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INTRODUCTION 

Background 

Water eutrophication has become a worldwide environmental problem in recent 
decades, it is widespread all over the world and the severity is increasing (Yang et 
al., 2008). Eutrophication is mostly described as an over enrichment of bioavailable 
nutrients. Within the EU, a common legislation defines eutrophication as “the 
enrichment of water by nutrients, especially compounds of nitrogen and phosphorus, 
causing accelerated growth of algae and higher forms of plant life to produce an 
undesirable disturbance to the balance of organisms present in the water and to the 
quality of water concerned” (Council Directive 91/271/EEC concerning urban waste 
water treatment, LEX-FAOC013224). Eutrophicated waterbody loses its functions: 
primary production is higher than during normal state, water transparency decreases, 
oxygen concentration is low or even anoxia develops near the bottom (Finni et al., 
2001). All that influences economy and development of society. It affects fisheries, 
recreation places, birds and animals connected to that eutrophicated waterbody. 
Therefore, a lot of attention is turned on finding the ways of preventing eutrophication 
(Yang et al., 2008). In quantifying eutrophication, phytoplankton biomass, 
commonly measured as chlorophyll a (Chl a) concentration, is most often used to 
measure the trophic status of the water body.  

Many factors and processes influence phytoplankton growth: human induced 
nutrient enrichment, hydrodynamics of waterbody, environmental factors as 
temperature, salinity, dissolved gases, balance of nutrients etc. Eutrophication causes 
some of the main problems in the Baltic Sea, such as cyanobacterial blooms in 
summer, decreased water transparency, and anoxic bottom layers (Baden et al., 
1990). Due to latter, the sediment effluxes of nutrients are one of the major sources 
of phosphorous and nitrogen for phytoplankton growth in the Baltic Sea (Lehtoranta 
et al., 1997; Gran & Pitkänen, 1999). Hence, eutrophication in the Baltic Sea is a 
consequence of real external anthropogenic loading, and internal loading due to large 
resources of organic matter, which, for many decades have been stored into the 
sediments (Vahtera et al., 2007). 

Cyanobacterial blooms are common features in summer in the Baltic Sea but their 
increased intensity in last decades coinciding well with increased anthropogenic 
impact on the sea ecosystem (Finni et al., 2001). The ecological importance of 
increased intensity of cyanobacterial blooms is through the functioning of ecosystem. 
Extreme gradients in the concentrations of cyanobacteria result in strong changes of 
the optical properties of water: colour and transparency (Kononen & Leppänen, 
1997). Blooms of nitrogen fixing cyanobacteria in the Gulf of Finland are phosphorus 
limited (Vahtera et al., 2007). One of the major sources of bioavailable phosphorus 
during summer in nutrient depleted upper layer is the internal loading from deeper 
layers through coastal upwelling events (Lips et al., 2009). In summer, during 
upwelling, the water mass with higher nutrient concentration but low nitrogen to 
phosphorus (N: P) ratio is surfacing and can fuel the growth of cyanobacteria (if the 
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weather is calm and surface layer water temperature is above 16 C° after the collapse 
of upwelling event) and other phytoplankton species (Lips & Lips, 2010).  

The horizontal and vertical distribution of phytoplankton is very heterogeneous 
and influenced, beside anthropogenic stress, by wide range of processes that include 
water mass circulation, light and nutrient availability, and biological interactions. In 
the World Ocean the circulation is dominated by meso-scale variability, which 
generally refers to ocean signals with space scales of 50-500 km and time scales of 
10-100 days. The meso-scale processes in the Gulf of Finland is defined like a class 
of physical phenomena of spatial scales ranging from about five to ten kilometres and 
time scales ranging from a few days to several weeks (Alenius et. al., 2003). Meso-
scale processes, such as coastal upwelling, eddies, jet currents (also dominant 
dynamical features of the Gulf of Finland; e.g. Fennel & Neumann, 1996), affect 
vertical dynamics of light, nutrients and phytoplankton populations, especially during 
periods when water column is strongly stratified (Delgadillo-Hinojosa et al. 1997; 
Pavelson et al., 1999). In summer, sub-surface or deep chlorophyll a maxima are 
commonly observed in many stratified seas, including Baltic Sea (e.g. Kononen et 
al., 1998, 2003; Dekshenieks et al., 2001; Gentien et al., 2005; Weston et al., 2005; 
Lund-Hansen et al., 2006). The hydrodynamic processes coupled with migratory 
behaviour of phytoplankton species is proposed to be the reason of such layers in the 
Baltic Sea (Pavelson et al., 1999; Kononen et al., 2003) and elsewhere (Dekshenieks 
et al., 2001; McManus et al., 2003). 

To manage eutrophication in the interested water body, the best understanding of 
ecosystem functioning is achieved by combination of different monitoring 
approaches complemented with experimental and modelling research. Several 
eutrophication indicators are developed to help to assess the state of the sea. For the 
Baltic Sea, the indicators based on concentration of nutrients (nitrogen and 
phosphorus compounds) and Chl a, water transparency and oxygen conditions in the 
near bottom layer are developed (HELCOM, 2011).  

Motivation and objectives 

Understanding of natural processes, besides human induced, affecting changes in 
phytoplankton Chl a concentration leads to better understanding of mechanisms of 
water eutrophication. A combination of various approaches to measure 
phytoplankton Chl a and nutrient dynamics in the sea (monitoring, field studies using 
research vessel, ships-of-opportunity, autonomous buoys, remote sensing, modelling) 
enable more precisely register and assess environmental changes, see trends and 
make decisions for necessary actions. 

The major purpose of this thesis is to verify the influence and importance of 
varying meso-scale hydrophysical processes on the dynamics of inorganic nutrients 
and Chl a in summer in the Gulf of Finland, Baltic Sea. The objective was to relate 
dynamics of Chl a, nutrients and different environmental variables obtained using 
high-frequent sampling approach in the Gulf of Finland. Multiparametric data 
collected with the autonomous systems were combined with data obtained during 
sampling aboard the research vessel within the periods of special interest.  
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This work consists of five chapters. Introduction gives an overview of topics 
discussed in dissertation and main objectives. The description and map of the study 
area illustrating the sampling transects are presented in chapter 1. In chapter 2 
different methods and strategies used during present studies are described. The role 
of meso-scale hydrophysical processes controlling horizontal and vertical 
distribution of Chl a and inorganic nutrients in summer are outlined in chapters 3 and 
4. The use of Chl a and Chl a fluorescence for environment assessments is discussed 
in chapter 5, followed by conclusions of the studies. The main results of the work are 
presented in more detail in four attached papers (denoted by Roman numerals Ι to 
IV). 
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1. STUDY AREA 

Baltic Sea is a semi-enclosed brackish water continental sea. It has a restricted water 
exchange with the North Sea through narrow and shallow Danish Straits and due to 
that a relatively long water renewal time. Salt water inflow from the North Sea and 
large input of freshwater from more than 200 rivers create a south-north salinity 
gradient (Fennel & Seifert, 2008). 

The Gulf of Finland is an elongated estuarine-like basin. The length of the gulf is 
about 400 km, the width varies from 48 to 135 km. The northern part of the gulf is 
shallower and the bottom slope is about 2 times lower than at the southern side 
(Laanemets et al., 2009). Real bottom topography of the Gulf of Finland is 
complicated, especially near coasts, where islands and peninsulas divide coastal area 
into small bays.  

The gulf has two main sources of water exchange. One is a freshwater runoff from 
rivers (mainly River Neva) and the second is saltier water inflow from the northern 
Baltic Proper. In general, the inflow of the saltier water occurs along the Estonian 
coast and the outflow of the less saline gulf water occurs along the Finnish coast 
(Alenius et al., 1998) but the real flow pattern is strongly weather induced.  

The field studies discussed in this dissertation were carried out in the central Gulf 
of Finland (Fig. 1). 

 

 
 

Figure 1. Map of the study area, the location of autonomous buoy station AP5, ferrybox 
transect (solid line) and stations visited abroad research vessel (dashed line with stations TH1-
TH27). Ferrybox measurements reach more north compared with research vessel cruises.  

1.1 Seasonal changes of physical parameters 
 
Both, temperature and salinity have horizontal and vertical gradients in the Gulf of 
Finland. In the western gulf, a permanent halocline exists between depths 60-80 m 
preventing vertical mixing down to the bottom. In summer, thermocline exists at 10-
20m depth. It vanishes in late autumn after convective mixing, and temperature of 
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waterbody is homogeneous at that time of the year. In winter, the gulf is usually 
covered with ice (Bergström et al., 2001). In spring, after melting of ice cover, surface 
water temperature increases and leads to formation of seasonal thermocline. 
Horizontal temperature distribution in the surface layer is quite homogeneous in 
summer. The annual maximum surface layer temperature in the Gulf of Finland is 
typically as high as 17-22 °C. Horizontal salinity distribution is characterized by 
increase in salinity from 1-3 in the east to 6 in the west. Quasi-permanent salinity 
(density) front is formed at the entrance of the Gulf of Finland (Leppäranta & 
Myrberg, 2009). Front separates the northern Baltic Proper waters with higher 
salinity and less saline waters of the Gulf of Finland. The dynamics of the front is 
sensitive to wind and its direction. Up- and downwelling events are typical 
phenomena in the Baltic Sea, including Gulf of Finland, and have clear effects on 
horizontal temperature and salinity fields in summer when water mass is strongly 
stratified. During summer coastal upwelling events cold waters from intermediate 
layers surfacing (Lips et al., 2009) and are well detectable with satellite remote 
sensing (Uiboupin & Laanemets, 2009).  
 
1.2 Seasonal changes in nutrient concentration and biological 
parameters  

A seasonal variation of inorganic nutrient concentrations is observed in the Baltic Sea 
upper layer: minimum values in summer and maximum in winter. Water pool is 
mixed down to the bottom or down to the halocline in autumn. In winter, 
concentrations of nutrients are high because deep vertical mixing and low light level 
prevent phytoplankton growth.  

Phytoplankton primary production is highest in spring. The spring bloom 
dynamics, heterogeneity and intensity is influenced by winter level of inorganic 
nutrients in the surface layer and physical processes, such as prevailing circulation, 
development of stratification, upward and downward movement of the seasonal 
thermocline (Kahru & Nõmmann, 1990; Lips et al., 2014).  

After the spring bloom, inorganic nutrients are almost depleted in the upper mixed 
layer and strong stratification prevents mixing between the nutrient depleted upper 
layer and the nutrient rich lower layers. That gives competitive advantages for 
cyanobacteria (Lips & Lips, 2008) able to fix molecular nitrogen and dinoflagellates 
able to migrate vertically in the water column (Jephson et al., 2009). Filamentous 
cyanobacteria in the Baltic Sea have ability to fix molecular nitrogen and to use 
phosphates left in the upper water layer after spring bloom (Heiskanen, 1998). 
Vertically migrating phytoplankton species are known for the ability to assimilate 
necessary nutrients from the lower layer in order to use these in the euphotic layer for 
photosynthesis (Hall & Paerl, 2011).  

In summer, during thermal stratification, when surface layer is depleted of 
inorganic nutrients, coastal upwelling plays an important role in replenishing the 
upper euphotic layer with nutrients and supporting the phytoplankton growth. In the 
intermediate water layer the N:P ratio is low, and hence, more phosphates in relation 
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to nitrates are brought to the surface layer (Lips et al., 2009). Upwelling and 
downwelling are coupled in the Gulf of Finland affecting strongly both the horizontal 
and vertical pattern of inorganic nutrients and phytoplankton (Lips & Lips, 2010).  
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2. MATERIAL AND METHODS 
 
The Baltic Sea is known as one of the most intensively observed marine areas (Fennel 
& Neumann, 1996). There are large datasets available from different areas of interest: 
physical, chemical, geological, and biological data, which gives us an opportunity to 
see long-term tendencies in ecology of the sea. At the same time, the short-term 
temporal and spatial heterogeneity is high and to understand the ecosystem 
functioning, dynamics of nutrients and phytoplankton in the pelagic ecosystem needs 
to be studied using high spatio-temporal approach (Benoit-Bird & McManus, 2012).  

In the present study, investigations using different approaches were carried out: 
multi-disciplinary meso-scale surveys by research vessel (I, II), autonomous 
measurements and sampling on board commercial ferries (III), measurements using 
an autonomous moored water column profiler (III), and satellite remote sensing (IV). 
The combination of different approaches (III, IV) allowed following the high 
temporal and spatial heterogeneity and dynamics of nutrients and phytoplankton in 
the central part of the Gulf of Finland. 
 
2.1 Multi-disciplinary measurements using research vessel 

The main advantage of using research vessel is the possibility to conduct many 
measurements simultaneously. At the same time, the processes in the pelagic 
environment are often short, lasting only few days or weeks, making it difficult to 
organise measurements and sampling in appropriate sea area with the needed spatio-
temporal coverage and resolution to link phenomena of pelagic biology to 
hydrophysical features, for instance.  

The best strategy, which allows describing short-term changes, is to conduct high 
frequent field sampling (I, II) or combined approaches (III, IV). In 2006, seven 
surveys from 11 July until 29 August along the Tallinn-Helsinki ferry line were 
conducted. Weekly mappings (at 27 stations, distance between stations 2.5 km, Fig. 
1) of hydrographical, -chemical and -biological (every second station) fields was 
performed along cross-gulf section (I, II). In July-August 2009 combined approach 
of ferrybox, autonomous profiling buoy measurements complemented with weekly 
horizontal and biweekly vertical sampling along the cross-gulf section and near the 
buoy station, respectively, was used (III). Detailed sampling dates and depths, 
together with methods used can be found in papers I-III. 
 
2.2 Ships-of-opportunity 

Commercial ferries can be used as carriers of autonomous measurement devices to 
enable to follow the high-resolution changes in the sea surface layer. The so called 
ships-of-opportunity or ferrybox technique allows to observe the dynamics of 
physical, chemical and biological properties in the upper layer in meso- and basin 
wide scale with high spatial and temporal frequency and relatively low cost 
(Rantajärvi & Leppänen, 1994). High-resolution transect yield gives much more 
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information than point measurements allowing to see the short-term dynamics and 
longer-term trends in phytoplankton growth and calculate several phytoplankton 
indexes for assessing the sea area (Pulliainen et al., 2004; Fleming & Kaitala, 2006; 
Lips & Lips, 2008; Lips et al., 2014). Obtained high-resolution surface layer data can 
be combined with other data to better explain the variability of different parameters 
(III). The ferrybox observations are found to be valuable in early warning systems of 
cyanobacterial bloom development as cyanobacterial bloom initiation phase is clearly 
detectable from ferrybox samples and the probability of formation of intense surface 
accumulations can be predicted in advance (Lips, 2005). 

High-resolution surface layer temperature and salinity data obtained using 
autonomous ferrybox systems are also valuable for modelling. The ferrybox data 
have been used to simulate the observed evolution of Chl a on an alongshore transect 
in the coastal German Bight (North Sea) and to find out main mechanisms affecting 
that evolution of Chl a (Brandt & Wirtz, 2010). Ferrybox systems were used to study 
the partial pressure of carbon dioxide in the Baltic Sea (Schneider et al., 2006) 
providing valuable validation data for modelling biogeochemical control of the 
coupled CO2-O2 system in the Baltic Sea (Omstedt et al., 2014). 

Part of the data used in the present thesis were obtained using the ferrybox system 
installed aboard the passenger ferry “Baltic Princess” plying between Tallinn and 
Helsinki. Ferrybox measurements and sampling in summer (July-August) 2009 were 
used (III). The width of the gulf in the study area is less than 80 km, and the 
parameters were registered in an approximately 72-km wide area along the ferry route 
(excluding an area of approximately 4 km close to each harbour). Water was pumped 
through the measuring system as the ferry travelled and the water intake was located 
at a depth of approximately 4 m. The temperature (T; PT-100 sensor), salinity (S; FSI 
Excell thermosalinograph), and Chl a fluorescence (SCUFA Turner Design) were 
recorded twice a day along the ferry route (Fig. 1) with a time resolution of 20 s, 
which corresponds approximately to a spatial resolution of 150 m between each 
collected data point. The water sampling from up to 17 locations along the ferry route 
was conducted using an automatic refrigerated (4 °C) sampler (Sigma 900 MAX) 
(Lips et al., 2014). The collected samples were analysed to determine the 
concentration of Chl a and phytoplankton species composition and biomass. Detailed 
methods used for sample analysis can be found in paper (III). 
 
2.3 Autonomous moored water column profiler 

The time scales of pelagic biological processes are often short and it can be difficult 
to arrange surveys using research vessel only to register different processes and 
dynamics in the sea. The knowledge of the links between phytoplankton dynamics 
and meteorological and oceanographic forcing can be improved by using besides 
high-resolution autonomous horizontal in situ observations (e.g. ferrybox) also the 
high-resolution vertical in situ observations.  

In the frame of present study, the autonomous profiler (Idronaut S.r.l.; surface 
buoy designed by Flydog Solutions Ltd.) was deployed close to the ferrybox line in 
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sea area with a bottom depth of 86 m (Fig. 1) in July-August 2009 (III). The vertical 
profiles of temperature, salinity and Chl a fluorescence (OceanSeven 316plus CTD 
probe) were registered in the water layer from 2-50 m with predefined time interval 
and vertical resolution (in our studies the time interval was 3 hours and vertical 
resolution was 10 cm). Additionally an ADCP (acoustic Doppler current profiler, 
Teledyne RDI, 300 kHz) was deployed close to the buoy from 27th July to 24th 
September in 2009 to measure the flow structure in the whole water column with a 
vertical resolution of 2 m. 
 
2.4 Remote sensing 

The traditional technique used to study phytoplankton dynamics is either microscopic 
examination or laboratory analyses of pigments in water samples. The major 
limitation of this methodology is often a temporal and spatial scope due to the amount 
of time involved in sample analysis. Spatio-temporal variability of different 
environmental parameters (including phytoplankton pigments) is widely studied 
using satellite imagery. The distribution patterns of different parameters are mapped 
in order to detect changes in either interannual, seasonal or meso-scale (Horstmann, 
1983; Siegel et al., 2005; Kahru et al., 2007; Kononen et al., 1997; Laanemets et al., 
2011). The detection of cyanobacteria surface accumulations in satellite imagery is 
probably one of the best tools available to map distributions of cyanobacterial surface 
accumulations during cloud-free periods. Satellite remote sensing, complemented 
with in situ measurements and wind information, enabled to analyse the spatial 
variability of phytoplankton Chl a promoted by upwelling event in 2006 (IV). 
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3. HORIZONTAL DISTRIBUTION OF CHLOROPHYLL a 
AND INORGANIC NUTRIENTS  
 
The horizontal distribution of phytoplankton in the Gulf of Finland is heterogeneous 
and the spatial distribution of phytoplankton Chl a in the euphotic layer is usually 
affected by the physical variability of the water body (Kononen & Leppänen, 1997). 
The horizontal distribution of inorganic nutrients and phytoplankton is largely 
influenced by hydrophysical processes and structures like estuarine circulation, 
meso-scale eddies, fronts and coastal upwelling events in conjunction with life-
strategy (e.g. migration) of plankton and nutrient limitation (Kononen et al., 1996; 
Kanoshina et al., 2003; Lips et al., 2005). Due to the hydrophysical forcing 
phytoplankton is often transported from one place to another or growth enhancement 
may be followed in certain area. 
 
3.1 Estuarine circulation 
 
The intensity or even reversal of the estuarine circulation in the Gulf of Finland, 
characterized by an inflow in the deeper layers and an outflow in the surface layer, is 
depending on the prevailing winds (Elken et al., 2003; Liblik & Lips, 2011). Usual 
circulation in the surface layer consists of inflow of saltier waters from Baltic Proper 
along the southern part of the gulf and outflow of less saline waters along the northern 
part of the gulf (Alenius et al., 1998). Estuarine circulation is in general controlled 
by the inflow of rivers, rainfall, evaporation, and wind.  

Estuarine circulation in the Gulf of Finland is intense and upward volume (and 
nutrient) transport may support the phytoplankton growth in the surface layer. The 
upward volume transport in the gulf is many-fold more intense in case of long-lasting 
easterly-north-easterly winds, in comparison to prevailing westerly-south-westerly 
winds (Liblik, 2012). In case of intensification of estuarine circulation, salinity in 
deep layers is higher, vertical stratification is stronger, and additional amounts of 
phosphorus is added into the Gulf of Finland (Lips et al., 2008). 

Wind-driven circulation in the Gulf of Finland is highly variable and often 
„breaks“ the classical estuarine circulation pattern. Several intense meso-scale 
features are initiated by variable wind pattern – eddies, upwelling or downwelling, 
coastal and frontal jet currents.  
 
3.2 Stratification and vertical mixing 
 
In summer, water column is thermally stratified in the Gulf of Finland and euphotic 
upper mixed layer is usually depleted of inorganic nutrients necessary for 
phytoplankton growth. Below the seasonal thermocline, inorganic nutrient ratio 
(DIN:DIP) is low creating favourable growth conditions to cyanobacteria after the 
upward transport of nutrient rich layers (Lips, 2005) as bloom forming filamentous 
cyanobacteria in the Baltic Sea are able to fix molecular nitrogen. In the Gulf of 
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Finland, any pre-bloom vertical mixing is potentially capable to support the growth 
of filamentous cyanobacteria after the re-establishment of vertical stratification. The 
other supporting aspect for cyanobacterial growth enhancement is the location of 
phosphacline, which is usually at a shallower depth (in the upper part of the seasonal 
thermocline; Laanemets et al., 2004) than nitracline, hence vertical mixing will 
usually bring up water more rich in phosphates than nitrates and nitrites. 

Not only physical and chemical factors affect the distribution of phytoplankton in 
the surface layer. Biological capabilities (e.g. vertical migration of phytoplankton) 
also play a great role. Many dinoflagellates are known to be capable of vertical 
migration (Smayda, 2010) in order to assimilate nutrients (mainly nitrogen) from 
lower layers and migrate back to photosynthesise in the well-lit upper layers (e.g. 
Fauchot et al., 2005). Hence, keeping nutrient depleted upper layer productive and 
phytoplankton biomass high in certain sea areas (III; Lips & Lips, 2014) during 
summer stratification conditions. 
 
3.3 Upwelling and downwelling 
 
The overall horizontal distribution of temperature and phytoplankton Chl a in 
summer in the Gulf of Finland surface layer is usually quite homogeneous. The 
intense horizontal patterns develop during coastal upwelling events when steep 
gradients in horizontal temperature and salinity fields have been registered in the sea 
surface layer (e.g. Lips et al., 2009) or were visible on satellite remote sensing images 
(e.g. Uiboupin & Laanemets, 2009). Coastal upwellings, induced by persistent or 
time variable winds, are important in bringing nutrient-rich waters from lower layers 
to the euphotic zone, and hence frequently associated with increased biological 
productivity (e.g. MacIsaac et al., 1985; Cushing, 1989). Primary production in the 
major upwelling areas of the World Ocean is influenced by different factors, such as 
upwelling strength, duration and timing; the nutrient concentration of the upwelled 
waters, light, and the availability of phytoplankton seed stock (Mann, 2000). 
Upwellings in the Baltic Sea are not persistent, but short-time events. They depend 
on wind strength and duration. 

The coastal upwelling-downwelling events are coupled in the Gulf of Finland 
because of the elongated shape of the gulf and relatively short distance (48–135 km) 
between northern and southern coasts. In the Gulf of Finland, the upwelling along the 
northern coast is induced by south-westerly winds and near the southern coast by 
north-easterly winds. Upwellings along the northern coast are more common, because 
south-westerly winds are dominating in the area (Soomere & Keevallik, 2003).  

Very intense coastal upwelling observed along the southern coast of the Gulf of 
Finland in August 2006 had a clear influence to the spatial distribution of 
temperature, salinity, inorganic nutrients and phytoplankton (I, II, IV) in the upper 
layer. Water temperature in the surface layer along the studied cross-section was 
between 18 °C and 21°C at the end of July 2006. After the development of upwelling 
along the southern coast at the beginning of August, temperature of the surface layer 
in the southern part of the gulf decreased down to 5 °C. Cold and more saline water 
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(compared with pre upwelling situation) covered about ⅓ of the cross-section in the 
study area (see Fig. 2 in paper I).  

Before an upwelling event (in July 2006), the upper mixed layer was depleted of 
nutrients. During the upwelling, phosphate and nitrite+nitrate concentrations 
increased remarkably in the area covered with upwelled waters. Two weeks after the 
initiation of upwelling, by 15th August, nitrate+nitrite concentrations were already 
below the detection limit, while some phosphates were still left. A week later, after 
the relaxation of upwelling, concentration of both nutrients in the upper layer was 
below the lower detection range (see Fig 3 in paper I).  

Phytoplankton Chl a in the surface layer of investigation area was strongly 
influenced by the observed upwelling event and circulation pattern (Fig. 2). The 
lowest Chl a values (below 2 mg m-3) were measured in the upwelling water near the 
southern coast and highest (average 13 mg m-3) near the northern coast, in zone of 
downwelling. The increase in Chl a concentration in the northern part of the study 
area was mostly due to the northward Ekman transport in the surface layer. However, 
possible influence of the along shore transport from adjacent coastal areas and growth 
enhancement stimulated by a smaller upwelling event in late July near the northern 
coast (II) cannot be ignored.  

 

 
 
Figure 2. Horizontal distribution of total Chl a concentration (mg m-3; A), Chl a in >20 µm 
size fraction (B) and Chl a in <20 µm size fraction (C) in the upper mixed layer during the 
study period in July–August 2006. On the x-axis days from the beginning of the study are 
shown, and on the y-axis distance from the first (TH1) station is shown in kilometres. Circles 
on the map indicate sampling points. 

 
After the relaxation of observed upwelling (by 22nd August), Chl a concentrations in 
the upper mixed layer were nearly similar as measured before the upwelling event. 
The fluctuations in Chl a concentration during the strong coastal upwelling indicate 
the advection of pre-upwelling communities away from the upwelling area and the 
time lag in increase of phytoplankton growth in the same area. As during upwelling 
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event water is brought from cold intermediate layers into the euphotic zone, the 
summer phytoplankton communities responds to changed light conditions and 
increased nutrient concentrations with small lag period (e.g. Vahtera et al., 2005) 
which length is temperature and light dependant (Ishizaka et al., 1983). 

Chlorophyll a was mainly found in the <20-µm size fraction which also had faster 
response to changed nutrient conditions. From the results of this study, the increase 
in bigger phytoplankton size fraction after the upwelling relaxation due to the 
enrichment of nutrients during the upwelling event cannot be stated with very high 
confidence. We noticed, that the increase of Chl a in the >20-µm fraction in the area 
previously affected by upwelling equals with the decrease in concentration in this 
size fraction near the opposite coast (I). The temporal changes in smaller size fraction 
were similar to the changes of total Chl a content. It is also important to note, that the 
phytoplankton species composition of major upwelling areas worldwide are 
characterized by chain-forming and colonial diatoms, in the Baltic Sea, small-sized 
phytoplankton species (mainly nanoflagellates) benefit.  
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4. VERTICAL DISTRIBUTION OF CHLOROPHYLL a 
AND INORGANIC NUTRIENTS  
 
Vertical gradients of nutrients and phytoplankton are often stronger than horizontal 
ones and are very much dependent on the water column stratification. Vertical 
distribution of phytoplankton is determined by availability of major resources (light 
and nutrients), grazing, divergence/convergence areas, buoyancy (Fennel & Boss, 
2003). In summer, the strong thermal stratification develops in the Gulf of Finland. 
The upper mixed layer above the thermocline is usually exhausted of inorganic 
nutrients after the spring bloom while there are enough nutrients left below the 
thermocline but low light levels do not support the phytoplankton photosynthetic 
growth there.  

In the stratified water column, when light is added from above and nutrients can 
be supplied from below, the sub-surface Chl a maxima may form (Klausmeier & 
Litchman, 2001). The sub-surface and deep Chl a maxima are quite often observed 
in the Baltic Sea (Kahru et al., 1982; Kuosa, 1990; Kononen et al., 1998; Pavelson et 
al., 1999; II, III). Several mechanisms and processes, such as a two-layer current, 
temporal and spatial variation of pycnocline depth, estuarine structure of 
hydrographic fields, minimum of turbulent mixing, play an important role in the 
formation and dynamics of these Chl a layers (Dekshenieks et al., 2001; McManus 
et al., 2003).  

The intensity and thickness of sub-surface Chl a maxima during present studies 
were detected as shown in Fig. 3. The difference between the sub-surface maximum 
of Chl a (Chlmax) and local minimum of Chl a above it (Chl1), and the difference 
between the depth of local minimum (h1) and the depth h2 where Chl a values below 
the maximum decreased back to the same concentration (Chl1) were estimated 
respectively.  

 

 
 

Figure 3. Sketch used to define the parameters of sub-surface Chl a maxima. 
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In July 2006 the sub-surface Chl a maxima with intensities ≥0.5 µg l-1 were registered 
at 37 stations out of 80 stations visited. The highest observed Chl a values in these 
layers were 10.5 µg l-1 on 11 July, 12.2 µg l-1  and 11.4 µg l-1 on 19-20 July, and 8.2 
µg l-1 on 25 July. At the same time, the Chl a values at the surface layers were on 
average between 6-8 µg l-1. The depth of Chl a maxima varied between 14.5 and 35 
m and the average depth of maxima was 23 ± 4.6 m.  
 
4.1 Stratification and vertical mixing 
 
Processes, which lead to vertical transport and mixing, are very important in the 
strongly stratified sea to the whole phytoplankton community, including the 
formation of sub-surface and deep phytoplankton biomass maxima (II, III). 

Several studies have confirmed that phytoplankton sub-surface Chl a maximas are 
common in summer in stratified Gulf of Finland (II, III, Lips & Lips, 2014). These 
maxima usually locate at the base of thermocline and coincide well with the depth of 
nutriclines. The study in July 2006 revealed that these maxima were located an 
average at depth of 23 m. The concurrent light measurements allowed to show that 
these maxima were observed significantly below the photic depth (II). Several 
estimates based on the field measurements indicate that in certain conditions the 
upward nutrient fluxes may support formation and maintenance of sub-surface Chl a 
maxima (Sharples et al., 2001; Lund-Hansen et al., 2006; Hales et al., 2009). During 
our study, the upward transport of nutrients seemed not to be the only mechanism to 
maintain the observed sub-surface maxima along the entire studied cross-section and 
hence, other processes responsible for development and maintenance of these 
maxima had to be analysed. The cross-transect geostrophic velocity distributions 
revealed that the sub-surface Chl a maxima layers detected in the Gulf of Finland in 
July 2006 were located mostly at the base of anti-cyclonic circulation cells where the 
isopycnals were depressed (Fig. 4).  

The patchy distribution of Chl a in sub-surface and deep layers could be favoured 
by the combination of physical, chemical and biological processes. The ability of 
cells to migrate to deeper depths and maintain in these depths (the shallowest depth 
where high enough nutrient concentrations were available for growth, see Fig. 6 in 
paper II) together with horizontal convergence of waters along the depressed 
isopycnals at the base of anti-cyclonic circulation cells could have supported these 
maxima studied in 2006. A clear weakening of the stratification with the depth just 
below observed maxima could be considered as an indirect indication of vertical 
mixing and concurrent nutrient fluxes supporting the possible nutrient uptake there. 

To confirm the hypothesis, that some species in summer phytoplankton 
community are able to perform such deep vertical migrations, the downward/upward 
migration of phytoplankton community dominated by dinoflagellate Heterocapsa 
triquetra Ehrenberg (Stein) in the Gulf of Finland in July 2009 was registered using 
the autonomous profiling buoy system complemented with vertical sampling abroad 
research vessel (III). 
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Figure 4. Vertical sections of cross-transect geostrophic current velocity on 11(a), 19-20 (b) 
and 25 (c) July 2006. The reference level of no motion was chosen at 40 dbar in the open gulf 
and at the seabed in the shallow areas. Corresponding density anomaly distribution (density – 
1000 kg m-3) is shown by black contour lines. Dotted lines indicate profiles; values on x-axis 
are distance from the southernmost station (TH1); station numbers are shown above. 
Observed sub-surface Chl a maxima are indicated as black circles scaled proportionally to the 
intensity of maxima. 
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High-resolution vertical profiling revealed remarkable diurnal and bi-diurnal 
variations of the vertical distribution and temporal evolution of temperature, salinity 
and Chl a (see Fig. 2 in Paper III). It is showed by earlier studies that swimming 
enables nutrient deficient dinoflagellate cells to migrate to the deeper layers where 
they are able for dark-assimilation of nitrates (e.g. Fauchot et al., 2005), including H. 
triquetra as observed by Paasche et al., 1984). The diurnal (and possible bi-diurnal) 
vertical migration pattern was illustrated by a series of consecutive vertical profiles 
of Chl a registered by autonomous profiling buoy station with 3 h time interval within 
30 h on 26-27 July 2009 (Fig. 5). The downward migration of phytoplankton was 
measured after 6 p.m. reaching the depth of 20 m 12 h later. During next 6 hours two 
maxima – one at 3 m depth (near the surface), the second at 27 m – developed.  
 

 
 

Figure 5. Changes in the vertical distribution of Chl a at the buoy station AP5 from noon on 
26 July until 9 p.m. on 27 July 2009. Values on the x-axis are correct for the first profile. Each 
subsequent profile is shifted to the right by 3 mg m−3 in relation to the preceding one. 
 
The thermocline was at the depth between 13 and 23 m. It was calculated that Chl a 
maximum moved downward during the night with an approximate speed of 1.6 m h-

1. The detectable amount of nutrients were measured below the strongest density 
gradient at depths >25 m (III). The depths of 28-34 m, where phytoplankton biomass 
maxima were observed in July 2009, are in principle reachable by diurnal migratory 
behaviour. However, the observed swimming speed of 1.6 m h–1 is not enough for 
cells to migrate to a depth >25 m, assimilate nitrogen, and swim back to the surface 
within 24 h. As many profiles with two vertically separated maxima of Chl a were 
registered during our study, the migration cycle >24 h and the bimodal vertical 
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distribution as a consequence of asynchronous migration pattern was suggested (part 
of the community is migrating downwards and part is returning to the sea surface). 
Our results indicate that the downward migration is clearly synchronous while the 
upward migration could be asynchronous and depend on the time period needed to 
reach the nutrient rich layer and uptake enough nitrogen (see Fig. 6 in Paper III). 
 
4.2 Upwelling and downwelling 
 
Coastal upwellings can significantly contribute to the vertical mixing of the Gulf of 
Finland waters. Hence, being an important processes bringing nutrient rich waters 
from deeper layers to the surface during strong summer stratification period, and 
influencing the phytoplankton dynamics in the upper layer and in the whole water 
column (Vahtera et al., 2005; Lips et al., 2009; Lips et al., 2010; I, II). 

Coastal upwellings are frequent events in the Gulf of Finland and in the whole 
Baltic Sea (e.g. Myrberg & Andrejev, 2003). According to earlier studies, summer 
upwelling events usually transport nutrients from lower layers with excess of 
phosphorus in relation to the Redfield ratio (N: P of 16:1; Redfield et al., 1963) into 
the surface layer in the Gulf of Finland (Haapala, 1994; Kononen et al., 2003, Vahtera 
et al., 2005, Lips et al., 2009). Due to this, upwellings are one of the mayor internal 
sources of phosphorus for nitrogen fixing cyanobacterial blooms (Vahtera et al., 
2005; Lips & Lips, 2008). The major upwelling event observed in August 2006 along 
the southern (Estonian) coast brought phosphorus into the surface layer in amounts 
which is equal to the riverine load of total phosphorus to the entire Gulf of Finland 
during one month (HELCOM, 2004; Lips et.al., 2009). 

A smaller upwelling event near the northern coast of study area was observed in 
mid July 2006 (II). Vertical profiles registered on 19-20 July demonstrate well the 
influence of coupled upwelling-downwelling event on the vertical distribution of 
temperature and Chl a along the cross-section (see paper II; Fig. 4 and 5). Vertical 
profiles of Chl a also revealed the occurrence of sub-surface maximum layers of 
phytoplankton at several sampling stations in the central part of the gulf cross-section 
in the beginning and end of July (Fig. 6) characterised with strong thermal 
stratification. After the development of small upwelling event near the northern coast 
of the gulf (registered on 19-20 July 2006), coupled with downwelling near the 
southern coast, the most intensive deep Chl a maxima were registered in the 
thermocline in the downwelling area. In this downwelling area, the thermocline had 
its deepest position but the horizontal convergence of waters could be expected. 
Therefore, it was concluded that intense Chl a maxima could be formed due to the 
accumulation of downward migrated phytoplankton near the base of the meso-scale 
features (II). 
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Figure 6. Vertical sections of Chl a on 11(a), 19-20 (b) and 25(c) July2006. Dotted lines 
indicate profiles; values on x-axis are distance from the southernmost station (TH1); station 
numbers are shown above. 
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5. CHLOROPHYLL a AND CHL a FLUORESCENCE FOR 
ENVIRONMENT ASSESSMENT  
 
Countries surrounding the Baltic Sea being Contracting Parties to the Helsinki 
Convention have agreed to implement the Baltic Sea Action Plan (BSAP), first 
adopted in 2007 and updated in 2013 (www.helcom.fi/ baltic-sea-action-plan). One 
of the main environmental problems tackled by the BSAP is eutrophication of the 
Baltic Sea. A number of measures to reduce external inputs of nitrogen and 
phosphorus to the sea were taken, however, the concentrations of nutrients have not 
declined proportionally yet. According to the model prediction, if nutrient reduction 
targets (agreed by HELCOM) are fulfilled, concentrations of nutrients will decline 
and the Baltic Sea ecosystem will recover. Due to the restricted water exchange and 
accumulation of nutrients in the system, it will take long time to reach the target levels 
of eutrophication status. Thus, nutrient reduction measures should be implemented 
as fast as possible. 

Phytoplankton growth increases along with increased eutrophication, as a result 
of increased nutrient concentrations in the water body. Chlorophyll a concentration 
is often used as a proxy of phytoplankton biomass. Assessment of eutrophication 
status of the open sea areas of Baltic Sea is based on an integration of commonly 
agreed core indicators (HELCOM, 2014): inorganic nitrogen (DIN) concentration, 
inorganic phosphorus (DIP) concentration, Chl a concentration, water transparency 
(Secchi depth) and oxygen concentration (oxygen debt). Core indicators are 
developed to assess whether the agreed ecological objectives are achieved or not. 
According to the BSAP the ecological objectives under the eutrophication topic are: 
clear water, concentrations of nutrients (DIN, DIP) in the surface layer close to 
natural levels, natural level of algal blooms and natural oxygen levels.  

Special attention in present thesis is paid on horizontal and vertical distribution of 
Chl a influenced by processes other than direct anthropogenic nutrient loading. Like 
pointed out above, the concentration of Chl a is used as an indicator in the assessment 
of the state of the marine environment. Analyses of Chl a are relatively cheap and 
fast, compared to the analyses of phytoplankton biomass and species composition. 
Hence, the number of samples to be taken and analysed is large, thereby the reliability 
of assessments is increased. However, one should have knowledge of possible 
hydrophysical processes affecting the Chl a dynamics. Low Chl a in the upwelling 
area is not a result of successful measures to tackle with eutrophication. Similarly, 
the high Chl a values in the downwelling area are not caused by the intensified 
external nutrient loading. Hence, in assessing the environmental status of the sea area, 
it is very important to understand and explain processes influencing the spatial pattern 
of phytoplankton. Measurements using satellite radiometers of water-leaving 
radiance in the visible range (ocean colour), are also widely used to determine the 
Chl a concentration in the sea surface layer and to register the spatial coverage of it. 
The satellite images obtained during cloud free periods significantly increase the 
understanding of Chl a dynamics. Hence, further development of algorithms specific 
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for different regions in the Baltic Sea, should be continued in order to use satellite 
remote sensing as one reliable tool in marine monitoring. 

Measurements of Chl a are included in most eutrophication monitoring 
programmes, and Chl a represents the biological eutrophication indicator with the 
best geographical coverage at the European level (EEA, 2011). The present study 
demonstrates well that phytoplankton vertical distribution is not homogeneous and 
very high Chl a concentrations often exist at depths far lower compared where the 
water samples are collected during environmental monitoring. Using advanced 
monitoring technologies (e.g. measurements by ferrybox or autonomous buoy 
stations), high temporal and/or spatial measurements of Chl a fluorescence are 
performed. If fluorescence measurements are used to estimate Chl a content, we need 
to take into consideration that the relationship between fluorescence yield and Chl a 
concentration may differ depending on species composition and physiological 
condition of the phytoplankton, nutrient limitation, and photoquenching (Kelly-
Gerreyn et al., 2004). Photoquenching is dependent on the daily illumination history. 
When exposed to daylight, phytoplankton fluoresces is less in comparison to evening 
and night. It is suggested by Kelly-Gerreyn et al. (2004) that error, which may arise 
due to the photoquenching effect of sunlight, can be minimised by making 
measurements during darkness. So, how time of the day affects the fluorescence data? 
Are the results affected significantly by solar radiation during the day time, and what 
would be the difference in the results in comparison with the Chl a estimates based 
on evening or night measurements when the solar activity is not high? 

In order to assess how time of the measurements affects the estimates of Chl a 
concentration, a study was conducted in summer 2012. Ferrybox system on board of 
the passenger ferry Baltic Princess made measurements of fluorescence twice a day 
– in early afternoon, from 1.30 p.m. until 5 p.m. and evening, from 6.30 p.m. until 
10.00 p.m. Thus, the fluorescence data along the same transect were recorded under 
conditions of different solar activity. Chl a concentrations were measured from the 
water samples collected during the both trips by the flow-through system of Ferrybox. 
Chl a fluorescence values obtained in the early afternoon were significantly lower at 
times of high solar radiation compared the ones obtained during lower solar radiation 
(Stoichescu et al., unpublished data). As the use of autonomous devices in purpose 
of marine environment are increasing, the special conversion factors for different 
solar radiation conditions needs to be determined in order to use fluorescence data 
for marine monitoring purposes. 

In conclusion, Chl a concentrations can be used to assess the effects of measures 
taken to reduce eutrophication and improve the ecological status of the water body. 
However, one have to be aware that due to variations in freshwater run-off, light 
climate, and internal cycling processes, trends in Chl a concentrations as such cannot 
be directly related to measures, but must be evaluated in a broader context. 
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CONCLUSIONS 

 
This thesis investigated the influence and importance of varying meso-scale 
hydrophysical processes on the spatio-temporal dynamics of inorganic nutrients and 
phytoplankton chlorophyll a in the vertically stratified Gulf of Finland. In order to 
assess the anthropogenic influence to the marine ecosystem and take measures to 
control eutrophication, natural processes and climatic fluctuations need to be well 
understood. Today, Chl a is the most widely used phytoplankton metric providing 
high confident information for the ecological classification of the Baltic Sea waters. 

This study is based on combination of different approaches, including traditional 
measurements aboard research vessel coupled with latest technological capabilities 
using autonomous horizontal and vertical high-resolution measuring devices. The 
interdisciplinary data collected in summer 2006 and 2009 in the central part of the 
Gulf of Finland are presented. 

The horizontal and vertical dynamics of inorganic nutrients and Chl a influenced 
by different meso-scale hydrophysical processes were registered with high temporal 
and spatial resolution. The data were collected in vertical resolution from 10 cm up 
to 10 m with temporal resolution from 3 h up to 2 weeks, and horizontal resolution 
along the gulfs cross-section from approximately 150 m up to 5 km with temporal 
resolution from 1 day up to 1 week. 

In summer, when the water column in the Gulf of Finland is thermally stratified 
and euphotic layer is mostly nutrient limited, phytoplankton growth and spatial 
distribution is highly influenced by prevailing hydrophysical features caused by 
variable wind impulses. Wind induced processes, like upwelling/downwelling, 
eddies, coastal currents and jets, in the background of estuarine circulation cause 
movements of water-masses (and substances in it) both horizontally and vertically. 
Besides physical, and connected chemical factors, the dynamics and distribution of 
phytoplankton communities is largely influenced by species-specific biological 
adaptations, like fixation of molecular nitrogen, storage of limiting nutrients in cells 
for later use, extensive vertical migration, dark assimilation of nutrient, fast response 
to short nutrient impulses etc. 

The main results of the present thesis can be summarised as follows: 
 As coastal upwelling and downwelling are coupled in the Gulf of Finland, 

the dramatic simultaneous changes in the inorganic nutrient field and 
distribution of phytoplankton communities in the surface layer near the 
northern and southern coast appear. 

 During intensive upwelling events the horizontal Ekman transport is the 
major process shaping the distribution of phytoplankton biomass in size-
fraction >20 µm. The warmer surface layer is transported towards the 
opposite coast off from the upwelling region, concentrating pre upwelling 
phytoplankton communities in the downwelling area. At the same time, the 
upwelled waters have low Chl a concentration. 
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 The summer phytoplankton communities respond to the nutrient inputs 
induced by coastal upwelling with certain time lag, and, unlikely from major 
World Ocean coastal upwelling areas, nanoflagellates show the fastest 
response to upwelled nutrients in the Gulf of Finland.  

 In summer, strong thermal stratification inhibits the mixing between nutrient 
depleted surface layer and nutrient rich lower layers, hence separates the light 
and nutrients, necessary for phytoplankton growth. Under these conditions 
the ability to migrate vertically and assimilate nutrients in the dark, will make 
some phytoplankton species more competitive. 

 Phytoplankton sub-surface or deep maxima are common features in summer 
in the stratified Gulf of Finland. The formation of sub-surface phytoplankton 
layers in the Gulf of Finland is not only due to the ability of some species to 
migrate vertically, but is the combination of physical, chemical and 
biological processes. Certain vertical mixing-stratification features are 
prerequisite for development and maintenance of such layers. Sub-surface 
maxima of Chl a are almost always found at the base of thermocline and 
coincide well with the depth of nutriclines. The thin layers of high Chl a 
concentration are often found at the base of anti-cyclonic circulating cells 
with horizontal convergence of water along the depressed isopycnals. 

 The most prominent migrations through the strongest vertical density 
gradients towards nitracline, even below 30 m depth, were registered when 
dinoflagellate Heterocapsa triquetra (phytoplankter with cell size of 20-25 
µm) dominated in the phytoplankton community. 

 The diurnal and bi-diurnal migration patterns of H. triquetra with downward 
migration of 1.6 m h-1 were estimated on the basis of vertical dynamics of 
Chl a. This is the first documented migration speed record for this species in 
the field. The asynchronous migration patterns often create the bimodal 
distribution of Chl a.  

 The ability to migrate in deep layers, assimilate nutrients in the dark followed 
by migration back to the surface layer will also act as “biological nutrient 
pump”, and will help to keep nutrient limited surface layer productive also 
during summer thermal stratification. 

 High-resolution measurements and sampling revealed the high spatial and 
temporal variability in summer phytoplankton community. The spatio-
temporal variability of Chl a estimated from MERIS data confirmed the 
strong influence of meso-scale processes to the spatial variability of 
phytoplankton Chl a.  
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ABSTRACT 
 
The aim of this thesis was to verify influence, and importance of varying meso-scale 
hydrophysical processes on the dynamics of nutrients and phytoplankton chlorophyll 
a in summer in stratified Gulf of Finland, Baltic Sea. The study was based on 
combination of different approaches, including traditional measurements aboard 
research vessel coupled with latest technological capabilities using autonomous 
horizontal and vertical high-resolution measuring devices. In summer, when the 
water column in the Gulf of Finland is thermally stratified and euphotic layer is 
exhausted of inorganic nutrients necessary for phytoplankton growth, the spatial 
distribution of phytoplankton is highly influenced by prevailing hydrophysical 
features caused by variable wind impulses. Wind induced processes, like 
upwelling/downwelling, eddies, coastal currents and jets, in the background of 
estuarine circulation cause movements of water-masses (and substances in it) both 
horizontally and vertically.  

Major upwelling and coupled downwelling created drastic simultaneous changes 
in the horizontal and vertical distribution of inorganic nutrient field and 
phytoplankton communities along the entire cross-section in the central part of Gulf 
of Finland in 2006. During the observed upwelling event the horizontal Ekman 
transport was the major process shaping the distribution of phytoplankton biomass in 
size-fraction >20 µm. The warmer surface layer was transported towards the opposite 
coast off from the upwelling region, concentrating pre upwelling phytoplankton 
communities in the downwelling area, whereas, the upwelled waters had low Chl a 
concentration. At the stabilization and relaxation of upwelling nanoflagellates 
responded faster to the upwelled nutrients compared with phytoplankton in size-
fraction >20 µm.  

Phytoplankton sub-surface or deep maxima are common features in summer in 
thermally stratified Gulf of Finland. The formation of sub-surface phytoplankton 
layers in the Gulf of Finland is the combination of physical, chemical and biological 
processes. These maxima usually locate at the base of thermocline and coincide well 
with the depth of nutriclines. Clear diurnal and bi-diurnal vertical patterns of 
chlorophyll a were observed when dinoflagellate Heterocapsa triquetra was 
dominating in the community. The descend speed of this species, estimated on the 
basis of vertical dynamics of chlorophyll a, was 1.6 m h-1. This is the first documented 
migration speed record for this species in the field. The asynchronous upward 
migration pattern often created bimodal distribution of chlorophyll a in the stratified 
water column. 

Chl a concentrations can be used with high confidence to assess the effects of 
measures taken to reduce eutrophication and improve the ecological status of the 
water body. However, due to variations in freshwater run-off, light climate, and 
internal cycling processes, trends in Chl a concentrations as such cannot be directly 
related to measures, but must be evaluated in a broader context. 
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RESÜMEE 
 

Käesoleva doktoritöö raames uuriti erinevate mesomastaapsete hüdrofüüsikaliste 
protsesside mõju anorgaaniliste toitainete ja fütoplanktoni ajalis-ruumilisele jaotusele 
vertikaalselt kihistunud Soome lahes. Ökosüsteemile avalduva antropogeense mõju 
hindamisel ja eutrofeerumise vähendamiseks kohaldatavate meetmete rakendamisel 
on oluline mõista looduslikku varieeruvust ja klimaatiliste tegurite mõju 
hinnatavatele parameetritele. 

Doktoritöö käigus kasutati andmete kogumiseks erinevaid tehnilisi lähenemisi, sh 
mõõtmised ja proovikogumised uurimislaeva pardalt ning horisontaalsete ja 
vertikaalsete jaotuste kaardistamised kasutades autonoomseid platvorme (ferrybox ja 
profileeriv poijaam). Töös on käsitletud andmeid, mis koguti 2006. ja 2009. aasta 
suvel Soome lahe keskosas erineva ruumilise lahutuse ja ajalise sammuga. 
Vertikaalsed jaotused registreeriti diskreetsusega 10 cm kuni 10 m ja ajalise 
sammuga 3 h kuni 2 nädalat. Horisontaalsete jaotuste kaardistamisel oli ruumiline 
lahutus 150 m kuni 5 km ja ajaline samm 1 päev kuni 1 nädal. 

Veesamba tugev termiline kihistus suveperioodil loob fütoplanktoni kasvuks 
vajalike ressursside vertikaalse eraldatuse – ülemine valgusküllane kiht on 
toitainetevaene, alumises toitainerikkas kihis aga pole piisavalt valgust 
fotosünteesimiseks. Taolise ressursside jaotuse puhul muutuvad ülioluliseks 
hüdrofüüsikalised protsessid, mis toovad toitaineid alumistest kihtidest üles ja loovad 
seeläbi fütoplanktoni kasvuks soodsad tingimused. Ida-lääne sihis väljavenitatud 
Soome lahes on lisaks estuaarsele veeliikumisele olulised vee ja selles olevate ainete 
transporti ja segunemist soodustavad mesomastaapsed protsessid: tuule tekitatud 
rannikumere apvelling/daunvelling, pöörised, rannikumere jugahoovused. Lisaks on 
peale füüsikaliste protsesside ning nendega seotud toitainete voogude olulised ka 
suvise fütoplanktoni koosluse liigispetsiifilised kohastumused nagu võime omastada 
molekulaarset lämmastikku, migreeruda vertikaalselt kihistunud veesambas, 
talletada toitaineid nende ainete poolt limiteeritud tingimustes kasutamiseks, 
omastada toitaineid pimedas. 

Käesoleva doktoritöö peamised tulemused võib kokku võtta järgnevalt: 
 Soome lahes esinevad rannikumere apvellingud toovad kaasa laiaulatuslikke 

muutusi temperatuuri, soolsuse ja klorofüll a sisalduse horisontaalses ja 
vertikaalses jaotuses ning on väga olulised protsessid toitainete transpordil 
alumistest kihtidest ülemisse toitainevaesesse eufootsesse kihti.  

 Intensiivse rannikumere apvellingu ajal on suuremõõtmelise (> 20 µm) 
fütoplanktoni jaotus pinnakihis määratud peamiselt horisontaalse Ekmani 
transpordiga ja vähem vertikaalse toitainete vooga. Soe pindmine veekiht 
koos pinnakihi fütoplanktoni kooslustega transporditakse apvellingu 
piirkonnast vastas ranniku suunas ning altpoolt üles liikuvad veemassid on 
vähese klorofülli sisaldusega.  

 Erinevalt Maailmamere püsivate apvellingu alade fütoplanktoni kooslustest, 
kus domineerivad suuremõõtmelised ränivetikad, saavad Läänemeres 
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apvellingu stabiliseerumise järgselt esmalt eelise nanoflagellaadid, kes 
reageerivad kiiremini ülemisse kihti transporditud toitainetele. 

 Tugev termaalne kihistumine suvel takistab ülemise toitainetevaese 
pinnakihi ja termokliini all asuva toitainerikka kihi segunemist. Töös on 
näidatud, et suvises toitainete poolt limiteeritud pinnakihis saavad 
fütoplanktoni koosluses konkurentsieelise liigid, mis on võimelised 
vertikaalselt migreeruma ja assimileerima pimedas toitaineid.  

 Fütoplanktoni pinnaaluste ja sügavate maksimumide esinemine on suvel 
tavapärane nähtus tugevalt kihistunud Soome lahes. Pinnaaluste klorofülli 
maksimumide teke ja jaotus on tihedalt seotud vertikaalse stratifikatsiooniga 
– maksimumid paiknevad termokliini alaosas ja ühtivad nitrakliiniga.  

 Juulis Soome lahes esinevates pinnaalustes ja sügavates fütoplanktoni 
maksimumides domineerib dinoflagellaat Heterocapsa triquetra. 
Esmakordselt hinnati looduses, antud liigi poolt domineeritud koosluse 
klorofülli sisalduse ööpäevaseid dünaamikaid kaardistades, H. triquetra 
laskumiskiirus. H. triquetra migreerub sügavamatesse kihtidesse 
hinnanguliselt 1.6 m h-1, mis on märkimisväärne arvestades antud liigi 
suurust (20-25 µm). 

 Fütoplanktoni vertikaalses migratsioonis domineerib teatud 
hüdrofüüsikaliste tingimuste puhul ööpäevane tsükkel. Samas võib sageli 
täheldada sünkroonset allapoole migreerumist ja asünkroonset pinnakihti 
migreerumist, mille tagajärjel tekib veesambas fütoplanktoni bimodaalne 
jaotus.  

 Fütoplanktoni liikide võime migreeruda sügavamatesse kihtidesse, omastada 
pimedas vajalikke toitaineid ja kasutada neid peale ülemisse kihti tagasi 
jõudmist fotosünteesis on oluline ka sellepoolest, et nii püsib ülemine 
segunenud veekiht produktiivsena ka toitainete ammendumisel eufootsest 
kihist. 

 Suure ajalis-ruumilise lahutusega teostatud proovikogumised ja mõõtmised 
võimaldasid usaldusväärsemalt hinnata hüdrofüüsikaliste protsesside mõju 
fütoplanktoni ja selle kasvuks vajalike toitainete vertikaalsele ja 
horisontaalsele jaotusele.  
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6. Defended theses 
 
Spatio-temporal variability of nutrients and chlorophyll in the Gulf of Finland on 
section Tallinn-Helsinki in summer 2006. Tallinn University. 
 
7. Special courses 
 
14.11-26.11.2010 – Baltic Sea Phytoplankton course, (Tvärminne, Soome) 

16.08-19.12.2009 – Exchange student at Oregon Health and Science University, 
Portland, USA 

07-19.06.2009 – „Flow Cytometry“ (Kalmar, Rootsi) 

11-16.05.2009 – Summerschool Physical Oceanography of the Baltic Sea, 
(Tvärminne, Soome) 

16-26.03.2009 – Phosphorus cycling in the aquatic environment, (Umeå, Rootsi) 

23-30.11.2008 – The Bat Sheva De Rothschild seminar on phytoplankton in the 
physical environment: The 15th workshop of the international association of 
phytoplankton taxonomy and ecology (IAP), (Ramot, Iisrael) 

20.06.2008 – Lightmicroscopy techniques, (Tallinn, Eesti) 

19.06.2008 – Basic course of lightmicroscopy, (Tallinn, Eesti) 

18.06.2008 – Epi-fluorescency seminar, (Tallinn, Eesti) 

09-16.03.2007 – Methods in Algae Research, (Turku, Soome) 

01.09.2006 – 07.01.2007 – Microbial Ecology, (Umeå, Rootsi)  
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14-18.04.2004 – Building the Baltic Sea Region, (Borki, Poland) 
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DISSERTATIONS DEFENDED AT  

TALLINN UNIVERSITY OF TECHNOLOGY ON  

NATURAL AND EXACT SCIENCES 

 
1. Olav Kongas. Nonlinear Dynamics in Modeling Cardiac Arrhytmias. 1998. 
2. Kalju Vanatalu. Optimization of Processes of Microbial Biosynthesis of Isotopically 
Labeled Biomolecules and Their Complexes. 1999. 
3. Ahto Buldas. An Algebraic Approach to the Structure of Graphs. 1999. 
4. Monika Drews. A Metabolic Study of Insect Cells in Batch and Continuous Culture: 
Application of Chemostat and Turbidostat to the Production of Recombinant Proteins. 
1999. 
5. Eola Valdre. Endothelial-Specific Regulation of Vessel Formation: Role of Receptor 
Tyrosine Kinases. 2000. 
6. Kalju Lott. Doping and Defect Thermodynamic Equilibrium in ZnS. 2000. 
7. Reet Koljak. Novel Fatty Acid Dioxygenases from the Corals Plexaura homomalla 
and Gersemia fruticosa. 2001. 
8. Anne Paju. Asymmetric oxidation of Prochiral and Racemic Ketones by Using 
Sharpless Catalyst. 2001. 
9. Marko Vendelin. Cardiac Mechanoenergetics in silico. 2001. 
10. Pearu Peterson. Multi-Soliton Interactions and the Inverse Problem of Wave Crest. 
2001. 
11. Anne Menert. Microcalorimetry of Anaerobic Digestion. 2001. 
12. Toomas Tiivel. The Role of the Mitochondrial Outer Membrane in in vivo Regulation 
of Respiration in Normal Heart and Skeletal Muscle Cell. 2002. 
13. Olle Hints. Ordovician Scolecodonts of Estonia and Neighbouring Areas: Taxonomy, 
Distribution, Palaeoecology, and Application. 2002. 
14. Jaak Nõlvak. Chitinozoan Biostratigrapy in the Ordovician of Baltoscandia. 2002. 
15. Liivi Kluge. On Algebraic Structure of Pre-Operad. 2002. 
16. Jaanus Lass. Biosignal Interpretation: Study of Cardiac Arrhytmias and 
Electromagnetic Field Effects on Human Nervous System. 2002. 
17. Janek Peterson. Synthesis, Structural Characterization and Modification of 
PAMAM Dendrimers. 2002. 
18. Merike Vaher. Room Temperature Ionic Liquids as Background Electrolyte 
Additives in Capillary Electrophoresis. 2002. 
19. Valdek Mikli. Electron Microscopy and Image Analysis Study of Powdered 
Hardmetal Materials and Optoelectronic Thin Films. 2003. 
20. Mart Viljus. The Microstructure and Properties of Fine-Grained Cermets. 2003. 
21. Signe Kask. Identification and Characterization of Dairy-Related Lactobacillus. 
2003 
22. Tiiu-Mai Laht. Influence of Microstructure of the Curd on Enzymatic and 
Microbiological Processes in Swiss-Type Cheese. 2003. 
23. Anne Kuusksalu. 2–5A Synthetase in the Marine Sponge Geodia cydonium. 2003. 
24. Sergei Bereznev. Solar Cells Based on Polycristalline Copper-Indium Chalcogenides 
and Conductive Polymers. 2003. 
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25. Kadri Kriis. Asymmetric Synthesis of C2-Symmetric Bimorpholines and Their 
Application as Chiral Ligands in the Transfer Hydrogenation of Aromatic Ketones. 2004. 
26. Jekaterina Reut. Polypyrrole Coatings on Conducting and Insulating Substracts. 
2004. 
27. Sven Nõmm. Realization and Identification of Discrete-Time Nonlinear Systems. 
2004. 
28. Olga Kijatkina. Deposition of Copper Indium Disulphide Films by Chemical Spray 
Pyrolysis. 2004. 
29. Gert Tamberg. On Sampling Operators Defined by Rogosinski, Hann and Blackman 
Windows. 2004. 
30. Monika Übner. Interaction of Humic Substances with Metal Cations. 2004. 
31. Kaarel Adamberg. Growth Characteristics of Non-Starter Lactic Acid Bacteria from 
Cheese. 2004. 
32. Imre Vallikivi. Lipase-Catalysed Reactions of Prostaglandins. 2004. 
33. Merike Peld. Substituted Apatites as Sorbents for Heavy Metals. 2005. 
34. Vitali Syritski. Study of Synthesis and Redox Switching of Polypyrrole and Poly(3,4-
ethylenedioxythiophene) by Using in-situ Techniques. 2004.  
35. Lee Põllumaa. Evaluation of Ecotoxicological Effects Related to Oil Shale Industry. 
2004. 
36. Riina Aav. Synthesis of 9,11-Secosterols Intermediates. 2005. 
37. Andres Braunbrück. Wave Interaction in Weakly Inhomogeneous Materials. 2005. 
38. Robert Kitt. Generalised Scale-Invariance in Financial Time Series. 2005. 
39. Juss Pavelson. Mesoscale Physical Processes and the Related Impact on the Summer 
Nutrient Fields and Phytoplankton Blooms in the Western Gulf of Finland. 2005. 
40. Olari Ilison. Solitons and Solitary Waves in Media with Higher Order Dispersive 
and Nonlinear Effects. 2005. 
41. Maksim Säkki. Intermittency and Long-Range Structurization of Heart Rate. 2005. 
42. Enli Kiipli. Modelling Seawater Chemistry of the East Baltic Basin in the Late 
Ordovician–Early Silurian. 2005. 
43. Igor Golovtsov. Modification of Conductive Properties and Processability of 
Polyparaphenylene, Polypyrrole and polyaniline. 2005. 
44. Katrin Laos. Interaction Between Furcellaran and the Globular Proteins (Bovine 
Serum Albumin -Lactoglobulin). 2005. 
45. Arvo Mere. Structural and Electrical Properties of Spray Deposited Copper Indium 
Disulphide Films for Solar Cells. 2006. 
46. Sille Ehala. Development and Application of Various On- and Off-Line Analytical 
Methods for the Analysis of Bioactive Compounds. 2006. 
47. Maria Kulp. Capillary Electrophoretic Monitoring of Biochemical Reaction 
Kinetics. 2006. 
48. Anu Aaspõllu. Proteinases from Vipera lebetina Snake Venom Affecting 
Hemostasis. 2006. 
49. Lyudmila Chekulayeva. Photosensitized Inactivation of Tumor Cells by Porphyrins 
and Chlorins. 2006. 
50. Merle Uudsemaa. Quantum-Chemical Modeling of Solvated First Row Transition 
Metal Ions. 2006. 
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51. Tagli Pitsi. Nutrition Situation of Pre-School Children in Estonia from 1995 to 2004. 
2006. 
52. Angela Ivask. Luminescent Recombinant Sensor Bacteria for the Analysis of 
Bioavailable Heavy Metals. 2006. 
53. Tiina Lõugas. Study on Physico-Chemical Properties and Some Bioactive 
Compounds of Sea Buckthorn (Hippophae rhamnoides L.). 2006. 
54. Kaja Kasemets. Effect of Changing Environmental Conditions on the Fermentative 
Growth of Saccharomyces cerevisae S288C: Auxo-accelerostat Study. 2006. 
55. Ildar Nisamedtinov. Application of 13C and Fluorescence Labeling in Metabolic 
Studies of Saccharomyces spp. 2006. 
56. Alar Leibak. On Additive Generalisation of Voronoï’s Theory of Perfect Forms over 
Algebraic Number Fields. 2006. 
57. Andri Jagomägi. Photoluminescence of Chalcopyrite Tellurides. 2006. 
58. Tõnu Martma. Application of Carbon Isotopes to the Study of the Ordovician and 
Silurian of the Baltic. 2006. 
59. Marit Kauk. Chemical Composition of CuInSe2 Monograin Powders for Solar Cell 
Application. 2006.  
60. Julia Kois. Electrochemical Deposition of CuInSe2 Thin Films for Photovoltaic 
Applications. 2006. 
61. Ilona Oja Açik. Sol-Gel Deposition of Titanium Dioxide Films. 2007. 
62. Tiia Anmann. Integrated and Organized Cellular Bioenergetic Systems in Heart and 
Brain. 2007. 
63. Katrin Trummal. Purification, Characterization and Specificity Studies of 
Metalloproteinases from Vipera lebetina Snake Venom. 2007. 
64. Gennadi Lessin. Biochemical Definition of Coastal Zone Using Numerical Modeling 
and Measurement Data. 2007. 
65. Enno Pais. Inverse problems to determine non-homogeneous degenerate memory 
kernels in heat flow. 2007. 
66. Maria Borissova. Capillary Electrophoresis on Alkylimidazolium Salts. 2007. 
67. Karin Valmsen. Prostaglandin Synthesis in the Coral Plexaura homomalla: Control 
of Prostaglandin Stereochemistry at Carbon 15 by Cyclooxygenases. 2007. 
68. Kristjan Piirimäe. Long-Term Changes of Nutrient Fluxes in the Drainage Basin of 
the Gulf of Finland – Application of the PolFlow Model. 2007. 
69. Tatjana Dedova. Chemical Spray Pyrolysis Deposition of Zinc Sulfide Thin Films 
and Zinc Oxide Nanostructured Layers. 2007. 
70. Katrin Tomson. Production of Labelled Recombinant Proteins in Fed-Batch Systems 
in Escherichia coli. 2007. 
71. Cecilia Sarmiento. Suppressors of RNA Silencing in Plants. 2008. 
72. Vilja Mardla. Inhibition of Platelet Aggregation with Combination of Antiplatelet 
Agents. 2008. 
73. Maie Bachmann. Effect of Modulated Microwave Radiation on Human Resting 
Electroencephalographic Signal. 2008. 
74. Dan Hüvonen. Terahertz Spectroscopy of Low-Dimensional Spin Systems. 2008. 
75. Ly Villo. Stereoselective Chemoenzymatic Synthesis of Deoxy Sugar Esters 
Involving Candida antarctica Lipase B. 2008. 
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76. Johan Anton. Technology of Integrated Photoelasticity for Residual Stress 
Measurement in Glass Articles of Axisymmetric Shape. 2008. 
77. Olga Volobujeva. SEM Study of Selenization of Different Thin Metallic Films. 2008. 
78. Artur Jõgi. Synthesis of 4’-Substituted 2,3’-dideoxynucleoside Analogues. 2008.  
79. Mario Kadastik. Doubly Charged Higgs Boson Decays and Implications on 
Neutrino Physics. 2008. 
80. Fernando Pérez-Caballero. Carbon Aerogels from 5-Methylresorcinol-
Formaldehyde Gels. 2008. 
81. Sirje Vaask. The Comparability, Reproducibility and Validity of Estonian Food 
Consumption Surveys. 2008. 
82. Anna Menaker. Electrosynthesized Conducting Polymers, Polypyrrole and 
Poly(3,4-ethylenedioxythiophene), for Molecular Imprinting. 2009. 
83. Lauri Ilison. Solitons and Solitary Waves in Hierarchical Korteweg-de Vries Type 
Systems. 2009. 
84. Kaia Ernits. Study of In2S3 and ZnS Thin Films Deposited by Ultrasonic Spray 
Pyrolysis and Chemical Deposition. 2009. 
85. Veljo Sinivee. Portable Spectrometer for Ionizing Radiation “Gammamapper”. 2009. 
86. Jüri Virkepu. On Lagrange Formalism for Lie Theory and Operadic Harmonic 
Oscillator in Low Dimensions. 2009. 
87. Marko Piirsoo. Deciphering Molecular Basis of Schwann Cell Development. 2009. 
88. Kati Helmja. Determination of Phenolic Compounds and Their Antioxidative 
Capability in Plant Extracts. 2010. 
89. Merike Sõmera. Sobemoviruses: Genomic Organization, Potential for 
Recombination and Necessity of P1 in Systemic Infection. 2010. 
90. Kristjan Laes. Preparation and Impedance Spectroscopy of Hybrid Structures Based 
on CuIn3Se5 Photoabsorber. 2010. 
91. Kristin Lippur. Asymmetric Synthesis of 2,2’-Bimorpholine and its 5,5’-Substituted 
Derivatives. 2010. 
92. Merike Luman. Dialysis Dose and Nutrition Assessment by an Optical Method. 
2010. 
93. Mihhail Berezovski. Numerical Simulation of Wave Propagation in Heterogeneous 
and Microstructured Materials. 2010. 
94. Tamara Aid-Pavlidis. Structure and Regulation of BDNF Gene. 2010. 
95. Olga Bragina. The Role of Sonic Hedgehog Pathway in Neuro- and Tumorigenesis. 
2010. 
96. Merle Randrüüt. Wave Propagation in Microstructured Solids: Solitary and Periodic 
Waves. 2010. 
97. Marju Laars. Asymmetric Organocatalytic Michael and Aldol Reactions Mediated 
by Cyclic Amines. 2010. 
98. Maarja Grossberg. Optical Properties of Multinary Semiconductor Compounds for 
Photovoltaic Applications. 2010. 
99. Alla Maloverjan. Vertebrate Homologues of Drosophila Fused Kinase and Their 
Role in Sonic Hedgehog Signalling Pathway. 2010. 
100. Priit Pruunsild. Neuronal Activity-Dependent Transcription Factors and 
Regulation of Human BDNF Gene. 2010. 
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101. Tatjana Knjazeva. New Approaches in Capillary Electrophoresis for Separation 
and Study of Proteins. 2011. 
102. Atanas Katerski. Chemical Composition of Sprayed Copper Indium Disulfide 
Films for Nanostructured Solar Cells. 2011. 
103. Kristi Timmo. Formation of Properties of CuInSe2 and Cu2ZnSn(S,Se)4 Monograin 
Powders Synthesized in Molten KI. 2011. 
104. Kert Tamm. Wave Propagation and Interaction in Mindlin-Type Microstructured 
Solids: Numerical Simulation. 2011. 
105. Adrian Popp. Ordovician Proetid Trilobites in Baltoscandia and Germany. 2011. 
106. Ove Pärn. Sea Ice Deformation Events in the Gulf of Finland and This Impact on 
Shipping. 2011. 
107. Germo Väli. Numerical Experiments on Matter Transport in the Baltic Sea. 2011. 
108. Andrus Seiman. Point-of-Care Analyser Based on Capillary Electrophoresis. 2011. 
109. Olga Katargina. Tick-Borne Pathogens Circulating in Estonia (Tick-Borne 
Encephalitis Virus, Anaplasma phagocytophilum, Babesia Species): Their Prevalence 
and Genetic Characterization. 2011. 
110. Ingrid Sumeri. The Study of Probiotic Bacteria in Human Gastrointestinal Tract 
Simulator. 2011. 
111. Kairit Zovo. Functional Characterization of Cellular Copper Proteome. 2011. 
112. Natalja Makarytsheva. Analysis of Organic Species in Sediments and Soil by High 
Performance Separation Methods. 2011. 
113. Monika Mortimer. Evaluation of the Biological Effects of Engineered 
Nanoparticles on Unicellular Pro- and Eukaryotic Organisms. 2011. 
114. Kersti Tepp. Molecular System Bioenergetics of Cardiac Cells: Quantitative 
Analysis of Structure-Function Relationship. 2011. 
115. Anna-Liisa Peikolainen. Organic Aerogels Based on 5-Methylresorcinol. 2011. 
116. Leeli Amon. Palaeoecological Reconstruction of Late-Glacial Vegetation Dynamics 
in Eastern Baltic Area: A View Based on Plant Macrofossil Analysis. 2011. 
117. Tanel Peets. Dispersion Analysis of Wave Motion in Microstructured Solids. 2011. 
118. Liina Kaupmees. Selenization of Molybdenum as Contact Material in Solar Cells. 
2011. 
119. Allan Olspert. Properties of VPg and Coat Protein of Sobemoviruses. 2011. 
120. Kadri Koppel. Food Category Appraisal Using Sensory Methods. 2011. 
121. Jelena Gorbatšova. Development of Methods for CE Analysis of Plant Phenolics 
and Vitamins. 2011. 
122. Karin Viipsi. Impact of EDTA and Humic Substances on the Removal of Cd and 
Zn from Aqueous Solutions by Apatite. 2012. 
123. David Schryer. Metabolic Flux Analysis of Compartmentalized Systems Using 
Dynamic Isotopologue Modeling. 2012. 
124. Ardo Illaste. Analysis of Molecular Movements in Cardiac Myocytes. 2012. 
125. Indrek Reile. 3-Alkylcyclopentane-1,2-Diones in Asymmetric Oxidation and 
Alkylation Reactions. 2012. 
126. Tatjana Tamberg. Some Classes of Finite 2-Groups and Their Endomorphism 
Semigroups. 2012. 
127. Taavi Liblik. Variability of Thermohaline Structure in the Gulf of Finland in 
Summer. 2012. 
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128. Priidik Lagemaa. Operational Forecasting in Estonian Marine Waters. 2012. 
129. Andrei Errapart. Photoelastic Tomography in Linear and Non-linear 
Approximation. 2012. 
130. Külliki Krabbi. Biochemical Diagnosis of Classical Galactosemia and 
Mucopolysaccharidoses in Estonia. 2012. 
131. Kristel Kaseleht. Identification of Aroma Compounds in Food using SPME-
GC/MS and GC-Olfactometry. 2012. 
132. Kristel Kodar. Immunoglobulin G Glycosylation Profiling in Patients with Gastric 
Cancer. 2012. 
133. Kai Rosin. Solar Radiation and Wind as Agents of the Formation of the Radiation 
Regime in Water Bodies. 2012.  
134. Ann Tiiman. Interactions of Alzheimer’s Amyloid-Beta Peptides with Zn(II) and 
Cu(II) Ions. 2012. 
135. Olga Gavrilova. Application and Elaboration of Accounting Approaches for 
Sustainable Development. 2012. 
136. Olesja Bondarenko. Development of Bacterial Biosensors and Human Stem Cell-
Based In Vitro Assays for the Toxicological Profiling of Synthetic Nanoparticles. 2012. 
137. Katri Muska. Study of Composition and Thermal Treatments of Quaternary 
Compounds for Monograin Layer Solar Cells. 2012. 
138. Ranno Nahku. Validation of Critical Factors for the Quantitative Characterization 
of Bacterial Physiology in Accelerostat Cultures. 2012. 
139. Petri-Jaan Lahtvee. Quantitative Omics-level Analysis of Growth Rate Dependent 
Energy Metabolism in Lactococcus lactis. 2012. 
140. Kerti Orumets. Molecular Mechanisms Controlling Intracellular Glutathione 
Levels in Baker’s Yeast Saccharomyces cerevisiae and its Random Mutagenized 
Glutathione Over-Accumulating Isolate. 2012. 
141. Loreida Timberg. Spice-Cured Sprats Ripening, Sensory Parameters Development, 
and Quality Indicators. 2012. 
142. Anna Mihhalevski. Rye Sourdough Fermentation and Bread Stability. 2012. 
143. Liisa Arike. Quantitative Proteomics of Escherichia coli: From Relative to Absolute 
Scale. 2012. 
144. Kairi Otto. Deposition of In2S3 Thin Films by Chemical Spray Pyrolysis. 2012. 
145. Mari Sepp. Functions of the Basic Helix-Loop-Helix Transcription Factor TCF4 in 
Health and Disease. 2012. 
146. Anna Suhhova. Detection of the Effect of Weak Stressors on Human Resting 
Electroencephalographic Signal. 2012. 
147. Aram Kazarjan. Development and Production of Extruded Food and Feed Products 
Containing Probiotic Microorganisms. 2012. 
148. Rivo Uiboupin. Application of Remote Sensing Methods for the Investigation of 
Spatio-Temporal Variability of Sea Surface Temperature and Chlorophyll Fields in the 
Gulf of Finland. 2013. 
149. Tiina Kriščiunaite. A Study of Milk Coagulability. 2013. 
150. Tuuli Levandi. Comparative Study of Cereal Varieties by Analytical Separation 
Methods and Chemometrics. 2013. 
151. Natalja Kabanova. Development of a Microcalorimetric Method for the Study of 
Fermentation Processes. 2013. 
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152. Himani Khanduri. Magnetic Properties of Functional Oxides. 2013. 
153. Julia Smirnova. Investigation of Properties and Reaction Mechanisms of Redox-
Active Proteins by ESI MS. 2013. 
154. Mervi Sepp. Estimation of Diffusion Restrictions in Cardiomyocytes Using Kinetic 
Measurements. 2013. 
155. Kersti Jääger. Differentiation and Heterogeneity of Mesenchymal Stem Cells. 
2013. 
156. Victor Alari. Multi-Scale Wind Wave Modeling in the Baltic Sea. 2013. 
157. Taavi Päll. Studies of CD44 Hyaluronan Binding Domain as Novel Angiogenesis 
Inhibitor. 2013. 
158. Allan Niidu. Synthesis of Cyclopentane and Tetrahydrofuran Derivatives. 2013. 
159. Julia Geller. Detection and Genetic Characterization of Borrelia Species 
Circulating in Tick Population in Estonia. 2013. 
160. Irina Stulova. The Effects of Milk Composition and Treatment on the Growth of 
Lactic Acid Bacteria. 2013. 
161. Jana Holmar. Optical Method for Uric Acid Removal Assessment During Dialysis. 
2013. 
162. Kerti Ausmees. Synthesis of Heterobicyclo[3.2.0]heptane Derivatives via 
Multicomponent Cascade Reaction. 2013. 
163. Minna Varikmaa. Structural and Functional Studies of Mitochondrial Respiration 
Regulation in Muscle Cells. 2013. 
164. Indrek Koppel. Transcriptional Mechanisms of BDNF Gene Regulation. 2014. 
165. Kristjan Pilt. Optical Pulse Wave Signal Analysis for Determination of Early 
Arterial Ageing in Diabetic Patients. 2014. 
166. Andres Anier. Estimation of the Complexity of the Electroencephalogram for Brain 
Monitoring in Intensive Care. 2014. 
167. Toivo Kallaste. Pyroclastic Sanidine in the Lower Palaeozoic Bentonites – A Tool 
for Regional Geological Correlations. 2014. 
168. Erki Kärber. Properties of ZnO-nanorod/In2S3/CuInS2 Solar Cell and the 
Constituent Layers Deposited by Chemical Spray Method. 2014. 
169. Julia Lehner. Formation of Cu2ZnSnS4 and Cu2ZnSnSe4 by Chalcogenisation of 
Electrochemically Deposited Precursor Layers. 2014. 
170. Peep Pitk. Protein- and Lipid-rich Solid Slaughterhouse Waste Anaerobic Co-
digestion: Resource Analysis and Process Optimization. 2014. 
171. Kaspar Valgepea. Absolute Quantitative Multi-omics Characterization of Specific 
Growth Rate-dependent Metabolism of Escherichia coli. 2014. 
172. Artur Noole. Asymmetric Organocatalytic Synthesis of 3,3’-Disubstituted 
Oxindoles. 2014. 
173. Robert Tsanev. Identification and Structure-Functional Characterisation of the 
Gene Transcriptional Repressor Domain of Human Gli Proteins. 2014. 
174. Dmitri Kartofelev. Nonlinear Sound Generation Mechanisms in Musical Acoustic. 
2014. 
175. Sigrid Hade. GIS Applications in the Studies of the Palaeozoic Graptolite Argillite 
and Landscape Change. 2014. 
176. Agne Velthut-Meikas. Ovarian Follicle as the Environment of Oocyte Maturation: 
The Role of Granulosa Cells and Follicular Fluid at Pre-Ovulatory Development. 2014. 
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177. Kristel Hälvin. Determination of B-group Vitamins in Food Using an LC-MS 
Stable Isotope Dilution Assay. 2014. 
178. Mailis Päri. Characterization of the Oligoadenylate Synthetase Subgroup from 
Phylum Porifera. 2014. 
179. Jekaterina Kazantseva. Alternative Splicing of TAF4: A Dynamic Switch between 
Distinct Cell Functions. 2014. 
180. Jaanus Suurväli. Regulator of G Protein Signalling 16 (RGS16): Functions in 
Immunity and Genomic Location in an Ancient MHC-Related Evolutionarily Conserved 
Synteny Group. 2014. 
181. Ene Viiard. Diversity and Stability of Lactic Acid Bacteria During Rye Sourdough 
Propagation. 2014. 
182. Kristella Hansen. Prostaglandin Synthesis in Marine Arthropods and Red Algae. 
2014. 
183. Helike Lõhelaid. Allene Oxide Synthase-lipoxygenase Pathway in Coral Stress 
Response. 2015. 
184. Normunds Stivrinš. Postglacial Environmental Conditions, Vegetation Succession 
and Human Impact in Latvia. 2015.  
185. Mary-Liis Kütt. Identification and Characterization of Bioactive Peptides with 
Antimicrobial and Immunoregulating Properties Derived from Bovine Colostrum and 
Milk. 2015. 
186. Kazbulat Šogenov. Petrophysical Models of the CO2 Plume at Prospective Storage 
Sites in the Baltic Basin. 2015. 
187. Taavi Raadik. Application of Modulation Spectroscopy Methods in Photovoltaic 
Materials Research. 2015. 
188. Reio Põder. Study of Oxygen Vacancy Dynamics in Sc-doped Ceria with NMR 
Techniques. 2015. 
189. Sven Siir. Internal Geochemical Stratification of Bentonites (Altered Volcanic Ash 
Beds) and its Interpretation. 2015.  
190. Kaur Jaanson. Novel Transgenic Models Based on Bacterial Artificial 
Chromosomes for Studying BDNF Gene Regulation. 2015. 
191. Niina Karro. Analysis of ADP Compartmentation in Cardiomyocytes and Its Role 
in Protection Against Mitochondrial Permeability Transition Pore Opening. 2015. 
192. Piret Laht. B-plexins Regulate the Maturation of Neurons Through Microtubule 
Dynamics. 2015. 
193. Sergei Žari. Organocatalytic Asymmetric Addition to Unsaturated 1,4-Dicarbonyl 
Compounds. 2015. 
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