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Abstract

This study provides the analysis of the macrozoobenthos species sensitivity values
and application of Benthic Quality Index (BQI) for the assessment of the south-east-
ern part of the Baltic Sea. The numerical sensitivity concept and its use in BQI were
tested for different depths, macrozoobenthos communities and types of anthropogenic
disturbance. The BQI was validated against total nitrogen, total phosphorus and chlo-
rophyll concentrations, and the dynamics of macrozoobenthos sensitivity groups was
used to characterise water quality class boundaries for the coastal waters. The speci-
ficity and sensitivity of the BQI was assessed using the non-parametric Signal detec-
tion theory method and its performance in relation to eutrophication parameters was
tested for the open coastal waters and plume of the Curonian Lagoon. Additionally,
the detailed recommendations for the coastal water status assessment in the south-
eastern part of the Baltic Sea were provided.

Key words

Benthic macroinventebrates, coastal water status assessment, human impact, index
specificity, Signal detection theory method, threshold determination



Reziumé

Disertacijoje pateikiama makrozoobentoso riisiy jautrumo analizé ir bentoso koky-
bés indekso (BQI) panaudojimas vertinant pietryting Baltijos jiiros dalj. Marozooben-
toso jautrumo ir BQI indekso vertés buvo analizuotos skirtingiems gyliams, makrozo-
obentoso bendrijoms ir antropogeniniems poveikiams. Taip pat indekso vertés buvo
validuotos su bendro azoto, fosforo ir chlorofilo-a koncentracijomis priekrantéje. Pa-
gal bentoso kokybés indekso ry$j su riisiy jautrumo grupiy gausumo pasiskirstymu
buvo nustatytos vandens buklés klasés priekrantéje. Panaudojant Signalo aptikimo
teorijos metoda jvertintas indekso jautrumas ir specifiSkumas, bei jo atsakas j eutro-
fikacijos procesg apibiidinancius parametrus priekrantéje ir KurSiy mariy vandeny
sklaidos zonoje juroje. Pateiktos detalios rekomendacijos kaip vertinti vandens bukle
bei nustatyti jy slenkstines vertes naudojant makrozoobentoso rii§iy jautrumo vertes
bei bentoso kokybés indeksa pietrytinéje Baltijos juros dalyje.

ReikSmingi Zodziai

Dugno bestuburiai, priekrantés vandeny biiklés vertinimas, antropogeninis povei-
kis, indekso specifiSkumas, Signalo aptikimo teorijos metodas, slenkstiniy verciy nu-
statymas
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1

Introduction

1.1 Relevance of the thesis

Healthy marine environments with diverse biological communities and good envi-
ronmental status provide valuable ecosystem services and support a wide range of hu-
man activities. The requirement to assess the environmental status of marine waters is
growing across continents (Borja et al., 2008). In Europe, the umbrella regulations for
addressing the ecological quality of aquatic systems are the WFD (2000/60/EC) for
lakes, rivers, transitional (estuaries and lagoons) and coastal waters, and the MSFD
(2008/56/EC) for marine waters.

It is widely accepted that macrozoobenthos species and communities reflect natu-
ral and anthropogenic changes in marine ecosystems, as they are unable to avoid un-
favorable conditions, have a long reproductive cycle, accumulate changes over time
and occur at various depths (Dauer, 1993; Borja et al., 2000; Zettler et al., 2007).
Therefore structural parameters of bottom macrofauna communities were synthesized
in a number of multimetric indices to be used for environmental status assessment e.g.
the Benthic Quality Index (BQI; Rosenberg et al., 2004; Leonardsson et al., 2009),
the AZTI Marine Biotic Index (AMBI; Borja et al., 2000), the Biotic Index (BENTIX;
Simboura and Zenetos, 2002), the Benthic Opportunistic Polychaete and Amphipod
Index (BOPA; Dauvin and Ruellet, 2007) and the Benthic Opportunistic Annelida
Amphipoda Index (BO2A; Dauvin and Ruellet, 2009).
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1. Introduction

Many authors agree that eutrophication, chemical pollution and mechanical distur-
bance of the sea bottom are the major anthropogenic pressures determining changes
in macrozoobenthos abundance, distribution and species composition (McQuatters-
Gollop et al., 2009; Van Hoey et al., 2010; Rice et al., 2012). In the face of these
multiple pressures, an accurate assessment of environmental status is a prerequisite
for establishing environmental targets and selecting specific management measures.
The crucial step here is the selection of appropriate indicators, therefore this issue is
addressed in many studies (Ferreira et al., 2011; Rice et al., 2012; ICES, 2013). A few
selection criteria have been suggested, including but not limited to scientific basis, re-
sponsiveness, range of applicability, data availability, practicality, harmonization, ac-
curacy and confidence (Rice and Rochet, 2005; Niemeijer and de Groot, 2008; Elliott,
2011). Several evaluation methods and conceptual frameworks have been discussed
to facilitate decision-making (Borja and Dauer, 2008; Kershner et al., 2011; ICES,
2013). The responsiveness of an indicator is often distinguished among the selection
criteria (Rombouts et al., 2013). Once an indicator has been developed, its perfor-
mance in terms of sensitivity (i.e. the response to an existing disturbance), specificity
(i.e. the resistance to the noise or non-targeted disturbance) and the accuracy in rela-
tion to the actual response can be evaluated (Murtaugh, 1996).

In spite of selection criteria, the performance of indicators is unlikely to be consis-
tent across habitats and ecosystems, since bottom-dwelling organisms are not equally
sensitive to different types of anthropogenic disturbances (Buhl-Mortensen et al.,
2009), or environmental conditions (Tagliapietra et al., 2009). Following guidance
for recent assessments of environmental status (WFD, 2000/60/EC; MSFD, 2008/56/
EC; HELCOM, 2012), benthic indices should integrate sensitivity, richness and abun-
dance of macrozoobenthos species. While richness and abundance are directly as-
sessed from the benthic samples, defining species sensitivity is less straightforward.

Generally, sensitivity is described as a product of a likelihood of damage due to
pressure (Laffoley et al., 2000; OSPAR, 2008). Typically, very sensitive species react
fast to the impact of natural stressors or human activity and recover only after a pro-
longed period, if at all. Species grouping into sensitivity classes based on expert valu-
ation is used in several indices (e.g. AMBI, Borja et al., 2000; BENTIX; Simboura
and Zenetos, 2002; M-AMBI, Muxika et al., 2007, Leonardsson et al., 2009). Typical-
ly this approach enables one to take into account different sensitivity meanings (e.g.
resilience, resistance, recoverability and vulnerability) (Tyler-Walters et al., 2001),
which otherwise are difficult to quantify using numerical algorithms. Additionally,
expert-based sensitivity values may have a fixed range of variability, predefined num-
ber of sensitivity classes and fixed distance between sensitivity values for organisms
belonging to different sensitivity classes. These features make species sensitivity esti-
mates well-structured and simple to interpret in a context of overall status assessment.
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1. Introduction

In contrast to expert opinion, a standardized mathematical algorithm for assessing
species sensitivity has an obvious advantage for screening sensitivity performance un-
der different conditions. It also makes sensitivity values comparable between different
areas and datasets leaving less freedom for low certainty assumptions. So far, the only
standardized species sensitivity assessment algorithm was proposed by Rosenberg et
al. (2004) and recently revised by Leonardsson et al. (2015). The overall concept relies
on the assumption that lower sensitivity species will be more abundant and will oc-
cur more frequently in disturbed sites, characterized by lower species richness, while
species of higher sensitivity will attain higher abundance at higher species richness
i.e. less disturbed sites. This implies that sensitivity value and the overall assessment
is dependent on the diversity range (i.e. disturbance gradient) covered by the dataset.

In this study the reliability of macrozoobenthos species sensitivity estimates and
its influence on the index values were tested in a context of depth gradient, changing
communities, type and level of anthropogenic disturbances where the BQI values
respond to the analysed parameters significantly differently. Additionally, specificity
and sensitivity of the BQI was assessed using the non-parametric Signal detection
theory method and recommendations for the index applications are provided.

1.2 Aim and objectives

The aim of the study is to evaluate variability patterns in macrozoobenthos species
sensitivity values and their role in applications of Benthic Quality Index for the eco-
system status assessment in low diversity communities of the south-eastern Baltic Sea.

The following objectives were raised for this work:

1. To assess the importance of a depth gradient for the species sensitivity values
and their use in Benthic Quality Index.

2. To quantify the variability of the species sensitivity values and Benthic Quality
Index under changing macrozoobenthos community structure.

3. To evaluate the reliability of the species sensitivity values in a context of dif-
ferent anthropogenic pressures and variable disturbance level.

4. To test the application of the Signal detection theory for the validation of Ben-
thic Quality Index values and determination of water quality class thresholds.

5. To develop recommendations for the water quality status assessment of the
south-eastern Baltic Sea using Benthic Quality Index.

11



1. Introduction

1.3 Novelty

This study provides new results on changes of macrozoobenthos species sensitiv-
ity estimates for different disturbance types under changing environmental conditions
and their influence for BQI variability. This study carried out on macrozoobenthos of
the south-eastern Baltic Sea confirmed very recent results (Schiele et al., 2016; Leon-
ardsson et al., 2016) of the dependency of species sensitivity estimates on the depth.
However, this phenomenon was demonstrated for much smaller spatial scale and very
narrow depth range and therefore, findings of this study have a new perspective and
interpretation. The consistency analysis for macrozoobenthos species sensitivity val-
ues showed their considerable variation between two macrofauna communities within
the same depth range and under similar sediment types, what has not been demonstrat-
ed during earlier studies and neglected by previous status assessments in the Baltic.
This study also tested the application of the Signal detection theory for the validation
of macrozoobenthos based quality index and setting up thresholds for quality class-
es. Although newly applied in a context of marine ecosystem status assessment, this
method demonstrated relatively good results as noticed by Heiskanen et al. (2016).
BQI was also exposed to a new assessment system consisting of eight quality criteria
and this excersise delivered new knowledge in evaluation of the benthic indicator in
a context of Biodiversty (D1) and Sea floor integrity (D6) Descriptors of the Marine
Strategy Framework Directive (MSDF; European Commission 2008/56/EC).

1.4 Scientific and applied significance of the results

The major scientific importance of the current study lies in advanced understand-
ing of reliability and accuracy of the species sensitivity estimates gained from typical
datasets delivered by environmental monitoring programmes and short-term research
projects. The applied value of the study is built on the background knowledge and
detailed guidelines for the assessment of the soft bottom status of the south-eastern
Baltic Sea using BQI index. This knowledge and guidelines include index validation,
estimated species sensitivity values and justified boundaries for water quality classes,
which have been approved by the Lithuanian Ministry of Environment for the water
quality assessment in the framework of Water Framework Directive and Marine Strat-
egy Framework Directive (2000/60/EC; 2008/56/EC).

1.5 Defensive statements

1. Macrozoobenthos species sensitivity values reflect both species response to
natural variability and anthropogenic disturbance, therefore water quality assessment

12



1. Introduction

using Benthic Quality Index should be carried out for precisely defined setting of en-
vironmental conditions, benthic communities and acting disturbances.

2. The set of sensitive and tolerant species differ between types of anthropogenic
disturbance, whereas species sensitivity values may depend on coverage of distur-
bance gradient by the dataset.

3. The Signal detection theory method can be applied for the Benthic Quality Index vali-
dation against selected disturbance parameters and setting the water quality class boundaries.

1.6 Scientific approval

Results of this study were presented in 3 international and 2 national conferences:

ECSA 56 Coastal systems in transition: From a ‘natural’ to an ‘anthropogenically-
modified’ state conference. Bremen, Germany, September, 2016.

Scientific symposium 2015: “Tools for assessing status of European aquatic eco-
systems”, Malme, Sweden, May 2015.

10th Baltic Sea Science Congress, Riga, Latvia, June, 2015.

9th national conference ,,Marine and coastal research®. Klaipéda, Lithuania, April, 2016.

10th national conference, ,,Marine and coastal research®. Palanga, Lithuania,
April, 2017.

The material of this study was presented in 3 original publications, published in
peer-reviewed scientific journals:

Chusevé, R., Nygérd, H., Vai¢iaté, D., Daunys, D., Zaiko A. (2016) Application of
signal detection theory approach for setting thresholds in benthic quality assessments.
Ecological Indicators 60, 420—427.

Queiros, A.M., Strong J. A, Mazik, K., Carstensen, J., Bruun, J., Somerfield, P. J.,
Bruhn, A., Ciavatta, S., ChuSevé R., Nygard, H., Flo E., Bizsel N., Ozaydinli, M.,
Muxika 1., Papadopoulou, N., Pantazi, M., Krause-Jensen, D. (2016) An objective
framework to test the quality of candidate indicators of good environmental status.
Frontiers in Marine Science. 10.3389/fmars.2016.00073.

ChusSevé, R., Daunys, D. (2017) Can benthic quality assessment be impaired by
uncertain species sensitivities? Marine Pollution Biulletin. 116, 332—-339.

1.7 Thesis structure

The dissertation includes eigth chapters: introduction, literature review, material
and methods, results, discussion, conclusions, references. The material is presented in
128 pages, 23 figures and 13 tables. The dissertation refers to 119 literature sources.
Dissertation is written in English with an extended summary in Lithuanian language.
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1. Introduction

1.9 Abbrevations
Abbreviation Explanation
AMBI AZTI Marine Biotic Index
ANOSIM Analysis of similarities (statistical term)
AUC The area under the ROC curve (statistical term)
BQOI Benthic Quality Index
BBI Brackish Water Benthic Index
BENTIX Biotic Index
BOPA Benthic Opportunistic Polychaeta Amphipoda Index
CDOM Coloured dissolved organic matter
CHL-a Chlorophyll a concentration
DKI Danish multimetric quality index
EEZ Exclusive Economic Zone
EU European Union
EG Ecological group
HELCOM Helsinki Commission
ITr Infaunal Trophic Index
LMA Lithuanian marine area
MarBIT Marine Biotic Index Tool
MERIS The cloud free MEdium Resolution Imaging Spectrometer
MSFD Marine Strategy Framework Directive (2008/56/EC)
M-AMBI Multivariate-AMBI
nMDS Non-metric multidimensional scaling (statistical term)
NPV Negative predictive value
PPV Positive predictive value
ROC Receiver Operating Characteristic (statistical term)
SDT Signal detection theory
SIMPER Statistics of similarity percentages (statistical term)
TN Total nitrogen concentration
P Total phosphorus concentration
WFD Water Framework Directive (2000/60/EC)
ZK1 Macrozoobenthos community index
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Literature review

2.1 Review of the macrozoobenthos indexes

A variety of macrozoobenthos indicators have been developed during the last de-
cade to assess the status of coastal and open waters using defined target values and
reference conditions (Borja et al., 2009; Hering et al., 2010). Several characteristics
make macrozoobenthos organizms useful and suitable indicators, as they

1. live in the bottom sediments, where exposure to contaminants and oxygen stress
is most frequent (Kennish, 1992; Engle, 2000);

2. are relatively sedentary and reflect the quality of their immediate environment
(Pearson and Rosenberg, 1978; Dauer, 1993);

3. have relatively long life span and species responses integrate water and sedi-
ment quality changes over time (Dauer, 1993; Reiss and Kroncke, 2005);

4. include diverse species with a variety of life features and tolerance levels to
stress, which allow their inclusion into different functional response groups (Pearson
and Rosenberg, 1978);

5. some species are commercially important species or their preys (Reiss and Kro-
ncke, 2005);

6. affect fluxes of chemicals between sediment and water columns through bio-
turbation and suspension feeding activities, as well as playing a vital role in nutrient
cycling (Reiss and Kroncke, 2005).

17



2. Literature review

Yet the performance of benthic indicators is unlikely to be consistent across habitats
and ecosystems, since bottom-dwelling organisms are not equally sensitive to different
types of anthropogenic and natural disturbances (Buhl-Mortensen et al., 2009), to geo-
graphical specifications (Dauvin, 2007) or environmental conditions (Tagliapietra et al.,
2009). An ideal indicator should be responsive to any stressor type, have a low natural
variability, provide a response that can be distinguished from natural variations and be
interpretable (Hering et al., 2006). It has been shown that the main differences between
the indicators can be attributed to the differences in (1) sensitivity, (2) susceptibility to
natural variability, (3) types of included variables, (4) the method used to determine
sensitivity of species, and (5) the reaction to the sampling strategy (Hoey et al., 2010).

A series of multimetric macrozoobenthos indices used for the seabed status assess-
ment can be grouped into the three major categories based on:

(i) diversity—Shannon-Weaver diversity index H’ (Shannon, 1948), Benthic Qual-

ity Index (BQI) (Rosenberg at al., 2004);

(ii) ecological groups—AMBI (AZTI Marine Biotic Index, Borja et al., 2000);
M-AMBI (Multivariate-AMBI, Muxika et al., 2007); BENTIX (Biotic Index,
Simboura and Zenetos, 2002); BOPA (Benthic Opportunistic Polychaeta Am-
phipoda Index, Dauvin and Ruellet, 2007);

(iii) trophic groups—ITI (Infaunal Trophic Index; Mearns and Word, 1982).

2.1.1 Indices based on ecological groups

AZTI Marine Biotic Index (Borja et al., 2000). The AZTI Marine Biotic Index
(AMBI) relies on the abundance distribution of the soft-bottom macrozoobenthos or-
ganisms, classified into five EG based on their sensitivity to organic enrichment: EG
I being described as the disturbance-sensitive species, EG Il-disturbance-indifferent
species, EG Ill-disturbance-tolerant species, EG I'V-second-order opportunistic spe-
cies and EG V-first-order opportunistic species) (Hily, 1984; Glemarec, 1986; Grall
and Glemarec, 1997). This index is calculated according to the weighted relative
abundance of each EG in a site:

AMBI = (0 x %EGI) + (1.5 x %EGII) + (3x‘f§(§}lll) + (4.5x %EGIV) + (6 x %EGV) (1)

The index result is a continuous number varying between 0 (for unpolluted sites)
and 7 (for extremely polluted sites). The index was tested and provided reliable results
in geographically different sites: a number of European waters (Muxika et al., 2005)
including coastal waters along the Basque Country, Spain (Borja et al., 2000), the
Mondego estuary, Portugal (Salas et al., 2004), areas along the Brazilian coast and off
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2. Literature review

the Uruguayan coast (Muniz et al., 2005). It was proved that AMBI reacts in the same
way to different disturbance sources, e.g. anoxic episodes, hydrocarbon pollution,
engineering works, dredging or fish farming cages (Borja et al., 2000, 2003).

One disadvantage of AMBI is the potential uncertainties in the species ecological
grouping. Once it draws on the response of organisms to organic inputs in the ecosystem
it does not detect the effects caused by other types of pollution, as for instance toxic pol-
lution (Marin-Guirao et al., 2005). Moreover, AMBI has not been shown to be useful for
poor communities in naturally stressed environments, e.g. high hydrodynamic energy
areas, subtidal sandbanks, and the inner parts of the estuaries (Muxika et al., 2005).

Multivariate-AMBI (Muxika et al., 2007). The Multivariate-AMBI (M-AMBI)
is a combination of the proportion of ‘disturbance-sensitive taxa’ (through the com-
putation of the AMBI index) and species diversity (through the use of the Shannon-
Weaver diversity index H’). These parameters are integrated through the use of dis-
criminant analysis (DA) and factorial analysis (FA) techniques.

The M-AMBI has been the outcome of the intercalibration process among member
states for the WFD (2000/60/EC). Nevertheless, it has been applied to other systems
outside the Europe, e.g. Chesapeake Bay, USA, where it revealed to be a consistent
measure, providing high agreement with local indices (Borja et al., 2008). The main
advantage attributed to this index, as well as of AMBI, is that both are easily computed,
and the software is freely available. Moreover, the M-AMBI performs more accurately
than AMBI alone in low salinity habitats (Muxika et al., 2007; Borja et al., 2008).

Biotic Index (Simboura and Zenetos, 2002). The Biotic Index (BENTIX) is
based on the AMBI index and uses the reduced soft-bottom macrozoobenthos clas-
sification consisting of three relatively wide EG"s.

Each group contains a list of indicator species receiving a score from 1 to 3 rep-
resenting sensitive or indifferent to disturbance species (k-strategy); tolerant second-
order opportunistic species (r-strategy) or those which may increase densities in case
of disturbance; and first-order opportunistic species, respectively:

6 x %GI + 2 x (%GII + %GIII)
BENTIX = 00 ()

This index can range from 2 (for poor conditions) to 6 (at high status or reference
sites). The main difference of this BENTIX formula, derived from the formula of
AMBI index (Borja et al., 2000) is that the number of utilised ecological groups is
reduced from five to three giving the same weight for the tolerant-second order op-
portunistic and the first-order opportunistic species (2). In this way the treated groups
are posteriorly reduced to two: the sensitive and the tolerant. Also each ecological
subgroup is weighted equally in relation to the others, resulting eventually to the ratio
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of 3 to 1 for the sensitive versus the tolerant group. Reducing the number of groups
has the advantage of reducing uncertainty regarding the grouping (two groups instead
of five) and also of increasing the simplicity of calculation.

The BENTIX was developed in the scope of the WFD (2000/60/EC) for the Medi-
terranean Sea. It has been successfully applied in assessment of organic pollution
(Simboura and Zenetos, 2002; Simboura et al., 2005), oil spills (Zenetos et al., 2004)
and dumping of particulate metalliferous waste (Simboura et al., 2007). Nevertheless,
the BENTIX relies solely on the classification of organisms for organic pollution, and
is being unable to accurately classify sites with toxic contaminations (Mar1'n-Guirao
et al., 2005). Limitations of the index use have been also met in case of transitional
waters (estuaries and lagoons) where the natural conditions favour the presence of
tolerant species in very high densities. In this case undisturbed lagoons or estuaries
may appear with low quality status if the index is used (Simboura and Zenetos, 2002).

2.1.2 Multimetric indices for coastal waters of the Baltic Sea

Benthic Quality Index (Rosenberg et al., 2004). Benthic Quality Index (BQI)
is based on macrozoobenthos species (or higher order taxa) abundance, species rich-
ness and species sensitivity values. It was designed to assess environmental status of
Swedish marine waters following WFD (2000/60/EC) concept and its requirements
(Rosenberg et al., 2004) (3). Currently Lithuania and Latvia have also adopted it for
the assessments of the coastal waters status.

n Al
BQI = (Z (Atot * E5500_05>> X log,o(S+1) (3

=1

where 4, stands for the abundance of the species i; 4, , is the sum of all individuals
in a sample; ES50, . is the sensitivity value for the species i; and S is the total number
of species in a sample.

Macrozoobenthos species sensitivity values in BQI is based on Hurlbert diversity
index (£S550), which is calculated for each sample according to:

(N = ND! (V- 50)!
E550—i=1 (N — Ni — 50)! N! @)
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where S is the total number of species in a sample, N is the total number of indi-
viduals in a sample and N, is the number of individuals belonging to the i ‘zh species
in a sample. Then, macrozoobenthos species sensitivity is calculated as ES50 value,
which corresponds the lower 5% limit of the cumulative species abundance distribu-
tion (i.e. 5 percentile of the species abundance) (Rosenberg et al., 2004) (Fig. 4). The
assumption behind using ES50,  value to define species sensitivity is that sensitive
species tend to occur more frequently at sites with high diversity (e.g. undisturbed
sites) (Rygg, 2002) and get extinct under relatively low disturbance level. In contrast,
tolerant species predominantly colonise sites with low diversity (e.g. disturbed sites)
and hence are potentially more exposed to lower range of sensitivity values.

BQI applications were often restricted to a large and heterogeneous datasets char-
acterized by a non-uniform sampling effort (Rosenberg et al., 2004). The requirement
of species sensitivity values computation from large datasets causes severe limitations
to the use of BQI index, particularly for areas of strong gradients, where it correlates
with environmental variables, such as salinity (Zettler et al., 2007). Therefore, ap-
plication of this index is sensitive to comprehensive datasets and quantification of
local reference values, which reflects the environmental heterogeneity and justifies
the range of index values (Rosenberg et al., 2004; Reiss and Kroncke, 2005; Labrune
et al., 2006; Zettler et al., 2007).

The Danish multimetric quality index (Borja et al., 2007). The ecological qual-
ity of Danish coastal waters is assessed using a multimetric index DKI based on abun-
dance, composition, and diversity of macrozoobenthos species. DKI uses the AMBI
index where species sensitivity is classified according to Borja et al. (2000), log base
2 Shannon-Weaver diversity index and its maximum value in undisturbed conditions
(H’ and Hmax respectively), number of species (S) and the number of individuals ()
(Borja et al., 2007):

The factors with N and S only have significant effect when number of individuals
and species are < ~10. It has been tested in different pollution gradients both in Den-
mark (gradient of oxygen deficiency) and Sweden (gradient of pulp mill effluents)
and found to reflect changes in the benthic communities due to pollution impact well
(Josefson et al., 2009).

The Brackish Water Benthic Index (Perus et al., 2007). The Finnish Brackish
Water Benthic Index (BBI) follows the theory that the biodiversity increases with the
increasing distance from a pollution source along a gradient of disturbance (Pearson
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and Rosenberg 1978). It was used to classify the ecological status of the macrozoo-
benthic assemblages for the low-saline and species-poor Finnish coastal waters. The
BBI includes relative abundance (%) of sensitive or tolerant species. The species sen-
sitivity is the same as used for the Swedish BQI index (Rosenberg et al., 2004). The
evaluation of sensitivity of each species is based on literature information (e.g. Borja
et al., 2000) and expert judgment. The weights given for four sensitivity classes are:
1 — very tolerant to pollution; 5 — tolerant; 10 — pollution sensitive and 15 — very pol-
lution sensitive.
The BBI is calculated as follows:

[(BQE;?riax) + (H’Zzlax)] . |(1- ﬁ) +(1- %)] ©)

BBI =
2 2

where, BQI is the Benthic Quality Index (Rosenberg et al., 2004), H  is the
(log2-base) Shannon-Weaver diversity, ABfot is an abundance of species at station,
and S the species richness.

The index considers the observed BQI and Shannon-Weaver diversity index (H")
values against their highest recorded values within individual water bodies (serving as
reference values) and further deducts the obtained value considerably in case of low
biodiversity or abundance. A value of 0 indicates conditions without macrozooben-
thos organisms (azoic sediment) and value 1 indicates unpolluted bottom conditions.

Results from testing BBI and other indices on effects from fish farming showed
that BBI correlates well with DKI and BQI but not with AMBI index (Perus et al.,
2007). BBI, DKI and BQI indexes also showed a similar response to changes in oxy-
gen saturation, organic matter, and species richness, while the AMBI index was insen-
sitive to changes in these variables in low-saline species-poor regions.

Marine Biotic Index Tool (Meyer et al., 2009). The Marine Biotic Index Tool
(MarBIT) is a multi-metric assessment system to rate the ecological status of mac-
rozoobenthos communities in the German part of the Baltic Sea according to the
requirements of the WFD (2000/60/EC). The assessment system is based solely on
ecological principles and gives an assessment according to the four metrics or criteria
defined by the WFD: macrozoobenthos composition, abundance, proportion of taxa
sensitive to disturbance, and proportion of taxa that are pollution indicators. The ap-
proach uses a classification scheme with five classes, type or water body specific ref-
erence conditions, and is applicable to all habitats. The index is calculated from 10-20
pooled samples taken from any of three different substrates (soft bottom, phytal and
hard bottoms) which are initially assessed separately (Meyer et al. 2009). The refer-
ence conditions are based on the available knowledge on the autecology of the species
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living in the Baltic coastal communities. This knowledge was taken from an extensive
review of scientific literature and historical monitoring data. The fundamental prin-
ciple of the assessment system is the fact that biological systems increase in complex-
ity when they develop normally. On the other hand, disturbance from human activities
reduces complexity. The four above mentioned WFD metrics for the assessment of the
ecological status are used to measure this complexity and thus give an estimation of
the complexity as a substitute for the ecological status. This is the ecological endpoint
used in the MarBIT system.

MarBIT was tested against the Baltic Sea Pressure Index and inputs of nutrients
with significant correlations (Meyer et al., 2009).

Macrozoobenthos community index (Kotta et al., 2012). The Estonian macro-
zoobenthos community index (ZKI) is based on the relative biomass, proportions of
sensitive taxa and species richness on soft bottom substrate. The ZKI index divides
the macrozoobenthos into three groups according to their sensitivity to an increas-
ing stress (including eutrophication). The index also takes into account the species
number at a station and compensates this diversity term for salinity of a site along the
gradient. The compensation term is based on the waterbody-specific maximum value
for species number. The macrozoobenthos community index is calculated by the fol-
lowing equation:

S
ZKI = [0.5 % (Class 1+ 2 Class 2 + 3 * Class 3) — 0.5] = [ ] (7)
S max

where Class i is the ratio of the sum of the dry weights of the species belonging to
the Class i to the total invertebrate biomass at the station; S is the number of species/
taxa per grab; Smax is the waterbody-specific value of the maximum number of species
per grab. Class 1 designates the opportunistic taxa that are able to form single-species
associations or highly dominate communities under heavily disturbed conditions. Class
2 includes the taxa that are indifferent to or favoured by moderate eutrophication, but
cannot tolerate heavily disturbed conditions. For the taxa of Class 3, eutrophication is
unfavourable. The values of ZKI vary between 0 and 1, where 1 represents the healthy
communities and 0 stands for the most deteriorated communities (Kotta et al., 2012).

The ZKI index was validated against nutrient loads (N and P concentrations) and
by the Baltic Sea Pressure Index (BSPI). In spite of the index being adopted for soft
bottoms in depths between 5 and 30 m sampled with Van-Veen or Ekman type benthic
grabs, high variability in ZKI assessment results was found (Kotta et al., 2012).

All regional indices mentioned above were elaborated in order to meet WFD require-
ments, i.e. they account for the benthic abundance, composition as well as proportion of
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tolerant and sensitive to disturbance taxa. However, there are two important constraints
for applying these indices over broad spatial scales to the open sea areas of the Baltic Sea:
(1) the dominance of a few individual species and their strong contribution to the natural
variations in the macrozoobenthos abundance and (2) the problem with species sensitivity
since a particular species may be classified as sensitive in one region and not in another
(HELCOM MONAS report, 2009). Furthermore, as these Baltic regional indices are de-
veloped within the WFD, they mostly focus on the assessment of eutrophication effects. At
this point an evaluation of the suitability, relability and validation of the existing indices is a
more urgent task than the development of new ones (Borja et al., 2008).

2.2 Requirements for the macrozoobenthos
based environmental quality indexes

Borja and Dauer (2008) have discussed the steps in a multimetric index develop-
ment, which include: (i) selection of candidate metrics; (ii) metric combination; (iii)
index validation; (iv) index application to different human pressures; (v) index inter-
pretation; and (vi) index intercalibration.

The selection of effective indicators is a key stage in assessing the status and con-
dition of a system. Several criteria have been suggested, including (but not limited to)
scientific basis, responsiveness, range of applicability, concreteness, theoretical basis,
public awareness, application costs, data requirements and availability, practicality,
harmonization possibilities, accuracy, sensitivity, specificity and confidence (Rice
and Rochet, 2005; Salas et al., 2006; Niemeijer and de Groot, 2008; Elliott, 2011).
The evaluation methods and conceptual frameworks have been discussed to facilitate
decision-making (Borja and Dauer, 2008; Kershner et al., 2011; ICES, 2013).

In the development of some benthic indices, calibration and validation data sets
were initially available and samples were allocated between the two datasets random-
ly (e.g., Llanso” et al., 2002) or based on sampling year (e.g. Paul et al., 2001). More
commonly after the index development, newly collected data are used as validation
data. In such cases strong putative gradients are deliberately selected (e.g. Borja et al.,
2000, 2003, 2006; Muxika et al., 2005; Quintino et al., 2006).

Many studies have aimed to test and validate benthic indicators, applying different
analytical frameworks and statistical approaches. For instance, the responsiveness of
the BENTIX index to the water quality parameters (dissolved oxygen, particulate and
total organic carbon) was assessed using linear regression (Simboura and Zenetos,
2002). Factorial analysis was used by Muxika et al. (2007) when validating benthic
quality assessment performed with the AMBI index (Borja et al., 2000). Diaz et al.
(2004) assessed the functionality of 64 benthos-related indices applying qualitative
comparison based on a comprehensive literature review. Statistically significant cor-
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relations were found between BQI and annual mean of oxygen, chlorophyll a and
total nitrogen concentrations (Osowiecki et al., 2008). Recently Borja et al. (2015)
have ranked 35 benthic quality indices used in different countries to evaluate the im-
pact produced by 15 different human pressures (including multipressure, aquaculture,
sewage discharges, eutrophication, physical alteration, chemical pollution, climate
change). The ranking was carried out by taking into account the coverage area of
biogeographical provinces, number of citations for testing an index against selected
pressures and number of citations for significant index correlation with a pressure.
The highest performance was found for AMBI, M-AMBI, BENTIX, BQI and BOPA.

2.3 Macrozoobenthos species sensitivity assessment methods

The concept of benthic sensitivity was inspired by the paradigm of macrozoobenthos
succession in a context of organic enrichment in the marine environment (Pearson and
Rosenberg, 1978). This paper stimulated extensive discussions about the concepts of in-
dicators and indices used in the analysis of soft-bottom macrobenthic communities (e.g.
Laine et al., 1997; Kotta et al., 2009). Pearson and Rosenberg (1978) argued that unidi-
rectional stress caused by an increasing intensity of a particular disturbance will result in
adaptation by an individual within its abilities to respond first, and then it will be replaced
by another better adapted individual able to respond to that particular stress. Beyond this
level the species will be replaced by other species better adapted to the new conditions.
However, the increase of organic matter is only one of several possible pollution out-
comes in the sediment; and other substances (e.g. metals, hydrocarbons) or physical dis-
turbances (deposition of dredged material, bottom trawling, siltation) can also interfere
and instantaneously shape the structure of benthic communities along the eutrophication
gradients. In this case the dynamics of various species or ecological groups becomes ex-
tremely complex depending on a set of acting stressors, structure of impacted communi-
ties and background spatio-temporal variability of a benthic environment.

Species sensitivity is determined as a product of the likelihood of a damage (also
termed intolerance or resistance) due to a pressure and the rate of (or time taken for)
recovery (also termed recoverability, or resilience) once the pressure has abated or been
removed (Laffoley et al., 2000). A species is defined as very sensitive when it is eas-
ily adversely affected by human disturbance (e.g. low resistance) and recovery is only
achieved after a prolonged period, if at all (e.g. low resilience or low recoverability)
(Laffoley et al., 2000; OSPAR, 2008). Human activities in the marine environment re-
sult in a number of pressures, which may result in an impact on environmental compo-
nents that are sensitive to the pressure. Pressures have been defined as ‘the mechanism
through which an activity has an effect on any part of the ecosystem’ (Robinson et al.,
2008). Pressures can be physical, chemical or biological. Different pressures can result
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in the same impact, for example, habitat loss and habitat structure changes can both
result in the mortality of benthic invertebrates (Robinson et al., 2008). Species will dif-
fer in their ability to resist different pressures based on the type of pressure, the extent,
duration and magnitude of the pressure and the degree of exposure. The timing of the
pressure exposure can also be significant, in relation to species’ life cycles, reproduc-
tion, recruitment or even season or time of day with some species being active and/or
present in different areas at different times. Different life stages of an organism may also
vary in sensitivity to pressures. Sensitive species frequently survive within a narrow
range of environmental conditions and disappear from polluted areas and zones under-
going environmental change. Such species are typically limited in abundance, restricted
in distribution, or are particularly sensitive during development and rely on specific
habitat conditions (Dauvin, 2010). Species sensitivity to anthropogenic disturbance may
also vary along the environmental gradients such as depth, salinity, wave exposure and
substrate type (Villnds and Norkko, 2011), some species are even capable to adapt or
change their performance under different stress conditions (Remane, 1958).

Different methods and approaches have been used to assess macrozoobenthos spe-
cies sensitivity and majority result in the classification of ecological groups contain-
ing species of different sensitivity to a given disturbance, e.g. organic enrichment
(Pearson and Rosenberg, 1978; Rumohr et al., 1996), industrial waste (Leppakoski,
1980), thermal pollution (Zettler et al., 2013), dredge spoil dumping (Olenin, 1992),
bottom trawling (Kaiser et al., 2000). Still, empirical evidence of macrozoobenthos
sensitivity relation to human pressures is largely lacking, while importance of existing
natural gradients for species of different sensitivity groups is restricted to few regional
studies (e.g. Zettler et al., 2007; Schiele et al., 2016).

Species sensitivity values are commonly used in various indices for assessing status
of marine environment as in the WFD (2000/60/EC) and more recently also within the
MSFD (2008/56/EC). One of the most challenging aspects of benthic indices has been
the identification of reliable measures of the species’ sensitivity to various magnitudes
and different kinds of disturbances. Marine benthic fauna encompasses thousands of
species and most of them occur at low densities. Scientific information about the ecol-
ogy of many species is limited, which makes it hard to assign sensitivity values based
on documented knowledge. Species sensitivity characteristics can be evaluated from
existing knowledge reported in the literature, using expert judgment or deriving in-
formation through data analysis of macrozoobenthos structure under various effects
(Mearns and Word, 1982; Borja et al., 2000; Muxika et al., 2007; Bellan, 2008; Pearson
and Rosenberg, 1978; Rosenberg et al., 2004; Leonardsson et al., 2009).

Soft-bottom macrozoobenthos species respond to environmental or human stress
by means of different adaptive strategies. Gray (1979) summarized these strategies
by classifying species into three ecological groups: r-strategy species with a short
life-span, fast growth, early sexual maturation and larvae throughout the year, i.e.
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typical opportunist species; k strategy species with a relatively long life, slow growth
and high biomass; and T strategy stress tolerant species, not affected by alterations.
Mearns and Word (1982) suggested species classification based on trophic groups:
suspension feeders; carrion feeders (e.g. carnivorous, omnivorous and necrophagous
species); surface deposit feeders, species that are both suspension feeders and surface
deposit feeders, subsurface deposit feeders that feed on sedimentary detritus and bac-
teria. Benthic species can also be classified according to their biological traits, such as
longevity, reproduction type, life history, morphology and behaviour characteristics
(Bremner et al., 2003). The presence or absence of a species in a sample, such as a
first-order opportunistic species or a sentinel species, can be enough to indicate deg-
radation or the effect of pollution on a benthic community (Bellan, 2008).

Borja et al. (2000, 2003, 2008) summarised work of Pearson and Rosenberg (1978)
and Grall and Glemarec (1997) and classified more than 2000 benthic taxa into five
ecological groups based on the dynamics of species relative abundance. Three eco-
logical groups of the macrozoobenthos are used in the BENTIX index according to
the degree of sensitivity towards pollution (Simboura and Zenetos, 2002). In this case
the information classifying the species into the ecological groups was derived from
35 literature sources providing the ecological characterisation of species for different
regions (e.g. Borja et al., 2000; Corbera and Cardel, 1995; Simboura and Nicolaidou,
2001). In contrast, Leonardson and his colleagues (2015) used a semi-quantitative
scale for the characterisation of species sensitivity: instead of £S50 values for species
sensitivity values they used the observed number of species in each sample. The re-
gional and fully quantitative attempt to describe variability of 329 species sensitivity
was carried out using 19 combinations of geographic characteristics and the same cal-
culation method for the entire Baltic Sea (Schiele et al., 2016). The result emphasises
the necessity of assigning different sensitivity values for majority of species for vari-
ous stretches of the environmental gradients and physiogeographic regions (subre-
gions, classes of salinity, depth, sampling gear). Other authors, however, used expert
based sensitivity classifications assigining weights from 1 to 15 for species belonging
to one of four sensitivity classes (Osowiecki et al., 2008; Leonnardson et al., 2009).

Zetller et al. (2013) also pointed out that static indicator species lists should be
applied with caution for environmental quality assessments. The importance of inter-
acting environmental variables, the possible existence of cryptic species and different
sensitivity during various life stages of the species should not be neglected when us-
ing static indicator lists. Consequently, the following aspects should be carefully con-
sidered when applying the static indicator based quality indices: (1) species sensitiv-
ity may change along environmental gradients and between different biogeographic
regions; (2) there is a risk of including sibling or cryptic species in calculating the
sensitivity value of a species.
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Material and Methods

3.1 Study area

This study was performed in the Lithuanian marine area (LMA, includes Territo-
rial waters and EEZ) located within the south-eastern part of the Baltic Sea. Lithu-
anian EEZ occupies 6426.6 km?, while territorial sea covers more than 3 times less
and is restricted to the area of 1849 km?. In the south the Lithuanian EEZ borders with
the Russian Federation, while in the north and west with Latvian and Swedish waters,
respectively.

A large part of LMA belongs to Klaipéda-Ventspils plateau and slopes of the north-
ern Gdansk Basin. Three comparatively deep areas extending below the halocline in
the Lithuanian EEZ are depressions of Gdansk and Gotland basins and palaeo valley
of the Nemunas River. The central part of the LMA is relatively flat, determined by
south-westerly inclined slopes of Gdansk Basin. The average depth of LMA is ap-
proximately 50 m with the maximum of 125 m reached along the Gotland Basin slope.

Coastal area is delineated by depth of 20-30 m and differ considerably from the
open Baltic Sea according to the ecological conditions, such as depth and salinity
range, water temperature, predominant bottom substrate, wave exposure and anthro-
pogenic pressures (Olenin and Daunys, 2004).
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3.1.1 Characteristics of the coastal waters

Coastal waters along the Lithuanian coastline in the south-eastern part of the Baltic
Sea are largely affected by the plume of the Curonian Lagoon, which enters the sea
through the narrow (150 m wide) Klaipéda Strait. The plume area in the Lithuanian
Baltic Sea coastal waters covers the whole territorial sea, however mainly is directed
towards the mainland coast to the north (Vaiciaté et al., 2012).

Although the surface salinity in the Lithuanian marine waters is generally in range
between 7 and 8, depending in hydrometerological situation it may decrease to almost
freshwater near the mouth of the Curonian Lagoon salinity and salinity gradient may
extend for tens of kilometers out into the Sea (Vaiciaté et al., 2012). In the surface
sediment coarse and medium sands typically occur from the shore down to 20 m
depth and such areas occupy approximately 80% of the total coastal area (Bitinas et
al., 2004). The rest are mixed botoms mainly consisting of boulder, pebble and sand
patches restricted to the north off Klaipéda Strait (Olenin and Daunys, 2004).

Vertical distribution of temperature is season dependent. The water is cold and
homogeneous from December through March due to the intensive convection. In the
summer, the thermocline is formed at 20-30 m depths, which separates warm upper
water layer and relatively cold deep water. The temperature gradient between near-
bottom waters in coastal and offshore areas can reach 12-15°C.

3.1.2 Characteristics of the open marine waters

In the open waters the near-bottom salinity above the halocline ranges from 6 to 8.
The centre of the halocline is found at 74 m with mean boundaries of 64-90 m, where
salinity increases from around 8§ to 10. The salinity in the active sub-halocline water
layer (90-130 m) can reach over 12 (Omstedt et al., 2014).

Patches of pebble/gravel deposits occur on sites down to 60 m, but in general, this
type of bottom is common only for the coastal slopes in depths less than 30 m (Olenin
and Daunys, 2004). Types of soft sediment change from fine sands occuring down to
50 m to coarse aleurites extending down to 70-90 m depth as well as fine aleurite and
aleurite-pelitic mud at the slopes of the Eastern Gotland Basin between 80 and 100 m.
Below 90-100 m the main type of bottom sediment is pelitic mud, which covers the
slopes and floor of the Gotland Deep.

The deep water in the central Baltic Sea basin tends to stagnate for periods of sev-
eral years. Remineralization of deposited organic material may facilitate anoxic con-
ditions and lead to the formation of considerable concentrations of hydrogen sulphide.
Strong seawater inflows from the North Sea may cause prolonged vertical salinity
stratification and the lack of efficient oxygenation in the sub-halocline area. Hypoxic
conditions with salinity around 1 ml I"! are present in the active sub-halocline layer.
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Also, the oxygen concentration drops significantly form 6-9.5 ml I'' (saturation 70-
100%) to 2 ml I'' (< 20% saturation) going down from the upper water layer to the
halocline range (Olenin, 1997).

Macrozoobenthos of the southern slope of the Eastern Gotland Basin is subject to
permanent fluctuations of oxygen concentration and salinity. The lack of oxygen leads
to the impoverishment and subsequent disappearance of the macrozoobenthos com-
munity, while low salinity precludes the dispersal of some halophile species into the
upper part of the seabed slope (Olenin, 1997).

3.1.3 Anthropogenic disturbances at the study area

This study is addressing several important human related disturbances in the Lith-
uanian part of the south-eastern Baltic Sea: eutrophication, dredge spoil dumping and
bottom trawling (Fig. 3).

Eutrophication. The Baltic Sea represents the world’s largest brackish-water sea
area influenced by a limited inflow of marine, fully saline water from the North Sea
and a high input of fresh water from the rivers. Phytoplankton quantity is a direct
proxy of eutrophication due to a strong link to the increase of nutrient concentrations.
In some areas nutrient concentration increase is supplemented by an internal nutrient
loading from the bottom, accelerated by oxygen depletion. In turn, the phytoplankton
increase adds to the oxygen depletion, when sedimenting to the bottom and causing
a vicious circle of eutrophication. The increase of Chl-a, a proxy of phytoplankton
biomass, in the water column is dependent on nutrient concentrations, and thus linked
strongly to anthropogenic nutrient loads from land and air (HELCOM, 2009).

In the context of the Lithuanian marine waters, the Nemunas River runoff is a
major contributor to the total riverine runoff and most of the nutrient loads from the
land (Ferrarin et al., 2008). Total fresh water runoff from the Curonian Lagoon to the
Baltic Sea through the Klaipéda Strait is approximately 27.7 km?/year (Jakimavi¢ius
and Kovalenkoviené, 2010). This runoff frequently forms a spatio-temporally unsta-
ble riverine plume in the territorial sea, which is traced through elevated Chl-a and
changed optical properties of water masses. Chl-a in the plume area varies from 4.7 to
156.2 mg/m (mean 38.4+31.5 mg/m), while outside the plume Chl-a is lower and
ranges from 2.2 to 20.2 mg/m (mean 5.7+4.5 mg/m~) (2005-2011 data) (Vaiéiaté et
al., 2012). Mean salinity of the plume area is also significantly lower than the salinity
of the adjacent coastal waters and highly correlates with the absorption of coloured
dissolved organic matter (CDOM) (Vaiciiité et al., 2012).

Cyanobacterial blooms have been reported from the open Baltic Sea already in the
19th century, but their intensity and frequency seem to increase (Finni et al., 2001).
During the two recent decades, an intensive bloom caused by Aphanizomenon flos-
aquae was observed, while during summer season of period 1986-1989 and later
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1994-1996 seasons, it reached hyperbloom conditions (Olenina and Olenin, 2004).
Bloom-forming cyanobacteria play an important role in the Baltic Sea ecosystem be-
cause of their nitrogen fixation capabilities and their toxicity. Surface blooms of 4.
flos-aquae and Nodularia spumigena occur regularly in summer in the Baltic Proper.
The most abundant species 4. flos-aquae is constantly presented in the phytoplankton
throughout the year, but rapidly increases in abundance (by 100-1000 fold) when the
water temperature reaches 20°C. The bloom usually lasts until the end of October/
beginning of November. According to Vaicitité¢ and her colleagues study (2012) in
the estuarine plume area of the Lithuanian coastal zone the biomass of 4. flos-aquae
was 24 mg/m> and according to Reimers (1990) scale reached the level of intensive
bloom. In the Lithuanian waters during summer period (June—September) the major-
ity of phytoplankton taxa belong to Cyanophyceae and Chlorophyceae, also Bacillari-

Dredge spoil dumping. There are two dredge spoil dumping sites in the Lithu-
anian marine waters, where 2 km? shallow dredge spoil dumping area is open since
1996 and located at depths of 28-35 m approximately 10 km from the coastline north-
west of the mouth of the Curonian lagoon. Only fine sand and aleurites are dumped
in this area. Larger dredged spoil dumping area of 17.8 km? is operated since 1986
and located at depths of 45-50 m approximately 20 km from the coastline, south-west
of the mouth of the Curonian lagoon. Approximately 10 mln m? of dredged material,
mainly moraine mixed with clay (70%) was deposited in the area from 2000 to 2010.
Due to its relatively remote location, this dredge spoil dumping area is rarely affected
by reduced salinity of the Curonian lagoon plume area (Vaiciute et al., 2012). En-
hanced concentrations of Cd, Cu, Pb have been recorded in this dredge spoil dumping
site during the environmental monitoring (e.g. Marine Research Department, 2015).
Permanent effects on macrozoobenthos and seabed topography have been also re-
ported in the designated area of the dredge spoil dumping site (Olenin, 1992).

Bottom trawling. The extent of the bottom trawling in the Lithuanian exclusive
economic zone was currently investigated by analysing the VMS data for the recent
decade (Daunys et al., 2016). Bottom trawling occurs in approximately 2/3 of the total
EEZ area with the annual average intensity (i.e. relative coverage of the area by bot-
tom trawling activity) of 13.7+0.7% for 1x1 nm grid. This study was performed in the
most intensively trawled areas located in the southwestern part of the EEZ at depths
of 60-65 m, where the annual trawling intensity was typically higher than 50% and
exceeded 200% in some years.
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3.2 Description of macrozoobenthos samples and data

3.2.1 General information on sampling, analytical procedures
and compiled datasets

All macrozoobenthos samples used in the analysis of this study were collected
from the soft-bottom habitats at depths ranging from 10 to 70 m. Abundance (ind m?)
data were derived from 587 samples collected at 169 sites in the LMA during the pe-
riod from 2002 to 2015. These data were gathered in the framework of five short-term
projects and three long-term monitoring programes carried out with different sam-
pling intensity and during different years (Table 1). Eigth datasets were collated from
the above mentioned information sources in order to implement study tasks (Table 2).

Irrespective of the research programmes and survey, all samples were taken using
Van-Veen grab (0.1 m? sampling area), sieved on-site through a 0.5 mm mesh and
preserved with 4% formaldehyde solution. Further processing of samples took place
in the laboratory according to HELCOM recommendations (HELCOM, 2015) where
organisms were sorted using a stereoscopic microscope and the specimens were de-
termined and quantified to the lowest possible taxonomic level (e.g. species or genus).

Table 1. Information sources used to generate datasets
for macrozoobenthos analysis in this study.

1 lentelé. Makrozoobentoso gausumo duomeny, naudoty analizéms, $altiniai.

Data Project or samling program Responsible Time period
source institution

number

1. National monitoring Environment Protection | 2002-2012

Agency, Marine Re-
search Department

2. Environmental monitoring of Butinge oil | Klaipéda Seaport Au- |2002-2012
terminal thority

3. Environmental monitoring of Klaipéda |Klaipéda Seaport Au- |2002-2012
Seaport thority

4. AVEC project (The use of wind energy | Klaipéda University 2012
in the open waters off Sventoji-Palanga)

5. DENOFLIT project (Inventory of ma- | Klaipéda University 2013

rine species and habitats for develop-
ment of Natura 2000 network in the
offshore waters of Lithuania)
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Data Project or samling program Responsible Time period
source institution

number

6. NFM project (A system for the sustain- | Klaipéda University 2009

able management of Lithuanian marine
resources using novel surveillance, mod-
eling tools and an ecosystem approach)
7. TRIPOLIS project (Bottom trawling Klaipéda University 2015
intensity and impacts on the benthic eco-
system of the Lithuanian Baltic Sea)

8. Environmental impact assessment of Klaipéda University 2008
sand extraction activities in the central
Baltic Sea off Juodkrante — Preila and
beach nourishment in the vicinity of
Palanga

Generally, coordinates of sampling sites were predetermined before surveys and
reflected aims of concrete research programmes. In contrast, sampling sites for bot-
tom trawling dataset were derived after locating trawl track positions on the seabed
by a multibeam echosounder and side scan sonar and choosing appropriate sampling
site with respect to this information. In both cases the sampling sites within the tracks
(impacted sites) and outside the tracks (control sites) were possible to locate precisely
by combining a high resolution acoustic map, dGPS positioning and vessel dynamic
positioning system.

Surface water Chl-a (mg m™) data for the coastal waters was retrieved from the
cloud free MEdium Resolution Imaging Spectrometer (MERIS) (FR, 300 m), the EN-
VISAT satellite of the European Space Agency. After 2nd reprocessing MERIS Level
1b images firstly were corrected to account for the difference between actual and
nominal wavelengths of the solar irradiance in each channel (Fomferra and Brock-
mann, 2006) with the Smile tool (1.2.101 version) of the BEAM VISAT (4.8.1) soft-
ware provided by Brockmann Consult/ESA, in order to perform an irradiance cor-
rection for all bands. Later, the images were processed using four different plug-in
optical processors of the BEAM VISAT (4.8.1) software in order to retrieve Chl-a
for approximately 3x3 km? regions around macrozoobenthos sampling sites during
2005-2011. The average Chl-a for June-August period was calculated and used in the
further analysis.

TP and TN (pg/l) data (0-10 m surface layer, June-August period of 2005-2011) for
the coastal waters and plume area of macrozoobenthos sampling sites were derived
from the national monitoring dataset (Marine Research Department, Environmental
Protection Agency) and used in the further analysis.
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Figure 1. Distribution of macrozoobenthos sampling sites (long-term monitoring and short-
term research projects) used for compilation of dataset to analyse dependence of species
sensitivity values on depth.

I paveikslas. Makrozoobentoso méginiy, naudoty analizuoti gylio poveikj riiSiy jautrumo
vertéms, rinkimo viety pasiskirstymas (rinkty ilgalaikio monitoringo ir trumpai vykdyty
projekty metu).

The dataset of macrozoobenthos distribution along the depth gradient was com-
piled for the analysis of depth importance for species sensitivity values and BQI
changes (Table 2, Fig. 1). Monitoring data for 8 permanent stations represented infor-
mation on interannual variability for the same depth.

Two datasets of coastal waters macrozoobenthos communities were compiled for
testing community structure effects on species sensitivity values and BQI (Table 2,
Fig. 2). Only samples dominated by bivalve Limecola balthica or polychaete Maren-
zelleria spp. were included into a corresponding dataset. The samples were assigned
to the macrozoobenthos community according to the biomass dominant species,
which accounts for more than 40% of the total macrozoobenthos biomass in a site
represented by a single sample.
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Table 2. Description of macrozoobenthos datasets used for analysis in this study.

2 lentelé. Makrozoobentoso duomeny rinkiniuy, naudoty analizéms, apibuidinimas.

Num-
Description of Study Depth |Num- |ber of Data iR 6 e
macrozooben- ear  |TANZE ber of |sam- source* use
thos dataset y (m) samples | pling
sites
Macrozooben- . .
. Analysis of species
thos taxonomic I
composition 2002- sensitivity values
’ 10-70 139 92 1;2;3;4;5;6 | dependence on
abundance of 2013 .
depth and its role for
taxa and depth BOI values
data
Macrozooben-
thos taxonomic
composition,
abundance of 2002- A Testing consistency
taxa data from 2012 10-30 154 21 1:2:4,6:8 of species sensitivity
samples domi- values and subse-
nated by bivalve quently calculated
L. balthica BQI for different
Macrozooben- macrozoobenthos
thos taxonomic communities (bi-
composition, valve L. balthica and
abundance of 2002- s polychaete Maren-
taxa data from 2012 | 1030 |31 24 2:3:6:8 zelleria spp.)
samples by poly-
chaete Marenzel-
leria spp.
Macrozooben-
thos taxonomic
composition,
abundance of 2002-
taxa and Chl-a | 2012 10-20 |65 4 I;2 . .
. Analysis of species
concentration tivity val
data at the eutro- SCNSILVILY values
. dependence on dis-
phication area
turbance level and
Macrozooben- . .
. disturbance type; its
thos taxonomic .
.. importance for BQI
composition, 2002-
abundance of 2012 40-50 118 13 3

taxa data at the
dredge spoil
dumping area
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Num-
Description of Study Depth |Num- |ber of Data Purpose of dataset
macrozooben- range |berof |sam- ©
thos dataset year (m) samples | pling souree use
sites

Macrozooben-
thos taxonomic
composition,
abundance of 2015 | 60-65 48 48 7
taxa data at the
bottom trawling
area

BQI

Testing :/ia(‘)lrid;r; d

Macrozooben- BQI re- .
thos taxonomic sponse to det.errm—
composition, 2002- ) the eutro- | 210"
abundance of 2012 10-20 |58 4 1;2 phication of the

water
taxa data at the parameters al-
coastal waters Chl-a, TP gl; class

and TN bound-

aries
Macrozooben-
thos taxonomic Testing BQI re-
composition, 2002- sponse to the eutro-
abundance of 2012 10-20 >4 2 ! phication parameters
taxa data at the Chl-a, TP and TN
plume area

*-source numbering refers to numbers provided in Table 1.

Three macrozoobenthos disturbance datasets were compiled based on samples dis-
tribution along the gradients of three dominant pressures: eutrophication, dredge spoil
dumping and bottom trawling (Table 2, Fig. 3). The dataset of macrozoobenthos abun-
dance response to the eutrophication (i.e. elevated summer Chl-q) in the coastal wa-
ters includes samples taken at 4 permanent environment monitoring sites. This dataset
was supplemented with Chl-a data for corresponding years (see page 34 for details
on data characteristics). The dataset of macrozoobenthos response to the dredge spoil
dumping disturbancewas formed on the data from the samples taken at 13 permanent
monitoring sites sampled for the 10 year period, while the dataset of macrozoobenthos
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Figure 2. Distribution of macrozoobenthos sampling sites used for compilation of a
dataset to: 1) test consistency of species sensitivity values between two macrozoobenthos
communities dominated by L. balthica and Marenzelleria spp. (left); and ii) perform of the
BQI validation (right).

2 paveikslas. Makrozoobentoso méginiy, naudoty riisiy jautrumo veréiy kaitos tarp dviejy
skirtingy bendrijy analizei, (kair¢je) ir Bentoso kokybés indekso validacijai (desinéje),
rinkimo viety pasiskirstymas.

response to the bottom trawling activity consists of the samples collected one time
during the short-term research project in June, 2015 (Table 2, Fig. 3).

The dataset of macrozoobenthos abundance and calculated BQI response to the
eutrophication disturbance parameters expressed by Chl-a, TP and TN (see page 34
for details on data characteristics) was formed for the coastal waters and plume area
(Table 2, Fig. 2). These parameters were chosen as the “direct measures” of eutrophi-
cation, suggested among others within the MSFD (Ferreira et al., 2011).
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Figure 3. Macrozoobenthos sampling sites used for compilation of dataset to analyse species
sensitivity values dependence on eutrophication (Chl-a elevated), dredge spoil dumping and
bottom trawling disturbance.

3 paveikslas. Makrozoobentoso méginiy, naudoty eutrofikacijos, grunto pylimo ir dugninio
tralavimo poveikiy rusiy jautrumo verciy analizei, rinkimo viety pasiskirstymas.

3.2.2 Calculation of Benthic Quality Index values

The original version of BQI is known to be sampling effort dependent (Rosenberg
et al., 2004) (3), therefore its adjusted form according to Fleischer and Zettler (2009)
was applied for the data analysis in this study:

" 5
e (Z (e E5500.05)> <log(es50+0x (1-g7) - ®)

=1

In the equation above, n denotes the observed number of species 4, stands for the
abundance of the species 7, and 4, , is the sum of all individuals in the sample. Finally,
ES50, , 1s the sensitivity value for the species i and £550 is Hurlbert diversity index
(i.e. the estimated species number for 50 random individuals in the sample) calculated
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Limecola balthica

Total abundance

Totalabundance

Figure 4. Examples of abundance distributions of bivalve L. balthica and priapulid
Halicryptus spinulosus plotted against £S50 values for samples from the dredge spoil
dumping area dataset. Shaded areas indicate 5% of the species abundance and their right
side boundaries in relation to the £S50 values corresponding to the sensitivity value of the
given species (ES50, ). Following this approach, the sensitivity values for L. balthica and
H. spinulosus is estimated at 3.7 and 4.8 respectively.

4 paveikslas. Dvilgeldzio L. balthica ir priapulido Halicryptus spinulosus gausumo
pasiskirstymas pagal méginiy £S50 reikSmes grunto pylimo rajone. Pilkos zonos parodo 5%
rusies gausumo vertés santyki su méginiy ES50 verte, kuris iSreiSkiamas kaip jautrumo verté
(ES50_ ). Siame pavyzdyje L. balthica ir H. spinulosus ri$ims nustatytos atitinkamai 3,7 ir

4,8 jautrumo vertes.

0.05

according to formula (4) (see page 21 in chapter 3.1.2). ES50 and BQI values were
calculated for every sample, and ES50,  values for every species using R v3 statisti-
cal computing environment (R-project., 2014, R-script developed by A. Darr).
Species sensitivity values were calculated for all higher order taxa identified to
the species level, as well as for Marenzelleria spp., Ostracoda undet., Oligochaeta
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undet., Hydrobia sp. and Nemertini sp. Although a minimum of 20 samples was set
for species occurrence in a dataset to estimate its true sensitivity value (Rosenberg et
al., 2004), sensitivity values in this study were estimated for all species occurring in at
least 8 samples. Moreover, in contrast to the earlier practice to analyse only samples
with higher than 50 ind m™ density (Rosenberg et al., 2004), this study involved all
samples with non-zero species density. These lower thresholds in species occurrence
and abundance were used in order to keep the number of samples in the analysis as
high as possible and cover wider range of a species response along the analysed gradi-
ent. The validity of samples with less than 50 individuals (n=12) was justified by the
identical £S50 values and number of species for the corresponding samples, therefore
the original £S50 values were used for further sensitivity calculations in order to ex-
tend the representation of disturbance gradient by the dataset.

3.2.3 Analysis of compiled datasets and statistical procedures

The datasets were analysed using various parametric (Student’s t-test) and non-
parametric (Kruskal Wallis, Mann-Whitney (employed in the package “Commander”
for the statistical software R version 2.15.1) (Wilcoxon signed-rank) tests following
the results of normality (Shapiro-Wilk test) and heteroscedastity tests (Levene test)
(Statistical package for the Social Science (SPSS) software, 19.0 version, 2010). Vari-
ous transformations of macrozoobenthos abundance data were applied for similarity
based ordination methods in order to get the highest correspondence between similar-
ity values and distances in the plots (i.e. the lowest stress value) as well as the best
discrimination (i.e. maximum dissimilarity) of samples.

Depth gradient dataset analysis. Macrozoobenthos abundance, species distribu-
tion depth limits (upper and lower number of boundaries), occurrence along the depth
gradient and total number of species were used for the analysis of the benthic commu-
nities structure along the depth range from 10 to 70 m. The upper boundary number-
number of species limits is where species are indentified and occur for the first time
along the analysed depth interval. The lower boundary number-number of species
limits is where species are no longer identified in the greater depths. The non-metric
multidimensional scaling (nMDS) analysis using Primer v6 software (Clarke and
Warwick, 2001) based on macrozoobenthos abundance was used to justify the classi-
fication of samples accros different depth intervals (10-30 m, 30-50 m, 50-70 m). The
statistics of similarity percentages (SIMPER) and analysis of similarities (ANOSIM)
were used to justify and describe the classified depth intervals.

Community structure dataset analysis. The nMDS was employed to discrimi-
nate macrozoobenthos abundance samples between two dominant communities
(L. balthica and Marenzelleria spp.).
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Disturbance dataset analysis. In the analysis of eutrophication (Chl-a), dredge spoil
dumping and bottom trawling effects on species sensitivity the values were counted for
two different groups of samples in the corresponding dataset: the control (includes samples
from undisturbed sites only) and full (includes samples from undisturbed and impacted
sites) datasets. For all analysed anthropogenic disturbance areas, the nMDS was employed
using Primer v6 software to distinguish between the control and impacted samples. This
classification was based on a similarity matrix derived using Bray-Curtis similarity index.

Eutrophication (Chl-a elevated) area. The spatial distribution of Chl-a in the
coastal waters was used to characterise an eutrophication gradient under the assump-
tion that an increase of phytoplankton correlates with an impact on the macrozoob-
enthos abundance. The analysis of remote sensing Chl-a data showed considerably
higher range of Chl-a values (6-8 mg m~) in the northern part of the studied coastal
waters (largely overlapping with the Curonian lagoon plume area), compared to Chl-a
in the southern part (2-4 mg m~). Therefore, the northern part of the coastal waters
area was arbitrarily characterised as the impacted area in the context of the sourthen
part, which was characterised as a control area. The nMDS analysis of the macrozoo-
benthos abundance samples were used to justify the differentiation of the coastal area
into the impacted and control sites according to the determined Chl-a level.

Dredge spoil dumping area. In case of the dredge spoil dumping area dataset,
the information of the nMDS analysis of the macrozoobenthos abundance was used
to characterise the control and impacted samples. For sites with intermediate posi-
tion between control and impacted samples in the nMDS ordination plot, the earlier
published density thresholds of less than 118 ind m? and 55 ind m™ for polychacte
Pygospio elegans and ostracods (Olenin, 1992) respectively were used to justify the
impacted sites. Additionally, sampling sites with weak disturbance signals in the mac-
rozoobenthos structure but located within the designated dredge spoil dumping area
were also classified as being associated with dredge spoil dumping impacts.

Bottom trawling area. The nMDS analysis of the macrozoobenthos data (presence/
absence) was used for the classification of samples into the impacted and control groups
from the bottom trawling area. The information on the sampling site position with respect
to the acoustically mapped trawling tracks was used as the criteria to justify bottom trawling
effects if a low deviation from the control group of samples was observed in the ordination
plot. Two different macrozoobenthos communities were characterised at 60-65 m depth
interval, but due to a low number of samples they were not analysed separately.

Accuracy range of species sensitivity values. The accuracy range was estimated
from datasets generated by the resampling of the original eutrophication, dredge spoil
dumping and bottom trawling dataset using Jackknife method (Tukey, 1958). The
resampling was carried out using the step-wise deletion of successive samples from
the original dataset for each disturbance type separately and making new datasets
each consisting of n-1 samples. This procedure resulted in 64 resampled datasets for
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the eutrophication area, 117 resampled datasets for the dredge spoil dumping area
and 47 resampled datasets for the bottom trawling area. All these resampled datasets
consisted of the control and impacted samples and were used for the calculation of
alternative sensitivity values for each of species. This excersise resulted in a number
of alternative species sensitivity values (one for one resampled dataset), therefore
minimum and maximum values were used to define the accuracy range of sensitivity
values for a given species from the dataset on the selected disturbance type.

BOQI validation and determination of water quality class threshold according
to the species sensivity groups and regression analysis. For the coastal waters calcu-
lated species sensitivity values range was divided into 4 equal intervals following the
approach of other authors (Osowiecki et al., 2008, Leonardson et al., 2009; Fleischer,
Zettler, 2009). Sensitivity values intervals in the ascending order were further used to
distinguish sensitivity groups as very tolerant, tolerant, sensitive and very sensitive. Wa-
ter quality class boundaries (bad, poor, moderate, good, high) were determined accord-
ing to the four sensitivity groups relative abundance (%) along the BQI gradient. The
derived BQI threshold for the good-moderate water quality class was also compared to
the good-moderate water quality class threshold estimated according to the relationship
between BQI values and the summer (June-August) average of Chl-a. Here, the previ-
ously estimated Chl-a threshold for the coastal waters and plume area (Langas et al.,
2009) was used to derive the BQI threshold for the good-moderate water quality class.

Testing the responsiveness of the BQI values to the eutrophication disturbance (ex-
pressed by Chl-a, TP, TN) a one-year lag was applied for the index values in respect
to the pelagic parameters. The one-year lag was also supported by the best statistical
response using the multiple linear regression (r=0.30, p=0.08) of the BQI values to the
environmental variables compared to the no lag or two-year lag applications (r=0.06,
p=0.80 and r=0.04, p=0.86 respectively). On the other hand, instant effects (no lag)
were less likely to be studied due to the timing of pelagic and benthic samplings
(June-August and May-September respectively).

BQI validation and determination of water quality class threshold according
to the Signal detection theory (SDT) method. A receiver operating characteristic
(ROC) curve diagram is a graphical plot that illustrates the diagnostic ability of a
binary classifier system as its discrimination threshold can be selected. ROC curves
consider what would happen if a particular index values were used for the response
prediction analysis to the selected parameters values. Turning the index values (as
a response to the selected parameter) into “yes” or “no” predictions requires to set
“Gold standard” when a threshold is known. Cases with scores above the threshold are
classified as positive (i.e. index sensitivity), and cases with scores below the threshold
are predicted to be negative (i.e. index specificity). Different threshold values of Chl-
a, TP, TN, defined for the Lithuanian coastal waters and plume area, were applied in
the SDT analysis (Table 3).
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Table 3. Good-moderate water quality class threshold values for the Chl-a, TP, TN defined
for the coastal waters and plume area (Langas et al., 2009) used in SDT analysis.

3 lentelé. Chl-a, bendro fosforo ir bendro azoto koncentracijy slenkstinés vertés ribai tarp
geros-vidutinés vandens kokybés klasiy nustatyty priekrantéje ir Kursiy mariy vandeny
sklaidos zonoje juroje, naudotos Signalo aptikimo teorijos metodui.

Eutrophication parameter Coastal waters Plume area
Chl-a (mg/m) <4.8 <25.7*

TP (ng/l) <26 <26**

TN (ng/l) <250 <250%**

*_at salinities <4
**_at salinities >4

The graphical visualizations of the BQI values response to the selected parameters
(Chl-a, TP, TN) and threshold values determination (Chl-a) for the good-moderate
water quality class boundaries analysis were performed in the R v3 statistical comput-
ing environment (R-project., 2014, unpublished R-script). ROC curves were used as a
visual tool for assessing the accuracy of BQI index to the selected parameters (Chl-a,
TP, TN), by plotting the probability of the true positives (sensitivity) against the prob-
ability of the true negatives (specificity). Index sensitivity and specifity values can be
estimated using formulas (Murtaugh, 1996):

True positives

S itivit lue =
ensitivity vatie (true positives + false negatives) (10)

True negatives

Specificity value =
pectiicity vatue (false positives + true negatives) (1)

The area under the ROC curve (AUC) was used as a measure of the BQI response.
A perfect index results in AUC value of 1, whereas 0.5 is a result of a non-informative
index (Murtaugh, 1996). In this study the interpretation of AUC values followed the
rules described in Hale and Heltshe (2008), which define 0.7<AUC and AUC>0.8 as
indicating acceptable and excellent responses, respectively.

Due to the reliable satellite data of the surface water Chl-a, the BQI values re-
sponse to the Chl-a was used to set the good-moderate water quality class boundaries.
The determinate BQI values thresholds were assigned at different index specificity
and sensitivity levels. The predictive ability of the BQI values is described by the
positive predictive value (PPV: the probability of the true positives) and the negative
predictive value (NPV: the probability of the true negatives) (Murtaugh, 1996). To
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calculate PPV and NPV values, the environment condition prevalence at the analysed
study area or sampling site (in this case the number of samples having the good-mod-
erate water quality status of Chl-a) was calculated (Swets et al., 2000):

Number of samples in good — moderate water quality status

(12)

Number of all studied samples

Positive predictive value and negative predictive value were estimated using for-
mulas (Murtaugh, 1996):

(Sensitivity = prevalence)

PPV =
[(Sensitivity * prevalence) + (1 — Specificity) * (1 — prevalence)] (13)

Specificity * (1 — prevalence)

NPV =
[(Specificity ) = (1 — prevalence) + (1 — Sensitivity) * prevalence] (14)

The PPV and NPV values vary, according to the prevalence of the target values in
the analysed parameter, i.e. values at or above the good water quality threshold for
this study. For example, at low prevalence of the target values a correct (true positive)
response will only be attained with an accurate index, implying a low rate of false
positives (Swets et al., 2000). Thus, by using PPV and NPV, the probability of getting
a correct response is evaluated against the risks of making wrong decisions. Such an
approach was also used in this study to set the index thresholds for distinguishing the
impacted samples from the undisturbed ones.
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Results

4.1 Macrozoobenthos characteristics along the depth gradient

Macrozoobenthos composition. In total 24 soft bottom macrozoobenthos species
or higher order taxa were recorded in the study area, while due to the reliable number
of samples where species occur at every compiled dataset 16 taxa were used for analy-
sis. Crustaceans, polychaetes and bivalves were the most diverse taxonomic groups
comprising 42%, 21% and 17% of total recorded taxa respectively.

The analysis of macrozoobenthos species composition along the depth gradient from
10 to 70 m depth showed three groups of species (Table 4). The group of shallow taxa
consists of 7 species, half of them were distributed down to 20-30 m depth, while other
continued to colonise depths down to 40 m. Bivalves Cerastoderma glaucum, Mya are-
naria and polychaete Hediste diversicolor had one of the highest occurrences among
these shallow species, however the occurrence of all species belonging to this group
decreased with the depth and particularly in the depth interval of 30-40 m (Table 4).

The second group of 4 species or higher order taxa (oligochaetes, polychaetes
P elegans, Marenzelleria spp. and bivalve L. balthica) was the most widespread along
the analysed depth gradient. All these taxa were present down to 70 m depth, but
L. balthica and Marenzelleria spp. had extremely wide distribution, the occurrence
of this group of organisms within the depth intervals rarely dropped below 70-100%
(Table 4).
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The third group of deeper water organisms (polychaete Bylgides sarsi, priapulid
H. spinulosus, amphipod Monoporeia affinis, isopod Saduria entomon and ostracods)
were distributed in depths higher than 30 m. In many cases (except for S. entomon) the
occurrence of these species highly varied irrespective of the depth (Table 4).

Table 4. Characterisation and grouping of the macrozoobenthos species according to their
distribution depth limits at the 10-70 depth range. Species occurrence is indicated for a given
depth interval within the corresponding cell. See page 41 in chapter 3.2.3 for calculation of
species distribution upper/lower boundaries. Black frames indicate three groups of species
(shallow species, widespread species, deep species).

4 lentelé. Makrozoobentoso riisiy grupavimas pagal jy sutinkamuma, virsutines ir apatines
rusiy paplitimo ribas bei riisiy skaiciy, 10-70 m gylyje. Juoduose rémuose apibrauktos
i8skirtos makrozoobentoso grupés (sekliaméges, giliamégés, paplitusios visame gylyje).

Species/taxa Species 10-20 | 20-30 | 30-40 | 40-50 |50-60 |60-70
Depth range (m) group name

Streblospio shrubsolii shallow 47

Bathyporeia pilosa shallow 29

Cerastoderma glaucum shallow 71 80 40

Hydrobia sp. shallow 74 60 53

Mya arenaria shallow 91 80 63

Corophium volutator shallow 50 87 57

Hediste diversicolor shallow 100 | 100 80

Oligochaeta undet. widespread |97 87 97 90 41 15
Pygospio elegans widespread |91 73 100 |95 93 92
Marenzelleria spp. widespread |97 100 100 |100 |100 |100
Limecola balthica widespread | 100 |100 100 100 |100 |100
Bylgides sarsi deep 73 60 30 69
Halicryptus spinulosus deep 93 100 |59 69
Monoporeia affinis deep 27 45 63 77
Ostracoda undet. deep 17 56 63 44
Saduria entomon deep 87 95 100 | 100
Number of samples 34 15 30 20 27 13
Number of species upper 0 0 5 0 0 0
distribution boundaries

Number of species lower 2 0 5 0 0 0
distribution boundaries

Number of species 11 9 13 9 9 9

The depth range of 30-40 m can be distinguished as having the highest number
of species distribution boundaries along the analysed depth gradient (Table 4). This
depth is being occupied by majority of the recorded species in the study but the occur-
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rence of shallow taxa here is considerably reduced. Five species (C. glaucum, Hydro-
bia sp., M. arenaria, Corophium volutator, H. diversicolor species) had the deepest
occurrence (lower distribution boundary) in this depth and another 5 deeper living
species (B. sarsi, H. spinulosus, M. affinis, Ostracoda undet., S. entomon) were re-
corded at their most shallow sites (upper distribution boundary).

Macrozoobenthos abundance. The nMDS analysis of square root transformed
abundance data showed the most meaningful grouping of samples taken at three depth
intervals (10-30 m, 30-50 m, 50-70 m) (Fig. 6). The nMDS analysis grouping reflects
relatively continuous gradient of macrozoobenthos abundance change along the depth
intervals. The largest overlap of samples is found between two shallow (10-20 m and
20-30 m) and between two deepest (50-60 and 60-70 m) depth intervals, while sam-
ples from two other depth ranges (30-40 and 40-50 m depth) form relatively distinct
intermediate groups between shallow and deeper samples.

According to the SIMPER analysis, similarity in the 10-30 m depth interval
(10-20 m depth interval 42.68% and 20-30 m depth interval 36.46%) and 50-70 m
(50-60 m depth interval 50.31% and 60-70 m depth interval 41.96%) was bigger than
in 30-50 m depth interval (30-40 m depth interval 45.17% and 40-50 m depth interval
- 40.51% respectively). At the same time, SIMPER analysis showed high dissimilar-
ity (66.78%) between samples of 20-30 m and 30-40 m with spionids Marenzelleria
spp. and P. elegans contributing a half of this difference (24.4% and 13.2% respec-
tively). Relatively high dissimilarity of 59.33% was also found between the groups
of samples from depths of 40-50 m and 50-60 m, where an important role of spionids
(38.9% Marenzelleria spp. and 16.0% P. elegans) for the differentiation of the groups
was complemented by contribution of L. balthica (14.1%). These findings supported
decision to merge intermediate depth intervals of 30-40 m and 40-50 m into one group
due to practical reasons of having the larger sample size for a group for comparative
analysis. Merging of 30-50 m samples into one group was also consistent with clas-
sification results according to the abundance data (Fig. 5), where both 30-40 and 40-
50 m depth samples formed distinct intermediate groups between shallow and deeper
sites. The differences in the macrozoobenthos structure based on the nMDS grouping
were tested using one-way analysis of similarities test (ANOSIM). According to the
analysis results, the difference of 30-50 m depth range from 10-30 and 50-70 m was
similar and of marginal significance (R=0.53, p=0.1 and R=0.41, p=0.1 respectively).

Within the depth interval of 10-30 m total macrozoobenthos abundance varied be-
tween 264 and 18 990 ind m? (average 4870+3742 ind m™). Soft-shell clam species C.
glaucum and M. arenaria, crustacean C. volutator, polychaete H. diversicolor com-
posed the pool of the most abundant shallow species. In contrast, the average abun-
dance of a typical shallow amphipod Bathyporeia pilosa was very low (7+24 ind m?).

In depths between 30-50 m, the total average of macrozoobenthos abundance was
3445+2667 ind m2. Compared to the coastal area (10-30 m depth), typical shallow
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Figure 5. nMDS plot representing classification of macrozoobenthos samples
according to square root species abundance in different depths.

5 paveikslas. Makrozoobentoso gausumo méginiy, surinkty is skirtingy gyliy,
klasifikacija pagal nMDS analize.

species M. arenaria and C. volutator reduced their abundance and occurrence in this
depth zone down to 854436 ind m? and less than 30% respectively. Glacial relict spe-
cies were recorded in high occurrence-isopod S. enfomon (average abundance 56173
ind m?, occurrence 90%), ostracods (19+61 ind m?, 42%) and M. affinis (130+£504
ind m?, 34%). Along with the permanently present L. balthica, the highest occurrence
was also characteristic for spionids Marenzelleria spp. (100%) and P. elegans (98%).

In depth range of 50-70 m, the total average of macrozoobenthos abundance
1734+1181 ind m™. The pool of characteristic species was formed by polychaetes P, ele-
gans (average 302+316 ind m2, occurrence 93%), Marenzelleria spp. (average 761+788
ind m, occurrence 100%), B. sarsi (average 9+14 ind m?, occurrence 43%), priapulid
H. spinulosus (average 28+38 ind m?, occurrence 63%) ostracods (average 93+163 ind
m?2, occurrence 63%) and isopod S. entomon (average 51+£95 ind m2, occurrence 100%).

Summarizing the results above, it is obvious that in spite of several widespread
species common along the entire depth gradient, 10-30 and 50-70 m depth intervals
form a relatively distinct macrozoobenthos groups, different in terms of taxonomic
composition and abundance. Major taxonomic shift in macrozoobenthos structure
within 30-40 m depth overlaps with the largest abundance changes at 30-50 m depth,
therefore the studied depth gradient is divided into shallow (down to 30 m), deep (be-
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low 50 m) and intermediate depths (30-50 m) for further analysis of natural variability
of species sensitivity values.

4.2 Reliability of species sensitivity values

4.2.1 Species sensitivity values changes along the depth gradient

In order to assess the role of depth in the variability of the species sensitivity val-
ues, the analysis was performed on samples grouped into three depth intervals (10-
30 m, 30-50 m, 50-70 m) justified above (see page 47 in chapter 4.1). The variation of
calculated £S50 values showed considerable differences between depth intervals, but
not between data of different origin and sampling periods (Fig. 6). Data for all depths
were provided by more than one sampling programme, however repeated sampling
(supported by monitoring programmes only) covered depths down to 52 m only.

The estimated £S50 values (n=139) varied from 3.5 to 9.6 along the entire anal-
ysed depth range (10-70 m) (Fig. 6). At the 10-30 m depth interval, £S50 values were
the highest and values less than 5.5 were characteristic only for 22% of all analysed
values. In contrast, at the 50-70 m depth interval, £S50 values less than 5.5 were es-
timated for 85% of all analysed samples. Statistically significant difference in £S50
values were found between all three (10-30 m, 30-50 m and 50-70 m) depth intervals
(Kruskal-Wallis, Chi-square=37.98, p=0.0001).

There was no single species with stable sensitivity values along the studied depth gradi-
ent. On the other hand, only 4 out of 16 analysed macrozoobenthos taxa were present along
the entire depth range. These lowest sensitivity values taxa, spionids Marenzelleria spp.,
P, elegans, oligochaetes and bivalve L. balthica had relatively constant sensitivity values
at depths down to 50 m, where their abundance and occurrence were the highest (Table 5).
Deeper than 50 m sensitivity values of these taxa decreased with decreasing abundance,
although all of them (except oligochaetes) remained among the most abundant in mac-
rozoobenthos. In contrast, sensitivity values of shallow species M. arenaria, C. glaucum,
polychaete H. diversicolor and crustacean C. volutator increased from 10-30 m to 30-50 m
depth range at decreasing abundance. Two other shallow species, amphipod B. pilosa and
polychaete Streblospio shrubsolii were found only in 10-30 m depth interval in low abun-
dance and occurrence. Group of deeper-living taxa (ostracods, H. spinulosus, M. affinis,
B. sarsi, S. entomon) typically had decreasing sensitivity values with increasing depth (from
30-50 to 50-70 m) and decreasing abundance (Table 5). In 50-70 m depth interval spe-
cies sensitivities were calculated for nine macrozoobenthos species, the lowest values were
found for polychaetes Marenzelleria spp., and B. sarsi, while the highest were recorded for
Ostracoda undet. and amphipod M. affinis (Table 5).
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Figure 6. Variability of ES50 values along the depth range from 10 to 70 m based on
samples classification according to their origin. Different symbols show different sampling
programmes/periods (see section 4.2.1 for description) with solid symbols indicating
repeated sampling from long-term monitoring programmes and open symbols denoting data
from project based samplings with no temporal repetition.

6 paveikslas. ES50 ver¢iy dinamika 10-70 m gylio intervale. Skirtingi simboliai nurodo
skirtingas méginiy rinkimo programas ir laikotarpius: juodi, uzpildyti simboliai Zymi
pagal ilgalaikes monitoringo programas rinktus meéginius, Sviesiis, neuzpildyti simboliai —
trumpalaikiy projekty veiklose rinktus méginius.
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Table 5. Macrozoobenthos species sensitivity values calculated

for different datasets of the depth intervals.

5 lentelé. Makrozoobentoso riisiy jautrumo vertés apskaiciuotos
skirtingiems duomeny rinkiniams i$ skirtingy gylio intervaly.

Species sensitivity values

Macrozoobenthos average abundance (ind m)
species/taxa number of samples
10-30 m 30-50 m 50-70 m 10-70 m
Marenzelleria spp. 4.6 4.6 35 4.1
(1556+1696) | (1265+1148) | (761+£788) (1223+1324)
(48) (50) (40) (138)
Pygospio elegans 4.2 4.6 3.9 4.1
(548+738) (507+546) (302+316) (462+580)
(42) (49) 37) (128)
Limecola balthica 5.3 5.0 3.8 4.1
(366+384) (450+510) (404+337) (409+421)
(49) (50) (40) (139)
Oligochaeta undet. 4.9 4.6 4.0 4.9
(847+1489) | (547+659) (8+17) (501+£1022)
(46) 47) (14) (107)
Mpya arenaria 53 5.5 - 5.3
(475+653) (31+£55) (178+446)
(43) (24) (67)
Hydrobia sp. 6.5 6.4 - 6.4
(262+517) (56+111) (113+28)
(34) (16) (50)
Hediste diversicolor 4.9 6.4 - 53
(498+517) (132+243) (113£333)
(49) 27) (76)
Corophium volutator 5.7 6.6 - 5.7
(151+447) (140+612) (103+456)
(30) 19) (49)
Cerastoderma 5.7 6.9 - 5.7
glaucum (76£102) (7£16) (29+£70)
(36) 13) (49)
Bathyporeia pilosa 53 - - 53
(7+24) (3+14)
(10) (10)
Streblospio shrubsolii 5.8 - - 5.8
(68+160) (24+£100)
(16) (16)
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Species sensitivity values
Macrozoobenthos average abundance (ind m?)
species/taxa number of samples
10-30 m 30-50 m 50-70 m 10-70 m
Ostracoda undet. - 53 4.6 4.6
(19+61) (93+163) (34+9)
@1 25) (46)
Halicryptus - 4.3 3.8 4.7
spinulosus (80+82) (28+38) (39+66)
(48) (25) (73)
Monoporeia affinis - 5.4 4.5 4.5
(130+£504) | (77+150) (69+317)
an 27 (44)
Bylgides sarsi - 53 3.5 4.7
(24+26) (9+14) (14£22)
(34) an (D
Saduria entomon - 5.4 4.0 4.5
(56+173) (51+95) (35£118)
(45) (40) (85)

4.2.2 Changes of species sensitivity values
between macrozoobenthos communities

Sensitivity values were calculated for the species of two different macrozoob-
enthos communities in the coastal waters (10-30 m depth) dominated by i) bivalve
L. balthica, i1) polychaete Marenzelleria spp. Additionally, the calculation was carried
out for pooled data from both communities together (Table 6). Sensitivity values for
pooled data served as a reference for analysis, whethear sensitivity values estimated
irrespective of community type will deviate considerably from community specific
sensitivity value for the same species.

Altogether 16 soft bottom macrozoobenthos species were found in L. balthica
community with the species number in samples varying between 5 and 11, while
Marenzelleria spp. dominated community consisted of 13 species with 2 to 9 species
per sample. Three macrozoobenthos species, isopod S. entomon, polychaete B. sarsi
and S. shrubsolii were not present in Marenzelleria spp. community.

The abundance of all species (except polychaete P. elegans) in the Marenzelleria
spp. community was lower compared to their abundance in the L. balthica community
by the order of magnitude and the average macrozoobenthos abundance between the
communities was significantly different (t=1.54, p=0.0001; 2002+6250 ind m? and
4216+3707 ind m™ respectively) (Table 6). The biomass dominance of Marenzelleria
spp. was achieved through the decrease of L. balhica abundance rather than the in-
crease of this spionid abundance (Table 6).
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20 Stress: 0,12

Figure 7. nMDS plot based on not transformed abundance data for two macroozobenthos
communities: X — polychaete Marenzelleria spp. community,
A -bivalve L. balthica community.

7 paveikslas. Makrozoobentoso méginiy, surinkty i$ skirtingy bendrijy, klasifikacija pagal
gausumo nMDS analiz¢. x — daugiaSerés kirméleés Marenzelleria spp. bendrija,
A —dvigeldzio moliusko L. balthica bendrija.

The analysis of not transformed abundance data by nMDS resulted in clear dis-
crimination of samples that coincides with the changes in biomass dominant species
and leaves negligible overlap from two communities in the ordination plot (Fig. 7).

Macrozoobenthos species sensitivity values showed significant difference (Mann-
Whitney test, p=0.0001, z=-4.512) between the analysed communities with 4.1-
5.2 range of species sensitivity values for L. balthica community, 1.9-3.9 range for
Marenzelleria spp. community) (Table 6). In both communities, polychaete Marenzel-
leria spp. was the most abundant taxa and had the lowest sensitivity values (4.1 in the
L. balthica community and 1.9 in the Marenzelleria community). On the other hand,
there was no pattern observed between change in the species abundance and its sen-
sitivity value in two different communities. For example, polychaete H. diversicolor
had one of the highest sensitivity values (5.2) in the L. balthica community, but one
of the lowest sensitivity values (1.9) in Marenzelleria spp. community at nearly 10
times lower abundance. In contrast, bivalves L. balthica and M. arenaria maintained
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high sensitivity values in both communities under similar density decrease as in case
of H. diversicolor. Moreover, sensitivity values changed considerably from 4.5 to
3.0 for polychaete P. elegans that was the only species with the comparable average
abundance in both analysed communities (Table 6).

Table 6. Species sensitivity values estimated for samples from L. balthica,
Marenzelleria spp. communities and for pooled data from both communities in the
coastal waters (10-30 m depth).

6 lentelé. RuSiy jautrumo vertés, paskaiciuotos dvigeldZio moliusko L. balthica,
daugiaSereés kirmélés Marenzelleria spp. bendrijoms ir bendram abiejy bendrijy
duomeny rinkiniui priekrantéje (10-30 m gylyje).

Macrozoobenthos Species sensitivity values, abundance (.ind m2), number of samPl’es
. . . Marenzelleria spp. | Both communities
species/taxa L. balthica community .
community (pooled data)
4.1 1.9 2.1
Marenzelleria spp. (1435+1567) (1369+4767) (1402+3532)
(54) (51) (105)
4.5 3.0 3.0
Pygospio elegans (438+615) (452+2001) (445+1473)
(48) 39 37
Oligochaeta 52 28 4.7
undet. (736+1437) (50+106) (393+£1071)
(51 (33) (86)
4.9 3.0 3.1
Limecola balthica (377+424) (29+104) (203+353)
(54) a7 a1
4.9 3.9 4.6
Mpya arenaria (364+628) (40+£110) (202+477)
“42) as) (37)
. 5.2 1.9 3.8
diZijiljzelor (410:498) (43£52) (227398)
(54 35 89

Assessing species sensitivity values irrespective of community (pooled data) three
major patterns were observed in changes of macrozoobenthos species sensitivity values
and abundance. First, polychaetes Marenzelleria spp., P. elegans and bivalve L. balth-
ica had similar sensitivity values and average abundance (except for L. balthica) be-
tween pooled data and Marenzelleria spp. community dataset (Table 6). In contrast,
sensitivity values of oligochets and M. arenaria were similar in pooled dataset and
L. balthica community. H. diversicolor had the highest difference of sensitivity values
between two communities, but the pooled dataset delivered approximately averaged
sensitivity and abundance values (Table 6). Overall, this analysis demonstrates a con-
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siderable deviation of community-specific species sensitivity values from pooled data
estimates for all the analysed taxa. Although few species may retain sensitivity values
when moving from general dataset to the specific community, but this values typically
gets innaccurate when applying it to the conditions of another specific community.

4.2.3 The role of macrozoobenthos community disturbance
in the species sensitivity values assessment

4.2.3.1 Species sensitivity values under eutrophication effects

In total 12 soft bottom macrozoobenthos species were recorded from 65 sites in
depths of 10-20 m. According to the nMDS analysis performed on not transformed
abundance data 25 sites were classified as impacted and 40 sites assigned to the con-
trol group (Fig. 8).

At the control sites macrozoobenthos richness varied from 6 to 10 species and
total average of abundance was similar as at the impacted sites (7306+4695 ind m™
and 758619641 ind m? respectively; Mann-Whitney test, W=-145, p=0.086), where
species number varied from 2 to 10.

2D Stress: 0,15

A — control sites

e — impacted sites

Figure 8. nMDS plot for classification of control and eutrophication impacted sites according
to macrozoobenthos abundance in the coastal waters.

8 paveikslas. Eutrofikacijos poveikio ir foniniy méginiy nMDS analizés klasifikacija pagal
makrozoobentoso gausuma prickrantéje.
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Species sensitivity values were calculated for all 12 species using samples from the
control area only and employing a full dataset representing both impact and control
sites (Table 7). Sensitivity values and their range were broader in full dataset com-
pared to the control dataset (2.3-5.8 and 4.3-5.8, respectively).

More than half of the species had significantly lower sensitivity values calculated
from full dataset (including impacted sites) than from the control sites (Wilcoxon test,
p=0.0180, z=-2.371). After changing datasets and including the impacted sites, the
largest decrease in sensitivity values was detected for spionids Marenzelleria spp. and
P elegans, polychaete H. diversicolor, bivalve L. balthica and crustacean C. voluta-
tor, while relatively minor changes were found for bivalve M. arenaria (Table 7).

The sensitivity values did not change between the datasets for five species or high-
er order taxa-clam C. glaucum, Nemertini undet., polychaete S. shrubsolii, amphipod
B. pilosa and bivalve Hydrobia sp. The sensitivity values of 6 species from the control
sites fall outside the accuracy range derived from the full dataset (Table 7).

Table 7. Comparison of species sensitivity values based on control sites
dataset and full dataset (including samples with elevated Chl-a).
Accuracy range of the species sensitivity values.

7 lentelé. Rusiy jautrumo verc¢iy, skai¢iuoty foniniy viety duomeny rinkiniui ir bendram
foniniy ir poveikio méginiy duomeny rinkiniui (jtraukiant méginius su didele Chl-a
koncentracija), palyginimas. Paskaiciuotas rusiy jautrumo verc¢iy tikslumo intervalas.

Control dataset Full dataset
Macrozooben- | Species | Num- Species Species | Num- Species | Accuracy
thos species/ | sensitiv- | ber of | abundance | sensitiv- | ber of | abundance | range of
taxa ity values | samples | (ind m?) | ity val- |samples| (ind m?) species
ues sensitivity
values
Marenzelleria 5.3*% 37 1369+1841 2.3 65 320446023 2.3
spp-
Pygospio 4.3* 39 175342895 2.5 62 1485+2816 2.5
elegans
Limecola 4.4% 38 560+578 3.1 64 402+506 3.1-3.2
balthica
Oligochaeta 4.8* 40 1335+1666 4.4 64 822+1393 4.4-4.6
undet.
Corophium 5.3* 13 8+25 2.3 31 20+46 2.3
volutator
Hediste 5.2% 40 405+476 3.8 65 3244405 3.6-3.8
diversicolor
Mpya arenaria 4.6 38 1188+1566 4.4 60 741£1295 4.4-4.6

58




4. Results

Control dataset Full dataset
Macrozooben- | Species | Num- Species Species | Num- Species | Accuracy
thos species/ | semsitiv- | ber of | abundance | sensitiv- | ber of | abundance | range of
taxa ity values | samples | (ind m?) | ity val- |samples| (ind m?) species
ues sensitivity
values
Bathyporeia 5.3 17 13+£30 53 17 724 5.3-5.4
pilosa
Nemertini 4.3 11 5+10 4.3 11 3+8 4.3-4.8
undet.
Cerastoderma 4.8 33 65+82 4.8 40 42+69 4.6-4.9
glaucum
Streblospio 5.8 9 67+174 5.8 17 46+137 5.8-6.3
shrubsolii
Hydrobia sp. 4.4 29 538+1043 4.4 43 330+826 4.4-4.6

*-species sensitivity values outside the accuracy range derived from full dataset.

4.2.3.2 Species sensitivity values under dredge spoil dumping effects

Altogether 16 soft bottom macrozoobenthos species were recorded in the L. balthica
community in the dredge spoil dumping area within the depth range of 40-50 m. Next to
this dominant bivalve (relative biomass higher than 40%), spionids Marenzelleria spp. and
P, elegans as well as isopod S. entomon were characteristic taxa in the community in terms
of their high occurrence (89-90%) and relative biomass (2%, 1% and 14% respectively).

According to the nMDS analysis performed on not transformed abundance data
37 sites were classified as impacted and eighty-one sites assigned to the control group
(Fig. 9). Dredge spoil dumping effects were characterized by the absence or signifi-
cant reduction of average abundance of spionid P. elegans from 511+£424 ind m” in
the control sites to 3637 ind m™ in the impacted sites (Mann-Whitney test, W=-
1498.5, p<0.0001) (Fig. 10). Additionally, the control and impacted sites differ signif-
icantly (t=5.54, p=0.0001) in terms of the total average macrozoobenthos abundance
(1376747 ind m? and 630+£506 ind m™ respectively) and species richness which
varied from 5 to 12 at control sites and between 2 and 9 at impacted sites.

The sensitivity values were calculated for 8 species using samples from the control sites
only and employing a full dataset representing both impact and control sites (Table 8). Al-
though tehe range of sensitivity values obtained from both datasets was similar (4.1-4.9 for
the control sites, and 3.7-4.8 for the full dataset), the sensitivity values of 5 species from the
control sites fall outside the accuracy range derived from the full dataset.
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Figure 9. nMDS plot for classification of control and impacted sites within the dredge spoil
dumping area according to macrozoobenthos abundance.

9 paveikslas. Grunto pylimo poveikio ir foniniy méginiy nMDS analizés klasifikacija pagal
makrozoobentoso gausuma.

After changing the datasets and including the impacted samples into analysis, the
largest decrease in sensitivity values was detected for isopod S. entomon and bivalve
L. balthica, while relatively minor changes were found for B. sarsi and H. spinulosus.
The sensitivity values for P. elegans and ostracods did not change between the used
datasets (Table 8). Overall, the accuracy range estimated for the sensitivity values of
individual taxa indicated a very high stability of values (not exceeding 10% change
from the original value) for all the species except for B. sarsi (Table 8). Although the
latter had the lowest abundance and the lowest number of samples, no clear depen-
dency between these two parameters and sensitivity values range was observed for the

rest of the species.
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Table 8. Comparison of species sensitivity values based on control sites dataset
and full dataset (including samples impacted by dredge spoil dumping effect).
Accuracy range of the species sensitivity values.

8 lentelé. RuSiy jautrumo verciy, skaiciuoty foniniy viety duomeny rinkiniui ir bendram
foniniy ir poveikio méginiy duomeny rinkiniui (jtraukiant méginius su grunto pylimo
poveikiu), palyginimas. Paskaiciuotas rasiy jautrumo verciu tikslumo intervalas.

Control dataset Full dataset
Macrozooben- | Species | Num- | Species | Species | Number | Species | Accuracy
thos species/ | semsitiv- | ber of abun- |sensitiv-| of sam- | abun- range of
taxa ity val- |samples | dance | ity val- ples dance species
ues (ind m?) ues (ind m?) | sensitivity
values
Marenzelleria 4.1 80 338+331 3.9 108 3124344 | 3.7-4.1
spp.
Pygospio 4.1 81 511+424 4.1 106 | 362+415 4.1
elegans
Ostracoda 4.5 51 28+41 4.5 66 2647 4.5-4.8
undet.
Limecola 4.2% 81 288+210 3.7 118 | 268+202| 3.7-3.8
balthica
Saduria 4.5* 73 65£167 3.9 108 55+141 3.9-4.0
entomon
Oligochaeta 4.5% 67 97+138 4.1 82 74+123 4.1
undet.
Bylgides sarsi 4.9* 28 9+18 4.8 36 8+17 4.0-4.8
Halicryptus 4.9% 52 20+26 4.8 72 20+26 4.5-4.8
spinulosus

*-species sensitivity values outside the accuracy range derived from full dataset.

4.2.3.3 Species sensitivity values under bottom trawling effects

In total 7 species were reported from the samples taken at the bottom trawling area,
within the halocline zone at depth of 60-65 m. The macrozoobenthos structure was
notably different in two depths (60-61 m and 63-65 m), therefore the impacted and
control samples in these groups were characterized separately (Fig. 10).

Twenty-one sites were classified as impacted and 27 were assigned to the control
group according to the nMDS analysis of macrozoobenthos presence/absence data

(Fig. 10).
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Figure 10. nMDS plot for discrimination of macrozoobenthos sites according to the depth
classes and bottom trawling impact.

10 paveikslas. Poveikio ir foniniy méginiy rinkimo viety nMDS analizés klasifikacija pagal
makrozoobentoso gausumo duomenis dugninio tralavimo rajone.

In more shallow area at 60-61 m depth, species richness ranged between 4 and
6 taxa at the control sites with the permanent presence of bivalve L. balthica, priapulid
H. spinulosus and polychaete B. sarsi as well as occasional occurrence of ostracods
(5%). At the impacted sites, 2 to 4 species were recorded with the higher occurrence
of L. balthica and H. spinulosus (27% and 18% respectively). In contrast, at greater
depths of 63-65 m only 2-3 taxa (mostly B. sarsi, and ostracods) were observed in
the control sites, whereas only polychaete B. sarsi was found at the impacted sites.
Taking into account the entire depth range within the bottom trawling area, the total
average of macrozoobenthos abundance was significantly lower (Mann-Whitney test,
W=186.5, p=0.0001) at the impacted sites (74+104 ind m?) compared to the control
sites (195+125 ind m?).
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Table 9. Comparison of species sensitivity values based on control sites dataset and full
dataset (including sites with bottom trawling effects). Accuracy range of the species
sensitivity values.

9 lentelé. Rusiy jautrumo verciy, skaiciuoty foniniy méginiy duomeny rinkiniui
ir bendram foniniy ir poveikio méginiy duomeny rinkiniui (itraukiant méginius su
dugninio tralavimo poveikiu), palyginimas. Paskaiciuotas rusiy jautrumo verciy
tikslumo intervalas.

Control dataset Full dataset
Species | Num- | Species | Species | Number | Species | Accuracy
Macroz?oben- sensitiv- | ber of | abun- | sensitiv-| of sam- | abun- | range of
thos species/taxa ity val- |samples| dance ity val- ples dance species
ues (ind m?) ues (ind m?) | sensitiv-
ity values
Marenzelleria 2.0 13 6+7 2.0 15 4+7 2.0
spp-
Ostracoda 2.0 15 13+21 2.0 19 15452 2.0
undet.
Halicryptus 3.0* 22 22417 2.0 26 15+18 1.9-2.0
spinulosus
Monoporeia 4.9% 8 4+9 3.5 9 3+7 3.9
affinis
Limecola 3.0% 19 119+102 2.0 25 79+95 1.9-2.0
balthica
Bylgides sarsi 2.0* 27 31+22 1.0 43 26+22 1.0

*-species sensitivity values outside the accuracy range derived from full dataset.

The species sensitivity values were calculated for 6 species using both datasets.
The range of sensitivity values was relatively similar in the control and full datasets
(2.0-4.9 and 1.0-3.5, respectively) (Table 9), however values calculated from the full
dataset were generally lower than those done according to the control sites only. The
largest difference of species sensitivity values between the control dataset and accura-
cy range derived from the full dataset was found for amphipod M. affinis, polychaete
B. sarsi, bivalve L. balthica and priapulid H. spinulosus (Table 9). In contrast, the
sensitivity values of ostracods and spionid Marenzelleria spp. did not change between

datasets.
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4.3 Benthic Quality Index assessment

4.3.1 Depth related species sensitivity values effects
on Benthic Quality Index

In order to assess the role of depth induced species sensitivity values changes for
BQI, values were calculated using species sensitivity values obtained for three dif-
ferent depth intervals (10-30 m, 30-50 m, 50-70 m) and compared with BQI values
calculated using species sensitivity values for the entire depth range (10-70 m).

Strong relationships were found between the broad depth range BQI values (10-
70 m) and those calculated using the depth specific sensitivity values (10-30 m and
30-50 m) (Fig. 11). The BQI based on the species sensitivity values for 10-70 m
depth varied from 3.0 to 5.1 (average 4.1+0.5) and were significantly lower (average
difference -0.2+0.1, Wilcoxon test, z=-5.785, p<0.001, n=49) than the BQI estimates
based on sensitivities for 10-30 m depth varying in range from 3.2 to 5.1 (average
4.2+0.5) (Fig. 11). Although BQI values were underestimated for species sensitivity
values from reduced depth range in most cases, the difference between BQI based on
the species sensitivity values from two depth ranges decreased considerably from 0.6
to 0.1 towards the higher BQI values. Similary, broad depth range sensitivity values
based BQI were significantly lower (average of difference -0.3+0.1, Wilcoxon test,
7=-6.127, p<0.001, n=50) than those estimated using the 30-50 m depth sensitivity
values and varying between 3.3 and 5.7 (average 4.3+0.5) (Fig. 11). The difference
between the BQI values here, however, increased with the increasing BQI (Fig. 11).

The BQI values based on species sensitivity values for 50-70 m depth varied from
2.3 to 3.5 (average 2.9+0.3) and were significantly lower than the BQI estimates based
on the species sensitivity values for 10-70 m depth (2.4-5.4) (Fig. 11). In contrast to
other two depth intervals, the BQI based on species sensitivities for 50-70 m depth
were overestimated up to 2.5 times with no relationship with the BQI values calcu-
lated using broad range sensitivity values.
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BQl values based on species sensitivity values calculated for 10-70
mdepth

1 2 3 4 5 6

BQI values based on species sensitivity values calculated for different depth
intervals

®1030m 0O3050m AS50-70m

Figure 11. BQI values based on species sensitivity values calculated for 10-30 m,
30-50 m, 50-70 m and 10-70 depth intervals.

11 paveiksilas. BQI vertés, apskaic¢iuotos naudojant risiy jautrumo vertes i§ 10-30 m,
30-50 m, 50-70 m ir 10-70 gylio intervaly.

4.3.2 Macrozoobenthos community structure effects
on Benthic Quality Index

To test the community structure impact on the benthic quality assessment, the BQI
estimates were calculated using different species sensitivity values obtained from:
i) samples from community dominated by bivalve L. balthica, ii) samples from com-
munity dominated by polychaete Marenzelleria spp. iii) for pooled data from both
communities.

The BQI values based on species sensitivitvity values obtained for samples from
both communities (pooled data) showed a similar range (1.0-3.5) but up to 25% lower
values as it was found using sensitivities estimated for Marenzelleria spp. community
(0.9-2.8) (Fig. 12).
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Marenzelleria spp. community

y=0.364x+ 0.499 A
R?=0.7622

BQlI based on species sensitivity values for both
communities data

1 2 3 4

BQl based on species sensitivity values for Marenzelleria spp. community

Figure 12. Relationship between BQI values obtained using i) Marenzelleria spp.
community specific species sensitivity values, and ii) species sensitivity values irrespective
of dominant species.

12 paveikslas. RySys tarp BQI ver¢iy, apskai¢iuoty remiantis 1) Marenzelleria spp.
bendrijos riisiy jautrumo vertémis ir ii) rasiy jautrumo vertémis
nepriklausomai nuo bendrijos.

The BQI estimates based on species sensitivity values irrespective of the commu-
nity type (pooled data) varied from 1.6-3.4 (average 2.5+0.5) and were significantly
lower (Wilcoxon test, p<0.01, n=105) than the BQI values based on species sensitiv-
ity values for L. balthica community (average 3.5+0.4) (Fig. 13). There was weak
relationship between these two types of BQI (R=0.296) and thr difference between
absolute values decreased from 1.5-2 times at their lower range down to 10-15% for
the high BQI values.

Overall, the BQI values calculated for species sensitivities obtained from the
Marenzelleria spp. community dataset (average 1.5+0.4) were significantly different
(Mann-Whitney test, p<0.01, n=51) and approximately 2 times smaller than the BQI
estimates based on the species sensitivity values for L. balthica community (average
3.5+0.4) (Fig. 12; Fig. 13).
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Figure 13. Relationship between BQI values obtained using
i) L. balthica community specific species sensitivity values, and
ii) species sensitivity values irrespective of dominant species.

13 paveikslas. Rysys tarp BQI verciy, apskaiciuoty remiantis
1) L. balthica bendrijos rusiy jautrumo vertémis ir
ii) rasiy jautrumo vertémis nepriklausomai nuo bendrijos

4.3.3 Benthic Quality Index response to disturbance

4.3.3.1 Benthic Quality Index values under eutrophication effects

To test the eutrophication effects on sensitivity values and the benthic quality as-
sessment, the BQI values were calculated using the sensitivity values obtained from
two different datasets: the control sites only and the full dataset including the control
and impacted sites (Fig. 14).
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@ Control sites A Impacted sites

BQI based on species sensitivity values for impacted and control sites

BQl based on species sensitivity values for control sites

Figure 14. BQI values calculated using species sensitivity values from control sites only and
full dataset (including sites with elevated Chl-a) for the eutrophication area. Shaded areas
indicate BQI values intervals for overlapping distribution of the control and impacted sites

(classified according to nMDS analysis). Line denotes full match of BQI values obtained
after using two different sensitivity values.

14 paveikslas. BQI vertés apskaiciuotos naudojant jautrumo vertes i§ foniniy viety ir
bendro (eutrofikacijos poveikio ir foniniy) duomeny rinkiniy. Pilkas plotas rodo BQI verc¢iy
intervala, kuris sutampa tarp foniniy ir poveikio viety méginiy. Linija rodo BQI verciy,
apskaiCiuoty naudojant skirtingus riiSiy jautrumus, sutapima.

The BQI values were significantly smaller (Wilcoxon test, p<0.0001, z=-9.4, n=65)
for species sensitivity values from the full dataset compared to those calculated when
using the species sensitivity values from control sites only. At the impacted samples,
BQI varied from 2.4 to 4.1 based on the sensitivity values calculated from the dataset
of control sites (average 3.4+0.5) and from 1.1 to 2.5 (average 1.7+0.4) based on the
sensitivity values calculated from the full dataset i.e. taking into account the samples
with eutrophication effects (Chl-a >6-8 mg/m?).

The discrimination of the impacted and control sites is better when the species
sensitivity values from the full dataset are used, i.e. the BQI values overlap range is
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narrower (between 1.9 and 2.6) compared to that observed when using the sensitivity
values from the control sites only (between 3.1 and 4.1). Consequently, the number of
observations within these ranges is much lower in case of the full dataset sensitivity
values (28% versus 62% for control sites dataset species sensitivity values).

Below the BQI values threshold of 1.9-3.2 (depending on the dataset used for spe-
cies sensitivity values calculations) only the impacted sites were observed, however
it was only 42% of all impacted samples that fall into this interval. In contrast, the
BQI values above 2.5-4.1 exclusively indicated the unimpacted sites and contain
48% of the control samples according to the control and full dataset sensitivity values
(Fig. 14).

4.3.3.2 Benthic Quality Index values under dredge spoil dumping effects

The BQI values were calculated using the sensitivity values obtained from two
different datasets: the control sites only and the full dataset including control sites and
impacted sites with dredge spoil dumping effects (Fig. 15). Overall, the BQI values
were significantly smaller (Wilcoxon test, p<0.01, n=118) for species sensitivity val-
ues from the full dataset compared to those calculated when using the species sensitiv-
ity values from the control sites only.

At the impacted sites, the BQI values varied from 1.9 to 3.8 (average 3.0+0.5)
based on the sensitivity values calculated from the control sites and from 1.7 to 3.6
(average 2.8+0.2) based on the sensitivity values calculated from the full dataset tak-
ing into account sites with dredge spoil dumping effects. In contrast, the BQI values
at the control sites varied from 2.8 to 3.9 and from 2.7 to 3.7 when using species sen-
sitivity values estimated from control and full datasets respectively. Below the BQI
values threshold of 2.6-2.7 (depending on dataset used for sensitivity values calcula-
tions) only the impacted sites were observed, however it was only 27% of all impacted
samples that fall into this interval. In contrast, the BQI values above 3.6-3.7 exclu-
sively indicated the unimpacted sites, while the BQI values range between 2.6 and 3.6
contained 90% of samples with 43% and 80% of those classified correspondingly as
impacted and control sites respectively (Fig. 15).
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BQl based on species sensitivity values for control sites

Figure 15. BQI values calculated using species sensitivity values from control sites only and
full dataset (including sites impacted by dredge spoil dumping effect) for the dredge spoil
dumping area. Shaded areas indicate BQI values intervals for overlapping distribution of

control and impacted sites (classified according to nMDS analysis). Line denotes full match

of BQI values obtained after using two different sensitivity values.

15 paveikslas. BQI vertés apskaiciuotos naudojant jautrumo vertes i$ foniniy viety ir
poveikio ir foniniy duomeny rinkiniy, surinkty grunto pylimo rajone. Pilkas plotas rodo BQI
ver¢iy intervala, kuris sutampa tarp foniniy ir poveikio méginiy. Linija rodo BQI ver¢iy,
apskaiCiuoty naudojant skirtingus risiy jautrumus, sutapima

4.3.3.3 Benthic Quality Index values under bottom trawling effects

The BQI and species sensitivity values under bottom trawling effects were anal-
ysed using two different datasets: the control sites only and the full dataset including
the control sites and the impacted sites (Fig. 16). The BQI values based on thr species
sensitivity values from the control sites ranged from 0.4 to 2.4 (average 1.3+0.7) and
resulted in significantly lower values (Wilcoxon test, p<0.001, n=48) compared to the
BQI values range of 0.2 to 1.6 (average 0.9+0.5) estimated for the species sensitivity
values based on the full dataset.
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Similarly, analyzing the group of impacted sites separately, the BQI values were
significantly smaller by 33-50% (Wilcoxon test, p<0.001, n=21) for the species sen-
sitivity values from full dataset compared to those based on the control dataset. The
difference between the BQI values estimated from the full and control dataset was
increasing towards higher BQI values indicating higher risk of getting overestimated
assessment values if the disturbance gradient is not covered by sampling and species
sensitivity values are exclusively estimated from undisturbed samples.
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BQI based on species sensitivity values for control sites

Figure 16. BQI values calculated using species sensitivity values from control sites and
full datasets (including sites with bottom trawling effects) for bottom trawling area. Shaded
areas indicate BQI values intervals for overlapping distribution of control and impacted sites
(classified according to nMDS analysis). Line denotes full match of BQI values obtained
after using two different sensitivity values.

16 paveikslas. BQI vertés apskaiciuotos naudojant jautrumo vertes i§ foniniy ir poveikio

ir foniniy duomeny rinkiniy, surinkty dugninio tralavimo rajone. Pilkas plotas rodo BQI

reik§miy intervala, kuris sutampa tarp foniniy ir poveikio viety. Linija rodo BQI ver¢iy,
apskaiciuoty naudojant skirtingus rii$iy jautrumus, sutapima.
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Depending on the dataset used for species sensitivity values calculation, the BQI
below 0.5-0.8 exclusively were found for the impacted sites (29% of sites, excluding
defaunated sites) and the BQI values above 1.3-1.6 indicated the control sites (19-
35% of sites) (Fig. 16) following nMDS classification results. The BQI values range
covering values estimated from the control and impacted sites was similar using both
datasets; however, 36% of sites fall into this interval using the control dataset versus
52% of sites assessed with the full dataset.

4.4 Validation of the Benthic Quality Index

4.4.1 Water quality class boundaries according
to the species sensitivity groups

Sensitivity values were assessed for 11 coastal macrozoobenthos species for depths
down to 20 m. The resulting sensitivity values ranged from 2.3 to 5.8 and species were
grouped into 4 groups from very tolerant to very sensitive using the arbitrary bound-
aries of whole numbers to distinguish between groups (Table 10). The relative abun-
dance trends of these groups along the axis of the ranked BQI values (1.1-3.9) have
been used to describe water quality classes and their boundaries (Fig. 17; Table 11).

Table 10. Classification of macrozoobenthos species sensitivity values and composition
of defined sensitivity groups for the coastal waters.

10 lentelé. Lietuvos Baltijos jiiros priekrantés makrozoobentoso riiSiy jautrumo verciy
klasifikacija ir jautrumo grupiy sudétis.

Macrozoobenthos species/taxon | | Spe.zcies se.nsitivity values Species sensi.tiv.ity
in Lithuania coastal waters| groups description
Marenfzellerta spp- 2.3 Very tolerant
Corophium volutator 2.3 (Sensitivity group T)
Pygospio elegans 2.5
Limecola balthica 3.1 Tolerant
Hediste diversicolor 3.8 (Sensitivity group II)
Mpya arenaria 4.4
Oligochaeta undet. 4.4 Sensitive
Hydrobia sp. 4.4 (Sensitivity group III)
Cerastoderma glaucum 4.8
A Very sensitive
Bathyporeia pilosa 53 (Sensi tizfli ty group IV)
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Table 11. Characterisation of water quality classes according to relative abundance
of four macrozoobenthos sensitivity groups and BQI values.

11 lentelé. Vandens kokybés klasiy apraSymas pagal BQI vertes ir makrozoobentoso
jautrumo grupiy santykinio gausumo poky¢ius.

Water Water quality class description Water quality
quality class threshold
class according to BQI
Bad Relative abundance of very tolerant species was perma- |< 1.5

nently higher than 90%, while sensitive species do not
exceed 6% of the total macrozoobenthos abundance.
Relative abundance of very sensitive species was always
less than 1%.

Poor Relative abundance of very tolerant species was be- 1.5-21
tween 80 and 90%, sensitive species could reach up to
15% of the total abundance. Abundance of very sensi-
tive species was always less than 5%.

Moderate | Relative abundance of very tolerant species was be- 2.1-2.7
tween 50 and 80%, whereas sensitive species could
reach 6-50% of the total abundance.

Good Very tolerant macrozoobenthos species usually make 2.7-33
less than half of all benthic organisms. Occurrence of
very sensitive species was higher than 50%.

High Relative abundance of tolerant species usually exceeds | >3.3
20%, however very sensitive species were permanently
present.

The relative abundance of very tolerant macrozoobenthos taxa (spionids Maren-
zelleria spp., P. elegans and crustacean C. volutator) was typically above 94% for the
samples with the BQI values below 1.3 (Fig. 17, Table 11). The relative abundance of
this group was consistently decreasing at the increasing BQI values and typically was
below 50% for BQI values higher than 2.8.

The group of tolerant macrozoobenthos species consisting of bivalve L. balthica
and polychaete H. diversicolor had the highest relative abundance at the BQI values
range from 2.0 to 3.3 (Fig. 17, Table 11); however, the relative abundance of this
group only rarely exceeded 30% in the studied samples. The relative abundance of
tolerant species was below 10% at the BQI values higher than 3.5.

The relative abundance of sensitive polychaete species (gastropod Hydrobia sp.,
bivalves C. glaucum, M. arenaria and oligochaetes) increased with the increasing
BQI values (Fig. 17, Table 11). The BQI values were below 2.0 at the relative abun-
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dance of these species lower than 10%. However, the BQI values were always higher
than 3.0 when the relative abundance exceeded 20%.

B. pilosa and rarely present polychaete S. shrubsolii belong to the very sensitive
species group (Fig. 17, Table 11), which average relative abundance was very low
(~1%) and usually less than 9%. There was a weak trend in the relative abundance of
this species group under the increasing BQI values, the highest values (>10%) were
typically reached at the BQI values exceeding 2.9.
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Figure 17. Relative abundance (%) of macrozoobenthos sensitivity groups (I-IV)
and corresponding BQI values for the coastal waters.

17 paveikslas. Makrozoobentoso riisiy jautrumo grupiy (I-1V) santykinio gausumo rysys
su BQI reik§mémis prickrantéje.
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4.4.2 Water quality class boundaries
according to the regression analysis

The validation of BQI values was carried out defining its relationship with Chl-a
for the coastal waters and plume area (Fig. 18). In the plume area Chl-a was 6-7 times
higher than in the coastal sites (27.442.0 and 4.4+1.0 mg/m> respectively), however,
its variability in both environments was comparable (coefficient of variation 0.05 and
0.02 mg/m respectively). The BQI values were also similar in the plume area (aver-
age 2.2+0.4) and coastal waters (average 2.8+0.4) (Fig. 18).

A strong and significant relationship (R=0.861, p=0.0001) was found between Chl-
a and BQI values for the coastal waters sites, wherethe increase in Chl-a by 1 mg/m
resulted in average decrease of BQI values by 0.6 units. A considerably weaker and
not significant relationship between BQI values and Chl-a was obtained for the plume
area (R=0.396, p=0.1450) with the relatively high BQI values variability at similar
Chl-a values (Fig. 18).
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Figure 18. Relationship between BQI values and Chl-a
for the coastal waters (left) and plume area (right).

18 paveikslas. RySys tarp BQI ir Chl-a koncentracijos priekrantés (kairéje)
ir Kur$iy mariy vandeny sklaidos zonoje jiiroje (desinéje).

Both regressions (Fig. 18) were used for the validation of BQI values threshold
between moderate and good water quality classes for the coastal waters and the plume
area. For this purpose the BQI threshold estimates for both areas were back-calculated
using Chl-a values, which were independently set for good-moderate quality class
threshold combining expert judgment and statistical exploitation of the monitoring
data (4.8 mg/m™ for the coastal waters and 25.7 mg/m= for the plume area, see Langas
et al., 2009 for details). The back-calculated BQI values were highly consistent with
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those, which have been derived according to the relative abundance of different sen-
sitivity groups (Table 12).

Table 12. Comparison of back-calculated and determined thresholds of BQI values
with Chl-a for the good-moderate water quality class boundaries
for the coastal waters and plume area.

12 lentelé. Geros-vidutinés vandens biiklés slenkstiniy reikSmiy apskaic¢iavimas pagal
BQI ver¢iy ir Chl-a koncentracijos santyki bei nustatymas pagal BQI reik§miy ir
makrozoobentoso rii§iy jautrumo grupiy santykij priekrantéje ir Kursiy mariy vandeny
sklaidos zonoje juroje.

Water Coastal waters Plume area
aual Chl
ity class -a BOI * | BOI *% | BOL . %%% -a BOI *| BOI *% | BOQI | %%%
thl).]eshold mg /m-3 Q be-cale. Q determ Q diff. mg/m-3 Q be-cale. Q determ. Q diff
d -
i?;’dmte 48 2.6 2.7 0.1 257 2.4 27 0.3

*-BQI threshold back-calculated from Chl-a threshold (Langas et al., 2009) according
to the relationship between BQI and Chl-a (summer average) for the coastal waters
and plume area (Fig. 18).

*#*_BQI threshold determined according to dynamics of relative abundance of macro-
zoobenthos sensitivity groups along the BQI gradient (Fig. 17).

***_difference between back-calculated and determined thresholds of BQI values.

The BQI validation with TN and TP summer concentration was carried out ap-
plying linear regression. No significant relationships were detected between the BQI
values and TN or TP either for the plume area or coastal waters (Fig. 19; 20). The
calculated BQI values ranged from 1.7 to 3.4 with no apparent difference between
the plume area and the rest of the coastal waters. The average TN concentration was
significantly higher in the plume area than in the coastal waters (5117 pg/l and
35+11 pg/l, t=-3.783, p=0.0006) (Fig. 19). The importance of the Curonian lagoon
outflow for TN is supported by a significant negative relationship between salinity
and TN in the plume area (r=-0.72, p<0.001, salinity range between 3.3 and 7.1),
while at the coastal waters this relationship was negligible (r=-0.02, p<0.001, salin-
ity range between 6.3 and 7.4). TP was similar in the plume area and coastal waters
with no significant differences between average values (3.8+1.0 pg/l and 3.4+1.0 pg/l
respectively) and a very weak negative relationship with salinity.
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Figure 19. BQI values versus TN with fitted linear model trend lines for the sites at the
coastal waters (0) and in the plume area (A).

19 paveikslas. RySys tarp BQI reikSmiy ir bendro azoto koncentracijos priekrantéje (O)
ir Kursiy mariy vandeny sklaidos zonoje jiiroje (A).

4.4.3 Water quality class boundaries
according to the Signal detection theory

The analysis based on the Signal detection theory was performed separately for the
coastal waters and the plume area. An acceptable BQI values response (AUC=>0.70,
sensu Hale and Heltshe (2008)) was revealed to all three analysed eutrophication pa-
rameters measured at the coastal waters. The best BQI values response was found for
Chl-a (AUC=0.75) and TP (AUC=0.74) (Fig. 21). Within the plume area, however
the index response to Chl-a and TP was qualified as poor (AUC=0.56 for both param-
eters), but excellent for TN (AUC=0.87) (Fig. 21).

The most accurate BQI threshold, according to the sum of index sensitivity and
specificity values estimated from the index response to Chl-a (i.e. ROC curves), was
2.56 (index specificity and sensitivity 0.75 and 0.86 respectively; Fig. 22). In this data
set, the prevalence of the Chl-a values falling within the target range (between the good
and moderate water quality classes) was 0.69 (16 out of 23 samples). At this preva-
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Figure 20. BQI values versus TP with fitted linear model trend lines for the sites taken
at the coastal waters (0) and in the plume area (A).

20 paveikslas. Rysys tarp BQI reik§miy ir bendros fosforo koncentracijos prieckrantéje (o)
ir Kur$iy mariy vandeny sklaidos zonoje jiiroje (A).

lence, the most accurate BQI response showed an ability to correctly identify “accept-
able” conditions in 89% of cases (positive predictive value, PPV) and “unacceptable”
conditions in 68% of cases (negative predictive value, NPV) (Fig. 22; Table 13).

NPV values better explain index threshold variation at a healthy environment,
while PPV values in disturbed areas. For instance, when applying a strict BQI thresh-
old at 2.45 for threshold between the good and moderate quality classes, the PPV is
higher (90%) and NPV is lower (55%) compared to a threshold set at the most accu-
rate BQI response (2.56). A lenient threshold at 3.05 resulted in a comparatively low
PPV and high NPV (80% and 100% respectively) (Table 13).

78



BQI-Chl a concentration

4. Results

BQl-Chl-a concentration

o 2
«© © _|
s =
© ©
=z ° = ©° 7
Z 2
z AUC: 0.750 2 AUC: 0.562
B < B <
S S
o~ o~
s s
o o
S s
T T T T T T T T T T T T
1.0 08 06 04 02 0.0 10 08 06 04 02 0.0
Specificity A Specificity
BQI-N concentration BQI-N concentration
o o
© ©
s =
© ©
z ° >0
=z H
z AUC:0.703 z AUC:0.875
®» @ <
S =
o~ o
o S
o o
5 =
T T T T T T T T T T T T
10 08 06 04 02 00 10 08 06 04 02 00
Specificity B Specificity
BQI-P concentration BQI-P concentration
= o
© ©
o o
© ©
2 © >0
s s
g AUC: 0.743 2 AUC: 0.562
b < 2
S S
o~ o~
o I
o o
= o
T T T T T T T T T T T T
10 08 06 04 02 00 10 08 06 0.4 02 0.0
Specificity C Specificity

Figure 21. ROC curves for BQI values response to Chl-a (A), TN (B) and TP
(C) in the coastal waters (left column) and the plume area (right column).

21 paveikslas. ROC kreivés apibiidinancios BQI atsaka j Chl-a, bendro azoto ir bendro

fosforo koncentracijas priekrantéje (kairys stulpelis) ir KurSiy mariy vandeny sklaidos zonoje
juroje (desinys stulpelis).
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Figure 22. ROC curves for the BQI response to the Chl-a at the coastal waters. The steps
denote the proposed threshold values (strict-2.45, the most accurate-2.56 and lenient-3.05).
Numbers in brackets indicate index specificity and sensitivity values respectively.

22 paveikslas. BQI atsako j Chl-a poveikj ROC kreives priekrantés zonai. Vandens kokybés
klasiy slenkstinés vertés (griezta slenkstiné verte-2,45; labiausiai tiksli verté-2,56 ir ,lanksti*
verté-3,05). Skaiciai skliausteliuose rodo indekso jautrumo ir specifiSkumo reikSmes.
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Table 13. BQI thresholds for the coastal waters based on the response to Chl-a, with the
corresponding estimates of prevalence, index specificity, index sensitivity, PPV and NPV
(based on SDT approach).

13 lentelé. BQI slenkstinés reik§més priekrantés zonai pagal atsaka j Chl-a
koncentracijos poveikij ir jas atitinkancios paplitimo, indekso jautrumo, specifiSkumo,
teigiamos nuspéjamos reik§més, neigiamos nuspéjamos reikSmés (apskaiciuotos pagal
Signalo aptikimo teorija).

BQI values | Prevalence of the target | Index Index |PPV (%)| NPV (%)
thresholds Chl-a values (between | specificity | sensitivity
good and moderate
conditions)
2.45-strict 0.69 0.81 0.71 90 55
2.56-the most 0.69 0.75 0.86 89 68
accurate

3.05-lenient 0.69 0.44 1.00 80 100
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Discussion

The BQI is one of the most widely used multimetric indices for macrozoobenthos
status assessment (Fleischer and Zettler, 2009; Leonardsson et al., 2009). Although
designed for application in marine areas, it is also considered to be suitable for dif-
ferent environments as long as the assigned species’ sensitivity values are based on
individual data sets and are site-specific (Zettler et al., 2007). The index is assumed
to be ecosystem relevant and reproducable since it has been tested and validated in
different marine ecosystems with various environmental conditions (Schiele et al.,
2016; Leonardsson et al., 2015). Its performance was shown to be affected by the
salinity and depth gradients (Labrune et al., 2006; Zettler et al., 2007; Schiele et al.,
2016) and the presence of invasive species (Zaiko and Daunys, 2015), however, the
BQI responsiveness to different anthropogenic pressures as well as importance of
responding community type was not tested. When testing an indicator’s responsive-
ness, ideally the assessment should be performed along the gradient of the selected
pressure, excluding any untargeted disturbances (noise effects). This is, however, an
unlikely case when working with typical field data and particularly with those from
the coastal areas, where multiple natural and anthropogenic disturbances are often si-
multaneously present. In spite of this, the current study is aimed at tracing BQI values
changes by exploring the variability of species sensitivity values in the context of dif-
ferent environmental conditions, benthic communities and antropogenic disturbances.
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5. Discussion

5.1 Changes of species sensitivity and Benthic Quality Index values
along the environmental gradients

Accurate species sensitivity estimates have been declared as being one of the cru-
cial elements in the status assessment of marine waters (Mearns and Word, 1982;
Borja et al., 2000; Muxika et al., 2007; Bellan, 2008; HELCOM, 2013). However,
despite the acknowledged scientific robustness of the approach to the base sensitivity
assessment on mathematical formula (Leonardsson et al., 2015), considerable differ-
ences in species sensitivity values were found for different Baltic Sea sub-regions,
salinity and depth classes (Zettler et al., 2007, Siaulys etal., 2011; Villnas et al., 2015;
Leonardsson et al., 2016; Schiele et al., 2016).

At the Baltic Sea scale, the salinity gradient is the predominant factor controlling
the distribution patterns of benthic organisms. The number of macrozoobenthos spe-
cies declines from the south-west to the north and consequently affects structure and
diversity of benthic communities. This phenomena has been demonstrated as having
significant effects on BQI and species sensitivity values (Zettler et al., 2007; Schiele
etal., 2016). At the regional (sub-basin) scale, however, depth becomes also important
for larger shifts in benthic communities. So far depth related changes in sensitivity
values were resolved by arbitrarily dividing datasets following the depth zonation into
coastal, intermediate and halocline areas (Schiele et al., 2016).

The results of this study showed the relatively consistent sensitivity values for only
4 of 16 species along the analysed depth gradient. Sensitivity values were the most sta-
ble for the species with the highest abundance and occurrence: spionids Marenzelleria
spp., P. elegans and bivalve L. balthica. The results also demonstrated the decreasing
species sensitivity values towards deeper parts of the study area and particularly at the
depth of 50 m when approaching the upper boundary of the halocline. Similar results
were found for Swedish waters for the species sensitivity values and BQI variation at
the 60-100 m depth range (Leonardsson et al., 2016). Additionally, the critical depth
of 30-40 m identified for both groups of shallow and deeper living species indicate
potentially overestimated species sensitivity values primarily for coastal species. This
was demonstrated for bivalve C. glaucum sensitivity values, when its sensitivity val-
ues increased with increasing depth. Similarly, sensitivity values of deeper water spe-
cies (e.g. isopod S. entomon) also increased outside their typical depth distribution
range towards shallow areas. In general, the results on decreasing species sensitivity
values towards deeper areas coincide with the phenomena of lower sensitivity values
and decreasing ratio between high sensitivity values and low sensitivity values spe-
cies with decreasing salinity (Schiele et al., 2016). It seems that both dominance of
tolerant species due to the increased stress towards greater depths as well as generally
lower abundance and species richness due to lower environmental heterogeneity in
deeper areas contribute to numerically low sensitivity and BQI values. Due to this,
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water quality status assessement should obviously be carried out for coastal waters
and halocline zone individualy.

Depth and salinity are important factors capable to shape benthic communities, but
other important attributes of the seabed environment, such as food supply, oxygen con-
centrations, currents, temperature, turbidity, and substrate composition may also influ-
ence macrozoobenthos distribution in the Baltic Sea (e.g. Bromley, 1996; Olenin, 1997;
Pearson and Rosenberg, 1978; Bonsdorff, 2006). These, in turn, may also induce high
variability of the species sensitivity values. For example amphipod M. affinis was defined
as very sensitive for the Swedish east coast and very tolerant in the central Baltic (Schiele
et al., 2016), but again it is being ranked among the most sensitive “deep” living species
based on the results of this study. It typically occurs in the depths of 30-120 m., but its
dominance in the central Baltic is restricted to the depth range of 40-60 m (Olenin, 1997;
Daunys et al., 2015). In case of the upper distribution boundary of M. affinis, the species
occurrence will be associated with diverse macrozoobenthos communities and therefore
its sensitivity values will obviously attain higher values. In contrast, at its lower depth
range boundary M. affinis will occur in relatively low abundance and poor diversity com-
munities, which will support lower species sensitivity value. In addition, distribution lim-
iting factors may correlate with other depth related disturbances and their effects can be
hardly distinguishable. For instance, low M. affinis abundance within the halocline and
below agrees well with its negative response to oxygen demand found after experimental
manipulations (e.g. Johansson, 1997). At the same time, markedly lower level of genetic
diversity in the offshore M. affinis population compared to the coastal one was also re-
ported (Guban et al., 2016) indicating potentially different species ability to survive or
respond to disturbances. Literature data also suggest multiple interactions of M. affinis
with local community species. Intraspecific competition between adults and juveniles
can be responsible for the regulation of the population, and the species is susceptible
to predation by relatively shallow B. sarsi and priapulid H. spinulosus (Abrams et al.,
1990, Hill, 1992). An the inverse relationship between L. balthica and M. affinis due to
ingestion of the newly settled bivalve spat together with the bottom sediment was also
observed in the field and tested in the laboratory experiments (Segerstréle, 1962; Ejdung
and Elmgren, 1998; Rousi et al., 2013). It was also shown (Zaiko and Daunys, 2015) that
the presence and impact of a powerful habitat forming species may significantly alter
the benthic structure and BQI characteristics. The ability of habitat modifying species to
form local patches of biological diversity may bias the results of benthic quality assess-
ment by inducing higher BQI values, but specific alghorithms are possible to apply in
order to disentangle and compensate for these effects.

In this study, significant differences in species sensitivity values were found when
analyzing two main coastal waters communities dominated by bivalve L. balthica and
polychaete Marenzelleria spp. Generally, species diversity and abundance in Maren-
zelleria spp. community was lower compared to L. balthica community and this re-
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sulted in almost 50% lower sensitivity values for the same species being recorded
in polychaete dominated areas. These differences can be explained by substrate dif-
ferences, however these have not been precisely studied using grain-size analysis.
The BQI values also showed significant differences between those obtained from two
different communities and values calculated for the pooled data from both communi-
ties together. This obviously reflects species sensitivity shifts between the analysed
datasets and may result in a significantly different water quality status assessment.
Therefore, during the water quality assessment it is necessesary to analyse the patterns
of macrozoobenthos abundance changes and consider the potential response of BQI to
the natural variability of community structure and species richness in the area.

Our analysis of the sensitivity changes and sub-sequent BQI response to the depth
gradient and environmental heterogeneity within the same depth range demonstrate,
that causal relationships between the anthropogenic impact and species status might
not be straightforward, therefore all aspects mentioned above should be considered
before taking decisions on contradicting sensitivity values.

5.2 Changes of species sensitivity and Benthic Quality Index values
according to the coverage of disturbance gradient by samples

The BQI formula is based not only on the species tolerance to a disturbance but also
on its capability to coexist with other species. A high sensitivity value means that the spe-
cies occurs in a high diversity community and has a high competitive ability; it is seldom
found in species poor and disturbed environments. A low sensitivity value on the other hand
means that the species has been found predominantly in species-poor environments. This
implies that deriving sensitivity values based on samples from rather pristine environments
alone is likely to produce higher sensitivity values than if the samples come from disturbed
environments. However, if all samples come from a disturbed environment, sensitive spe-
cies will typically be missing and their sensitivity values can not be calculated.

Species sensitivity values may be highly dependent on the diversity range, covered by
the dataset. Absence or insufficient sampling effort in disturbed sites will inadequately re-
flect the dynamics of a species abundance along the disturbance gradient, therefore it may
affect the discrimination of sensitivity groups and bias the overall water quality assessment.
It was suggested using at least 20 samples from each of the undisturbed and impacted envi-
ronments (Leonardsson et al., 2015) in order to properly reflect a disturbance gradient when
analyzing the sensitivity and BQI values. In this study the number of samples from the
undisturbed and disturbed sample sites varied depending on the analysed pressure, but al-
ways fulfilled this condition (27-81 samples from the undisturbed and 21-37 samples from
the disturbed sites), with a ratio of the disturbed to undisturbed sites varying between 1:1.3
and 1:2.2. An under-represented disturbance gradient with low diversity macrozoobenthos
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communities was simulated by employing control samples with no signs of disturbance in
the macrozoobenthos structure against the full dataset containing information from control
and impacted sites. The results demonstrated that by including the data from the impacted
sites, the estimated species sensitivity values decreased in 40-60% of cases compared to the
calculations based on the data from unimpacted sites only. Such a decrease was indepen-
dent of the number of samples and fell beyond the accuracy range of the sensitivity values
generated through the Jackknife resampling. Similarly, the independent study of Leonards-
son and co-authors (2015) also showed the decrease of sensitivity values with the increas-
ing proportion of samples from disturbed areas.

The estimated sensitivity values were affected by the dataset change independently
of the species abundance. For instance, by replacing the control dataset with the full
dataset containing samples from the impacted sites (i.e. extending ES50 axis towards
lower range) the sensitivity values of low abundance (e.g. M. affinis) and high abun-
dance (e.g. P. elegans) species were changed to a similar extent. However, the sensi-
tivity values of typically resistant species such as L. balthica were more affected by
the dataset change compared to the consistent sensitivity values of spionid P. elegans,
known as having highly negative reaction to the dredge spoil dumping in the region
(Olenin, 1992). Other resistant species to the dredge spoil dumping effects such as
isopod S. entomon also demonstrated the largest shift in sensitivity values towards
lower value after including samples from the disturbed sites into the analysis. Under
eutrophication effects for the species like C. glaucum the sensitivity values did not
change between the analysed datasets showing the sensitive species response to the
eutrophication process (in terms of Chl-a concentration increase), while the L. balth-
ica sensitivity values were affected by the dataset change as well as under the dredge
spoil dumping or bottom trawling disturbances. These findings suggest the relative
stability of sensitivity values for species strongly responding to pressure as their abun-
dance decreases considerably along the anthropogenic disturbance gradient. In this
case, the addition of samples from the disturbed (low ES50) sites into analysis with
possibly high number of zero abundance cases for these species, will typically lead to
minor changes of their sensitivity values. In contrast, tolerant species are persistently
abundant across the disturbance gradient and are typically present at the intermediate
levels of the impact; therefore, an addition of samples from these areas may signifi-
cantly alter the sensitivity values (Fig. 23). For example, the results for eutrophica-
tion disturbance in the coastal waters showed that, more than 40% of species did not
change sensitivity values when samples from the impacted sites were included, while
at the dredge spoil dumping area this proportion was 25% and at the bottom trawling
area the species sensitivity values did not change for 33% of macrozoobenthos spe-
cies. Generally, the outcome of sensitivity valuation of tolerant species appears to be
highly dependent on the coverage of the disturbance gradient by the dataset, while
sensitive species are highly robust to this effect.
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Estimating the role of varying sensitivity values in the assessment, BQI values can
be up to 60-100% higher for species sensitivity values based on limited disturbance
gradient. Although this is the upper range of deviation found in the study with the
bottom trawling disturbance gradient, it obviously shows the need of having adequate
species response data to a given disturbance when defining sensitivity groups and
sensitivity values. On the other hand, in spite of a relatively large effect of sensitivity
estimates on BQI values, the impact of varying sensitivity values on discrimination
between the disturbed and undisturbed samples was negligible. This demonstrates that
considerable shift in BQI values is likely to be of a systematic nature and in agreement
with a proposal to use a regression model to account for the depth effect and remove
much of the spatial variation (Leonardsson et al., 2016).

5.3 Dependence of species sensitivity values and Benthic Quality
Index values on disturbance type

It was shown that BQI values respond to organic load, hypoxia, heavy metals,
urban effluents and physical disturbance (Josefson et al., 2009). Gislason et al. (2017)
also demonstrated that BQI respond significantly to the bottom trawlings effects. The
BQIresponse was highly significant, caused by a combination of declines in the aver-
age species sensitivity values and in the number of species recorded per station (Gis-
lason et al., 2017). The response of the macrozoobenthos species may differ consid-
erably depending on type of anthropogenic pressure such as eutrophication, organic
enrichment, chemical pollution or mobile bottom-contacting fishing gears (Kaiser et
al., 20006; Clark et al., 2016; Neumann et al., 2016; Collie et al., 2017), therefore spe-
cies sensitivity values and indexes may also depend on analysed disturbance type
(Ronnberg and Bonsdorft, 2004).

In this study three types of anthropogenic disturbances (bottom trawling, eutro-
phication and dredge spoil dumping) were analysed in geographically close sites with
the distance of approximately 40-50 km between the areas. Eutrophication is spatially
more widespread pressure acting over longer time scales in the central Baltic com-
pared to local and relatively short-time dredge spoil dumping and bottom trawling
effects. After the addition of the impacted samples to the datasets of samples from the
undisturbed sites, the sensitivity values were modified by 4-57% (19% on average)
under eutrophication effect, 29-50% (24% on average) under bottom trawling dis-
turbance, and 2-13% (5% on average) under dredge spoil dumping. In the context of
these changes, the differences in environmental settings of three areas should be taken
into account and can be screened at least partly by comparison of sensitivities esti-
mated from the control datasets of the same areas. According to this comparison, the
sensitivity values between the three areas differ by a factor of 2.0-5.8 for individual
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species. On the other hand, the samples from the shallow eutrophication area shared
only 17-33% of macrozoobenthos species with deeper areas of dredge spoil dumping
and bottom trawling effects. Although two deeper areas shared 62-83% of macrozoo-
benthos species, the control samples from the bottom trawling area contained only 2-6
species versus 6-13 taxa found in both dredge spoil dumping and coastal eutrophica-
tion areas.

According to the study results, the species being classified at higher sensitivity
range in the eutrophication and dredge spoil dumping areas obtained the lowest sensi-
tivity values in the deeper areas of the bottom trawling zone. For instance, in the depth
range between 40 and 65 m polychaete B. sarsi was among the most sensitive species
in the dredge spoil dumping area and at the same time had the lowest sensitivity val-
ues in the bottom trawling zone. Also, another polychaete species Marenzelleria spp.
showed similar results. It was one of the sensitive species in the coastal waters area
under eutrophication disturbance, while had one of the lowest sensitivity values in
the dredge spoil dumping and bottom trawling zones. This pattern remained if control
samples only were taken into account, discarding the possibility of the species’ spe-
cific response to the three considered disturbances.

Other factors, such as species motility or presence of pelagic development stages
can significantly decrease the sensitivity values of species due to their higher recol-
onization capacity. In these cases, although being sensitive to the disturbance im-
pact, the species can be among the first recolonisers of the disturbed samples during
early recovery stages and these recolonizations are particularly relevant for patchy
or short-term disturbance effects such as bottom trawling and dredge spoil dump-
ing. In this study such effects can be valid for bottom trawling resistant polychaete
B. sarsi, which is a fast colonizer in intermittently recovering areas usually occurring
in low oxygen deep water parts of the Baltic Sea and the same is valid for priapulid
H. spinulosus with its exceptionally high resistance to anoxia (Janssen and Oeschger,
1992; Oeschger and Vetter, 1992). Although a part of the sensitivity values change
was attributed to the disturbance type, it is obvious that altered environmental condi-
tions (specifically associated with the depth or community structure) rather than the
type of disturbance was primarily linked to the changes of sensitivity values. Depth-
dependent structural community differences obviously played a more important role
in the assessment of species sensitivity values, than the disturbance type and coverage
of disturbance gradient by samples (e.g. determination of the control and impacted
samples according to the macrozoobenthos abundance).
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5.4 Benthic Quality Index values validation
using Signal detection theory method

The study results support the applicability of the BQI values for benthic quality
assessment in relation to eutrophication in the exposed coastal waters area. In the
Baltic Sea, eutrophication constitutes one of the most important pressures affecting
different ecosystem components-from phytoplankton to the macrozoobenthos com-
munities (HELCOM, 2009). Many parameters have been proposed for measuring the
eutrophication effects, e.g. optical water column properties, oxygen concentration,
frequency of algae blooms, Chl-a, nutrient concentrations and others (Ferreira et al.,
2011). Only a few of them could be used for the pressure-response analysis due to
the lack of consistent long-term observations. An increase in nutrient concentrations
directly affects phytoplankton development, which can be also partly traced in the
dynamics of Chl-a. During succession, this phytoplankton biomass turns into organic
material and becomes a food source for the macrozoobenthos in case material transfer
to the near-bottom layer or sediment is supported by vertical flux.

Macrozoobenthic diversity explaines the nutrient-invertebrate relationships best.
The previous studies showed that the impact of macrozoobenthos on benthic-pelagic
coupling (sedimentation, particle uptake), benthic mineralisation, nutrient and dis-
solved organic matter release in shallow water appears to be considerable and disap-
pearance of macrozoobenthos has a significant influence on shallow water energy and
matter cycles (Heip, 1995). It was also shown that the response of macrozoobenthos
to the changes in total nitrogen concentration decreased with increasing depth. It was
demonstrated that the relationships between macrozoobenthos biomass and nutrients
(TN and TP) were little affected by coastal water exposure (Kotta et al., 2009; Rousi
et al., 2013). It was found that the deposit feeders, were less sensitive to the increased
concentration of nutrients if inhabiting more diverse communities. The indirect eu-
trophication effects such as altered species diversity or the proportion of tolerant and
sensitive species do not assert instantly and may accumulate over time. They may also
emerge later depending on the intensity of the impact and involved mechanisms (e.g.
changed reproduction rate, modified feeding activity, increased physiological stress
etc.) (Heip, 1995; Grall and Chauvaud, 2002; Kotta et al., 2009). As a result, a certain
lag period is typically involved in the relationships between benthic and pelagic pa-
rameters (e.g. Snickars et al., 2014).

The BQI values response to the analysed eutrophication parameters was not de-
tected (except for Chl-a) with the traditional statistical approach (linear regression),
while the more complex SDT proved to be effective in uncovering these relation-
ships in this study. However, when applying SDT we found inconsistencies in the
BQI values response to Chl-a and TP within the plume zone. Stronger BQI values
response to TN compared to TP driven by organic matter production is more likely in
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the plumes, since highly eutrophied areas with a low-salinity regime are known to be
predominantly N-limited (Tamminen et al., 2007). On the other hand, strong spatial
and temporal salinity effects may not necessarily coincide with organic enrichment
gradients in the plume zone.

Low salinity has been reported as the driving force of the macrozoobenthos distri-
bution in many estuarine-like ecosystems (e.g. Boesch, 1977; Ysebaert et al., 1993;
Bonsdorff, 2006), where its effect was asserting independently from the influence of
organic enrichment (mud content, Chl-a). It is obvious, that even being of the same
resistance to organic enrichment, different species may have individual salinity toler-
ances, and this may become particularly important in the plume areas with transition
between freshwater and the critical salinity range of 5-8. At the same time, testing
ability of BQI to discriminate between salinity and eutrophication effects will require
highy specific conditions with low cross-correlation of key parameters.

The overarching purpose of any environmental index is to distinguish between
healthy and degraded environments and provide a scientifically based reasoning for
undertaking appropriate measures to improve the ecological status. The application of
the SDT approach can assist in assessing the performance of environmental metrics
under particular conditions, setting the threshold values and evaluating water quality
status in a robust and scientifically sound way. The most accurate index threshold sug-
gested by SDT might not always be the preferred choice, as management effort may
be advisable in some cases, when degradation is less pronounced and natural recovery
is still feasible. On the other hand, an environmental manager assessing the status of
particularly valuable or protected areas might prefer the lower risk of overlooking de-
terioration and therefore will need to maximize NPV values and set a lenient threshold
for the index. If the BQI is assessed in a largely affected area, the positive predictions
will be more accurate than the negative ones, hence maximized PPV values and a
stricter threshold for the index are advisable. Considering these aspects would help to
support the adequate management effort and appropriate remediation measures on site
(Hale and Heltshe, 2008).

SDT provides a practical tool to validate index thresholds and select good envi-
ronment status (GES) boundary for a particular area. Based on the SDT analysis, one
could decide whether an index is representative enough for detecting the particular
pressure. Depending on the targets set, information retrieved from the SDT analysis
can be used for designing the monitoring programme and answering practical ecologi-
cal and management questions, e.g. how dense the sampling network should be to de-
tect the pressure and assess the environmental status in light of the specific conditions,
potential noise factors and uncertainties involved.
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5.5 Recommendations for the water quality status assessment
of the south-eastern Baltic Sea using Benthic Quality Index

The following recommendations are provided for the water quality status assess-
ment of the south-eastern Baltic Sea using the BQI based on the results of this thesis:

1. Water quality assesment using BQI should be carried out using justified species
sensitivity values for the assessed macrozoobenthos communities, depth zones and
salinity range. All relevant environmental parameters of the assessment area used in
structuring datasets should be precisely described and justified.

1.1 Species recorded in 8 samples or less should be excluded from further species
sensitivity values determination. Only soft bottom species should be present in the
sample.

1.2 Below 40 m depth typical shallow species (such as C. glaucum, S. shrubsolii,
B. pilosa, M. arenaria, C. volutator, H. diversicolor, Hydrobia sp.) should not be in-
cluded in the assessment dataset.

1.3 For the coastal waters with the depth less than 40 m “deeper living” species
(such as B. sarsi, H. spinulosus, S. entomon, M. affinis, Ostracoda undet.) should be
excluded from the assessment dataset.

1.4 Dominant macrozoobenthos communities should be distinguished according
to the species abundance, biomass, bottom sediment and other parameters data before
using dataset for the water quality assessment.

2. Species sensitivity values used in the water quality assesment with BQI should
be justified for the expected types of anthropogenic disturbance and justification
should be scientifically documented in order to support the correct interpretation of
assessment results.

2.1 Species sensitivity values should be estimated for as wide as possible distur-
bance gradient keeping at least 20 samples from each of control and impacted areas in
order to track the precise detection limits of the index.

2.2 In order to cover wider range of a species response along the disturbance gradi-
ent, species sensitivity values can be estimated for samples with less than 50 individu-
als. The validity of samples with a low number of individuals should be justified by
the identical £S50 values and number of species for corresponding samples, therefore
the original £S50 values could be used for further sensitivity calculations in order to
extend the representation of disturbance gradient by the dataset.

2.3 At the eutrophication area an impacted samples could be characterised accord-
ing to the spartial sattelite Chl-a data (increase of the concentration, one-year lag
should be applied for the index values in respect of pelagic parameters); at the dredge
spoil dumping area- according to the designated dumping sites, indicator species such
as P. elegans or Ostracoda undet. abundance change, bottom sediment data, while at
the bottom trawling zones- according to the information on sampling site position in

93



5. Discussion

respect to acoustically mapped bottom trawling tracks should be used as criteria to
justify bottom trawling effects. Also evaluated species communities should be char-
acterised according to the species structure.

3. Four sensitivity groups of macrozoobenthos species can be defined by dividing
sensitivity range into equal intervals to have a feasible response to the BQI change.

3.1 Numerical characteristics of macrozoobenthos sensitivity groups are useful
in the interpretation of water quality class boundaries and quality assessment results,
however, these values should be statistically validated.

4. The one-year lag proved to be statistically feasible for the BQI relationship with
pelagic parameters, while approximately 3x3 km? grid for eutrophication parameters
provided statistically valid results for explaining the BQI changes.

4.1 The Signal detection theory method is suggested for BQI validation as well as
determination of index values for water quality class boundaries and justification of
their selection strategy between lenient (maximum NPV and index sensitivity) and
strict (maximum PPV and index specificity) values.
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Conclusions

1. The soft-bottom macrozoobenthos species sensitivity values are highly depen-
dent on the depth gradient. In the depths between 10 and 70 m the sensitivity
values were consistent only for the most widespread 4 taxa (Marenzelleria
spp., P. elegans, L. balthica, Oligochaeta undet.) out of 16 analysed species.
The critical depth of 30-40 m identified for both groups of shallow (e.g. C.
glaucum) and deeper (e.g. S. entomon) living species indicate potentially over-
estimated species sensitivity values. For all the analysed the species sensitivity
values decrease towards the upper boundary of the halocline zone (50 m).

2. The consistency analysis of the species sensitivity values and Benthic Quality
Index values showed a significant difference between the soft bottom com-
munities dominated by bivalve L. balthica and polychaete Marenzelleria spp.
within the same depth range. The species diversity and abundance in Maren-
zelleria spp. community was lower compared to L. balthica community and
this resulted in up to two times lower sensitivity values and Benthic Quality
Index values in polychaete dominated areas.

3. The sensitivity values of tolerant species are highly dependent on the coverage
of anthropogenic disturbance gradient by the data, while sensitive species are
robust to this effect.
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4. Different anthropogenic impacts have specific sets of tolerant and sensitive
species in tracing effects on environmental status. Eutrophication effects are
best reflected by bivalve M. arenaria, C. glaucum, Hydrobia sp. and amphipod
B. pilosa, whereas tracing of dredge spoil dumping and bottom trawling distur-
bance relies more on the dynamics of P. elegans-ostracods and Marenzelleria
spp.-ostracods, respectively. Similarly, a set of tolerant species also differ be-
tween the analysed disturbance types, but L. balthica was found to be tolerant
to all three analysed disturbance types.

5. The Signal detection theory method proved to be useful in the index validation
and justification of quality class boundaries. In contrast to the Benthic Quality
Index values validation by linear regression, the Signal detection theory indi-
cated an acceptable Benthic Quality Index values response to the total nitrogen,
total phosphorus and chlorophyll-a concentration for the studied coastal waters.
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Santrauka

Ivadas

Temos aktualumas

Makrozoobentosas seniai naudojamas jiiriniy ekosistemy buklei vertinti (Borja ir
kt. 2000), o makrozoobentoso rodikliais pagrijsti indeksai yra privalomi vertinant jury
bei priekrantés vandeny biikle pagal naujausias aplinkosaugines Europos Sajungos
iniciatyvas: Europos Sgjungos Vandens politikos (2000/60/EC) ir Jiiros strategijos pa-
grindy direktyvas (2008/56/EC).

Rusies jautrumg lemia ne tik jos biologinés savybés, bet ir gamtinés salygos, kur
rusys gali skirtingai reaguoti  aplinkos (Tagliapietra ir kt. 2009) ar antropogeninius po-
kyc¢ius (Buhl-Mortensen ir kt. 2009). Makrozoobentoso riiSies jautrumas apibtidinamas
kaip galimos zalos dél atsiradusio poveikio (atsparumas) ir laiko, kurio prireikia atsi-
gauti, kai poveikio nebéra (atsistatymas), produktas (Laffoley ir kt. 2000). Jautriomis
rusimis laikomos tokios riisys, kurioms lengvai daro jtakg antropogeninis poveikis (Ze-
mas atsparumas) ir kurios atsigauna tik po ilgesnio laiko arba visai neatsigauna (zemas
atsistatymas). Makrozoobentoso rii§iy jautrumas yra viena svarbiausiy biiklés indeksy
sudedamoji dalis, kuriai apibadinti dazniausiai naudojamas ekspertinis vertinimas (angl.
The AZTI Marine Biotic Index; Borja ir kt. 2000; angl. The Biotic Index; Simboura
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ir Zenetos 2002). Taciau tokiu buidu sudétinga matematiskai jvertinti rtsiy atsparuma,
atkuriamuma ir pazeidziamuma. Ekspertiniu vertinimu nustatytos risiy jautrumo vertés
gali turéti fiksuota verciy kitima, 1§ anksto nustatytas jautrumo klases ir fiksuotg atstuma
tarp skirtingy jautrumo klasiy, kurioms priskirti organizmai. Sios savybés lemia papras-
ta rusiy jautrumo verciy apskaiciavima ir interpretavima vertinant vandens bukleg.

Bentoso kokybés indekso (angl. Benthic Quality Index, BQI) (Rosenberg ir kt.
2004; Leonardsson ir kt. 2009) viena i$ svarbiausiy sudedamyjy daliy — riisies jau-
trumas, kuris nustatomas skaitiniais metodais, nesikliaujant ekspertiniu vertinimu.
Baltijos juiros pavyzdziu jau parodyta, kad makrozoobentoso rii$iy jautrumo vertés
priklauso nuo vandens druskingumo (Zettler 2007), organinés medziagos kiekio nuo-
sédose (Zettler ir kt. 2013) ar invaziniy rasiy buvimo (Zaiko ir Daunys 2015). Ben-
toso rusiy jautrumo vertés buvo skaiciuojamos skirtinguose Baltijos jiiros regionuose
(Rosenberg ir kt. 2004; Zettler 2007) skirstant juos pagal druskinguma, gylio klases ir
meéginiy surinkimo jrankiy tipus (Schiele ir kt. 2016).

Siy studijy tikslas buvo patikrinti makroozobentoso rii§iy jautrumo veréiy
patikimuma keiCiantis gylio gradientui, bendrijy struktiirai ir antropogeninio poveikio
tipui bei lygiui, kur bentoso kokybés indekos vertés skirtingai reagavo j tirtus
parametrus. Taip pat indekso specifiskumas ir jautrumas buvo testuojamas naudojant
Signalo aptikimo teorijos metodg, vertinant indekso atsaka j pasirinktus eutrofikacijos
procesg apibiidinancius parametrus. Validuotos indekso vertés panaudotos vandens
biiklés slenkstinéms vertéms nustatyti. Pateiktos indekso naudojimo rekomendacijos
prietrytinéje Baltijos juros dalyje vandens biiklei vertinti.

Tyrimo tikslas ir pagrindiniai uzdaviniai

Studijy tikslas — jvertinti makrozoobentoso riiiy jautrumo veréiy pokycius ir jy
itakg bentoso kokybés indekso pritaikomumui, vertinant ekosistemy biikle mazos bi-
ologinés jvairovés bendrijose pietrytinéje Baltijos jiiros dalyje.

Darbo tikslui pasiekti buvo iskelti Sie uzdaviniai:

1. jvertinti vandens gylio svarba makrozoobentoso rii$iy jautrumo vertéms ir jy

panaudojima skaiCiuojant bentoso kokybés indeksa;

2. kiekybiskai jvertinti makrozoobentoso rii$iy jautrumo ir bentoso kokybés in-

dekso verciy pokycius keiciantis bendrijy struktiirai;

3. jvertinti rusiy jautrumo veréiy patikimuma skirtingai antropogeninei veiklai ir

poveikio lygiui;

4. pritaikyti ir testuoti Signalo aptikimo teorijos metoda validuojant bentoso ko-

kybés indekso vertes bei nustatant vandens biiklés klasiy slenkstines vertes;

5. parengti vandens buklés vertinimo rekomendacijas, kaip vertinti pietrytinés

Baltijos juiros dalies vandens ekosistemy biuikle panaudojant bentoso kokybeés
indeksa.
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Darbo naujumas

Kaip tyrimo rezultatai pristatomi makrozoobentoso riisiy jautrumo verciy pokyciai
keiciantis skirtingoms antropogeninéms veikloms, gyliui ir bendrijy struktiiroms bei
Siy faktoriy jtaka galutinéms bentoso kokybés indekso vertéms ir vandens biiklés ver-
tinimui. Tyrimas atliktas pietrytinéje Baltijos juros dalyje, ir jis patvirtino rezultatus,
budingus visam Baltijos jliros regionui — nustatytg jautrumo verciy priklausomybe
nuo gylio (Schiele ir kt. 2016; Leonardsson ir kt. 2016). Pirma karta atlikta Baltijos jii-
ros makroozobentoso riiSiy jautrumo verciy i§sami analiz¢, tiriant dvi dominuojancias
bendrijas tame paCiame gylyje, ir ji parodé reik§mingus jautrumo veréiy pokycius.
Taip pat tyrimo metu bentoso kokybés indekso vertés buvo validuotos panaudojant
Signalo aptikimo teorijos metoda, kuris leidzia nustatyti indekso atsaka j pasirinktus
parametrus, nustatyti vandens buklés klasiy slenkstines vertes. Bentoso kokybés in-
deksas buvo testuotas pritaikius aStuoniy kokybés kriterijy vertinimo sistema, ir re-
zultatai leido jvertinti §j indeksg kaip gerg indikatoriy vertinant Biojvairovés (D1) ir
Jaros dugno vientisumo (D6) deskriptorius.

Rezultaty moksliné ir praktiné reik§mé

Svarbiausia moksliné §io darbo prasmé yra iSsami makrozoobentoso rusiy jau-
trumo verciy patikimumo ir tikslumo analizé naudojant pastovius aplinkos ilgalaikio
monitoringo ir trumpy tyrimo projekty duomenis. Tyrimo rezultatai suteikia Ziniy apie
vandens biiklés vertinimg pietrytinéje Baltijos juros dalyje panaudojant bentoso ko-
kybés indeksa ir leidZia pateikti detalias rekomendacijas. Sios Zinios buvo pritaikytos
vertinant vandens biukle ir nustatant vandens klasiy slenkstines vertes priekrantéje,
Sios slenkstinés vertés buvo patvirtintos Lietuvos Respublikos aplinkos ministerijoje
vykdant Vandens politikos bei Juros strategijos pagrindy direktyvas.

Ginamieji teiginiai

1. Makrozoobentoso riisiy jautrumo vertés atspindi riiSiy atsakg j nattiralius poky-
¢ius ir antropogeninés veiklos poveikius, taciau bentoso kokybés indekso vertés ver-
tinant vandens biikle turi buti taikomos tiksliai apibiidinant aplinkos bukle, bendrijos
struktiirg ir esamus poveikius.

2. Jautrios ir tolerantiSkos makrozoobentoso rusys skirtingai reaguoja j antropo-
geninés veiklos poveikius, ir rii§iy jautrumo vertés yra priklausomos nuo duomeny,
surinkty i§ poveikio viety, kokybés.

3. Signalo aptikimo teorijos metodas gali biiti naudojamas bentoso kokybés in-
dekso verciy validacijai, pasirenkant poveikio parametrus, ir vandens buklés klasiy
slenkstinéms vertéms nustatyti.
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Rezultaty aprobavimas

Sio darbo rezultatai buvo pristatyti trijose tarptautinése ir dviejose nacionalinése
konferencijose.

ECSA 56 moksliné konferencija Priekrantés sistemos biiklé pereinamuoju laiko-
tarpiu: nuo ,,natiiraliy“ iki ,,paveikty antropogeninio poveikio, Brémenas, Vokietija,
rugséjis, 2016 m.

Mokslinis simpoziumas 2015: ,,Europos vandeny ekosistemos vertinimo biuidai*,
Malme, Svedija, geguzeé, 2015 m.

10-asis Baltijos juros moksly kongresas, Ryga, Latvija, birzelis, 2015 m.

9-0ji moksliné-praktiné konferencija ,,Juiros ir kranty tyrimai, Klaipéda, Lietuva,
balandis, 2016 m.

10-0ji moksliné-praktiné konferencija ,,Jiros ir kranty tyrimai*, Palanga, Lietuva,
balandis, 2017 m.

Sios disertacijos rezultatai buvo paskelbti mokslinése publikacijose:

ChusSevé R., Nygérd H., Vaicituté D., Daunys D., Zaiko A. (2016) Application of
signal detection theory approach for setting thresholds in benthic quality assessments.
Ecological Indicators 60, 420-427.

Queiros A. M., Strong J. A, Mazik K., Carstensen J., Bruun J., Somerfield P. J.,
Bruhn A., Ciavatta S., Chusevé R., Nygard H., Flo E., Bizsel N., Ozaydinli M., Muxi-
ka I., Papadopoulou N., Pantazi M., Krause-Jensen D. (2016) An objective framework
to test the quality of candidate indicators of good environmental status. Frontiers in
Marine Science. 10.3389/fmars.2016.00073.

Chusevé R., Daunys D. (2017) Can benthic quality assessment be impaired by
uncertain species sensitivities? Marine Pollution Biulletin. 116, 332-339.

Disertacijos struktiira

Disertacija sudaro Sie skyriai: Jvadas, Literattiros apzvalga, Medziaga ir metodai,
Rezultatai, Diskusija, ISvados, Literatiros sarasas. Disertacijos apimtis — 86 puslapiai.
Disertacijoje panaudota 119 literatiiros Saltiniy. Disertacija parasyta angly kalba. Joje
yra 13 lenteliy ir 23 paveikslai.

Padéka

Noréciau padékoti savo darbo vadovui Dr. Dariui Dauniui uz pasitikéjima, visapu-
siska pagalba doktorantiiros studijy metu. Nuosirdziai dékoju Anastasijai Zaiko uz pa-
laikymg ir pasitikéjima, ypac studijy pradzioje, kuris man leido tikéti savimi ir jkvépé
tolimesniems darbams. Dékoju Henrik Nygard (Finnish Environment Institute SYKE,
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Marine Research Centre, Helsinki), Anastasijai Zaiko ir Dianai Vaiéiiitei uz taiklius
komentarus, paaiskinimus ir id¢jas ruosiant moksline publikacija. Dékoju Dianai Vai-
¢ittei uz satelitinius Chl-a koncentracijos duomenis, kurie buvo panaudoti ruoSiant
moksling publikacija ir disertacijos rezultatus. Taip pat dékoju Andriui Siauliui, Aistei
Poskienei, Tadui Poskiui, Aleksej Saskov uz pagalbg renkant makrozoobentoso mégi-
nius dugninio tralavimo rajone ir naudingus patarimus apibiidinant rtsis laboratorijo-
je. Dékoju savo kolegoms Viktorijai, Eglei, Gretai, Rasai, Gretai, Donatui, Edvardui,
Ritai, Ariinui, Renatai, Gretai, Marijai, Donatai uz draugyste, mokslines diskusijas ir
puiky laikg drauge dirbant doktoranty kabinete.

Ypatingai dékoju savo vyrui Pauliui ir dukrai Emilei uz jkvépima bei visapusiska
palaikyma studijy metu. Taip pat dékoju savo tévams, sesei ir daugybei draugy.

TYRIMU MEDZIAGA IR METODAI

Tyrimy rajonas

Tyrimai buvo atliekami atviroje pietrytinéje Baltijos juros dalyje ir Lietuvos prie-
krantéje. Studijy metu buvo analizuojamos Lietuvos vandenyje vykdomos antropoge-
ninés veiklos: eutrofikacija, grunto pylimas ir dugninis tralavimas (3 pav.).

Duomeny rinkimas

Makrozoobentoso rusiy jautrumo ir bentoso kokybés indekso verciy analizei buvo
panaudoti ilgameciai ir trumpalaikiy projekty metu surinkti makrozoobentoso gausumo
ir risinés sudéties duomenys, apimantys laikotarpj nuo 2002 m. iki 2015 m. (1 lent.), i$
kuriy sudaryti 8 duomeny rinkiniai, naudoti analizéms (2 lent.). Méginiai buvo renkami
minkstuose gruntuose, 10-70 m gylyje Van Veen gruntotraukiu (0,1 m?), turinj plaunant
pro 0,5 mm akies dydzio sieta, ir laboratorijoje analizuoti pagal HELCOM rekomenda-
cijas (HELCOM, 2012). Validacijai buvo naudoti satelitiniai Chl-a bei ilgamec¢io moni-
toringo metu rinkti bendro azoto ir fosforo koncentracijos duomenys.

Duomeny rinkiniy sudarymas ir statistiné analizé

Duomeny analizei naudoti parametriniai (Stjudento t-testas) ir neparametriniai
(Kruskalo-Voleso, Mano-Vitnio testai) metodai (R-project, 2014 statistiné programa).
Vilkoksono rangy zenkly testas naudotas normaliskumui (Shapiro-Vilko testas) ir hete-
rohomogeniSkumui nustatyti (Levene testas) (Statistinis paketas socialiniams mokslams
(SPSS), 19 versija, 2010). Naudojantis R v3 statistine programa (R-project, 2014 statis-
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tiné programa, R programos skriptas sukurtas A. Darr) buvo skaiciuojamos kiekvieno
méginio Hurlberto jvairovés indekso ir bentoso kokybés indekso vertes, o kiekvienai ma-
krozoobentoso riiSiai — jautrumo vertés (Rosenberg ir kt. 2004; Leonardsson ir kt. 2009).

Remiantis makrozoobentoso rusine struktiira, rusiy paplitimo ribomis, sutinkamu-
mu, gausumo charakteristikomis (nMDS ordinacija, angl. non-metric multidimen-
sional scaling, nMDS, procentiné¢ panasumo, angl. similarity percentages, SIMPER
ir panaSumo analizé, angl. analysis of similarities, ANOSIM) analizuojamas gylio
intervalas (10-70 m) buvo suskirstytas j 10-30 m, 30-50 m, 50-70 m intervalus, ir
naudojant Siuos duomeny rinkinius atskiriems gylio intervalams ir visam gylio inter-
valui (10-70 m) buvo paskai¢iuotos riisiy jautrumo ir bentoso kokybés indekso vertés.
Indekso vertés, gautos panaudojus rusiy jautrumo vertes i§ skirtingy vandens gylio
intervaly, buvo palygintos su indekso vertémis, kurioms apskaiciuoti panaudotos jau-
trumo vertes i8 viso gylio intervalo (10-70 m) (1 pav., 2 lent.).

Bendrijy rusinés sudéties poveikio rtsiy jautrumo verciy analizei naudoti dviejy
priekrantés (iki 30 m) dominuojanciy makrozoobentoso bendrijy duomenys — dvi-
geldzio moliusko Limecola balthica (n=54), daugiaSerés kirmelés Marenzelleria spp.
(n=51) ir neisskyrus bendrijy (bendras duomeny rinkinys) (2 pav., 2 lent.). Bentoso
kokybés indekso vertés, kurioms apskai¢iuoti buvo naudoti atskiry bendrijy duomeny
rinkiniai, buvo palygintos su vertémis, kurioms gauti buvo naudotos riiSiy jautrumo
vertés i§ bendro duomeny rinkinio.

Antropogeninio poveikio analizei risiy jautrumo ir bentoso kokybés indekso ver-
téms apskai¢iuoti buvo naudoti eutrofikacijos poveikio (10-30 m, n=65), grunto pylimo
(40-50 m gyliai, n=118), dugninio tralavimo (60—65 m gyliai, n=48) rajonuose surinkty
méginiy informacija — makrozoobentoso rusiy gausumai ir jvairové (3 pav., 2 lent.).

Bentoso kokybés indekso vertés priekrantéje buvo validuotos ir vandens biklés
klasés slenkstinés vertés nustatytos pagal indekso verciy ir makrozoobentoso rusiy
jautrumo grupiy kaita (2 pav., 2 lent.). Sios grupés charakterizuotos padalinus apskai-
¢iuota rusiy jautrumo verciy intervala i keturias lygias dalis (Osowiecki ir kt. 2008,
Leonardson ir kt. 2009; Fleischer ir Zettler 2009). Validuojant bentoso kokybés indek-
so vertes, makrozoobentoso riiSys pagal jautrumo reik§miy intervalus buvo charakte-
rizuotos kaip labai jautrios, jautrios, tolerantiskos ir labai tolerantiskos.

Bentoso kokybés indekso vertés buvo validuotos su eutrofikacijos procesa apibudi-
nanciais parametrais (Chl-a, bendra fosforo ir azoto koncentracijomis) priekrantéje ir
Kurs$iy mariy vandeny sklaidos zonoje jiiroje (2 pav., 2 lent.). Chl-a vertés buvo apskai-
¢iuotos kiekvienos bentoso stebéjimy vietos aplinkiniam rajonui (apytiksliai 3x3 km?).
Validuojant indekso vertes, parametrai poruoti su metais vélesnémis bentoso kokybes
indekso vertémis tokiu biidu taikant prielaida, kad padidéjusios fitoplanktono produkci-
jos poveikis dugno makrozoobentoso struktiirai registruojamas metais véliau.

Geros—vidutinés vandens buklés klasés indekso slenkstiné verté buvo nustatyta
naudojantis Signalo aptikimo teorijos metodu. Sio tyrimo metu indeksas buvo testuo-
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jamas su eutrofikacijos procesa apibiidinanciais parametrais, kur geros—vidutinés van-
dens biiklés klasés slenkstinés vertés nustatytos pagal Vandens politikos direktyvos
Lietuvos pavirsinio vandens vertinimo metodologija (Langas ir kt. 2009). Priémimo
charakteristikos kreivés (angl. Receiver Operating Characteristic, ROC) buvo naudo-
jamos grafiskai atvaizduoti indekso specifiSkumg ir jautruma pasirinktam testuoja-
mam eutrofikacijos procesa apibiidinan¢iam aplinkos parametrui.

REZULTATAI

Rezultatai pristatyti keturiuose skyriuose: 1) Makrozoobentoso charakteristikos kei-
Ciantis gylio gradientui; 2) Risiy jautrumo verciy patikimumo vertinimas; 3) Bentoso
kokybés indekso verciy vertinimas; 4) Bentoso kokybés indekso verciy validacija.

Pirmame skyriuje pateikiami rezultatai, apimantys makrozoobentoso charakteris-
tiky analize pagal gylio gradienta. IS viso identifikuota 24 makrozoobentoso minksto
dugno rusiy ar aukstesniy taksony, tac¢iau dél duomeny patikimumo riisiy jautrumo ver-
tés buvo apskaiciuotos 16 riiSiy (4 lent.). Pagal makrozoobentoso struktiiros analizes
10-70 m gylio intervaluose rezultatus buvo isskirtos 3 riisiy grupés. Pirmoje grupéje
buvo identifikuotos 7 makrozoobentoso rtsys, kuriy pusé buvo paplitusios 20-30 m
gylyje, o kitos riiSys pasitaiké / buvo giliau negu 40 m. Dvigeldziy moliusky Cerasto-
derma glaucum, Mya arenaria ir daugiaSerés kirmelés Hediste diversicolor riisiy su-
tinkamumas buvo vienas didziausiy tarp visy tirty sé¢kliameégiy rtsiy, taciau visy Sios
grupés risiy sutinkamumas mazéjo didéjant gyliui, ypatingai 3040 m gylio intervale
(4 lent.). Antrai makrozoobentoso riisiy grupei buvo priskirtos placiai paplitusios visa-
me gylio gradiente rasys, tokios kaip mazaSerés ir daugiaserés kirmélés Oligochaeta
undet., P. elegans, Marenzelleria spp. bei dvigeldis moliuskas L. balthica. Tre¢iai ma-
krozoobentoso grupei buvo priskirtos giliavandenés rusys (daugiaser¢ kirmélé Bylgides
sarsi, priapulidas Halicryptus spinulosus, Soniplauka Monoporeia affinis, kiautaveézis
Ostracoda undet. ir lygiakojis Saduria entomon), kurios paplitusios giliau negu 30 m.

Atlikus makrozoobentoso gausumo duomeny analiz¢ paaiskéjo, kad, neskaitant
per visa gylio gradienta paplitusiy rasiy, 10-30 ir 50-70 m gylio intervaluose makro-
zoobentoso rii§inés sudéties ir gausumo grupés skiriasi. Didelis taksonominis risiy
strukttiros pokytis 30—40 m gylyje sutapo su risiy gausumo pokyciais 30-50 m gy-
lyje, todél visas analizuojamas gylio gradientas (10—70 m) tolimesnei risiy jautrumo
verciy pokyciy analizei padalintas j sekligja — iki 30 m, giligja — giliau 50 m ir vidu-
rinigja (30-50 m) dalis.

Antrame skyriuje, kuris suskirstytas ] tris poskyrius, pateikti makrozoobentoso
rusiy jautrumo verciy, apskaiciuoty skirtinguose gyliuose, dominuojan¢iose makro-
zoobentoso bendrijose bei esant skirtingam antropogeniniam poveikio tipui ir lygiui,
rezultatai.
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Pirmame poskyryje pateikiama gylio poveikio riisiy jautrumo vertéms analizé, kur
jautrumo vertés apskaiciuotos iS skirtingy gylio intervaly (10-30 m, 30-50 m, 50-70
m) ir visame gylio gradiente (1070 m). Tyrimo metu nebuvo rasta makrozoobentoso
risiy, turinéiy pastovias jautrumo vertes keiciant duomeny rinkinius, kita vertus tik 4 i8
16 analizuoty riisiy buvo rastos visame gylio gradiente (10—70 m). Maziausios jautrumo
vertés buvo rastos spionidams P. elegans, Marenzelleria spp., mazaSeréms kirmeléms
(Oligochaeta undet.) ir dvigeldZiui moliuskui L. balthica (5 lent.). Giliau negu 50 m
risiy jautrumo vertés maze¢jo mazejant gausumui, taciau daugelis (iSskyrus mazaseres
kirméles) rusiy isliko gausiausios. Dvigeldziy moliusky M. arenaria, C. glaucum, dau-
giaserés kirmélés H. diversicolor ir véziagyvio C. volutator jautrumo vertés apskai¢iuo-
tos i§ 10-30 m gylio intervalo did¢jo palyginus su reikSmémis, gautomis i§ 30—50 m in-
tervalo, taciau $iy riisiy gausumas keiciantis gyliui mazéjo. Dvi sékliamégés riisys, kaip
Soniplauka Bathyporeia pilosa ir daugiaser¢ kirmélé Streblospio shrubsolii, buvo retos
ir negausiai paplitusios tik 10-30 m gylyje. Giliavandeniy rtusiy (kiautaveéziy Ostracoda
undet., priapulido H. spinulosus, Soniplaukos M. affinis, daugiaserés kirmélés B. sarsi,
lygiakojo S. entomon) jautrumo vertés ir gausumas mazéjo didéjant gyliui (palyginus
vertes i§ 30—50 m ir 50-70 m gylio intervaly). 50—70 m gylyje maziausios jautrumo ver-
tés buvo apskaiciuotos Marenzelleria spp. ir B. sarsi rusims, o didZiausios vertés buvo
apskaiciuotos Ostracoda undet. ir M. affinis ruasims (5 lent.).

Antrame poskyryje pateikiama rusiy jautrumo verc¢iy rezultaty analizé dviejose
dominuojanciose bendrijose — dvigeldzio moliusko L. balthica ir daugiaserés kirme-
lés Marenzelleria spp. bei jautrumo ver¢iy apskaiciavimas neiSskyrus bendrijy (ben-
dras duomeny rinkinys) (6 lent.). Tirtose makrozoobentoso bendrijose rii$iy jautrumo
vertés statistiSkai reikSmingai skyrési (Mano-Vitnio testas, p=0,0001), kur verciy in-
tervalas kito nuo 4,1-5,2 L. balthica bendrijoje bei 1,9-3,9 Marenzelleria spp. ben-
drijoje (6 lent.). Abiejose tirtose bendrijose rasta gausiausia Marenzelleria spp. rusis,
kuriai apskai¢iuota maziausia jautrumo verté (4,1 dvigeldzio moliusko L. balthica
bendrijoje ir 1,9 Marenzelleria spp. bendrijoje). Rusiy gausumo ir jautrumo verciy
poky¢iy tarp analizuojamy bendrijy nebuvo rasta, kur, pavyzdziui, daugiaserei kir-
mélei H. diversicolor buvo apskaiciuota viena didziausiy jautrumo veréiy (5,2) mo-
liusko L. balthica bendrijoje, taCiau viena maziausiy veréiy — Marenzelleria spp. ben-
drijoje, o pastarojoje H. diversicolor riiSies gausumas buvo apie 10 karty mazesnis
negu L. balthica bendrijoje. Vertinant rii§iy jautrumo vertes ir gausumo pokycius,
apskaiciuotus i§ bendro duomeny rinkinio (neisskiriant bendrijy), buvo aptiktos trys
tendencijos. Pirma, daugiaseréms kirméléms Marenzelleria spp., P. elegans ir dvigel-
dziui moliuskui L. balthica buvo apskai¢iuotos panasios jautrumo vertés ir vidutinis
gausumas (iSskyrus L. balthica) tarp bendro duomeny rinkinio (neisskiriant bendrijy)
ir Marenzelleria spp. bendrijos (6 lent.). Skirtingai, mazaseriy kirméliy Oligochae-
ta undet ir dvigeldzio moliusko M. arenaria ruSims jautrumo vertés, apskai¢iuotos
i§ bendro duomeny rinkinio (neiSskiriant bendrijy) ir i§ L. balthica bendrijos, buvo
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panasios. Daugiaserés kirmélés H. diversicolor riiSiai buvo apskaiciuotas didziausias
jautrumo verciy skirtumas tarp analizuoty bendrijy, kur jautrumo verté, gauta i$
bendro duomeny rinkinio (neisskiriant bendrijy), buvo lygi tiriamy dominuojanciy
bendrijy (L. balthica ir Marenzelleria spp.) aritmetiniam vidurkiui.

Treciame poskyryje pateikiama eutrofikacijos, grunto pylimo ir dugninio tralavi-
mo poveikiy analizé bei jy jtaka makrozoobentoso risiy jautrumo vertéms.

Makrozoobentoso riiSiy jautrumo eutrofikacijos poveikiui verc¢iy pokyc¢iai.
Eutrofikacijos poveikio rajone i§ viso istirti 65 méginiai (10-20 m gylyje), kur iden-
tifikuota 12 makrozoobentoso riSiy. Remiantis nMDS ordinacijos rezultatais pagal
makrozoobentoso rusiy gausumo duomenis iSskirtos 25 poveikio ir 40 foniniy viety
(8 pav.). Rusiy jautrumo verciy intervalas, nustatytas remiantis duomenimis i§ bendro
(poveikio ir foniniy) duomeny rinkinio (2,3-5,8), buvo platesnis negu jautrumo ver-
¢iy intervalas, apskaiciuotas tik i$ foniniy viety duomeny rinkinio (4.3-5.8) (7 lent.).
Daugiau negu pusei makroozobentoso riisiy jautrumo vertés buvo mazesnés, kurioms
apskaiciuoti naudotas bendras (poveikio ir foniniy viety) duomeny rinkinys (Vilkok-
sono rangy zenkly testas, p=0,018), palyginus su vertémis, kurios gautos naudojant tik
foniniy viety duomeny rinkinj. Kei¢iant duomeny rinkinius didziausi jautrumo verciy
pokyc¢iai buvo budingi daugiaseréms Marenzelleria spp., P. elegans, H. diversicolor
kirméléms, dvigeldziui moliuskui L. balthica ir véziagyviui C. volutator, kai tuo tarpu
M. arenaria rusiai jautrumo vertés kito mazai (7 lent.).

Makrozoobentoso riisiy jautrumo grunto pylimo poveikiui verciu pokyciai.
Grunto pylimo rajone nustatyta 16 makrozoobentoso riisiy, i$ kuriy pagal biomasg
dominavo moliuskas L. balthica (40-50 m gylyje), kur r@iSiy jautrumo vertés buvo
apskaiciuotos 8 rusims. Naudojant nMDS ordinacija pagal daugiaserés P. elegans kir-
melés reik§minga gausumo sumazeéjima (Vilkoksono rangy Zenkly testas, p=0,0001)
iSskirtos foninés (511+424 ind m?, n=37) ir poveikio vietos (36+37 ind m?, n=81)
(Mano-Vitnio testas, p<0.0001, 10 pav.). Sesiy rasiy jautrumo vertés, apskai¢iavus
pagal poveikio ir foniniy viety duomeny rinkinius, buvo statistiskai reik§mingai ma-
zesnés (Vilkoksono rangy zenkly testas, p=0,027) lyginant su jautrumo vertémis, nu-
statytomis tik foninése vietose. DaugiaSerés kirmelés P. elegans ir kiautavézio Ostra-
coda undet. jautrumo vertés nekito keiciantis duomeny rinkiniams. RiiSiy jautrumo
ver¢iy intervalai, nustatyti foninéms (4,1-4.9) ir visoms tyrimy vietoms (3,7-4,8),
buvo panass (8 lent.).

Makrozoobentoso riisiy jautrumo dugninio tralavimo poveikiui ver¢iy poky-
¢iai. Remiantis nMDS ordinacijos rezultatais pagal makrozoobentoso rasing sudétj
(buvimas / nebuvimas) isskirtos 27 foninés ir 21 poveikio vietos (60—65 m), kur jau-
trumo vertés apskaiciuotos SeSioms rusims (9 lent.). Poveikio vietose bendras viduti-
nis rasiy gausumas (74+104 ind m™) buvo statistiskai reik§mingai mazesnis (Mano-
Vitnio testas, p=0.0001) negu foninése vietose (195125 ind m?). Rasiy jautrumo
verciy intervalai, nustatyti remiantis duomenimis i§ foniniy (2,0-3,9) ir visy (poveikio

115



8. Santrauka

ir foniniy) viety (1,0-3,5), buvo panasis, taciau risiy jautrumo vertés buvo mazesnés
skaiCiuojant jas pagal bendra duomeny rinkinj (poveikio ir foninéms) lyginant su
jautrumo vertémis, nustatytomis tik foninése vietose. Keiciant duomeny rinkinius,
didziausi jautrumo ver¢iy poky¢iai buvo buidingi Soniplaukos M. affinis, daugiaserés
kirmeélés B. sarsi, dvigeldzio moliusko L. balthica ir priapulido H. spinulosus rasims.
Skirtingai nuo $iy rusiy, kiautavéziams Ostracoda undet. ir daugiaSerei kirmelei Ma-
renzelleria spp. jautrumo vertés, kei¢iant duomeny rinkinius, nepakito (9 lent.).

Trefiame skyriuje, kuris sudarytas i$ trijy poskyriy, pateikiami rezultatai, kaip
keiciasi bentoso kokybés indekso vertés, kurioms paskaiciuoti panaudotos risiy jau-
trumo vertés i§ skirtingy vandens gylio intervaly, aptinkamy bendrijy struktiiry ir an-
tropogeninés veiklos.

Pirmame poskyryje pateikiami gylio poveikio bentoso kokybé¢s indekso verciy re-
zultatai, kuriems apskaiciuoti buvo naudotos riisiy jautrumo vertés, gautos i$ skirtingy
gylio intervaly (10-30 m, 30—50 m, 50—70 m). Sie rezultatai palyginti su bentoso koky-
bés indekso vertémis, kurioms gauti panaudotos riisiy jautrumo vertés, apskaiciuotos i$
10-70 m gylio intervalo. Stiprus rySys buvo rastas tarp bentoso kokybés indekso verciy,
kurioms paskaiciuoti buvo panaudotos rusiy jautrumo vertés i§ 10-70 gylio, palygi-
nus su indekso vertémis, kurios apskaiciuotos pagal rusiy jautrumo vertes i§ 10-30 m
ir 3050 m intervaly (11 pav.). Bentoso kokybés indekso vertés, kurioms paskaiciuoti
buvo panaudotos rusiy jautrumo vertés i§ 10-70 m gylio, kito nuo 3,0 iki 5,1 (vidutinis-
kai 4,1+0,5) ir buvo statistiskai reik§mingai mazesnés (Vilkoksono rangy Zzenkly testas,
p<0,001, n=49) uz bentoso kokybés indekso vertes, kurioms paskai¢iuoti naudotos rtisiy
jautrumo vertés i§ 10-30 m gylio (kito nuo 3,2 iki 5,1; vidutiniskai 4,2+0,5) (11 pav.).
Bentoso kokybés indekso vertés, kurioms paskaiCiuoti naudotos jautrumo vertés is
mazesniy gyliy, daugeliui méginiy buvo pervertintos. Skirtumas tarp bentoso kokybés
indekso ver¢iy, kurioms gauti buvo panaudotos jautrumo vertés i$ dviejy gylio intervaly
(10-30 m ir 30-50 m), mazéjo nuo 0,6 iki 0,1 indekso vertéms didéjant. Indekso vertes,
kurioms naudotos riisiy jautrumo vertés i§ 1070 m gylio intervalo, buvo statistiskai
reikSmingai mazesnés uz reikSmes, kurioms apskaiCiuoti naudotos jautrumo verteés i$
30-50 m gylio (kito nuo 3,3 iki 5,7) (11 pav.). Analizuojant Siuos gylio intervalus (10—
70 m ir 30-50 m), skirtumas tarp indekso verciy augo didéjant indekso vertéms. Ben-
toso kokybés indekso vertés, kurioms paskaiciuoti buvo naudojamos jautrumo vertés is
50-70 m gylio intervalo, kito nuo 2,3 iki 3,5 (vidutiniskai 2,9+0,3) ir buvo reik§mingai
mazesnés, negu indekso vertés, kurioms paskaiciuoti buvo naudojamos riisiy jautrumo
reiksmés i§ 10-70 m gylio intervalo (11 pav.). Indekso vertés, kurioms apskaiciuoti pa-
naudotos jautrumo vertés i§ 50-70 m gylio, buvo pervertintos apie 2,5 karto neaptikus
rysSio tarp bentoso kokybés indekso verciy, kurioms apskaiciuoti naudotos rusiy jautru-
mo vertés i§ 10-70 m gylio intervalo.

Antrame poskyryje pateikiami bendrijy struktiiros poveikio rezultatai bentoso
kokybés indekso vertéms, kurioms paskaic¢iuoti buvo naudotos risiy jautrumo ver-
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tés, gautos i§ skirtingy dominuojanéiy bendrijy — dvigeldzio moliusko L. balthica ir
daugiaserés kirmeélés Marenzelleria spp. bei neiSskyrus bendrijy (bendras duomeny
rinkinys) (12 pav., 13 pav.). Bentoso kokybés indekso vertés, kurioms gauti buvo
naudojamos rasiy jautrumo vertés i§ bendro (neisskiriant bendrijy) duomeny rinki-
nio, kito nuo 1,6 iki 3,4 (vidutiniskai 2,5+0,5) ir buvo statistiskai reikSmingai maZzes-
nés (Vilkoksono rangy zenkly testas, p<0,01, n=105) negu indekso vertés, kurioms
apskaiciuoti naudotos rasiy jautrumo vertés i§ L. balthica bendrijos (vidutiniSkai
3,5+0,4) (13 pav.). Bentoso kokybés indekso vertés, kurioms apskaiciuoti naudotos
rusiy jautrumo vertés i§ Marenzelleria spp. bendrijos (vidutiniskai 1,5+0,4) statis-
tiSkai reikSmingai (Mano-Vitnio testas, p<0,01, n=51) skyrési ir buvo apie 2 kartus
mazesnes negu vertes, apskaic¢iuotos naudojant riisiy jautrumo reikSmes i§ L. balthica
bendrijos (vidutiniskai 3,5+0,4) (12 pav. ir 13 pav.).

Trefiame poskyryje pateikiama bentoso kokybés indekso veréiy poveikiy ana-
lizé, kurioms apskaiciuoti buvo naudotos makrozoobentoso riSiy jautrumo vertés i$
eutrofikacijos, grunto pylimo ir dugninio tralavimo poveikio viety.

Bentoso kokybés indekso verciuy pokyciai esant eutrofikacijos poveikiui. Eu-
trofikacijos poveikis bentoso kokybés indekso vertéms buvo analizuotas naudojant
rusiy jautrumo vertes, apskaiciuotas i§ skirtingy duomeny rinkiniy — foniniy viety ir
poveikio bei foniniy viety (bendras duomeny rinkinys) (14 pav.). Bentoso kokybés in-
dekso vertes buvo statistiskai reikSmingai (Vilkoksono rangy Zenkly testas, p<0,0001,
n=65) mazesnés, kur jautrumo vertés apskai¢iuotos naudojant bendrg duomeny rin-
kinj, uz bentoso kokybés indekso reikSmes, kur jautrumo vertés apskaiciuotos tik i$
foniniy viety duomeny rinkinio. Poveikio ir foniniy viety iSskyrimas pagal bentoso
kokybés indekso vertes buvo geresnis naudojant rii$iy jautrumo vertes, apskai¢iuotas
i$ bendry viety duomeny rinkinio, kur indekso verciy persidengimo intervalas buvo
siauresnis (1,9-2,6) palyginus su vertémis, kurios apskai¢iuotos naudojant riisiy jau-
trumo vertes, gautas i§ foniniy viety duomeny rinkinio (3,1-4,1). Zemiau bentoso
kokybés indekso verciy 1,9-3,2 ribos (priklausomai nuo duomeny rinkinio, kuris nau-
dotas riisiy jautrumo vertéms apskaiciuoti) buvo rasti tik poveikio méginiai, taciau tai
sudaré tik 42 % visy poveikio méginiy, kurie pateko j §j intervala. Skirtingai, didesnés
indekso vertés uz 2,4-4,1 riba buvo apskaiciuotos tik foniniy viety méginiams, tai
sudaré 48 % visy foniniy méginiy (14 pav.).

Bentoso kokybés indekso verciy pokyc€iai esant grunto pylimo poveikiui.
Grunto pylimo poveikis bentoso kokybés indekso vertéms buvo analizuotas nau-
dojant riiSiy jautrumo vertes, apskaiciuotas i§ skirtingy duomeny rinkiniy — foniniy
viety ir poveikio bei foniniy viety (bendras duomeny rinkinys) (15 pav.). Bentoso
kokybés indekso vertés buvo statistiskai reikSmingai (Vilkoksono rangy zenkly testas,
p<0,01, n=118) mazesnés, kur jautrumo vertés apskaic¢iuotos naudojant bendra duo-
meny rinkinj, uz indekso vertes, kur jautrumo vertés apskaiciuotos tik i§ foniniy viety
duomeny rinkinio. Poveikio vietose bentoso kokybés indekso vertés svyravo nuo 1,9
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iki 3,8 (vidutini§kai 3,040,5) priklausomai nuo rasiy jautrumo veréiy, apskaiciuoty
naudojant tik foniniy viety duomeny rinkinj, ir nuo 1,7 iki 3,6 (vidutiniskai 2,8+0,2),
kur r@siy jautrumo vertés apskaiciuotos naudojant poveikio ir foniniy viety duome-
ny rinkinj. Skirtingai, indekso vertés tik fonininiy viety méginiuose kito nuo 2,8 iki
3,9 ir nuo 2,7 iki 3,7 kai indekso vertéms gauti buvo naudotos rii$iy jautrumo vertés
i§ poveikio ir foniniy viety méginiy. Zemiau bentoso kokybés indekso veréiy 2,6—
2,7 ribos (priklausomai nuo duomeny rinkinio, kuris naudotas rii$iy jautrumo vertéms
apskaiciuoti) buvo rasti tik poveikio viety méginiai, taciau tai sudaré tik 27 % visy
poveikio viety méginiy, kurie pateko i §j intervalg. Skirtingai, indekso vertés tarp
3,6-3,7 ribos buvo apskaiciuotos tik fonininiy viety méginiams, o verciy riba tarp 2,6
ir 3,6 sudaré 90 % visy meéginiy, i kuriy 43 % ir 80 % buvo identifikuoti kaip atitin-
kamai poveikio ir foniniy viety méginiai (15 pav.).

Bentoso kokybés indekso verciy pokyciai esant dugninio tralavimo poveikiui.
Dugninio tralavimo poveikis bentoso kokybés indekso vertéms buvo analizuotas nau-
dojant risiy jautrumo vertes, apskaiciuotas i$ skirtingy duomeny rinkiniy — foniniy viety
ir poveikio bei foniniy viety (bendras duomeny rinkinys) (16 pav.). Bentoso kokybés
indekso vertés, kurios apskaiciuotos panaudojant rtsiy jautrumo reikSmes i$ foniniy
viety méginiy, kito nuo 0,4 iki 2,4 (vidutiniskai 1,3+0,7) ir buvo statistiskai reikSmin-
gai mazesnés (Vilkoksono rangy Zenkly testas, p<0,001, n=48) palyginus su vertémis
(kito nuo 0,2 iki 1,6), kurioms gauti buvo naudojamos risiy jautrumo vertés i§ bendro
poveikio ir foniniy viety duomeny rinkinio. Analizuojant tik poveikio viety méginius,
bentoso kokybés indekso vertés, kurioms gauti buvo naudojamos rtsiy jautrumo vertés
i§ poveikio ir foniniy viety, buvo statistiskai reikSmingai mazesnés (Vilkoksono rangy
zenkly, p<0,001, n=21) uz indekso reikSmes, kurios apskaiCiuotos naudojant jautrumo
vertes i$ foniniy viety duomeny rinkinio. Skirtumas tarp bentoso kokybés indekso ver-
¢iy, apskaiciuoty naudojant poveikio ir foniniy bei tik foniniy viety duomeny rinkinius,
didéjo augant indekso vertéms rodydamos didesng rizika pervertinti indekso vertes, jei
poveikio viety méginiai nedengty poveikio gradiento ir rGsiy jautrumo vertés bty ap-
skaiCiuotos tik i§ foniniy viety duomeny rinkiniy. Priklausomai nuo analizuoto duomeny
rinkinio, kurie buvo naudoti jautrumo vertéms apskai¢iuoti, bentoso kokybés indekso
vertés zemiau 0,5-0,8 rastos tik poveikio viety méginiuose, o didesnés vertés nei 1,3-1,6
— tik foniniy viety méginiuose (16 pav.). Bentoso kokybés indekso ver¢iy intervalai buvo
panasiis naudojant poveikio ir foniniy ir tik foniniy viety riisiy jautrumo vertes.

Ketvirtame skyriuje, kuris sudarytas i$ trijy poskyriy, pristatomi bentoso ko-
kybes indekso verciy validacijos rezultatai. Vertés buvo validuojamos panaudojant
regresijos metoda su eutrofikacijos procesa apibiidinanéiais parametrais ir su rusiy
jautrumo grupémis. Taip pat indekso vertés buvo testuojamos panaudojant Signalo
aptikimo teorijos metodg su eutrofikacijos parametrais priekranteje ir Kursiy mariy
vandeny sklaidos zonoje jliroje bei nustatant geros—vidutinés vandens biiklés slenks-
tines vertes priekrantéje.
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Pirmame poskyryje pateikiamos apskaiCiuotos riiSiy jautrumo vertés, gautos
11 makrozoobentoso risiy priekrantéje (iki 20 m gylio). Sios vertés kito nuo 2,3 iki
5,8 ir lygiais intervalais buvo suskirstytos j keturias grupes, pagal kurias buvo charak-
terizuojamas rasiy jautrumas. Siy risiy jautrumo grupiy santykinis gausumas keitési
keiciantis bentoso kokybés indekso vertéms (1,1-3,9), kurios buvo panaudotos van-
dens biiklés klaséms ir slenkstinéms vertéms nustatyti (17 pav., 11 lent.).

Antrame poskyryje pateikiami bentoso kokybés indekso verciy validacijos su
Chl-a, bendro fosforo ir azoto koncentracijos rezultatai priekrantéje ir Kursiy mariy
vandeny sklaidos zonoje jiiroje. Kur$iy mariy vandeny sklaidos zonoje jiiroje Chl-a
koncentracijos buvo 67 kartus didesnés negu priekrantés méginiuose (27,4+2,0 mg/
m~?ir 4,4+1,0 mg/m? atitinkamai) (18 pav.), tatiau vertés kito panasiai priekrantéje ir
Kurs$iy mariy vandeny sklaidos zonoje juroje (variacijos koeficientas 0,05 ir 0,02 mg/
m~ atitinkamai) (18 pav.). Priekrantéje tarp indekso ver¢iy ir Chl-a koncentracijos
buvo rastas stiprus ir statistiSkai reik§mingas rysys (R=0,861, p=0,0001), kur Chl-a
koncentracijos 1 mg/m™ padidéjimas atitiko vidutinj indekso verciy 0,6 sumazéjima.
Skirtingai negu priekrantéje, KurSiy mariy vandeny sklaidos zonoje jiiroje nustatytas
silpnesnis rysys (R=0,396, p= 0,145) tarp indekso verciy ir Chl-a, kur indekso vertés
kito panasiai kaip ir Chl-a vertés (18 pav.). Indekso vertés buvo validuotos nustatant
vandens buklés klases priekrantéje ir KurSiy mariy vandeny sklaidos zonoje juroje,
kur slenkstinés vertés buvo ,,atgal suskaiciuotos naudojant Chl-a koncentracijas, ku-
riy slenkstinés vertés gerai—vidutinei vandens biiklés klasei buvo nustatytos naudojant
statistinius metodus bei ekspertinj vertinimg (slenkstiné Chl-a verté gerai—vidutinei
vandens biiklés klasei prickrantés vandenims 4,8 mg/m? ir Kur§iy mariy vandeny
sklaidos zonoje jiiroje 25,7 mg/m= pagal Vandens politikos direktyvos Lietuvos pavir-
Sinio vandens vertinimo metodologija; Langas ir kt. 2009). Tokiu biidu apskaiciuota
bentoso kokybés indekso geros—vidutinés vandens biiklés klasés slenkstiné verté su-
tapo su indekso slenkstine verte, kuri buvo apskai¢iuota pagal makrozoobentoso riisiy
jautrumo grupiy santykinio gausumo poky¢ius (12 lent.).

Bentoso kokybés indekso vertés kito nuo 1,7 iki 3,4 priekrantéje ir KurSiy mariy
vandeny sklaidos zonoje jiiroje validuojant jas su bendro fosforo ir azoto koncentra-
cijomis. Vidutinés bendro azoto vertés buvo statistiSkai reikSmingai didesnés Kursiy
mariy vandeny sklaidos zonoje jiiroje, negu priekrantéje (51+17 pg/l ir 3511 pg/l ati-
tinkamai, t=-3,783, p=0,0006) (19 pav.). Sie rezultatai paaiskina neigiamg druskingu-
mo ir bendro azoto koncentracijos ry$j] KurSiy mariy vandeny sklaidos zonoje juroje
(r=-0,72, p<0,001, druskingumo intervalas nuo 3,3 iki 7,1) ir nereik§minga parametry
rysi priekrantéje (r=-0,02, p<0,001, druskingumo intervalas nuo 6,3 iki 7,4 %o). Ben-
dro fosforo koncentracija buvo panasi Kur$iy mariy vandeny sklaidos zonoje jiiroje
ir priekrantéje (3,8+1,0 pg/l ir 3,4+1,0 pg/l atitinkamai), kur nustatytas labai silpnas
rySys su druskingumo parametru (20 pav.).
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Trefiame poskyryje bentoso kokybés indekso vertés buvo testuojamos naudojant
Signalo aptikimo teorijos metoda priekrantéje ir Kurs$iy mariy vandeny sklaidos zonoje
juroje atskirai (10-20 m gylyje). Naudojant AUC klasifikacijg pagal Hale ir Heltshe
(2008) priimtinas bentoso kokybés indekso verciy atsakas (AUC=>0,70) buvo rastas
visiems analizuotiems eutrofikacijos procesa apibiidintiems parametrams priekran-
teje. Geriausias indekso atsakas buvo rastas j Chl-a (AUC=0,75) ir bendra fosforo
(AUC=0,74) koncentracija (21 pav.). Kurs$iy mariy vandeny sklaidos zonoje juroje
indekso atsakas j Chl-a ir bendrg fosforo koncentracija (AUC=0,56 abiems parame-
trams) buvo prastas, taCiau j bendra azoto koncentracija indeksas sureagavo puikiai
(AUC=0,87) (21 pav.). Tiksliausia bentoso kokybés indekso slenkstiné verté pagal in-
dekso jautrumo ir specifiSkumo suma ir atsaka j Chl-a koncentracija buvo 2,56 (indek-
so specifiskumas 0,75 ir jautrumas 0,86; 22 pav.). Geros—vidutinés buklés, nustatytos
pagal Chl-a koncentracijos slenkstines vertes, paplitimas buvo 0,69 (16 i§ 23 méginiy).
,»@ariezta* bentoso kokybés indekso slenksting verté tarp geros ir vidutinés vandens kla-
sés buvo 2,45, kai teigiamos numanomos reiksmés buvo didesnés (90 %), o neigiamos
numanomos reik§meés mazesnés (55 %). ,,Lanksti* bentoso kokybés indekso slenkstiné
verté buvo 3,05, kur palyginus teigiamos numanomos reik§meés buvo mazesnés, o nei-
giamos numanomos reik§més didesnés (80 % ir 100 % atitinkamai, 22 pav.).

DISKUSIJA

Disertacijos diskusija sudaryta i$ penkiy skyriy: 1) Makrozoobentoso riisiy jau-
trumo verciy ir bentoso kokybés indekso reikSmiy pokyciai keiciantis aplinkos gra-
dientams, 2) Makrozoobentoso rtsiy jautrumo reik§miy pokyciai, priklausantys nuo
poveikio méginiy duomeny rinkiniy pilnumo, 3) Makrozoobentoso rii$iy jautrumo
reik§miy priklausomybé nuo tiriamo poveikio tipo, 4) Bentoso kokybés indekso va-
lidacija naudojant Signalo aptikimo teorijos metoda, 5) Vandens buklés pietrytingje
Baltijos jiiros dalyje vertinimo naudojant bentoso kokybés indeksa rekomendacijos.

Pirmame skyriuje aptariama, kad Baltijos juroje druskingumo gradientas yra lai-
komas didziausias rasiy paplitima reguliuojantis faktorius, kur riiSiy skai¢ius mazéja
nuo pietvakariy iki Siaurinés jiiros dalies paveikdamas makrozoobentoso riisiy bendrijy
struktiirg ir biologing jvairove. Atlikty studijy rezultatai parodé, kad druskingumas turi
poveikj bentoso kokybés indekso ir rasiy jautrumo vertéms (Zettler ir kt. 2007; Schiele
ir kt. 2016), o regioniniame lygmenyje vandens gylis tampa labai svarbus faktorius,
lemiantis makrozoobentoso struktiiros poky¢ius ir rii$iy jautrumo veréiy skirtumus. Siy
studijy rezultatai parode, kad 4 i§ 16 makrozoobentoso riiSiy jautrumo vertés nekito
analizuotame gylio gradiente. Stabiliausios rusiy jautrumo vertés buvo apskai¢iuotos
gausiausioms ir dazniausiai aptinkamoms rii§ims, tokioms kaip Marenzelleria spp.,
P, elegans ir moliuskui L. balthica. Taip pat tyrimo rezultatai parodé¢, kad riiSiy jautrumo
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vertés mazéjo didéjant gyliui (giliau negu 50 m), panasiis rezultatai buvo rasti Svedijos
vandenyse (Leonardsson ir kt. 2016). Sio darbo rezultaty analizé parodé, kad 3040 m
gylis daugeliui rusiy yra kritinis, kur r@isiy jautrumo vertés gali buti pervertintos. Tole-
ranti$ky rusiy dominavimas gilesniuose gyliuose, maza biologiné jvairové ir risiy gau-
sumas bei aplinkos heterogeniskumas lemia mazas riiSiy ir bentoso kokybés indekso
vertes didesniuose gyliuose. D¢l Sios priezasties vandens buiklés vertinimas turi buti
atliktas priekrantéje ir atviruose vandenyse (haloklino zonoje) atskirai.

Be vandens druskingumo ir gylio, kiti svarbiis aplinkos parametrai, tokie kaip dugno
vientisumas, maisto prieinamumas, deguonies koncentracija, srovés tékmeé, vandens
temperatiira, drumstumas ir substratas, daro jtakg makrozoobentoso bendrijy struktiirai
ir riiSiy paplitimui (Bromley 1996; Olenin 1997; Pearson ir Rosenberg 1978; Bons-
dorff 2006). Rusiy paplitimo ribos, taip pat risiy genetin jvairové priekrantéje ir atvi-
roje juroje gali turéti jtakos riisies jautrumo vertinimui. Kiti studijy rezultatai parode,
kad invaziniy riisiy didelis gausumas vertinamoje bendrijoje gali turéti jtakos bendrijy
strukttirai ir bentoso kokybés indekso ver¢iy pokyc¢iams (Zaiko ir Daunys 2015).

Riisiy jautrumo ir bentoso kokybés indekso ver¢iy pastovumo analizé priekrantéje
parodé reik§mingus skirtumus tarp dviejy dominuojanciy bendrijy L. balthica ir Ma-
renzelleria spp. Risiy jvairové ir gausumas Marenzelleria spp. bendrijoje buvo ma-
zesnis — tai lémé beveik 50 % maZzesnes rusiy jautrumo vertes palyginus su L. balthica
bendrijoje rastomis apskai¢iuotomis riisiy vertémis. Sie skirtumai galéty biiti paais-
kinami bendrijoms tinkamu gyventi nuosédy sudéties duomeny analize, taciau Sios
studijos metu dugno nuosédy duomenys nebuvo analizuoti. Bentoso kokybés indekso
vertés statistiSkai reikSmingai skyrési, palyginus kai jos buvo apskai¢iuotos abiejose
analizuotose bendrijose ir neisskyrus bendrijy (bendras duomeny rinkinys). Vertinant
vandens bukle svarbu analizuoti makrozoobentoso bendrijy gausumo pokycius ir ben-
toso kokybés indekso atsaka j bendrijy struktiirg bei riiSing jvairove.

Rasiy jautrumo veréiy ir indekso atsako j gylio gradiento ir aplinkos parametry
heterogeniSkuma tame paciame gylyje analizé parode, kad rysys tarp galimos antro-
pogeninés veiklos ir riiSies buisenos gali biiti netiesioginis, todél visi anksc¢iau aptarti
aspektai turéty biti apsvarstyti vertinant rusiy jautrumo vertes ir indekso poky¢ius.

Antrame skyriuje aptariama, kad rGsiy jautrumo vertés gali biiti priklausomos
nuo biologinés jvairovés paplitimo, kuris padengtas duomeny rinkiniu, riby. Mazas
arba nepakankamas méginiy skaicius 1§ paveikty viety gali nepakankamai atspindéti
risiy gausumo dinamika ir tai gali paveikti rii§iy jautrumo grupiy skirstyma bei ga-
liausiai visg vandens buklés vertinimg. Leonardsson ir kt. (2016) sitilé¢ vandens buklés
vertinimui naudoti bent po 20 méginiy i§ paveikty ir nepaveikty viety norint turéti
tinkamg poveikio gradiento padengima analizuojant rii$iy jautruma ir bentoso koky-
bés indekso vertes. Sios studijos metu méginiy skaiGius svyravo priklausomai nuo
pasirinkto poveikio tipo, taciau visada atitiko Sias salygas.
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Iprastai atsparios rusies L. balthica jautrumas keiciant duomeny rinkinius buvo paveik-
tas labiau palyginus su santykinai jautria P. elegans riiSimi, kuri, yra Zinoma, neigiamai
reaguoja j grunto pylimo poveikj (Olenin 1992). Sie rezultatai rodo, kad rasiy, kurios sti-
priai reaguoja j poveikj ir jy gausumas sumazéja pagal antropogeninio poveikio gradients,
jautrumo vertés yra santykinai stabilios. Tokiais atvejais papildomas méginiy skaicius i8
paveikty viety (mazas £S550), kur rtsiy gausumas bus arba labai mazas, arba nulinis, turés
maza poveikj riiSiy jautrumo vertéms. Skirtingai, tolerantiSkos rasys yra gausios poveikio
vietose, taip pat randamos viduriniame poveikio lygmenyje, taigi papildomi duomenys i$
tokiy viety turéty reikSmingg jtaka tokiy riiSiy jautrumo vertéms (23 pav.).

Vertinant risiy jautrumo verciy jtaka vandens biiklés vertinimui, bentoso kokybés
indekso vertés gali bati 60-100 % aukstesnés, kurioms apskaiciuoti naudotos rusiy
jautrumo vertés, apskaiciuotos i limituoto poveikio viety méginiy skai¢iaus. Verti-
nant riiSiy jautrumus ir grupes, svarbu turéti patikimus duomenis, kurie padengty rii-
Siy atsakg j analizuojamus poveikius. Neskaitant to, kad rtsiy jautrumo vertés turéjo
didelg jtaka bentoso kokybés indekso vertéms, riisiy jautrumo verciy, gauty is skirtin-
gai apibiidinty paveikty ir nepaveikty poveikio viety, poveikis buvo nereik§mingas.
Tai parodé, kad reikSmingi bentoso kokybés indekso poky¢iai, tikétina, yra sisteminio
pobuidzio sutinkant su Leonardsson ir kt. (2016) pasitlytu biidu naudoti regresijos
modelj vertinant gylio poveik] ir taip panaikinant erdving variacija.

Treciame skyriuje aptariama, kad Bentoso kokybé¢s indeksas reaguoja j organinés
apkrovos, hipoksijos, sunkiyjy metaly, nuoteky, fiziniy trikdziy ir dugno tralavimo
poveikius (Josefson ir kt. 2009; Gislason ir kt. 2017), kur r@iSiy jautrumo vertés gali
priklausyti nuo analizuojamo poveikiy tipo. Sio tyrimo metu buvo analizuoti trys po-
veikio tipai (eutrofikacijos proceso, grunto pylimo ir dugninio tralavimo), kur po-
veikio vietos iSsidésciusios 40-50 km atstumu. Eutrofikacija yra erdvinis poveikis,
paplites didesniuose plotuose ir laike, palyginus su taskiniais, ir santykinai trumpu
poveikiu pasizymintys poveikiai, kaip grunto pylimas ar dugno tralavimas. Duomeny
analizés metu pridéjus poveikio méginius i visy tipy poveikio riisiy jautrumo vertes
buvo modifikuotos. Eutrofikacijos rajone rasty rusiy jautrumas buvo auksciausias,
palyginus su grunto pylimo ir dugno tralavimo poveikiy rusiy jautrumu. Pavyzdziui,
tarp 40 iki 65 metry gylio daugiaseré kirmelé B. sarsi buvo viena i§ jautriausiy rasiy
grunto pylimo rajone ir tuo paciu metu turéjo maziausiag jautrumo vert¢ dugno trala-
vimo zonoje. Toks pat rii§iy jautrumo pokytis buvo rastas ir kitai daugiaserei kirmélei
Marenzelleria spp., taciau Sios tendencijos buvo nustatytos tik foninése vietose, neat-
sizvelgiant | ri$iy jautrumo atsaka j analizuojamus poveikius.

Kiti veiksniai, tokie kaip raisies judrumas ar pelaginé vystymosi stadija, gali reiks-
mingai sumazinti risiy jautrumo vertes dél dideliy rasiy sugebéjimy atsikurti. Tokiais
atvejais rusis, biidama jautri poveikiams, gali buti viena i§ pirmyjy kolonizatoriy povei-
kio viety méginiuose dél jy ankstyvos atsikiirimo stadijos, kas ypatingai svarbu taskinio
poveikio tipams, tokiems kaip grunto pylimas ar dugninis tralavimas. Sio tyrimo metu
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hipoteze patvirtino rezultatai apie daugiasere kirméle B. sarsi, kuri dugninio tralavimo
vietose buvo tolerantiska, nes yra greitai jsikurianti rasis periodiskai atsinaujinanciose
vietose, kuriose dazniausiai yra maza deguonies koncentracija. Taip pat $i tendencija
rasta ir priapulidy ruSiai H. spinulosus, kuri pasizymi auks$tu atsparumu anoksijai (Jans-
sen ir Oeschger 1992; Oeschger ir Vetter 1992). Nors i dalies rsiy jautrumo vertés
keitési dél analizuojamy poveikiy tipo, akivaizdu, kad kintancios aplinkos salygos (ypac
gylio ir bendrijy struktiiros poky¢iai) turéjo didziausig jtakg rasiy jautrumo pokyc¢iams.

Ketvirtame skyriuje aptariama, kad Baltijos jiiroje eutrofikacija yra vienas i$
svarbiausiy poveikiy, turinciy jtakos skirtingoms ekosistemos sudedamosioms da-
lims — nuo fitoplanktono iki makrozoobentoso bendrijy (HELCOM, 2009). Naudojant
tradicinius statistikos metodus (tiesing regresija) nebuvo aptiktas bentoso kokybés
indekso verciy atsakas j tiriamus eutrofikacijos parametrus (iSskyrus Chl-a koncen-
tracija). Pritaikius Signalo aptikimo teorijos metoda buvo rasti reikSmingi ry$iai tarp
bentoso kokybés indekso ir analizuoty eutrofikacija apibiidinanéiy parametry prie-
krantéje, taciau KurSiy mariy vandeny sklaidos zonoje jiiroje buvo rasti nepatikimi
rysiai tarp indekso ir Chl-a bei bendro fosforo koncentracijos.

Signalo aptikimo teorijos metodo taikymas gali padéti jvertinti aplinkos parametry
poky¢ius tam tikromis saglygomis, nustatant indekso slenkstines vertes ir vertinant van-
dens kokybés biikle moksliskai pagristu bidu. Naudojantis Siuo metodu lengviau gali-
ma nuspresti, ar indeksas reprezentatyvus ir tinkamas poveikiui aptikti. Atsizvelgiant |
nustatytus tikslus, Signalo aptikimo teorijos metodas gali biiti naudojamas rengiant ste-
bésenos programg ir atsakant j praktinius ekologinius ir valdymo klausimus, pvz., kaip
tankiai rinkti makrozoobentoso méginius, norint nustatyti poveikj ir jvertinti aplinkos
bukle, atsizvelgiant ] konkrecias salygas, galimus triuk§mo veiksnius. Labiausiai tiksli
indekso slenkstiné verté, kurig siiilo Signalo aptikimo teorijos metodas, ne visada gali
biiti geriausias pasirinkimas, nes kai kuriais atvejais tiriamoje teritorijoje, kai degrada-
cija yra maziau iSreikSta, natliralus atsikiirimas vis dar yra jmanomas. Vertinant sau-
gomy teritorijy plotus rekomenduojama pasirinkti maksimalias neigiamas numanomas
reik§mes ir nustatyti ,,lanks¢ig“ indekso slenkstine riba. Jei bentoso kokybés indekso
vertés vertinamos stipriai paveiktoje teritorijoje, rekomenduojama naudoti maksima-
lias teigiamas numanomas reikSmes ir grieztesne indekso slenksting riba.

Penktame skyriuje vertinant vandens biikle pietrytinéje Baltijos juros dalyje nau-
dojant bentoso kokybés indekso vertes pateikiamos detalios rekomendacijos:

1. Bentoso kokybés indekso vertés, naudojamos vandens biiklei vertinti, turi biti
naudojamos i$skirtoms bendrijoms bei gylio ir druskingumo zonoms. Visi su vertinimu
susije aplinkos parametry duomenys turi buti kokybiskai apibuidinti ir charakterizuoti:

1.1. r@i8ys, identifikuotos 8 ar maziau méginiuose, turéty biti iSimtos i§ analizuo-
jamo duomeny rinkinio. Analizei naudojamos makrozoobentoso riiSys budingos tik
minkStam dugnui;
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1.2. duomeny rinkinyje, kur méginiai rinkti i§ didesnio gylio negu 40 m, tipis-
kos sékliaméges rusys (tokios kaip C. glaucum, S. shrubsolii, B. pilosa, M. arenaria,
C.volutator, H. diversicolor, Hydrobia) neturéty biti jtrauktos j vertinima;

1.3. vertinant priekrantés vandens bikle sekliau negu 40 m gylio, giliavandenés
rasys (tokios kaip B. sarsi, H. spinulosus, S.entomon, M. affinis, Ostracoda undet.)
turéty biiti iSimtos i§ analizei naudojamo duomeny rinkinio;

1.4. dominuojancios makrozoobentoso bendrijos, naudojamos vandens buklei vertinti,
turéty buti iSskirtos pagal rasiy gausuma, biomase, dugno nuosédas ir kitus parametrus.

2. Naudojant makroozobentoso riisiy jautrumo vertes vandens biiklei vertinti reko-
menduojama naudoti atrinktus antropogeninés veiklos tipus, kurie turéty biti moks-
liskai jvertinti, interpretuojant rezultatus:

2.1. norint aptikti tikslias indekso naudojimo ribas, risiy jautrumo vertéms apskai-
¢iuoti turéty biiti naudojami duomeny rinkiniai, sudaryti i§ maziausiai 20 méginiy,
rinkty foninése ir poveikio vietose;

2.2. norint suzinoti risiy atsaka i poveiki, risiy jautrumo vertés galéty buti skai-
¢iuojamos meéginiuose, kuriuose aptinkama 50 ir maziau individy. Tokie méginiai tu-
réty biti validuojami su apskaiciuota £S50 verte ir rusiy skai¢iumi analizuojamame
méginyje, taCiau apskaiciuota £S50 verté galéty biiti naudojama riisiy jautrumo ver-
téms apskaiciuoti, norint prailginti poveikio gradiento padengimg duomeny rinkinyje;

2.3. eutrofikacijos poveikio rajone méginiai gali buiti charakterizuojami naudojant
Chl-a satelitinius duomenis (padidéjusi Chl-a koncentracija, vieny mety vélavimas
taikytas indekso vertéms); grunto pylimo rajone — poveikio vietoms i$skirti naudoja-
mos nustatytos grunto pylimo vietos, daugiaserés kirmélés P. elegans ir kiautavézio
Ostracoda undet. gausumo poky¢iai, dugno nuosédy duomenys, dugno tralavimo zo-
nose — akustiné informacija apie tralavimo zymiy vietas, taip pat bendrijy struktiira.

3. Keturios r@is$iy jautrumo grupés, naudojamos bentoso kokybés indekso atsakui
vertinti, gali biiti sudarytos jautrumo intervalg skirstant j lygias dalis.

3.1. Rasiy jautrumo grupiy charakteristikos gali biiti naudingos interpretuojant
vandens kokybés klasiy ribas ir atliekant vandens biiklés vertinima, taciau Sios vertés
turi biiti statistiSkai patikrintos.

4. Vieny mety vélavimas yra statistiSkai reikSmingas tiriant bentoso kokybés in-
dekso ir pelaginiy parametry rysj, o apytiksliai 3x3 km? atstumu eutrofikacijos proce-
s apibiidinan¢iy parametry méginiy rinkimo rajonas statistiSkai reikSmingai paaiski-
na bentoso kokybés indekso verciy pokycius.

4.1. Signalo aptikimo teorijos metodas sitilomas bentoso kokybés indekso valida-
cijai, taip pat vandens biiklés klaséms nustatyti pasirenkant tarp ,,lanks¢iy™ (maksi-
malios neigiamos numanomos reik§més ir indekso jautrumas) ir ,,griezty" slenkstiniy
(maksimalios teigiamos numanomos reikSmés ir indekso specifiskumas) verciy.
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ISVADOS

Minksto dugno makrozoobentoso riisiy jautrumo vertés yra priklausomos nuo
gylio. Gyliuose tarp 10-70 m riiSiy jautrumo vertés buvo stabilios 4 placiai
paplitusioms riisims (Marenzelleria spp., P. elegans, L. balthica, Oligochaeta
undet.) i§ 16 analizuoty. 30—40 m gylys apibiidintas kaip kritinis gylis, kurj
naudojant galimas tiek sékliamégiy (pvz., C. glaucum), tiek giliavandeniy ru-
$iy (pvz., S. entomon) jautrumo ver¢iy pervertinimas. Visy tirty riisiy jautrumo
vertés mazéjo didéjant gyliui (nuo 50 m).

Ri8iy jautrumo ir bentoso kokybés indekso verciy pastovumo analizé parodé
reikSmingus skirtumus tarp dviejy dominuojanciy bendrijy L. balthica ir Ma-
renzelleria spp. tame paciame gylyje. RuSiy jvairové ir gausumas Marenzel-
leria spp. bendrijoje buvo mazesnis, tai Iémé iki dviejy karty mazesnes riisiy
jautrumo ir bentoso kokybés indekso vertes.

Tolerantisky roisiy jautrumo vertés yra priklausomos nuo poveikio viety pa-
dengimo, o jautrios rusys j §j efekta nereaguoja.

TolerantiSkos ir jautrios riiSys skirtingai reaguoja j antropogenines veiklos po-
veikius vertinant aplinkos biikle. | eutrofikacijos poveikj geriausiai reaguoja
moliusky rasys kaip M. arenaria, C. glaucum, Hydrobia sp. ir Soniplauka B.
pilosa, kur grunto pylimo ir dugno tralavimo poveikj atspindi P. elegans —
kiautavéziy ir Marenzelleria spp. — kiautavéziy atitinkamai. Risiy tolerantis-
kumas | tirtus antropogeninius poveikius buvo skirtingas, ta¢iau moliusko L.
balthica rusis buvo tolerantiskiausia visiems tirtiems poveikiams.

Signalo aptikimo teorijos metodas puikiai tinkamas indekso validacijai ir van-
dens biiklés klaséms nustatyti. Skirtingai negu bentoso kokybés indekso vali-
dacija regresijos metodu, Signalo aptikimo teorijos metodas parodé priimting
indekso atsakg j bendrg azoto, fosforo ir Chl-a koncentracijg priekrantéje.
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