsen 2002). Hence, this mapping of the sea bed
resulted in knowledge of biodiversity patterns both in the region Finnmark IX and along the
Norwegian coast, but failure to among other address the two major pitfalls in monitoring programmes,
e.g. detection error and spatial variation rendered the resulting data material unsuited for monitoring
purposes. The severely unbalanced study design meant that it was not possible to conclude whether the

numbers of samples in each area was the driving force behind observed benthic pattern.

As shown in the detectability analyses, the fewer samples in an area, the more important was abundance
for the probability to be detected. Failure to sample the same sites on at least two occasions means that
the stochastically variation occurring in samples was unknown. Thus it is not possible to deduce

whether species were not sampled both years in the area either because they were not present at a
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location, or due to the fact that these organisms were present but not detected. “The purpose of
temporal replication at each sample location is to provide the information needed to estimate the
probability of detecting each species, (given that it is present separately from its probability of
occurrence, a minimum of two visits is needed at each sample location)” (Dorazio ¢f al. 2006). If the
natural variability in a marine system is not known prior to anthropogenic activities, separating the

effects of various confounded variables a posteriori is virtually impossible.

Consequently, the need for a developing a robust sampling design apriori of sampling which accounts
for temporal and spatial variation; and which includes enough samples to give a reasonable estimate for
the total species richness, cannot be stressed enough. In order to design an adequate conservation
strategy to meet the increasing challenges of tomorrow, we need to define which monitoring questions
need answers prior to sampling. Future studies need a rigorous approach starting with clearly defined
monitoring questions and a study design combining adequate sampling effort with appropriate spatial
sampling unit allocation. Failure to adhere to a controlled sampling design will lead to a situation in
which the study design is unable to answer even simple questions about changes that are taking place.
This is especially important in a complex marine ecosystem where numerous feedbacks and interactions
make it difficult to pinpoint causal mechanisms giving rise to observed changes. To obtain
measurements of the natural variation in marine systems is increasingly import for several reasons.
Knowledge of naturally occurring temporal variation is necessary in a process where the aim is to

separate the effects of local predictor variables and anthropogenic factors.

By upholding the recommendation by SFT of sample allocation in a cross formation adjacent to an oil
or gas installation, the variation stemming from other sources than the oil or gas excavation would
decrease. Spreading the sample intensity over such a large scale as today decreases the detectability and
increases spatial variation. By reducing the scale, the statistical inference is improved. Since sampling is
routinely imposed to take place on three different occasions, the same sites along the crosses could be
sampled on several times, which would provide us with a measure of detectability and temporal
variation. The chances of detecting long-term chronic effects from oil or gas excavation would increase,
and therefore also the likelihood of developing new business practices to remedy adverse effects on the
adjacent environment. In turn, the oil industry may gain access to areas currently closed for drilling due
to uncertainties regarding the effects of oil and gas excavation on the immediate surroundings. In
addition, there would be a higher likelihood of separating potential negative environmental effects of
the oil industry from that of the king crab invasion or bottom trawling, due to the increased statistical
inference. An ongoing problem is the fact that the exact locations of oil installations are not known on
beforehand. However, it was the experience of John Gray, a renowned expert in the field of benthic

monitoring, that adverse environmental affects were restricted to a circle of 300 m around the

47



installation (Gray 1999). Thus when the approximate placement of the installation is known, a possible
solution is to allocate an excavation area of a given percentage of x km” (3° km * 3.14 = x), and
thereafter place the installation within this parameter and place the cross from this circle. That would
have been preferable to placing the site in a grid formation along longitudes and latitudes (Bakke ez /.

2000).

Secondly, by implementing estimates of natural variation into models, we may model the effects of
both natural and anthropogenic variables on biodiversity and possibly identify causal mechanisms. Such
models may also show us what the future will look like given a certain outcome, for instance the effects
an uncontrollable growth in the king crab population will have on the benthic fauna in a given area or
an oil spill. This opens up for an informed decision making process based on actual facts and a
sustainable development, where conservation of biodiversity is balanced towards much needed business

life along the coast.
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6 Appendix

6.1 Lab analyses and environmental variables

Sediment analysis

D (Phi)
@ (phi) refers to sediment particle size in terms of sieve mesh size necessary to retain a particular size
fraction. Formula: @ = -log, (sieve mesh in millimetres)

Median grain size
This is a measure of central tendency. Commonly used is the median phi value, @, which is the value

of @ corresponding to 50 % of the cumulative frequency. The interpretation of median grain size is
shown in Table Al.

Table Al: The interpretation of median grain size values.

Median grain size (D) Sediment type
<-1 Granule/pebble
-1-0 Very coarse sand
0-1 Coarse sand
1-2 Medium sand
2-3 Fine sand
3-3.75 Muddy sand
3.75-5 Coarse silt

5-6 Medium silt
6-38 Fine silt

> 8 Clay

Sorting

This is a measure of degree of scatter, providing info on the uniformity or homogeneity of the
sediment. This is given by the formula:

0 = (Pgy- ©y)/4 + (Dys- D5)/6.6
where for example @y, is the 84 percentile of @. Interpretation of o is provided in Table 2.

Table A2: The interpretation of sorting (or) values.

o, Degree of sorting
<0.35 Very well sorted
0.35-0.50 Well sorted

0.50-0.71 Moderately well sorted
0.71-1.00 Moderately sorted
1.00-2.00 Pootly sorted

2.00-4.00 Very pootly sorted
>4.00 Extremely pootly sorted
Skewness

This is a measure of degree of symmetry and assesses the predominance of particular sediment
fractions as a departure from a normal distribution. Formula:
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Skl = <®16+(D84_2(D5())/(2(q384_®16)) + <®5+®95_2q)5()>/(2(®95_q)5>)

Interpretation of skewness values are provided in Table 3.

Table A3: The interpretation of skewness (Ski) values.

Sk, Skewness

-1.00 to -0.30 Strongly skewed towards coarse particles
-0.30 to -0.10 Coarse skewed

-0.10 to 0.10 Symmetrical

0.10 to 0.30 Fine skewed

0.30 to 1.00 Strongly skewed towards fine particles
Kurtosis

Kurtosis provides an assessment of the frequency distribution of particle sizes, and gives information
about the range of particle sizes in the sample. An excessively peaked distribution is called leptokurtic,
while a flattened distribution is called platykurtic. Formula:

K¢ = (@y)-Dy)/ (2.44(D5-D,5))

Interpretation of kurtosis values are provided in Table 4.

Table A4: The interpretation of kurtosis (Kg) values.

Kg Kurtosis

<0.67 Very platykurtic

0.67-0.90 Platykurtic

0.90-1.11 Mesokurtic (nearly normal)
1.11-1.50 Leptokurtic

>1.50 Very leptokurtic
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List Al: Taxa removed prior to data analysis

Taxa higher than species/genus level removed prior to data analysis:

Amparetidae sp., Amphipoda spp., Anthozoa sp., Anthuridae sp., Archiannelida spp., Ascidiacea spp.,
Asteroida spp., Brachynra spp., Calligpiidae spp., Caudofoveata spp., Decapoda sp., Flabelligeridae spp.,
Holothuroidea spp., Hydrozoa sp., Isopoda spp., Nemertea spp., Oligochaceta sp., Oligochaeta spp., Pogonophora
spp., Polychaeta spp., Pycnogonidae sp., Sabellidae sp., Serpulidae sp., Sipuncula spp., Sphaerodoridae spp.,
Tanaidacea spp., Thyasiridae spp. and Tunicata spp.

Species pooled together (one species (sp.) and many species (spp.) from a genus were pooled
together and included as one species in analyses):
- Awmpelisca sp. and Ampelisca spp. now listed as A.spp. (1998)
- Opbinra sp. and Ophinra spp. now listed as O.spp. (1998)
= Diastylis sp. and Diastylis spp, now listed as D.spp. (2000)
- Ampelisca sp. and Ampelisca spp., now listed as A.spp. (1998&2000)
= Diuastylis sp. and Diastylis sp., now listed as D.spp. (1998&2000)
- Eusyllis sp. and Eusyllis sp., now listed as E.spp. (1998&2000)
- Exogone sp. and Exogone spp., now listed as E.spp. (1998&2000)
- Hamothoe sp. and Harmothoe spp., now listed as H.spp. (1998&2000)
- Opbinra sp and Ophinra spp. (1998&2000)
- Typosyllis sp. and Typosyllis sp., now listed as T.spp. (1998&2000)

Species which did not belong to the five main taxa and therefore were removed prior to data

analysis:

Acanlis primarius (Hydroida)

- Cerantins loydi (Cidaria)

- Edwardsia sp. (Anthozoa)

- Nymphon sp. (Pycnogonida)

= Phoronis muelleri (Phoronida)

- Phoronis sp. (Phoronida)

- Priapulus candatus (Priapulida)

- Rabdopleura normani (Hemichordata)
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Table A5: Environmental variables measured in the Finnmark region IX. Variables used in the multivariate analyses are
formatted bold in the header row. Abbreviations; Long: Longitude, Lat: Latitude, Mdg: median grain size, Kg: Kurtosis, Silt-
clay: fraction of sediment <0.063 mm (%), S&; : skewness, oi: sorting, TOM: total organic matter (%), Temp: Temperature,
Sal: Salinity

St. Depth Long. Lat. Temp. Salinity Gravel Siltclay  Sand Mdy Ke Sk o1 TOM
1 160  19.33  70.75 6.22  35.03 30.84 5.85 63.32 0.67 0.81 0.09 2.00 213
2 283  18.67 70.75 597 3493 7.30  33.00 59.70 2.86 0.93 0.05 2.83 3.63
3 238 18.00  71.00 570  34.98 0.00 69.78  30.22 513 0.85 -0.09 1.92 9.37
4 193 19.00 71.00 5.82  35.04 4.03  31.26 64.71 3.32 1.27 0.11 2.31 343
5 190  20.00 71.00 6.05 35.01 0.60  31.78 67.62 3.40 1.18 0.21 2.06 2.80

(@

166 21.00  71.00 536 3498 19.55 1248 67.97 1.32 1.03 0.08 2.38 1.67
7 228  21.00 71.25 5.06  35.04 0.00 730 92.70 2.68 1.75 0.20 0.91 1.27
8 202 20.00 71.25 574  35.04 515 1257 82.28 1.77 1.45 0.14 1.96 2.50
9 235 20.00 71.50 530  35.07 275 1480 8245 2.83 1.86  -0.02 1.70 293

10 270 20.00 71.75 471  35.06 0.55 7295 26.50 5.26 097  -0.17 2.01 10.20

11 316 21.00 71.75 351 35.03 0.45 8690 12.65 5.70 1.03  -0.14 1.66 11.33

12 325 20.87 71.59 450 35.05 0.24 61.01 3875 4.72 0.75 0.02 1.98 9.63

13 325 20.86 71.59 450 35.05 0.00 61.30 38.70 4.74 0.75 0.04 1.92 9.20

14 325 20.84 7159 450 35.05 0.35 5046 49.19 4.04 0.83 0.21 2.00 5.27

15 325 20.86 71.59 450 35.05 0.26 7343 26.31 5.28 0.84  -0.08 1.82 8.70

16 331  21.08 71.60 417 35.04 021 6748 3231 5.04 093 -0.21 2.30 6.03

17 321 21.06  71.60 417 35.04 0.00 58.87 41.13 4.60 0.77 0.12 1.85 6.37

18 323 21.05 71.60 417 35.04 0.25 8417 15.58 5.62 1.02  -0.14 1.71 9.00

19 321 21.06 71.61 417 35.04 0.00 89.84 10.16 5.77 1.01  -0.13 1.58 8.80

20 263 2042 7137 532  35.05 0.00  65.80 34.20 4.96 0.79  -0.07 2.00 8.57

21 260 2041 71.36 532  35.05 455 3531 060.14 3.07 1.02 0.14 2.52 4.03

22 255 2040 71.37 532  35.05 318 19.02 77.80 2.67 1.78 0.17 1.95 297

23 263 2041 7137 532  35.05 0.78 38.11 061.12 3.43 0.94 0.28 2.08 4.83

24 325 21.00 71.50 432 35.04 0.76  79.05 20.19 5.47 1.08 -0.23 2.01 7.97

25 361 2200 71.75 325 35.02 0.44 86.28 13.27 5.68 1.03  -0.14 1.67 6.33

26 349 2200 71.50 339  35.03 0.00 92.38 7.62 5.83 096  -0.12 1.50 8.87

27 365 2349 7150 398 35.03 0.18  65.77 34.05 4.96 091  -0.01 1.88 4.40

28 344 2346 71.29 411 3503 10.46 8.50 81.03 2.09 145  -0.23 1.89 2.20

29 278 2200 71.25 456  35.05 252 5332 44.16 4.25 0.96 0.04 2.21 2.30

30 286  22.00 71.00 486 35.01 393 30.89 65.17 3.30 1.45 0.20 2.15 3.07

31 270 20.00 71.75 459  35.06 024 8262 17.14 5.58 1.01  -0.15 1.76 9.21

32 365 2349 70.50 432 35.03 0.00 69.76  30.24 5.13 0.80 0.03 1.70 4.29

33 255 27.67 7225 405 35.04 0.39 4474 54.87 3.81 0.88 0.32 1.90 2.33

34 286  28.00 7225 392 35.04 0.67 61.70 37.64 4.76 0.85 0.06 1.86 3.59

35 288 2833 7225 3.80 35.04 0.00 72.61 27.39 5.25 0.80  -0.04 1.75 3.89

36 278  27.67 72.00 4.07  35.04 032 57.07 42.60 4.50 0.86 0.02 211 4.05

37 280  28.00 72.00 4.02 35.04 191  41.78 56.30 3.69 0.91 0.39 1.83 2.61

38 260 2833  72.00 390 35.04 191 48.06 50.03 3.87 0.97 0.11 2.28 2.83

39 294 29.00 72.00 3.78  35.04 0.17 70.09 29.74 5.15 0.87  -0.04 1.83 433

40 330 29.67 7175 3.46  35.03 0.00  65.94 34.06 4.97 0.84  -0.05 1.96 4.30

41 340  30.67 71.62 321 3501 0.00 89.75 10.25 5.77 0.86  -0.07 1.47 4.51

42 317 30.67 71.62 321 3501 0.00 76.66 23.34 5.39 0.77  -0.01 1.61 3.92

43 294 30.67 7150 3.59  35.01 0.00 49.74  50.26 3.99 0.79 0.37 1.78 277

44 327 3117 7175 3.10  35.00 0.00 91.35 8.65 5.81 0.88  -0.08 1.46 5.07

45 321 31.17  71.62 3.44  35.00 0.00 85.82 14.18 5.67 0.89  -0.09 1.56 4.56

46 290 31.17 7150 3.82  35.00 0.00 79.55 20.45 5.49 0.81  -0.05 1.62 3.67

47 315 17.00 71.50 555 35.12 474 38.77 56.50 3.38 1.05 0.11 2.46 3.94

48 292 17.33  71.50 544  35.09 528 26.56 68.16 2.65 1.10 0.11 2.58 3.25

49 279 17.67 71.50 534  35.09 3.07 3339 063.55 3.41 1.27 0.15 222 2.94

50 299  17.00 71.75 541 35.09 1030 30.02 59.68 2.96 095 -0.02 2.83 3.66

51 311 17.33  71.75 532  35.09 0.50 4252 56.98 3.71 0.90 0.22 2.09 4.32

52 294 17.67 7175 523  35.08 211 3656 61.32 3.43 1.04 0.11 2.37 4.42

53 331 17.00 72.00 533 35.10 2.08 29.89 068.02 3.16 1.25 0.25 2.09 3.25

54 310 17.33  72.00 522 35.09 0.61 40.00 59.39 3.53 1.00 0.23 2.15 4.17

55 300 17.67  72.00 5.09  35.08 0.00 7626 23.74 5.38 094 -0.15 1.89 6.96
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Figure Al ) The interpolated modeling of the temperature in the sampled area for the year 1998 b) The
interpolated modeling of the temperature in the sampled area for the year 2000. The temperature is lower
in the Eastern and North-western areas both years. This figure is based on an interpolation, and the data
between the data points are generated. Abbreviations: NW = North-western area, SW= South-western
area and NE = North-eastern area.
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a) The interpolated modeling of the salinity in the sampled area for the year 1998 b) The interpolated
modeling of the salinity in the sampled area for the year 2000. The approximate salinity is almost uniform
throughout the region. This figure is based on an interpolation, and the data between the data points are
generated. Abbreviations: NW = North-western area, SW= South-western area and NE = North-eastern
area.
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6.2 Detectability and estimation of species richness

6.2.1 Detectability

Table A6.1: South-western area, no time effect.

Model Estimate MIN(-LL) AIC 95% CL Status
M*( 455.00 (0.04) 9 140.45 18 282.90 455.00-455.26  Converged
M*b 475.27 (6.39) 8 483.78 16 971.57 466.08-492.05  Converged
M*h 455.81 (0.91) 7 330.26 14 668.52 455.14-459.76  Converged
M*bh 792.79 (96.78) 6 827.42 13 664.84  649.78-1 040.77  Converged
Table A6.2: South-western area, time effect.

Model Estimate MIN(-LL) AIC 95% CL Status
M*0 455.00 (0.04) 9 140.45 18 282.90 455.00-455.26  Converged
M*t 455.00 (0.03) 8 430.61 16 925.22 455.00-455.13  Converged
M*b 475.27 (6.39) 8 483.78 16 971.57 466.08-492.05  Converged
M*h 455.81 (0.91) 7 330.26 14 668.52 455.14-459.76  Converged
M*tb Diverged
M*th 455.40 (0.64) 6 391.45 12 852.90 455.04-458.62  Converged
M*bh 792.79 (96.78) 6 827.42 13 664.84  649.78-1 040.77  Converged
M*tbh Diverged
Table A6.3: North-eastern area, no time effect.

Model Estimate MIN(-LL) AIC 95% CL Status
M*( 225.35 (0.59) 2077.22 4156.44 225.03-228.43  Converged
M*b 228.45 (2.22) 2 051.54 4107.07 226.09-235.93  Converged
M*h 322.63 (22.13) 1351.37 2 710.73 287.95-376.41  Converged
M*bh 312.00 (24.02) 1351.17 2 712.35 276.15-372.98  Converged
Table A2.4: North-eastern area, time effect.

Model Estimate MIN(-LL) AIC 95% CL Status
M*( 225.35 (0.59) 2077.22 4156.44 225.03-228.43  Converged
M*t 225.33 (0.58) 2 057.46 414291 225.03-228.36  Converged
M*b 228.45 (2.22) 2 051.54 4107.07 226.09-235.93  Converged
M*h 322.63 (22.13) 1 351.37 2 710.73 287.95-376.41  Converged
M*th 276.49 (28.32) 1988.45 4 006.90 243.80-366.02  Converged
M*th 323.56 (22.27) 1 318.59 2 671.19 288.64-377.64  Converged
M*bh 312.00 (24.02) 1351.17 2712.35 276.15-372.98  Converged
M*tbh 388.28 (60.48) 1316.95 2 669.90 305.86-554.72  Converged
Table A2.5: North-western area, no time effect.

Model Estimate MIN(-LL) AIC 95% CL Status
M*( 237.82 (0.92) 1473.65 2 949.31 237.14-241.79  Converged
M*b 242.29 (2.83) 1452.75 2 909.50 238.98-251.12  Converged
M*h 341.17 (25.01) 943.47 1 894.95 302.50-402.67  Converged
M*bh 337.96 (23.73) 943.46 1 896.92 301.09-396.05  Converged
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Table A2.6: North-western area, time effect.

Model Estimate MIN(-LL) AIC 95% CL Status

M*0 237.82 (0.92) 1473.65 2949.31 237.14-241.79  Converged
M*t 237.76 (0.88) 1451.66 2921.31 237.12-241.65  Converged
M*b 242.29 (2.83) 1452.75 2909.50 238.98-251.12  Converged
M*h 341.17 (25.01) 943.47 1.894.95 302.50-402.67  Converged
M*tb 370.17 (113.80) 1394.21 2 808.43 268.18-805.79  Converged
M*th 343.93 (25.80) 905.87 1835.74 304.08-407.46  Converged
M*bh 337.96 (23.73) 943.46 1.896.92 301.09-396.05  Converged
M*tbh 368.87 (49.37) 905.64 1 837.29 301.84-505.18  Converged
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6.2.2 The correlation between benthic variability and environmental variation
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Figure A3.1 Boxplots of the multivariate dispersion to group centroid for the three areas. Based on Euclidean
distances for normalized environmental variables?
Table A3.1: Average distance to centroid.
Areal Area 2 Area3
Bray-Curtis 0.3634 0.2637 0.2298
Jaccard 0.4748 0.3789 0.3406
Chao’s biascorrected (0.2482 0.0688 0.0880
Chao —abu Jaccard 0.2135 0.2975 0.3190
Euclidean-env-norm  0.0284 0.0092 0.0062
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6.3

Figure A3.1

Multivariate analyses — exploratory data analysis
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A pairwise scatter plot of the five main benthic groups (abundance) in the Snow White region.

Table A3.1 Pairwise Spearman rank correlations. (Mention rel sample size&significance?) (R) between environmental
variables and applied univariate biodiversity measures (n=>55 for all correlations).
Latitude, Mdy: median grain size, Kg: Kurtosis, Silt-clay: fraction of sediment <0.063 mm (%), S&; : skewness, oi: sorting,
TOM: total organic matter (%), Temp: Temperature, Sal: Salinity, ExpH" the exponential of form of the Shannon formula;
1/Simpson’s index.

Abbreviations; Long: Longitude, Lat:

Dep Long Lat Grav Mde Ko Silt Sand Sk, o; TOM Temp Sal SpNr ExpH' 1/D Poly Crus Echi Moll
Long 0.29
Lat 028 0.21
Grav  -0.41 -0.52 -0.27
Mde 0.54 0.50 040 -0.76
Ka -0.28 -0.43 -0.23 0.61 -0.43
Silt 0.54 049 039 -0.74 0.99 -0.45
Sand -0.54 -0.49 -0.38 0.70 -0.98 0.49 -0.99
Sk -0.40 -0.22 -0.10 0.34 -0.66 0.09 -0.66 0.69
(7% -0.33 -0.60 -0.17 0.70 -0.63 0.27 -0.60 0.58 037
TOM 049 -0.03 0.23 -0.53 0.74 -0.33 0.75 -0.73 -0.59 -0.26
Temp -0.57 -0.87 -0.51 0.62 -0.72 041 -0.70 0.69 0.38 0.68 -0.27
Sal -0.05 -0.64 0.30 0.29 -0.25 0.23 -024 027 020 042 0.12 041
SpNr -0.48 -0.60 -0.29 049 -0.58 035 -0.58 0.57 045 0.55 -022 0.67 0.18
ExpH' -042 -0.69 -0.45 0.62 -0.63 041 -062 061 037 065 -0.17 0.75 0.25 0.84
1/D -0.31 -0.57 -0.49 0.58 -0.59 0.32 -0.57 056 025 0.56 -0.14 0.64 0.20 0.63 0.92
Poly -0.27 0.02 0.22 0.05 -0.19 0.00 -0.22 022 039 0.12 -0.28 0.05 -0.11 0.51 0.07 -0.12
Crus -0.20 -0.35 0.06 0.32 -0.29 0.21 -029 030 024 042 -0.01 030 027 072 061 049 0.40
Echi -0.16 -0.66 -0.21 0.37 -0.29 0.29 -0.27 028 020 047 0.15 055 043 0.62 069 062 001 045
Moll -0.28 0.01 0.36 0.07 -0.19 -0.08 -0.19 0.19 041 020 -0.35 0.04 0.03 031 -001 -0.13 0.66 0.26 0.01
Sipu 0.14 -0.10 0.35 -0.16 030 -0.01 029 -0.27 -0.06 -0.07 0.26 -0.08 0.06 0.09 -0.13 -0.25 0.35 0.13 0.11 0.25

66



=1
L)
=

k& [7]

30

1.0

AMEEES
=gp J § gt 1 NER

P 5N S

7 (1) 1 9 71 11 70 03 (9 9

[ P [ [ P

o™
=
f]
]
wn
-
f]
]
=
=
o
]
o
b
o
[
o
=
=
o]
]
Figure A3.2 A pairwise scatter plot of environmental variables in the Snow White region. Abbrevations:

Abbreviations; Sal: Salinity, Temp: Temperature, TOM: total organic matter (%), Sort: Sorting (o),
Skewness: Skewn (§£&), Sand, Siltc: Silt-clay fraction of sediment <0.063 mm (%), Kurt: Kurtosis, Grains:
Grainsize (mdg), Gravel, Lat: Latitude, Long: Longitude. Salinity and temperature are approximate values

(view methods 2.2, figure Aland A2).
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Figure A3.3 A Canonical Correspondence analysis (CCA). The triplot shows the samples (1 to 55), the response
variables (taxonomical groups in red) and the quantitative predictor variables (Temperature, TOM,
Sorting, Skewness, Grainsize, Latitude, Longitude and Depth). The percentage of variation explained in
figure 11 is 38.69%. CCA-2-axis explains 7.23% and the CCA3-axis 5.30%. (CCA4-axis explains 1.67%).
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Figure A3.4 A Canonical Correspondence analysis (CCA) plot. The percentage of variation explained in figure 11 is

48.87%. CCA-2-axis explained 7.55% and the CCA3-axis 7.55%. The CCA4-axis explained 3.02%.
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Figure A3.5 A Canonical Correspondence analysis (CCA) plot. The percentage of variation explained (all axes) is

43.25%. CCA2-axis explained 9.83%, CCA3-axis explained 6.15%. The unplotted CCA4-axis explained
2.03%.
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