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EMODnet Geology data products
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Quatamary), Geomorphological features of the sea-foor
« Coastal behavior (migraficn, typs and vainersbility)
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geological data across Europe and Caribbean | I
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v' Multiscale seabed-substrate maps and
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datasets are crucsl for

applications induding mmwm ] fipend) and e Fet This joint project between the Geological Survey of Finland GTK and the Finnish
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work focuses spsuﬁcalyen in sr!u marine Dbssmanms that fall within the scope
of the European Marnne Observation and Data Network (EMODnet). The project

2. Marine Data Security Assessment
The the

for sharing marine data, considening
issues related to the Act on Temitorial Surveillance and aspects of national
security. This work is camied out in cooperation with the Defence Command of the
Finnish Defence Forces.

3. Organising National EMODnet Activities and ot i oral
Participation

This task develops Finland's national EMODnet coordination model amang
institutions delivering marine data to EMODnet. It also supports Finland's
preparation for participation in the new EMODnet supporting organisation.
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A WEB-BASED TOOL FOR THE EFFECTIVE INTEGRATION
OF ECOSYSTEM FUNCTIONING INTO MARINE
CONSERVATION AND SPATIAL PLANNING

Marie C. Nordstrom?, F.R. Barboza?, A.
Kaasik?, M. Fetissov?, J. Kotta?

!Department of Env. Sciences, University of Helsinki
2Estonian Institute of Marine Research, University of Tartu

v’ Spatial analysis of biological
communities and energy
fluxes, aiding in assessments
of how cumulative impacts
and shifts in biodiversity
translate into ecosystem
functioning
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Analysing Finnish Glider Data
with unsupervised Machine
Learning Algorithms

Kimmo Tikka, Ivia Closset, Laura Tuomi
Finnish Meteorological Institute

With increasing amount measured profiles we tried to answer a
question:

"How do we identify (dis-)similar profiles of glider data?"

For this, we applied unsupervised learning methods to the glider
data.

We may use our results to:

1) Quality check (glider) profiles data,

2) Find anomalies using several parameters,
3) Recognize dynamical changes in the ocean,
4) Evaluate ocean models,

5) Automate glider piloting and

6) Optimize data transmission
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Analysing Finnish Glider Data with Unsupervised

Machine Learning Algorithms

Kimmo Tikka', [viaClosset'and LauraT womi’

1 Finnish Meteorological Institute, Marine Research, Helsinki, Finland
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Introduction

The Baltic Sea is a shallow marginal sea
with stratified brackish waters. It con-
sists of consecutive sub-basins that are sep-
arated by underwater sills. The Central
Baltic Sea’s deep waters are in environ-
mentally poor condition, but the basins of
the Aland Sea and the Gulf of Bothnia are
still ecologically healthy. Thus water ex-
change, especially deep water exchange is
important. Since 2016, as a part of FMIs
study on the water exchange between the
underwater sills separated sub-basins of the
Baltic Sea, we have deployed our Slocum
G2 and Slocum G3 gliders for 11 up to one
month and several hundreds of kilometres
long missions in the Bothnian Sea area col-
lection over 43000 profiles.

Figure 1:FMI glider missions in the Bothnian Sea.

Autonomous measurements with gliders
and ARGO buoys produce the majority
of oceancgraphic observations. Temporally
and spatially dense measurements enable a
more accurate picture of the state of the sea
and subsurface processes. Huge datasets
also give opportunities to improve the mod-
els in use. However, a large number of pro-
files means new challenges for quality con-
trol. Effective detection of dynamical pro-
vesses and anomalies from vast datasets re-
quires new processing methods.

Study area and data

Cur research area is the Bothnian Sea, the
Southern part of the Gulf of Bothnia. Reg-
ular monitoring stations are visited three
to four times a year in the area. The in-
termediate, above the halocline waters, of
the Baltic Proper usually flow to the North
along the basins and are supposed to keep
the deep waters of the Bothnian Sea fresh
and healthy.

Figure 2:The Bothnian Sea and the path of the
B5201% mission. Profile sample positions marked

with & square.

The path of our BS2019 mission first fol-
lowed the southern slope of the Bothnian
Sea's deep and the deep itself, collecting
more than 6200 profiles of which we chose
four groups of profiles with various profile
shapes for further analysis.

Figure 3The groups of the study sample CT-
profiles.

Methods

This study used unsupervised machine
learning algorithms to cluster the profiles
according to their shape. Our method, the
Dynamic Time Warping {DTW) algorithm
and KMeans clustering, has been widely
recognized as an efficient but computation-
ally extensive method for clustering,

Results

In cluster analysis, an important decision
is how many clusters to use, which metrics
and algorithm to use. In our limited test
case, using 6 clusters gave satisfactory re-
sults. Groups 1 and 4 where classified into
two clusters 143 and 2&5, and groups 2
and 3 dropped into clusters 4 and 0.

Figure 4:The heat map of the sample of 56 profiles.

L

3 K.E'
Figure 5:Cluster centroids with 6 clusters.

Using the centroids of the cluster, we can
calculate distances between them and the
profiles of the example segment.

Figure 6:S8ample segment of BS2019 and profiles
dtw-dstances to cluster centroids. Profile sample

positions marked with & square.

Conlucions

Our use of KMeans clustering with DT'W
in analyzing glider datasets is a novel ap-
proach. Ewven with a small test sam-
ple and just six clusters, we were able to
demonstrate how the profiles of an exam-
ple segment can be meaningfully classified.
This opens up exciting possibilities for fur-
ther analysis, particularly with multivari-
ate profiles of varying lengths.




Comparing methods of phytoplankton quantification

|
I Mari Vanharanta, Kaisa Kraft, Mikko Impio
Finnish ' s 'y
o m a I n m et o S o () Envirenment Institute Jukka Seppala & Lumi Haraguchi m_,
syke fi | ymparisto.fi w

Contact: marl vanhamnta@syke i My

R h . Finnish Envil Institute, Helsinki

During the past decade, the traditional phytoplankton quantification method, light microscopy, has been complemented by single-:\
cell-based techniques but comparisons among these methodologies remain limited. The pulse-shape recording flow cytometry

provides distinction of functional groups whereas imaging flow cytometry combines the high throughput of flow cytometry with the
imaging capabilities of microscopy, offering a significant potential to enhance the monitoring of marine microbial populations. This

| |
study assesses outputs of different phytoplankton gquantification methods: the pulse-shape recording CytoSense (CytoBuoy), the
Imaging FlowCytobot (McLane Labs) and light microscopy. J
Mathodology Data _ Workflow

% \
7 Maring seples T ‘_“ Calllamant G @search questions \
" + ¥ 4 | = What are the main differences in performance
e amongthe three phytoplankton quantification

methods?
What are the main sources of uncertainty
associated with each method across its
analytical workflow?

Comparison of the distbetion of How does the choice of instrument influence the
e e final biovolume estimates?
How comparable are manual vs algorithm-based
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We compare cell counts, particle size e \

+ High taxonomic accuracy + High sampling frequency -

+ Established methodology, long traditions + Fast processing of samples in vivo
- Low sampling frequency + Possibility for autonomous e
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distributions, and biovolume estimates bl P, s A e e e
’ - Sample preservation needed - Uncertainties in biomass csnmatinn/ Counts of cyancbaclerda Maments In marne samples measured with
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imaging flow cytometry.
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Diskibulion of Equivalent Spherical Diameter (1sm] of ol observed parficles In marine samgiles analysed with
different methods: CyloSense, IFCB and Bght microscopy. Data collected over six days.

/conclusions

* Differences in the detected counts of filamentous
cyanobacteria may stem from, e.g., the varying size
ranges of particles analysed by each method.
Pairwise comparisons of manually measured
biovolumes from the two  single-cell-based
technigues (IFCB and CytoSense) show significant
differences for most cultured species.

* The distribution of eguivalent spherical diameter
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Life in the Fast Lane: challenges and solutions in
automated phytoplankton analysis in the Baltic Sea

Kraft K.', Haraguchi L.}, Suikkanen S.7, Seppala J.!, Hallfors H',

Eerola T.2, Kareinen J.2, Immonen V.2, Lensu L.2, Kalvidinen H.23
'Finnish Environment Institute; 2Lappeenranta Lahti University of
Technology; 3Brno University of Technology

v' Automated flow and imaging flow cytometry instruments enable the
collection of novel high-frequency phytoplankton information

v' Several issues persist, hampering the steps towards operational use
of automated plankton observations and automated recognition

v" Open set classification opens the venue for the detection of taxa
unprecedented in the training set (e.qg., different seasons/locations)

v" Detection of anomalies enables going beyond taxa (e.g., detection of
the presence of parasites)

v' Pre-training with large amounts of unlabeled data is beneficial for
small classes

v' Development of multi-modal classification methods allows
classification of auxiliary data (e.g., pulse shape profiles without
images)

v Efforts for harmonized labeling and to minimize label uncertainty are

, an important foundation for developing automated recognition
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Life in the Fast Lane: challenges and solutions in
@./ automated phytoplankton analysis in the Baltic Sea

Kraft K.", Haraguchi L.", Suikkanen S.”, Seppala J.", Hillfors H,

Finnish Eerola T, Kareinen J.2, Immonen V%, Lensu L2, Kélvidinen H. % LUT
) Envirenment Institute kmisa. kraftSsyhe fi University
*Finnish Envi Institute; 7L Lahti University of Tachnalagy: *Bena Univarsity of Tachnology

Automated flow and imaging flow cytometry enable the collection of high-frequency data, facilitating the observation of multiscale
dynamics of phytoplankton in time andfor space, which are needed to understand the complex and swiftly changing phytoplankton
communities. The unprecedented data wolumes require novel methods for automated processing of raw data into ecologically
meaningful information. Data flows and classification algorithms for automated data processing have been developed in the nationally
funded projects FASTVISION and FASTVISION-plus. We reviewed previcusly developed methods for automated plankton recognition,
identifying nine issues hampering the steps towards operational use. Our work highlights the development of automated recognition
methods utilizing unlabeled pre-training, identifying anomalies (e.g., parasites), and architectures for multi-modal and open set
classification systems. We also collaborate with regional phytoplankton experts to assess the uncertainty in annotated datasets and to
aim at harmonizing the labeling. The results can be applied to other aquatic environments and organisms.

Esea rch highlights

Sewveral issues persist, hampering the steps towards operational
use of automated plankton systems and recognition

* Open set classification opens the venue for the detection of taxa
unprecedented in the training set (e.g., different seasons/locations)

* Detection of anomalies enables going beyond taxa (e.g., detection
of the presence of parasites)

* Pre-training with large amounts of unlabeled data is beneficial for
small classes

* Development of multi-meodal classification methods allows
classification of auxiliary data (e.g., pulse shape profiles without
images)

* [Efforts for harmonized labeling and to minimize label uncertainty
are an important foundation for developing automated recognitiﬂ

Training data :
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Locally Significant
Marine Underwater
Nature Areas (PEMMA)

Finnish Environment Institute
Parks & Wildlife Finland

> |dentifies locally significant marine
underwater nature areas

> Areas are expert revised and all final
selections are based on existing data

> Done in strong cooperation with local
stakeholders

> End product easy to use in spatial planning
and environmental management

> Can be replicated in other areas where
species and habitat data are available

Suomen ympéiristdkeskus 4 METSAHALLITUS - o
Finlands miljcentral k FORSTSTY'RELSEN VE LMU
: Finnish Environment Institute MEAHCIRADBEHUS "
sykefi | ymparisto.fi iki', Louise , Niko Kallio!, Essi Kesk , Lauri 17, Las né, Marco Murmi®, Elina Virtanen!, Markiu Viftasalo!
" Inutiua, ¢ Parks & Tarios Ustveruity of Agplies Scisscan, Aba Akaersi University

FTEErT

Locally Significant Marine
Underwater Nature Areas

(PEMMA)

The Lacally Significant Marine Underwater Nature Areas (Finnish acronym:
PEMMA) are a locally scaled application of the EBSA (Ecologically or Biologically
Significant Marine Areas) process, defined by the UN Convention on Biclogical
Diversity (CBD). The PEMMAs are produced under Velmu = the Finnish Inventory
Programme for Underwater Marine Diversity.

PEMMA is a local application of
EB3A

PEMMAs are identified based on the
criteria used in the CBD EBSA process,
describing the uniquensss of the arsas,
their importance fo species’ ife cycles,
significance for endangerad species ar
habitats, ser y of ecological
components, bislogical diversity
naturalness.

The same criteria have also been used at
the national level, to describe Ecologically
Significant Undenwater Marine Areas
{Finnish acromym: EMMA] in 2020 {Fig. 1).
EMMAs ware used in the maritime spatial
plans of Finland.

The preparatory work of PEMMA is
supported by statistical modeds, spatial
prionitization by Zonation, existing and new
underwater nature cbeervation data,
literature, and expert knowledge.

Area delineations are developed in
workshops in collaboration with marine
nature experts and local stakeholders. The
final PEMMA delineations are atways
based on existing data.

Many cities and municipalities in
Finland have strategic goals related to
sustainable area use and nature
conservation. PEMMAs support reaching
thess goals. for example, by informing
about the locations of valuable nature
features.

The EMMA and PEMMA processes have
been described in reports (Lappalainen et
&l. 2020; Kuismanen et &, 2023, 2024),
and they can be replicated in any sea
area, from which sufficient data on
undenvater nature exists.

Archipelago Sea PEMMA - The
Second PEMMA process in Finland

The first PEMMA process was completed
in 2024 as a pilot for the Capital City area
{Fig. 2, whera 22 ecologically significant
areas were identified. The thres most
frequently met criteria were endangersd
status of specikes or habitat fypes,
biclogical diversity, and areas of
importance for fife cycles.

In the Archipalage Sea PEMMA (Fig. 3).
the same procese is repeated to identify
the locally most significant marine
underwater nature areas in a larger area
encompassing 10 municipalities. The work
i cumrently ongoing, and the results will be
made public in August 2026 (Fig. 4).

« Preliminary analysis of data
+ Planning fiald work

« Fiald work
1+ Compiling data

= Workshops.
* Finished PEMMAs

fig. 4 Timetable for Archipelogo Sea PEMMS
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M_u_dd bedforms and Sediment Dynamics in.the

Muddy bedforms and Sediment [emyim e
Dynamics in the Lapuanjoki ' |
Estuary in the Baltic Sea

Meri Sahiluoto, Aarno Kotilainen, Marine Poizat
Geological Survey of Finland

fim

The Lapuanjoki estuary is a predominantly shallow coastal
system where fine sediments accumulate near the river mouth
and wave-driven processes increasingly influence the seabed
offshore, As part of the Finnish-Swedish SeaMoreEco project
(2023-2025), seafloor characteristics and  bathymetry were
mapped using a R2Sonic 2022 multibeam echosounder,
sediment sub-bottom profilers, reflection scismic sounding,
and side-sean sonar. The data were collected and processed
using  Meridata  software.  The  swdy  wilized  research
infrastructure facilities provided by FINMARL

EEDEN

FL The study revealed a field of elongated linear bedlorms within a
narrow chunnel opening toward the sea. The scubed is primurily
compaosed of organic-rich mud. In exposed areas, there are lincar
wavy hedfonms with heights of (.1-06m and wavelengths of
= 1hm. These dunes, composed of mixed mod and syttja clay,

v Elongated muddy dune-like formations
were revealed in the Lapuanjoki estuary

dominant currents, wind-driven flows, wave action, and sediment
cohesiveness, although the controlling factors remain uncertain,

during multibeam surveys | .
v Preliminary analyses show trends
consistent with the bathymetry
v Further work requires detailed information

Hm

A new Interreg Anrora—funded project called [IIDDEN {Ilabitat Investigation
in Diverse and Dynamic Estuarine Neterorks) beginning in 2026 will continue
this work, enabling further investization of sedument dynamics in the
Lapuanjeki esmary. The project will deploy a benthic lander equipped with
sensors capable of quantifying organic and norganic particle Muxes of the
benthic layer. The measurements will improve understanding of sediment
transport processes and their role in maintaining and shaping the observed
dune  struetures. Upcoming  studies will  include  sediment  wansport
MCAsUTeTents 0 asscss particle size distribution, particle concentration,
current velocity and centimeter-seale seafloor change. Fulure work will also
focus om relining the dawa for more detailed bed form analysis.

i Bl

on sediment transport . HJ; -

|JWT|.*

v The Interreg Aurora—funded HIDDEN s

The duncs momhology wis characterized using the DEM of the
" n [] [] u study area. Preliminary indicate spatial variability in dune
roject will continue this research using a o R e
the area. the dunes are higher und exhibit steeper slopes, whereas
in the south they are lower with more gentle gradients, The dunes

are also higher on the eastern side compared to the westem side,

benthic lande
n I n r Authors: Sahilueto, M., Kotilainen, A.T., Poizal, M.
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Effects of a novel invasive predator on
Invertebrate community across decades

Lars Pelikan', Amy E. Fowler?, Eino Nousiainen’, Niklas Kjell

Ratajczak’, Veijo Jormalainen’

1University of Turku, Department of Biology, Vesilinnantie 5, FI-20014 Turku, Finland
2George Mason University, Environmental Science & Policy Department, 4400 University Drive, Fairfax, VA
22030, USA

v' The invasive crab Rhithropanopeus harrisii,
a novel predator, is increasing its
distribution range in the Archipelago Sea

v' Many native littoral invertebrate species
decrease in abundance following the
Invasion

v' Community composition shifts from grazer
dominated towards deposit feeder
dominated communities
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Effects of a novel invasive predator on invertebrate
community across decades

Lars Pelikan'*, Amy E. Fowler?, Eino Nousiainen?, Niklas Kjell Ratajczak?®, Veijo Jormalainen?

University of Turku, Department of Biology, Finland; *lars.pelikan@utu.fi;?George Mason University, Environmental Science & Policy Department, USA

Sea shifted over decades? mesh bag underwater and cutting the stipe at the distal disk.

. A « All associated invertebrate species were identified and
* If so, can the shift be explained by the counted.

i )
(" Research questions W4 Methods
* Has Fucus-associated macroinvertebrate + In 1998, 2015 and 2024, Fucus vesiculosus thalli (n=10-20)
community composition in the Archipelago were collected from several sites by enclosing the thallus in a

introduction of the novel predator
\_ Rhithropanopeus harrisii? )

N

/" Results

Community composition shifted from little variation and no
crab in 1998 towards much more variable composition in
invaded years (arrows indicating increasing abundance)

Rhithro - No -

ce (individuals / Fucus)

undan

Aby

3 5 7 KL
invasion (10 km radius)

7 T — e T 3 5 7§ n® s
. ) e X . Years since invasion (10 km radius) Years since i
Sites with R. harrisii have a much more variable community

composition than sites without it Abundance of /. balthica and T. fluviatilis has decreased with years
since invasion of R. harrisii

13

Conclusion
N * Community composition is shifting from
H grazer dominated towards deposit
feeder dominated communities

* This shift in community composition can
be explained by the invasion of R.
harrisii

Community composition has shifted gradually with the
\_ duration of invasion of R. harrisii AN

J\

This study utilised marine research infrastructure at the Archipelago Research Institute as a part of the national FINMARI RI consortium




Temporal Changes in tOtaI CyanObaCteria Temporal changes in total cyanobacteria biomass in the
biomass in the Northern Baltic Sea during Northern Baltic Sea during July—August 1991—2023
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Linking phytoplankton traits and
air-sea carbon exchange

A.M. Lewandowska, P. Hedberg, C. Uth, M. Brunberg,
N-X. Geilfus

Tvarminne Zoological Station, University of Helsinki

v Spring diatom bloom accumulates nearly
double amount of carbon compared to
cyanobacteria bloom

v Methane emissions contribute < 0.5% to the
total carbon flux, even under most extreme
warming scenario with the highest
cyanobacteria dominance
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LINKING PHYTOPLANKTON TRAITS AND
AIR-SEA CARBON EXCHANGE

ALEKSANDRA M. LEWANDOWSKA, PER HEDBERG, CATHARINA UTH,
MARTA BRUNBERG, NICOLAS-XAVIER GEILFUS

TVARMINNE ZOOLOGICAL STATION, UNIVERSITY OF HELSINKI

RATIONALE

Phytoplank bl are considered a major carbon sink on

Earth yet climate warming and changing phytoplankton

community composition both affect their carbon accumulation

capacity and export to the seafloor.

We quantified €0, and CH, fluxes in seasonal mesocosm

warming experiments with natural and manipulated Baltic Sea

plankton assemblages to test:

(1) What proportion of carbon is accumulated by the
phytoplankton bloom, and

(2} Whether maaningful methane emissions can be detected

CYANOCBACTERIA
BLOOM

Figure 1. Daily air-sea fluxes of CO2 measured at the Eddy covariance flux
tower offshore Twirminne Zoological Station [Vha et al, in prep.). The
blue and red boxes correspond to the tming of the experiments in 2023,

}'fﬂ ~s"ﬁ{ﬁ‘£ )
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DIATOM BLOOM

Spring diatom bloom accumulated nearly double amount of
carbon compared to the summer cyanobacteria bloom, and
warming by 4.8°C increased carbon uptake rates by ~20%.
Methane emissions contributed < 0.5% to the total carbon flux in
both temperature scenarlos, Decrease in diatom dominance for
the benefit of dinoflagellates did not have significant effects on
carbon fluxes.

S N

CYANOBACTERIA BLOOM
Carbon turnover during summer cyanobacteria bloom was faster
than in spring, leading to higher CO, and CH, emissions.
Warming by 4.8°C initially tumed the experimental ecosystem
into carbon source, but this effect did not correspond to the
enhanced proportion of cyanobacteria, suggesting that higher
metabalic activity of heterotrophs and mixotrophs with warming

'-\might have been the primary cause of carbon emissions.
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Flgure 2. Daily net carbon flukes [A, C, E, G, and daify net carbon fluxes normalized by phytoplankton biomass [[POC maol:mal); B, D, F, H] during diatom [A-D]
and cyanobacteria [E-H] bloom at amblent [A, B, E, F] and +4.8'C warming [C, D, G, H] scenario. CO; In blue and CH, in red. CH, trends are zoomed in for better
wisibility. Saltires represent sampling occasions (with replicates). 100-years CO, equivalent was used for CHyquotas.

METHODS: The indoor mesocosm experiments (one during the saring distom bloom and ane during the summer cyancbacteria bloom) lasted five weeks, during which gas
fluxes of 00, and CHy [using gas accumnulation chamber technique), particulate organic carbon, and other biologicsl and | variables were At the

beginning of the experiments phytopl,

ion and tem persture were manipulated to mimic !u:ure warming [+4.87C) scenarios that included predictions

P
of ehanging plankton cammiinity composilion towards weaker distoms dominsnice in spring and greater eyanob i i SUmEr ized lait square models
| GLS) necounting for temporal autocorrelation and keteroscedasticity were applied to test statistical significance.
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Integrating Molecular and Physiological
Approaches for Climate-change Tolerance in

Seagrass

Sarah Ruhmkorff, Giannina Hattich, Christian Pansch
Abo Akademi University

v" Microclimates shape thermal
performance of seagrass

v Seagrass interaction with bivalves can
influence seagrass thermal performance

v Non structural carbohydrates in seagrass
below and aboveground biomass can
help to predict seagrass performance

v" Investigation of thermal performance of
seagrass is important to determine
seagrass ability to tolerate changing
temperatures in future
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Geodiversity of the Aland Seafloor:
Geological Mapping for Biodiversea LIFE IP

Virtanen, S., Jokinen, S., Kaskela, A., Sahiluoto, M., Sainio, A. and Sanila, N.

Geological Survey of Finland

v" The aim of the project is to strengthen the
ecological state of the Baltic Sea

v Fieldwork in the four study areas
combined seismo-acoustic methods and

surface sediment sampling

v Geological mapping revealed a diverse
and active seabed, with contrasting hard
and soft substrates that can support a
wide range of seafloor habitats
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Geodiversity of the Aland Seafloor: Geological Mapping for Biodiversea LIFE IP

Authors: Virtanen, $., Jokinen, §., Kaskela, A., Sahiluoto, M., Sainio, A. and Sanila N.
Geological Survey of Finland, Environmental Solutions,

Marine Geology Research Services, Espoo, Finland

*Corresponding author: satu.virtanen@gtk.fi

Introduction

The Biodiversea LIFE IP project (2021-2029) brings together a broad group of organizations working to strengthen the
ecological state of the Baltic Sea and promote sustainable marine use. As part of this project, GTK has conducted
detailed marine geological surveys in the waters surrounding the Aland Islands, producing information that supports
local conservation and planning (Fig. 1). The project is coordinated by Metsahallitus and implemented in cooperation
with GTK, BSAG, SYKE, the Ministry of the Environment, LuKe, Turku University of Applied Sciences, Abo Akademi
University and the Aland Provincial Government.

£

< G

Biodiversea Life IP
Seabed substrate map

Figure 1, LIFE IP Biodiversea Marine Geologival study areas Figure 3. Seabed substrote map of Southern Aland study area.

Methods Results & Discussion

The Southern study area (Fig. 3) is dominated by rocky
reefs formed by exposed bedrock, with clay-filled
depressions between them typically covered by a thin
layer of sand. These sediment patterns indicate an
energetic environment where waves and currents actively
rework the seafloor, limiting the accumulation of finer
material.

Fieldwork in the four study areas combined several
seismo-acoustic methods to map the seafloor (Fig. 1 & 2).
Surface sediment samples were collected to confirm and
refine the geological interpretations derived from the
acoustic data. Together, these datasets provide a detailed
picture of seabed geodiversity, seafloor topography, and
the range of seabed substrates present.

Ferromanganese concretions occurred at a few sites,
indicating locally low sedimentation rates and oxygenated
bottom conditions that allow their slow formation. In the
northeast, clay labyrinths were identified, likely formed
by erosion of exposed clay surfaces and reflecting
long-term stability of these deposits. Their averall
occurrence in the Baltic Sea is poorly known, as only a
few such features have been documented.
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Together, these features show a geclogically diverse and
active seabed, with contrasting hard and soft substrates
that can support a wide range of seafloor habitats.

Figere 2. Marine Gralogical scisma-acaustic survey methads,
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Temperate marine macrophytes
are highly variable sources of
Volatile Organic Compounds

Max Grafnings, Yuanyuan Luo, Jian Zhao, Kirsten Fossum, Frans

Graeffe, Lu Lei, Jurgita Ovadnevaite, Mikael Ehn, Camilla Gustafsson

Tvarminne Zoological Station, University of Helsinki,
University of Galway

v' VOCs affect several chemical processes in the
atmosphere that have profound climate impacts.

v' Coastal VOC emissions are poorly constrained.

v Our results show that marine macrophytes emit
diverse and atmospherically relevant VOC-profiles.
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Temperate marine macrophytes are highly varlabl
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Bicgenic Volatile Organic Compounds (BVOC), emitted by Earth's !_Q nt'fytﬁb{;\fcg;e o | | ! reanic Compounds

ecosystems, affect several chemical processes in the atmosphere that | uant : = EMmissions: , |

have p d climate i p 1 H, - marine BVOC—budget . rates of common temperate Ay

estimations are still inaccurate and poorly constrained. Marine
macrophytes (i.e., macroalgas and seagrass) are a large and widespread
organismal group whose BVOC profiles & emission rates are especially

poorly quantified2.

| macrophytes and examing howy
i the emissions differ between 'S8
. species and across marine

| regions.

Max Grifnings {mx. grafnings@helsinki.fi),

Yuanyuan Luo, ian Zhao, Kirsten Fossum, Frans Graeffe, Lu Lei, Jurgita Ovadnesaite, Mikael Ehn, Camilla Gustafsson

Methods

The BVOC emission rates of three
temperate macrophytes (Zostera
maril Fucus icul and
Ulva intestinalis) were quantified
ex situ with a PTR-ToF-MS (see
Incubation setup). Quantifications
were duplicated in two marine
regions that vastly differ from each
other (e.g., temperature, nutrients,
salinity), the easten Atlantic
(Ireland) and northern Baltic Sea
(Finland).

Results

The studied macrophytes emitted 166 different BWOCs in total. Majority of detected B
compounds were hydrocarbons (CH) or oxygenated hydrocarbons (CHO; see below), but y |
all three species also emitted some sulphur- and nitrogen containing compounds. BVWOC -
emissions differed significantly between the macrophyte species, but notably, also stark £
differences were found within-species between regions. In fact, a pairwise PERMANOVA
showed that the BWOC profiles {see right) of most treatments differed significantly
from each other {non-sig. exceptions: Ulva IRL & Ulva FIN, Ulva IRL & Fucus IRL).

Experimental setup

Six treatments (N=5)

e 3 macrophytes * 2 marine regions
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Conclusions

Marine macrophytes are highly variable BWOC-sources. Interestingly, variation is spread across several dimensions: 1. individual species emita
high number of unigue compounds, 2. BVOC emissions differ significantly between macrophyte species, and 3. macrophytes emit distinct
chemical profiles depending on their growth emvironment (Atlantic Ocean ws Baltic Sea). These results provide nowvel insights to how
macrophytes can through their BVOC-emissions impact the envirenment both above and below the water surface.
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Grazers’' demise? Effects of the Invasive Crab,
Rhithropanopeus harrisii, on Rocky Littoral

Communities in the Northern Baltic

Eino Nousiainen, Nellie Paavola, Niklas Ratajczak, Heini

Ukkonen, Lars Pelikan, Amy Fowler, Veijo Jormalainen

Department of Biology, University of Turku

Spatially large-scale, quantitative study of the effects of
the invasion of R. harrisii and its duration to epifaunal
communities.

Clear and fast changes to communities and species
abundances in response to the invasion.

No signs of community recovery with prolonged
coexistence with the crab.

Possible cascading effects to producer communities.
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Grazers’ demise? Effects of the Invasive Crab, Rhithropanopeus

harrisii, on Rocky Littoral Communities in the Northern Baltic

Eino Nousiainen, Nellie Paavola, Niklas Ratajczak, Heini Ukkonen,
Lars Pelikan, Amy Fowler, Veijo Jormalainen

Department of Biology, University of Turku

: P Background

Sampling was performed at 12 rocky
littoral sites in the Finnish SW archipelago,
including the invasion range of R. harrisii.
Using SCUBA divers, Fucus thalli were
collected into mesh bags and all
associated invertebrates counted and
identified. Differences in communities
and species abundances among sites
having different invasion histories were
analysed with multivariate analysis and
GLMM-models, respectively.
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Invasive species in aquatic systems can be seriously detrimental to native
populations and drive shifts in ecosystem functioning. Prior studies have
suggested that a functionally novel invasive decapod, Rhithropanopeus harrisii,
can drastically reduce mesoherbivore densities in rocky littoral habitats, but
spatially large-scale quantitative studies are yet to be performed.

How does the invasion of R. harrisii and its duration affect communities in the
Fucus dominated rocky littoral habitats in the Northern Baltic?

2 Focus on invertebrate epifauna

Community effects

The invasion history of R. harrisii
affected community compositions
significantly (p < 0.05), with a
significant interaction between
invasion history and depth

(p < 0.001). Depth was important
only in invaded sites, suggesting
depth dependent impacts of the

invasion.

Community changes were also
accompanied by a slight decrease

in H' diversity.

‘Shannon-Wiener H'
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Fig. 2. Model-predicted
mean H'-diversities
between invasion
histories with 95%
confidence limits and
pairwise comparisons

Fig. 3. Model-predicted
abundances (& 95% cl's)

for species along a water | g,

depth gradient among
different invasion
histories, indicated by
color:
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Fig. 1. NMDS ordination depicting differences in species
composition between invasion histories using Brey-Curtis’
similarities. Each bubble represents the invertebrate community
inhabiting a single F. vesiculosus bush. Samples have been
standardized and square root transformed. Bubble size increases
with sample depth ranging from 0 cm to 400 cm.

[ T

» Ininvaded areas, most motile
herbivores declined, and filter feeders
became the dominant taxa.

2 Invasion effects seem to be partially
depth dependent, due to the crabs’
depth distribution or reduced shelter
for herbivores at deeper depths.

2 Even with prolonged coexistence with
the crab there are no clear signs of
community recovery.

Crabs can suppress grazer
populations to levels far below those
expected from native predation,
potentially affecting producer
communities.
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Variations in benthic macrofauna along an
exposure gradient in the Baltic Sea

Emma Holmback?!2, Marie C. Nordstrom?!, Anna Villnas3, Camilla
Gustafsson3, Jenna Holtta3, Leena Virta3, Tiina Salol2.

IFaculty of Biological and Environmental Sciences, University of Helsinki.
2Environmental and Marine Biology, Abo Akademi University. 3Tvarminne
Zoological Station, University of Helsinki.

= Water movement is known as a factor with potential to impact
settlement of both fauna and vegetation, especially on
intermediate scales

= AIM — explore how biodiversity in benthic macrofaunal
communities is connected to exposure

» |nfauna and epifauna from eight vegetated sites (n=5) along an
exposure gradient
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Variations in benthic macrofauna along an
exposure gradient in the BalticSea .

vy
o

A\

cal and Environmental Sciences, University of Helsinki. “Environmental and Marine Biology, Abo Akademi dsptee &1/

Emma Holmback'2, Marie C. Nordstrém’, Anna Villnds®, Camilla Gustafsson?®, Jenna Holtta®,

COMMUNITY COMPOSITION RESPONSES TO WAVE EXPOSURE
= Water movement is known as a factor with potential to impact settlement of both fauna and algae”

= On intermediate scales (within 10s of km) water movement and substratum has been argued to be of the most important
abiotic factors for the composition of phytobenthic communitiesi

= Previous studies have shown a connection between exposure and abundance of e.g. different amphipods and molluscs®

AIM - How is biodiversity in macrofaunal communities connected to exposure?

=
METHODS
Field work: Aug. 2024 Tvarminne Zoological Station ]
» Infauna and epifauna [n=5) + environmental variables

seenmENz
§ e £
t

and sediment properties from 8 vegetated sites
Lab work: abundance & dry weight of fauna and vegetation
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KEY FINDINGS
= Biodiversity was higher with high exposure

= Grain size and water depth, combined with salinity and sediment chl for the more exposed e
sites and with sediment OM% for the more sheltered sites, had a strong connection with the —
community composition

= Wave exposure affected community composition both directly and indirectly through
altering environmental variables along the gradient
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How Phytoplankton
community shape
Carbon Flux in the

Baltic Sea

Josephin Lemke?, Kristian Spilling?

IFinnish Environment Institute

2Tvarminne Zoological Station University of Helsinki

Finding: Community shifts affect particle

packaging and sinking speed.

Implication: Post-bloom communities enhance

carbon export efficiency.
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. post-bloom conditions dominated by ciliates.

(1) Particle Properties

Josephin Lemke

=" Research Councilof Finland | = ' .. S
"5 Kristian Spilling ®
kristian.spilling@syke.fi
see posler OB14E-0547

Finnish Emvirenment instituts

" How Phytoplankton Communities Shape Carbon

Flux in the Baltic Sea

Summary moderate
As phytoplankton communities shift across bloom phases, particle packaging and

= . 2
sinking behavior move toward faster, export-efficient states, particularly during '3,9_- Y -
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Community shapes carbon export potential by changing... |

+ volume - transparency + circularily
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Community composition
fingerprints particle propertics
and carbon packaging.
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(2) Sinking Velocity

Sinking velocity increases with
particle volume & cireularity,
decreases with transpareney

- strongest post-bloom.
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. (3) Carbon partitioning between suspended & fast-sinking particles (ongoing work)

~ Particle separation: POC: Respiration: Carbon fate: J
- suspended | fast-sinking ‘ carbon allocation - carbon loss ‘ export vs remineralization -

Microscopic analyses were conducted according to HELCOM guidelines. Fast-sinking
Methods particles were collected using marine snow catchers, and sinking velocities were determined
with a FlowCam system.For an extended explanation of the methods follow the QR




M OVi ng beyond trad itiona I BI u e Ca rbon Moving beyond traditional Blue Carbon approaches to understand

links between coastal biodiversity and climate feedback

approaches to understand links between T e S
coastal biodiversity and climate feedback

trespherls and Earth System Research & 'Dept. of Geosdences and Geography

Elue Carbon research emphasizes leng-term CO; burial in vegetated habitats, but coastal systems also emit methane {CHa) and ¥OCs that influence
aerasol farmation and radiative forcing. Overlooking ecosystern state and short-lived climate forcers can misestimate mitigation potential. Quantifying
biodiversity—climate linkages is therefare critical to robustly evaluate net climate mitigation potential.

Alf Norkko & the www.coastclim.org collegium (nowledge Gap
University of Helsinki & Stockholm University

HESLTHY DEGRADED
+ 3

D ion alters carbon burizl,
(CHa emissizns, and aerosol4oming
WOC pradurtian, thus influencing
net radiative farcing.

ot:

= How bindiversity and degradation
alter GHG and VOC fluxes

+ The relative climate importance of
short-lived climate forcers vs €O,

» How degraded systems shift from sink
Lo source and thus net warming

+ The contribution of bare sediments to
radiative farcing

+ Healthy systems: caroon burial
duminates

» Deareded systems: elevated CHy
and altered VO fluves

= Nel climate effect depends on

v" We integrate marine ecology,
biogeochemistry, and atmospheric
science to understand the role of |
healthy vs. degraded coastal habitats , o R sy =
for Cl I mate w“" es

v' Super-site approach; co-location of o ™
long-term monitoring, developing infra D =
and field & lab studies at Tvarminne '
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http://www.coastclim.org/

ions of Ferry-induced

Ferry-induced Bl
waves In the =
Archipelago Sea

+ Archipelage Sea has =50,000 islands, complex bathymetry, wind ! . 4'..“., I o*\n-.*—.—_‘n.. ——
driven currents, and frequent ferry traffic. -

* Ship-induced waves can incraase flow velocity, turbidity, and B e e e = - -
sediment resuspensien. Figure 2. Site HL: Free surface elevation (n) and bandpass-liltered wave

« Ships penerate low-frequency primary [displacement) waves and cempanents (grinary and secondary wave bands).

Authors: Josten Mariahl, Forsblom Louise2, Kankare Villel, R e
. 1 complex archipelago enviranments are poatly understood. : " % ) 1 - N
Alho Petteri LT & [f = g % 5
Research Questions i S I?l L
Institutions: *University of Turku, 2Finnish Environment Institute e e s s

show median and interquartile range; whiskers extend ta 1.5 [QR, with

of ferry-inducad primary [displacement} waves? N h
outliers as points. Vaxis is legarithmic,

Research questions

1, Process pressure data lo compule Iree surface elevalion in) and

separate low-frequency primary waves and high-frequency

1. How far from the fairway are ferry- eI i

AIS data. e s e 13

P ———

1 ? 3, Define ferry event windows using predicted arrival times and wave
Inauced waves aetectanle s
" ‘wnd Crectin dsind

4. Compute wave metrics: max crest/trough, mean and peak energy
dansily for avent windows. 3 54 2
sovermge Cantribution 1o el Dulput {5HAP]

2. Which factors most strongly influence
ferry-induced wave amplitude?

Huuu|uuu

ate

torank the influence of predictor variables on wave metrics.

Discussion

® Largest ferry waves occurred at HL (0.2 km frem fairway).
= Max primary wave lrough measured 1m.
< Baltic Princess and ¥iking Line generate the largest waves at 19-
20 knets.
= Low-impact sites still show ferry signals, though amplitudes can be
wery small

« Distance to fairway and ferry speed are the strongest predictors of
NN max crest/trough,

Figure 1. Pressure sensor site map

( J A A
J el £ Rosech Conrc

[ — of Finland

digitalwaters.fi/phd-pilot/




Coastal environmental
data — scattered and lost ?

Giannina Hattich, Sarah Rihmkorff, Lucinda Kraufvelin,
Sebastien Lafond, Tesfay Tesfay, Christian Pansch
Abo Akademi University

v" Frequency, intensity, & duration of marine
heatwaves are increasing > biodiversity impacts

v' Thermal stress does not occur uniformly across
time and space = microclimates

v Coastal (temperature) data are needed, and are
frequently collected, yet not centrally available

v' CoastSense aims to provide easy and effective
workflows for the scientific community to store
and share coastal temperature data across
Finland and the Baltic Sea

- PROVIDE YOUR INPUT




Drivers of underwater biodiversity for targeting
mitigation actions in a morphometrically complex
archipelago

Lauri Kuismanen?, Louise Forsblom3, Matias Scheinin?, Christian
Pansch?

1Abo Akademi University, 2Turku University of Applies Sciences,
3Finnish Environment Institute

Poster: Introduction, project plan, early exploratory
analyses

Goal: Environmental drivers of underwater biodiversity
Goal: Evaluate monitoring adequacy

Utilising: Velmu & Coastrider data
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Drivers of underwater biodiversity for targeting mitigation
actions in a morphometrically complex archipelago

Lauri Kuismanen™?, Louise Forsblom?®, Matias Scheinin?, Christian Pansch?
' Abo Akademi University, * Turku University of Applied Sclences, *Finnish Emvironment Institute

Why?

Biodiversity loss due to human activities and its

1

2

3

subsequent effects o
2 Maonitorin;
* Knowledge gap: spatiotemporal mismatch between on Bh:::;:;w tj:::;i‘;s a deqmcf
biodiversity and water quality data ) patterns -
= Local, regional coastal zone management of areas S_patlmempqral S_patlatempc_lral Outputs
requires high-resolution spatistemporal biodiversity high-resolution high-resolution & parts ';""21
products to guide decision-making water ua data | water guality data chapters 1,
* Ambitious objectives of the EU Mature Restoration ol g -
Regulation 2 '
- " 15
Project overarching goals ~| Speciesdata Species data Existing
1. Determine how environmental drivers shape marine F & E biodiversity
species distributions and community composition aver | ] »ﬁt monitoring
space and time A data
2. |dentify how well biodiversity is accounted for in marine
monitoring, particularly in a morphologically complex 2 3 Community Environmental Assessment of
system such as the Archipelago Sea % £| modelling: GLLVM, | niches: GLLVM, scale mismatch
How, what data? ZE HMSC SCAM and gaps
Coastrider - a mobile and continuous measurement Biodi n
platform for water guality data = L2 nrersnzyf Species sensitivity, | Recommendations
* Total~1,5 million high-resolution water quality 2 hpatnems. memcs’l vulnerability to for improved
measurements across key variables, spanning full ice- 6 m“"““?- n_em L change monitoring design
free seasons over several years Lk L[]
Velmu —the Finnish inventory programme for underwater ol Theeffsctof |Speciesresponses BE“:‘B' iﬂfﬁfnﬂ:ﬁfl’
marine biodiversity _ 2| environmental | toenvironmental [ SMvironmenta
* Marine biodiversity inventories, with over 60 000 %3 drivers on drivers and decision-making,
spatially explicit sampling points in the Archipelago 2 |  biodiversity tolarance local restoration
Sea alone o quantified thresholds and mitigation
@ actions
The study ar=a, the Archipelago Sea and wWestem
most Gulf of Finland. Insat map a) shows only 20 %
ot the Cosstrider data, and b) the full data.+
1 j B Example exploratory Ervironmantal niches: Mytilus (roasisis
’5; analysis: the data can be &"-;\:u'uww - Chtathien seasonl dsvizuton
' utilised in exploring the Doty aalurasisn (%} Balinity [pail] Temparalirs ["C] Turbidity FHU, lagtl)
= A efironmiental niches of - 4
- species in relation to water
quality measured by the 3
. j‘fm"'m:l Coastrider flowthrough H s
* Coarider P syEtem, Where 5pecles [ .
s (018 2228) nhservations
approximatsly overlap with L T o,
the Coastrider's route. " s (ram o g 69
[rata are spatially coupled.
3 s [ sping 0 surerer 0 st
Emvisenmantal fiches: Stuckenia pactineta
ket uvaiy - Coaebvie omsaeat hivution Ckmet vy Eogebvie emiaead hsivution
Cutygan saluration (%) Ealinity (pau) Temparature [*C) Turkidity (FHU, kgl Dnygem ) . Turbidiny [FNL. logid)
_ | -
o J||| ' & o
z § A z
I A na
5 j ]H N
s PR s wmowom om sn oo e " e s wowm s
“Wlue (row or log 100 “Walue (row or log 100
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Responses of brackish-water
plankton communities to Ocean
Alkalinity Enhancement using
mesocosms

Henna Yliluikki'2, Nicolas-Xavier Geilfus® and Jonna
Engstrom-Ost!-3

!Novia University of Applied Sciences
2University of Turku

3Tvarminne Zoological Station

v" Ocean alkalinity enhancement (OAE
v" A method to mitigate climate change and
counteract acidification

v Eco-physiological responses of plankton
community to OAE
v’ Fatty acids of zooplankton and seston

Responses of brackish-water plankton communities to Ocean
Alkalinity Enhancement using mesocosms

Henna Yliluikkil? Jonna Engstrom-Ost®
'Novia University of Applied Sciences
2University of Turku

UNIVERSITY
OF TURKU

Background and Aims
*0cean alkalinity enhancement [OAE) is a marine carbon dioxide remaval [mCDR) cancept
=Alkaline material is added to sea water, resulting in elevated alkalinity, known as the buffer capacity of water

= DAE has the potential to store atmospheric CO, in seawater to mitigate climate change. In addition, OAE can counteract ocean
acidification, at least on a local level, and lhusﬁmpruvg the health of marine ecosystems (Albright et al. 2016).

=Effects of OAE on the eco-physiology oforﬁamsms in eutrophic brackish-water are studied little, but it is crucial knowledge
when evaluating the use of OAE as a mCDR tool or to improve condition of sea water
«We conducted large-scale mesocosm experiment with brackish-water from the western Gulf of Finland to study:
= Eco-| resf of DAE on ¢ n ity
= Carbon chemistry of water under OAE-treatment

=We focused on the quantity and quality of zooplankton community a5 they are a crucial link between primary producers and higher
trophic levels in marine food web

Methods Samples Measured and analysed variables
- Oxidative stress is indicated by lipid peroxidation
Zooplankton and the activity of antioxidant enzymes

community
P Fatty acid (FA) profiles and content
¥ Serve as proxies for zooplankton nutritional guality
1174 ¥ Seston reflect the nutritional quality of
food available to zooplankton
Sesta ¥ The methad: gas chromatography
coupled to a flame-ionization detector

Fig.1 We uzed L2 mesocosm units.

-6 -week experiment was conducted using 600 L Amount of chlorophyll @ [Chl &), Particulate organic carbon (POC)

indoor mesacasms (Fig. 1) at Tvdrminne
Zoolagical Station (TZS) in Hanke, Finland, during Water /. {l’.‘arbon chemistry variables: TA, Dissolved inarganic carbon {DIC), pH

September—Dctober 2025 Dissolved Oxvgen (DO} )
Nutrients: NOy~ + NO;~, PO, Si{OH),, NH" o
= Mesocosms were filled with sea water from bay = == =
next to the TZS from the Gulf of Finland ..
v Alkalinity (TAJ:- 1580 umol/kg Preliminary Results
o7 Salinity:- & PSU
¥ T:15 “(: {29.8.2025) throughout the
experiment

Hypothesis: coastal water conditions are
improved through OAE and the nutritional
guality of zooplanktan faad will be enhanced,
« Natural plankton community leading to improved zooplankton physiology
and a shift in their fatty acid profiles towards
more unsaturated fatty acids.

TAmoUkg)

= Light:Dark - 16:8 h

= NO;™ and PO,* nutrients added twice a week *Sample analyses are still angoing, so only
preliminary results are presented.

=5laked lime, Ca{OH), was used as OAE- =CalOH}), treatments have altered the carbon
material to artifically elevate TA of water chemistry of water, increasing TA, pH, and
oic.
=We had two levels of OAE-treatment
°|-1_7W, ifWCVEBSEd 250 pmol/kg =The intensity of the treatments is reflected in
=High, increased 500 umol/kg these changes, with elevated TA leading to
increased DIC
=Four biological replicates for treatments 1
and control 1
a
Contact details: R e [

Henna Yliluikki, henna.yliluikki@novia.fi o
References: Albright et al. (2016). Reversal
of ocean acidification enhances net coral
reef calcification, Mature, 531, 362-365.
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Effects of Abiotic Factors and

Diversity on the Ecosystem
Functioning of Plankton

Communities in the Baltic Sea

Authors: Sum Yi Lail, Sirpa Lehtinen?, Veera Norros?, and Jarno Vanhatalo?!

1. University of Helsinki
2. Finnish Environment Institute Syke

v" How do abiotic factors and plankton taxonomic and functional
diversity influence plankton resource use efficiency (RUE)?

RUEpp

RUEzp

Taxonomic diversity pp 1

!

Functional diversity pp 1

Taxonomic diversity zp

Functional diversity zp

Cyanobacteria dominance 1

1
1
1
1

v" Cyanobacteria dominance is a key driver of plankton

productivity

w Need to consider the context-dependency of biodiversity-

7in . . .
MR ecosystem functioning relationships
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mental and Ecological Statistics Ecological Change

Effects of Abiotic Factors and Diversity on the
Ecosystem Functioning of Plankton
Communities in the Baltic Sea

\\. Sum Yi Lai, Sirpa Lehtinen, Veera Norros, and Jarno Vanhatalo » ;ﬁ

Msum-yi.lai@helsink.fi

1. BACKGROUND

Phytoplankton underpin marine ecosystems by driving primary production

2. RESEARCH QUESTION

and fueling pelagic food webs. Biodiversity can enhance ecosystem How do abiotic drivers and p lankton

functioning, but its effects are context-dependent and shaped by
environmental conditions and species interactions. Both taxonomic and
functional diversity influence resource use efficiency (RUE), though their
relative roles vary with nutrient regimes and trophic structure. In the Baltic

diversity regulate RUE?

Aim 4
Abiotic factors

Cyanobacteria
Dominance

+

Sea, warming and freshening are expected to favor cyanobacteria, reshape W
plankton communities, and alter trophic dynamics, with consequences for M

6@ - /8
3. METHODS @

We analyzed long-term (2000-2024) Baltic Sea monitoring data on phytoplankton and zooplankton communities.
Ta ic and fu ional diversity (e (FEve) and dispersion (FDis)) were calculated, and
cyanobacteria dominance was defined as their relative abundance. RUE was estimated as log phytoplankton
abundance per unit total phosphorus, and log zooplankton abundance per unit phytoplankton abundance. We fitted
Bayesian multivariate regression models including seasonality (DOY) and random intercepts for depth, site, and
year, classified response shapes (positive, negative, U-shaped, bell-shaped).

ecosystem functioning and food-web stability.

4. RESULTS

. ) Species .
Explanatory Variables R(l:': chl:;sss FEve | FDis C]):ano!)actena RUEpp Explanatory Variables Ril:lmess FEve | FDis RUEzp
Temperature | u N n.s. n.s. Temperature n.s. N ns. 1
Salinity U U U n U Salinity n.s. ns. U n
pH 1 n n l i pH n.s. N ns. 1
Log N:P Ratio ns. |ns.| U l T DOY 1 n.s. ns. T
DOY n n.s.  ns. n n ;lil:"::}:::nkton Genus s, ns. | ns. !
Genus Richness i

| Phytoplankton
Phytoplankton FEve ! Predation FEve n.s. n.s. ns. )
: Phytoplankton
Phytoplankton FDis ytop
l Predation FDis n.s. n.s. n.s. n.s.
Cyanobacteria
Dominance T Zooplankton Species . T

Summary table (top) of the effects of abiotic and biotic factors on Richness .

phytoplankton diversity and RUE (Aim 1 and 2). Responses include Zooplankton FEve n.s.

positive T, negative |, U-shaped U, bell-shaped N, and non-significant (n.s.). Zooplankton FDis l

Summary table (right) of the effects of ' ' —
o 5 Cyanobacteria
abiotic and biotic factors on zooplankton | *°" 1 !
5 . s Dominance
diversity and RUE (Aim 3 and 4).

5. CONCLUSION

Our results show that biodiversity—ecosystem functioning relationships in the Baltic Sea are strongly context dependent,

varying across biodiversity facets and trophic levels, with abiotic drivers producing complex and sometimes contrasting
effects. Taxonomic and functional diversity often had opposing effects on RUE, while cyanobacteria dominance
consistently emerged as a key driver of plankton diversity and productivity. Future warming and eutrophication are
likely to amplify these effects, highlighting the importance of understanding how shifts in community composition,
especially cyanobacteria dominance, shape ecosystem functioning.




SOFT sediment DRedging Impacts on
marine carbon sINKs (SOFTDRINK)

Tom lJilbert!, Laura Kaikkonen?, Ville Nenonen?,
Elina A. Virtanen?
lUniversity of Helsinki, 2Finnish Environment Institute

v" Dredging is widespread in Finnish waters: >36,000 recreational
sites, 42 commercial harbors, and ~20% of sea areas designated for
wind farms

v' Soft marine sediments store large amounts of organic carbon, but
dredging can release it back to the water column

v SOFTDRINK is a 4-year Research Council of Finland project
quantifying these dredging impacts on sediment carbon stocks

v' WP1: Baseline carbon maps using predictive spatial modelling with
data from >600 field locations across Finnish sea areas

v WP2: Net carbon loss quantified via biogeochemical analyses,
incubation experiments, and vessel-mounted real-time CO, / CH,
monitoring

v' WP3: Future risk scenarios combining sea-use planning, state-
transition simulation modelling, and climate change projections
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SOFT sediment DRedging Impacts on
marine carbon siNKs (SOFTDRINK)

Tom Jilbert', Laura Kaikkonen?®, Ville Nenonen®, Elina A. Virtanen®

APPROACH

Guiding research questions

RO How da cedlmernt carban dymamsis nelibe oo siveirasmental
gradientsin carrphie coantl smwisanmant?

HEL: Hoe il raciy g anscated wht s Economrp affact 0
Aurure carbon cptling ander 3 marming dimate?

METHODS

A s o LY Dredging 3 Future impacts
HithHe sediment carban L4 impacts on o sediment
sediment cacbon carban

OCEAN
Q SCIENCES .
T ' e Research Council of Finland
UNIVERSITY OF HELSINKI
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How do Baltic Sea species
cope with extreme
temperatures?

Microclimates in the
Archipelago Sea?
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Resolving Wave Dynamics
in Coastal Archipelagos

Laura Tuomi and Hedi Kanarik
Finnish Meteorological Institute

 FMIis developing coastal wave
forecasting systems to better support
safety of the maritime traffic in the coastal
fairways.

 FINMARI infrastructure is important in
getting measured data to calibrate and
validate the forecast system.

« Demonstration of coastal wave forecast
service available at marine.fmi.fi/aallokko
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Resolving Wave Dynamics in Coastal Archipelagos

Laura Tuomi' and Hedi Kanarik!
Finnish Meteorological Institute, Helsinki, Finland.

The Baltic Sea wave forecast and
hindcast systems, such as those
provided by the Copernicus Marine
Service Baltic Sea Monitoring and
Forecasting Centre (BAL MFC), often lack
accuracy in predicting wave conditions
in complex coastal areas, such as the
Archipelago Sea, due to the relatively
coarse resolution they use. Downscaled,
high-resolution coastal systems are
often needed to properly account for the
effects of complex bathymetric features
and dense archipelagos on the wave
field.

New high-resolution coastal wave
model systems have been developed
for the Finnish coastal regions. We use
the WAVEWATCH llI® model with a
seamless two-way nesting approach,
employing a 1-nmi resolution grid for the
entire Baltic Sea and 0.25-nmi grids for

selected coastal areas. 20°E 30 20°E

Improved coastal forecast

The coarse resolution basin-scale grids, such as the BAL MFC products, are able to resolve the wave fields in the open sea areas with .
good accuracy. The grid-obstruction methods they use to account for the attenuation of wave energy caused by islands and islets
smaller than the grid size, allow them to represent some of the features of the wave field in the archipelagos. However, these systems still
tend to overestimate the significant wave height in near-coastal and archipelago areas especially during high wave events.

20251227 17:00:00 UTC
High-resolution wave model i\

setups are able to capture the
effects of complex bathymetry
and dense archipelagos on the
wave field. When compared
with coastal wave
measurements, such as those
from the Uté wave buoy, they
show a much

better agreement with
observations than the coarse-
resolution grids.

In addition, high-resolution
systems are capable of better
describing for example, wave
refraction on shoals and wave
growth inside the archipelago,
which leads to improved
representation of the wave field
characteristics.

20251227 17:00:00 UTC. m

m

Measured wave data is essential for
calibrating and validating the wave
model systems. Operational wave
buoys are typically located in open-sea
areas and therefore provide data that
is mainly applicable to regional
systems. Coastal wave measurements
are generally scarce and available only
at a few specific locations.

The FINMARI infrastructure enables
us to carry out dedicated
measurement campaigns to collect
data from areas where the
high-resolution coastal wave forecast
systems are being developed.

Bathymetry used in the 1 nmi wave model
setup together with FMI operational wave
buoys on the left and in the 0.25 nmi setup
(withing orange borders) with research wave
buoys on the right.

— Buoy observation

o~~~

Time series from a high-wave event in December

. 2026 from Uté research buoy significant wave
height compared against 1 nmi forecast product
(BAL MFC) and in Uté against two high
resolution wave forecasts from Archipelago Sea
region.

Significant wave height (colour) and principal wave
direction (arrows) from 1nmi BAL MFC multiyear (MY)

product compared against 0.25 WWS setup. Direction
arrows are shown from every 5th grid point from 1nmi
product and every 10th grid point from 0.25

nmi forecast

On demand high-resolution wave forecasts for piloting in coastal fairways

Due to the complex nature of the Finnish coastline, no harbor is accessible to cargo
ships without piloting. Piloting includes risks for pilots especially when embarking
and disembarking vessels, and piloting is typically paused in high sea states. To
provide sufficiently accurate information about the wave conditions in these areas
high resolution forecast systems area needed. However, due to the computational
demands of these system they can be provided only on few coastal regions.

Event-based approach

Example of an event-

based approach for
finding exceedances of a
certain threshold from one
M 1o, model grid point. These
: checks are performed on

all grid cells in the area of
01097 26501997 0101997 interest.
oo oo 8500

We have developed a system to
identify occasions when the wave conditions are
forecast to be potentially challenging or even
dangerous for piloting. This allows us to run the
high-resolution coastal forecasts only when they
are actually needed.

We use information from the 9-day BAL
MFC wave forecast available from

the Copernicus Marine Service and event-based
approach able to identify the areas from the
model grid where the threshold is exceeded
and calculate the duration of the event.

Area where SWH exceeded 1.7 m and
duration of the event in the

BAL MFC forecast 11 Sept 2025 00 UTC
forecast. et

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

2500 2503 81 2638 26 TE T E I N

CREXDATA=

‘When the coarse resolution wave forecast indicates that the threshold will be
exceeded within the next two days in the pilot boarding location or nearby
areas the on-demand 0.25 nmi resolution coastal forecast is activated.

2025-09-12 07:00 UTC

current forecast (1 nmi) m ‘on demand forecast (0.25 nmi) m

o0sn

w02

A A A A A A AR A AT AT e

Comparison of the on-demand wave forecast (right) at the Orrengrund region to same
forecast with 1 nmi resolution (left) on Sept 11 00 UTC. Red diamonds mark pilot boarding.
focati he coastal fai arrows show jrection at

direction every 5th model grid point.

The research has received funding from the European Union's
Horizon Europe Programme under the CREXDATA Project,
grant agreement n® 101092749 and the Copernicus Marine
Environment Monitoring Service

e FMI FINMARI infra has been used to measure wave conditions
in near-coastal areas.




(Bio)geochemical Dynamics of Seawater-
Aquifer Interactions: Impacts on Coastal
Sediments and Ecosystem

Ronja Lanndér?, Conny Sjdqvist2, Joonas Virtasalo3, Peter Osterholm’

"Department of Geology and Mineralogy, Abo Akademi University
2Department of Environmental and Marine Biology, Abo Akademi University
3Geological Survey of Finland, Marine Geology

Coastal groundwater-seawater mixing zones are important but
poorly understood biogeochemical hotspots.

» Coastal mixing of groundwater and seawater drives physical and
biogeochemical changes in sediments and aquifers.

» This project provides and interdisciplinary view of these dynamics along
the SW Finnish coast.
» How do these interactions shape coastal aquifers?
» How do they influence solute cycling and availability in the
marine environment?
» What responses occur in benthic and pelagic communities?




Investigating links between ecosystem sstisatno i bt Scoeten » A3

biodiversity and metabolism in shallow

vegetated sites

biodiversity and metabolism in shallow

Department of Environmental Sciences, University of Helsinki; 2Tvarminne Zoological Station,
University of Helsinki; 3Nordcee, Department of Biology, University of Southern Denmark

veg eta ted Sites BACKGROUND AND AIM METHODS

- Cogjjtal zonﬁ; ?re areastof high blOdIVel’:ﬂy ::pd prod;ctnvu'fy, maintaining and We investigated three sites in the
providing multiple ecosystem processes, functions and services ) Tvéirminne area, and quantified plant,
- These areas often experience high anthropogenic pressure, threatening coastal

S h P M d . I 1 T- . S I 1 C . I I G t f 2 K I biodiversity plankton, epifauna and infauna
a rve S ’ u n | / Il n d alo ’ d m I a u S a S S O n ’ d r - Understanding how biodiversity couples to ecosystem processes (such as ﬁ:’ggj‘:::'ss' ?:é?‘enoﬂusx::s‘gg?n aiturai
metabolism) helps us better understand the threats to coastal ecosystem Y P 9 02

. .o functioning and services. different depths from surface to bottom
Atta rd 3 ) IVI a rl e C . N O rd St rO m 1 This stu.(:.ygaimsdto characterize AthLe Ili.nks _betvfefn communit! st.:ucture and for 7=t days:
IDepartment of Environmental Sciences, University of Helsinki; 2Tvarminne

Zoological Station, University of Helsinki; 3Nordcee, Department of Biology,
University of Southern Denmark

v' Coastal areas are regions with important
ecosystem services and functioning, but they — =
are facing several anthropogenic threats. ot o At g

v" Understanding the link between ecosystem : |
processes and biodiversity helps us better ;ca;-i,' .
understand these threats to these ecosystems J T, R g

v Hence, this study aims to characterise links e T T g e

b etwe e n e CosySte m b i Od ive rS ity a n d DEEE RS S Cal - Efgl;gg:%):ng%%szltg: l;i(i)ftfhe)r.ed only between Joskar-Klobbarn and Joskar-
metabolism in shallow vegetated sites

Categmy Ceratophyllum\ demersum
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Total average biomass, g m?
o &
8

- Klobbarn had the highest average community biomass while Angbat had the
lowest. Similar patterns were observed for the GPP, R and NEM.

- A potential link between the community biomass and community metabilism
in soft-sediment shallow vegetated sites might be present

Daily GPP, R and NEM (mmol O, m2d*

NEXT STEPS
— Work is ongoing to determine the relative importance of individual ecosystem
| e components, their blodlversny and biomass, as drivers of ecosystem metabolism
HR
P MARI (‘ -200 S o B Resource Centre
,
4”64, s\‘“ Angbat Joskar Klobbarn

¥ring Research ™ Site




Carbon Dynamics of Degrading
Filamentous Macroalgae in the Warming
Baltic Sea: Preliminary Insights from

a Mesocosm Experiment

Emilia Heiskanen-Dinsmore!, Norman Gobeler!, Aurora

Menendez Garcial, Nicolas-Xavier Geilfus!, Anna Villnas?,
Joanna Norkko?, & Alf Norkko!

Tvarminne Zoological Station, University of Helsinki

Filamentous macroalgae degradation
Where does the carbon go?

Mesocosm experiment

Temperature linked to degradation rates an
carbon fluxes (preliminary)

DN NN

Carbon Dynamics of Degrading Filamentous Macroalgae
in the Warming Baltic Sea: Preliminary Insights from
a Mesocosm Experiment

Emilia Heiskanen-Dinsmore?’, Norman Gobeler!, Aurora Menendez Garcia', Nicolas-Xavier
Geilfus?, Anna Villnas', Joanna Norkko?', & Alf Norkko!

'Tvarminne Zoological Station, University of Helsinki, J.A.Palméns Vag 260, 10900 Hango, Finland

+ PROBLEM:

filamentous macroalgal species in the Baltic Sea'

Legacy eutrophication has increased the overall production of

- This results in large accumulations of organic matter degrading on the seafloor and

shorelines'

+ Rising sea temperatures are predicted to the p ion of fi
macroalgae and organic matter degradation

« Previous research indicates that this can enhance gas (GHG)

50-day iment at
Tvarminne Zoological Station

2 x 2 experimental design:
temperature (ambient, MHW) and
biomass (algae, no algae; Fig. 1)

Core-based incubations for flux

from coastal systems?2¢

KNOWLEDGE GAP: Where does the carbon go from degrading macroalgae?
- The proportions of different carbon components released during degradation

>How these might change under rapidly
as marine heatwaves (MHWs)

) 3 IM:
Investigate the
forms and
proportions of carbon
released during the
degradation process
of filamentous
macroalgae
Cladophora glomerata
under a simulated
MHW

such
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Days
+ Ambent(17C) * MHW(@C) -+ Nean

Fi i biomass

ig. 2. recorded at
baseline level (Day 0) and over the 50-day degradation experiment.

Biomass (c) Degradation constant k
(d) quantifying the rate of
organic matter ~breakdown.
Higher values indicate faster
degradation, and lower values
slower  degradation, on
average in MHW and ambient
treatments, respectively.

(a) Relative biomass loss  (b) C:N  ratio
(%) was more rapid in the  decreased  during  the
MHW treatment compared  experiment from an average
to the ambient treatment of 32:1 (fresh algae) to
and was  completely  <10:1 on average by the end
depleted by the end of the  of the experiment, indicating
experiment (Day 50). algal degradation over time.
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DIcmoim?d™! Docmolm?d " DOmoim?a’

CHymmolm?a "

(Water column: DO,
DOC, DIC, POC, TA, CH,) at 9 time
points

+ Destructive sampling at 5 time points

(Sediment: OM, Chl a, C:N,
macrofauna, microbes; Algae:
biomass, C:N)

Amblent (17°C)

design
controlled flo
cores (N = 80)

The cores (N=
the four tanks,
per treatmel

TTRl % % @ & siTn®
Days

* Agse © Control  Mean

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
'UNIVERSITY OF HELSINKI

o= e %

PRO MARE BALTICUM
WALTER JA ANDAEE DE

NOTTBECK
SAATIO SR

Tank 1 Tank 2
Ambient 17°C Ambient 17°C
coc2 A1 A2 €3 c4 A3 A4
x5 x5
Tank 3 Tank 4
MHW 23°C MHW 23°C
—F o2 M oA C3 ca A3 Ad
x5 x5

Fig. 1. lllustration showing the experimental
consisting of

four temperature-
w-through tanks and sediment

for biomass treatments.

80) were randomly divided across
resulting in four replicate cores
nt  combination (replicate  x

temperature x biomass = 16) per time point.

3. PRELIMINARY RESULTS

Fig. 3. Oxygen and carbon fluxes
measured across the four
replicate algae and non-algae
(control) cores at 9 time points.

The mean fluxes of (a) dissolved
oxygen, (b) dissolved organic
carbon, (c) dissolved inorganic
carbon, and (d) methane* were
amplified in algae, compared to
control cores, and for DO and CH,
in MHW treatment.

The timing and the magnitude of
the peak fluxes also varied between
the temperature treatments. This
could reflect different degradation
rates (see Fig 2c), phases®, and/or
processes, driven by temperature.

*Outlier (38.2 mmol m2 d*) on
MHW algae core on day 11, omitted
for plotting purposes. Note that CHy
fluxes are expressed as mmol per
m2 perdt




Evaluating fish farms impact to a-
chlorophyl

* Nea Matinlauri et all.

* |In this research campaign we
evaluated baltic sea fish farms
Impact to waterquality
parameters such as a-
chlorophyl

* We did not detected change in
a-chlorophyl near farms, but
more detailed data analysis
are needed especially from
debth.

Evaluating fish farms impact to a-chlorophyll

MNea Matinlauri, Markus Kankainen, lari Niukko, Lauri Miskanen / Natural Resources

Instimd {Luke)

leferent load at
different conditions
at different time
Fish famre impact on water
quality in the Baltic sea has not
besn  widely stedied or
Euhllshed In the Developrent
r:-grarn'ne- for Agquaculturs, we
ched 3 research campaign
F:|r '.hE' surnmer of 2025, where
the goal was o gather data for
impact models, that can be
used  further in  licenze
processes.

We committed sewan three days
research frips every three weeks
starting from mid June so that
lzst trip was in red Seprtember
Curing thass trips, we selacted
and '-.'i;'te::ldsb:_ fizh farms :ﬁ
ing production sizes, =ac

Eteg F urdisr different
dispersion conditions in  the
rrscidle and ocuter archipslago

In total. we conducted F;EI site
Visits.

We evaluated chlorophyll-a
and other walues such us
turbidity.  from  surface by
directing the water t0 optical
sarnpling tools while deiving the
boat around and betwesan fish
farrrs. e %h#&d and
$|:le-: using 35 the samples
second intenal to receive
-:cl:l amcunt of data from
ifferent distances from the
farrn. Cuaality of the datz was
validated  with  lab  water
samnplas.
Dep‘lh gMM nalysis were made

fl.ll'hd-Ed with
FIRE For this gty e o

T by
i e he Tl fame

aaaaaaa

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Hard to see the
difference in water
quality near farm

The hypothesiz was that a-
chlerophyl level maar the farms
would be higher, We gathered
aproee. 1 million samples from
§Ufface and offerant depths,
near and furthar from farms
and did not ses ceary this
irpact. On contrary  first
statistic znafysis showed that
further than 1500, up to 3000
rmeters from farms, levels were
higher. Further amalysiz may
showe  better,  whether  this
cbservation s baszed on
nutrient load from fish farms.

Cepth analysis showed that |

chlorophyll-a levels are on

some occasions alot higher |

bl oy surfacg’” is
chsenation was  howswer
made &lso in our conbro
location, whera thare wers no
fish farms nearby.  and
elzewhere in watsr columns; In
conclusion, in this in depth
“fish farm imgact assessment”
further data analysis iz needad.
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Ship wakes reduce
Fucus recruitment

lpetra Saari, !Dimitrios Kampantais, ?Veijo Jormalainen,

3Saija Saarni, 3Petteri Alho, !Christoffer Bostrom

1Abo Akademi University, Environmental and Marine Biology
2University of Turku, Department of Biology
3University of Turku, Department of Geography and Geology

« Impacts of ship wakes on reproduction of Fucus
vesiculosus

* Investment in reproductive structures and gamete
production were not affected by ship wakes

« Recruitment success was reduced near the fairway

* Impact sites experienced more frequent large
waves, higher sedimentation rates, and lower light
levels, which likely explain the reduced recruitment.

o MARI .
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Using Satellite Data to Assess Sensitive
Researcher Eero Alio!, Tomi Hallla', Markus Kankainen, Mika Laakkoner, Dr Anti Westerlund?
syke.fi EevaBruun@syke fi 1. Finnish Environment Institute (Syke), 2. Natural Resources Institute Finland (Luke), 3. Finnish Meteorological Insttute (FMI)

Habitats and the Pressure They Face N e

» Protected areas covering Europe's most
valuable and threatened species and
habitats.

FinniSh EnVironment Institute (SykE), MS Eeva Bruun, ’ Dr Jeﬂﬂl Attlla ’ Dr O”l ) G : A TheIargestcoorqinatednetworkof

protected areas in the world.

Malve , Dr Elina Miettunen Mr Janne Mayra, Mr Mikko Kervinen, Mr Eero Alkio .- - e
i \sokari Flowthrough September 19, 2024 Designated under the Birds and the

) M r TO ml H e | Ia Ia y ‘.;f ; = e Habitats Directives.

EU Birds Direcive
Natura 2000 I In Finland there are 1866 Natura 2000

of Community mportance)

Natural Resources Institute Finland (Luke), Mr Lauri Niskanen, Mr Markus - ¥, " (@ Dm | areas, and they cover around 50000 k.

(Special Areas of Conservation) (European Environment Agency)

Kankainen , Mr Mika Laakkonen, Mr Jari Niukko

Baltic sea. Measurements are done around a plznned fish farm.

Finnish Meteorological Institute (FMI). Dr Aleksi Nummelin , Dr Antti : : ———len

Using Satellite Data to Assess s
Westerlund Sensitive Habitats and the 2
Pressures They Face
v' Satellite data provides efficient monitoring of sensitive marine : \
temporal and spatial variations, and the characteristics of marine areas. In this WO e e e

.
h a b Itats a C rOSS I a rg e a rea S . study we assess the usefulness of earth observations (EO) for evaluating the Figure 4. EO turbidity shows good correspondence with field measured flow-

impacts of fish farming, and marine heat waves on marine habitats in the coastal ::;ZI:::;:’;'E (yellow line in Fig 1) accompanied with water samples (analysed in

v Fish farming impacts can be detected using EO-based turbidity St ol sy o e s

and chlorophyll indicators. " -
v" Marine heatwaves are mapped reliably by combining '

high-resolution Landsat temperatures with daily SLSTR data. - T T
v" Small vessel detection from Sentinel-2 offers a new way to - e R N, ot Sy

Figure 2. We analyse the benefits of sea surface temperature (SST) observations in monitoring extreme temperaturesand  Next, we will explore the Very high resolution (VHR) satellite

. .
u a n t If h u m a n re S S u re O n N atu ra : 2 O O O S I t e S heatwaves in sensitive habitats. We apply multiresolution approach with 1km and 100m observations, Sentinel-3A88 data. Use of VHR images is especially advantageous near the
SLSTR and Landsat-8/9 TIRS and TIRS-2, respectively. TIRSs, with 100m resolution, are advantageous in shallow and . =
I y I " fragmented coastal areas, but have the shortcoming of sparse availability of observations. In contrast, SLSTRs observe shoreline, where the shortcomings of present open-source data
daily. FMI utilized U-net archit in Climate ion Al (CRAI; Kadow et al. 2020) tofill instsTR ~ With 10-20 m data exist. The cost-benefits and reliability of the

/ . . . . observations near the coast by learning from TIRS observations. Some challenges remain as the results tend to be noisy information obtained through satellite observations are
ie ata and models support validation. usinga flow-throu e e e e e e L A
) August (number of images is quoted in parentheses).
SALUPA project (2024-2025) is a collaboration between the

measurements, lab samples, and the FICOS nutrient model to . T
understand changes under varying conditions. "

" sstrec)

Aquaculture Fund (EMFAF).
We thank project Kalavaltio for valuable field observations.

10
oljn 15jun  Oljul 15ju  OlAug 15Aug OLSep 155ep

= CRAI code: hitpsi/github, com/FREVA-CLI
203 o e 7
2 Figure 3. The Finnish Coastal Nutrient Load Model (FICOS; Lignellet ~ Evropean
4 i SRR 5 2000-prolected-areas-network
i al., 2025) is used to assess nutrient concentrations in sensitive Cacon ¢t Dot 8 o , . M
i o i dow, C., Hall Ulorich, U. Arifical inteligence reconstructs missing climate information. Nat
areasuncler different hydradynamic.conditions: Geosci. 13, 408-413 (2020). hitps/doi 0rg/40.1038/541561-020.0582.5
a8 Left panel: Modelled total phosphorus in the 10 m surface layer Lignell, Miettunen, Kuosa, Ropponen, Tuomi, Putionen, Lukkar, Korppoo, Hutiunen, Kauriia, Vanhatlo,

6035°N 604N 60.45°N 605N

(6th Aug 2020). Top panel: Daily concentrations of total ‘and Tringstad (2025). Modeling how eutrophication in northern Baitc coastal zone is diven by new
: 4 il : nutient nputs,internalloacing, and 30 hydrodynamics. Joumal of Marine Systems, 249: 104049
s phosphorus during Jun-Sep 2020 in two locations: near a fish farm 11

(point 1) and in a protected area 5 km away (point 2).
i Mayra, J. Vinanen, E. A, Jokinen, AP, Koskikala, J. Vakeva, S, & Atla, J. (2025). Mappi
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MARINE BIODIVERSITY UNDER CLIMATE CHANGE - NATURE- % Future
BASED SOLUTIONS AND LOCAL CUMULATIVE IMPACTS MARES

Riikka Puntila-Daodd (SYKE, AAUY, Marta Coll (ICM-CSIC), Maria Bas (ICM-CSIC), Xavier Carrales (AZTI), Miguel Ortega (ICM-CSIC),
Madciej T. Tomczak (SLU), Jeroen Steenbeek (Ell), Dorota Szalaj (IPMA), Christopher Lynam [CEFAS)
- Funded by
the European Union

MARINE BIODIVERSITY UNDER
CLIMATE CHANGE - NATURE-BASED
SOLUTIONS AND LOCAL CUMULATIVE

IMPACTS
Riikka Puntila-Dodd et al.

Abo Akademi/Syke

v" The marine environment experiences
multiple, often cumulative pressures
v" NBS have potential for alleviation of

Aba Akadem’ Uniw mentzal and Marine Bolagy,

INTRODUCTION

Marine acosystams are under serioug curmulative strass due to glabal
climate change and various local pressurss. Nature-based solutions
[MBS], such as restoration, spatial protection (o.g, MPAS), nutrigat
reduction, arnd Nature Inclusive (Fishariss) Harvesting (NIH), can be
used to allevizstz the impacts. Marine Ecosystem Models [MEM's)
provide a tool for exploring the cutcomes of cumulative impacts and
Lradealfs with various management intarventions.

Future prajections for Eurosean Sea ecosystems were modeled under
thres contrasting narratives: Global Sustainability (GS), National
Entergrise [ME), and World Markets (WM). Furtherrmaora, cumulative
impacts of shipping and offshore wind (OWF) energy oroduction were
maodeled in two cantrasting scenarias (G5 ang NEJ.

Bt et e &
ek o Vit plati
iz et sy

CB model AS model

METHODS

The Ecosystem Models ([Ecopath with Ecosim! built and calibratec for the Western
Mediterranean Sea, North Sea, Central Baltic Sea, Archipelage Sea, Bay of Biscay, and
Portugusse Shelf were used. Fulure changes in abiolic paramelers and primary
production were modeled using biogeochemical models under RCP 4.5 and 8.5 In the
Baltic Sea, two nutrient emission scenarios (RFF and BSAPY were also used. The spatial-
temporal layers were used to drive the ecosystem models. Future spatial protection
{MPA) scenarlos were designed from available local plans to fulfill the 30 by 30 in the
Global sustainability scenario, Offshore Wind Farm locations (current and Tuture] and
shipping intensity were extracted from EMODNET. Response functions for the
environmental parameters, habitat affinity, and responses towards wind farms and
shipoing were extracted with an extensive literature review. At this preliminary stage,
impacts were limited to direct Impacts to habitat increase or destruction (selected
benthic organisms), foraging (avoidance of either shipping lanes or OWF by mammals or
birds), and direct mortality due to collision (birds; OWF or mammals and turtles;
shipping).

RESULTS - NBS OWF & SHIPPING CUMULATIVE IMPACTS

Impacts

Modelling tools have been limited

Ecosystem modelling provides

opportunities for evaluating the impacts of

iIndividual and cumulative pressures

v" NBS can be effective in protecting some
species, but curbing CC is the key

v
v

Many of the results are driven by the climate
change and nutrlent reduction seenarios, Howewver,
the fate af tha heavily fished spacies can be
changed with sustainably managed fishing (effort
reduction and MPAs). Key conservation species
snow drastic differences between tha scanarios.

e s

CONCLUSIONS

NBS have the potential to buffer the OWFs result in local decreases In birds,
impacts of climate charge for some bul these
species. The iImpacts bBecome mare protection. Impacts are negated by the

Changes due to shipping and OWF are related to 1)
direet mortality to cortain groups (sirds, mammals) and
2) restrictions on fishing in these arcas.

Shipping impacts are spatially localized to regions with
ahigh density of shipping routes

Impacts doe net propagate widely through the
ecosystam.

Greatest negative impact on mammals, reptiles, and
some key fish species.

Modelled reduction of marine shipping trafMic does
reduce impacts.

Wind farm impacls are spatially localized (eg,
incraased martality among birds)

De facta MPA has a more significant impact.

Mg bt st o s
)
s
3
3

a8 madel

Cumulative impacts of local pressures are alleviated
In the GS scenarlo comparcd to the MNE scenaric.
Trade-off with added spatial protection and lishary
catches,
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Increazes in marine traffic and climate Mitigation measures for shipping may

are offset by spatial change without mitigation lead to play & crucial role in protecting marine

pronounced towards the end of the overwhelming Impact of climate change  some regions

century
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reductions in mammal populations in  mammals and turtles.

Managing climate change would have
the largest effect
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Marine Research
Laboratory

Anne-Mari Luhtanen
Finnish Environment Institute (Syke)

v Information about Syke’s Marine
Research Laboratory in Viikki

v' Expertise and facilities
v' Analyses
v' Equipment for field work

Suomen yrmpéristkeskus
Finlands miljscantral
Finnish Environment Institute

syke.fl | ymparisiofl

Marine Research Laboratory

Viikkl, Helsinki

Baltic Sea menitering and marine
research
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Finnish Accreditation Service
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The Marine Research Laboratory of the Finnish Environment Institute {Syke) is
part of the national marine research infrastructure FINMARIL The laboratory
offers analysis and research services to Syke researchers and partners. Through
national and international research Infrastructure projects, other entities can
alsa apply for laboratory time for research.

yke's Marlne Research s F V.
The operalions meet the requiements of the standard SF3-EN ISC/IEC
17025, ANAS TO0Z.

Expertise and facilities Fleld wark

The skilled and experienced staff of the
Marina Research Labaratory ara the

Marine Research Laboratory has up-to-
date equipmant for marina fisld work, 8.0

foundation of all aperations.

Expertise (Baltin Ser)

Phyleplanklen {also cultivation)
Zooplankten

Benthic animals

Mutrient analyses (NOZ, NO2+3, TOTM,
NHa, FO4, TOTE, Si04)

Hydrographic analyses {pH, alkalinity,
oxygen, hydrogan sulfida)

Chl-a

Carban eycling + nilrogan (DIC, DOCN,
TOCMN, POCIN, TPC)

Microplastics

Bio-aptics, particle analysis and imaging

Facllities

Malecular biolagy laboratory
|sotope laboratory
Microplastics labaratary
Indoor mesocosm faciitiss

Temparature and light contralled cold
rooms for experimantal research
Microsoopy fasiities

= Benthic lander

= Warious in-situ sensors especially far
biogeschemical and oplical studies
Imaging Flow Cylobel, CyloSenses and
FlowCam imaging instruments for
plarklon resaarch

+ AguaBox autamated multichannel and
multiparameter sampling and
measurement unit

Sediment raps

= Octanaut transportable cutdoor cabin
for instruments

EBradal large volume hose purmp
(10512 Lfh)

- Laboratory and sampling
maring conlainers

DOther resources

Microslgas cullure collaction
Sampling requests fram Aranda

menitoring cruises and Algdline
Farrybones

QR code: more infarmatlon about Marine Reseoreh Laboratery In Syke

Contact: Anne-Mari Luhtanen, anne-mari.lurtanen@syke.li

Autemetic inater lor alkolnity and oxygen. Phote: lkka Lesturmalk

CytoSensa scanning and Imaglng flow cylomater . Photo: llkka
Lasturnakl




U Ser a g reemen t to WO rk Access application / user agreement:

FINMARI Marine Research Infrastructure

in FINMARI facilities e

Syke Marine research laboratory, RV Aranda, Ut research station & field equipment

FINMARI Management Group

Please, complete this booking form to ensure the availability of services and facilities for your
project.

v You must fill in new form before using any Liity skannaamalla
FINMARI facilities. P olsLelia
kayttamalla linkkia

v' The form helps us organize access to labs,
iInstruments, and technical support so everything
runs smoothly.

v" We also need this information for reporting to the
Research Council of Finland and European
research infrastructures.

v All FINMARI partners will start using similar form
: o . https://forms.office.c
In 2026 except Tvarminne and Seili om/e/PGUXVE6W6W

U Kopioi linkki




Geological Survey of Finland (GTK) — Marine Geology
7

FINMARI at GTK

Aarno Kotilainen & Joonas Virtasalo
Geological Survey of Finland (GTK)

v In our poster, we present GTK’s main
marine geological research infra

T
o s

v Do get in contact for access and
collaboration
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Authors: Jari Hanninen & Katja Makinen
Institution: Archipelago Research Institute, Seili

v Please, check options Seili field station
can offer for your marine research. Come
to see our poster for details and
connections.
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ARl The Archipelage Research Instiufe of Turky E |
University, located at the Seill island, has been
established in a former 18" century asylum, which
has been converted into a modern state-of-the-art |
international marine  research facility. The
neoclassically built environment provides an ideal,
ingpiring and unique framework for conducting high
quality marine research. SITES. UTU.FI/SEILI

RESTAT®

EMBRC Besides FINMARI, the services offered at
AR are also part of the European Marine Biological
Resource Centre, which provides access to marine
ecosystems and experimental platforms, and
related services, to researchers from  both
academia and industry. WWW.ENMBRC.EU

ENVIRONMENTAL MONITORING

+ As a part of global QDAS network, AR provide sixty-year-long envirpnmental time senes
of seawater temperature ("C) and salinity {FSU), and mesc-zooplankton community
composition fram 3-45 deep water column from institute’s fixed monitaring station naorth of
Seili island.

» 3ince the early 1980s, ARI has also monitored the characteristics of the spawning herring
population in the Archipelago Sea as part of a long-term project on herring reproductive
_ biclogy.

- = Downloadable automatic seawater measurements from Seili automatic profiling buay,
_ with weather station and eutrophication predictions for the next 10 days, to complement the
- manual measurements for higher samplmg freguency and real-time dala acquisition

(SAARISTOMERLUTU.FI/ODAS FIi} =
E ,

VESSELS, equipped a range of samplersiprobes for field
studies (e.g. Nets, Grabbers, Sonars, ROVs, elc.)

v Aurelia

» Max. capacity 40 persons (+ 2 crew; the vessel is hired
only with crew}

+ Overall length 18.1m, beam 5m, draft 1.5m, max. speed
15 knots, gross tonnage 5.8 t.

+ Outdoor working space (18.4 m?), Lowered sampling
deck (15.5m”, small laboratory/wet lab space (2.8 m”}
Minor Range 7600 & Faster 515 motor boats, available
for transportations and sampling trips in the Archipelago

g

+ Max. 8-B passengers
« Lengths 5.1-7.5 m
» Powers 60-160 hp

EXPERIMENTAL FACILITIES

= Three drylabs and faur wetlabs. classrooms, cold
| facilities, superfreszers {-80°C), etc.

» Ten indocr experimental racks with nine 10-30
litre aguania tanks each with temperature-controlled
flew-through seawater and adjustable light pericds
and spectra

* Quidoar flow-thru mesocosms with 16 units tanks
(120 litre), equipped with wave machines if needed

Far more information of our possibilities, see SITES.UTU.FI/SEILI
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rices for FOR MARINE
Tvirminne — where to next? RESEARCH

¢ TVARMINNE
ZOOLOGICAL
womsrrrmen | STATION

o Qe

\ I . !

v' The “Tvarminne Hub” to integrate research,
scientific diving, science education and outreach L

mstrument dep]oymmts and experimental setups both in the
field and in the laboratory. We are happy to help you from the

v Come and check out the current “architect’s B
vision”. What would you like to see in there?

EMBRC The services offered at TZS are part of the European
Marine Biological Resou.rce Cent're which provides access to

marine d experimental platforms, and related
services, to reseamhers from both academia and industry.
WWW.EMBRC.EU

SCIENTIFIC DIVING

Samp]mg and 1 mstrument depluyment, supported by the Finnish
Diving A g in adv d training and

support for underwater research.

ECOSYSTEM ACCESS AND FIELD EXPERIMENTS

+ Access to a range of habitats from inner to outer archipelago
and outer sea within an MPA managed by the station

+ Research vessels of different sizes: R/V Augusta (18 m
catamaran), hovercraft for winter sampling, and a range of
smaller boats for coastal sampling also suitable for diving
operations

- Standard sampling equipment such as water samplers,
plankton nets, sediment corers and grabs, and handheld
probes (CTD, oxygen)

LABORATOR\‘ SERVICES
Water chemistry (e.g., nutrients, ehlorophyll, earbonate
system) and sulmmn t analyses
- Molecular biology lab y facilities
+ Stereomicroseopes, upright and inverted microscopes fitted
cameras, some with fluorescence capability

HELSINKLFI/TVARMINNE

ENVIRONH ENTAL MONITORING
- Unique, over hundred-year-long datasets of biclogical and
aphical parameters

- Automatic measur ts to t the
measurements for higher sampling frequency and rea] -time
data acquisition (www.helsinki.fi/ monicoast)

- Part of the European Marine Omies Biodiversity Observation
Network (EMOBON), sampling water column, soft substrates,
and hard substrates

- ICOS station for atmospheric and oceanic greenhouse gas
measurements

EKPERHENTAL FACILITIES
atal tanks in temperature-controlled rooms from 10
litre aquaria to 12 x Goo litre tanks, with flow-through seawater
and adjustable light spectra
+ Can be fitted with automated sensors (temp, cond, oxygen)
- Outdoor mesocosms of up to 5 m3 volume, with 12 units
(flexible plastic bags) attached to a ﬂoatmg raft

FINMARI PHYTOPLANKTON CULTURE COLLECTION

Approx. 100 species strains of Baltic

Sea phytoplankton, cultivated at +4 °C and +16 °C, salinity &
- For ecological and app].led research, instrument testmg,

har
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