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Table S1. List of all 12 categories and 43 parameters under which meta-data of SIA studies 
were extracted, including classification rules for all parameters for which classifications 
were not self-explanatory. The categories and parameters correspond to the data extraction 
structure shown in Figure 1. 
 
 

Category Parameter(s) Explanation 

Paper Author, Year, Title, 
Journal name, Peer-
reviewed 

All 5 parameters self-explanatory, providing bibliographic 
information of each paper 

Study design Field/ Experimental/ 
Both 

Classification of studies based on whether they included field 
work without experimental manipulations, versus 
experimental work (either laboratory or field), or combined 
both components 

Fundamental 
knowledge 
 
(Five topics within 
this category) 

See section “Materials and Methods” for details 

Baltic Sea 
challenges 
 
(Four topics within 
this category) 

See section “Materials and Methods” for details 

Trophic groups 
 
(10 trophic groups 
in this category) 

Classification of studies based on the trophic groups that are covered; all trophic groups 
represented by species are ticked (i.e., two or more trophic groups can be covered by a 
study) 

 Seston Includes organic matter forms and bacterial fraction 

 Phytoplankton Includes all phytoplankton groups (e.g., diatoms, flagellates, 
cyanobacteria), as well as microzooplankton 

 Phytoplankton 
(Cyanobacteria) 

Ticked only if cyanobacteria are covered in the respective 
studies 

 Marine macrophytes Includes macroalgae and seagrass 

 Zooplankton Includes pelagic crustaceans (e.g., copepods, cladocerans), but 
not jellyfish (separate entry) and mysids (included under 
“Benthic invertebrates”) 

 Benthic invertebrates For example, benthic crustaceans, molluscs, polychaeta, and 
also mysids 

 Jellyfish Includes all jellyfish species 

 Fish Includes all fish species (including freshwater and anadromous 
species, e.g., Perca fluviatilis) 

 Marine mammals Includes all marine mammal species 

 Waterbirds Includes seabirds and shorebirds (e.g, Anas platyrhynchos duck 
feeding in coastal systems) 

Temporal focus Year of sampling Year(s) in which sample(s) for a study was/were taken. 
Continuous sampling years are displayed as time periods, e.g., 
the period 2010-2013 reflects sampling in the consecutive 
years 2010, 2011, 2012, and 2013. 

 Month of sampling Month(s) in which sample(s) for a study was/were taken. 

 n of years Number of years covered by a study (Options: “1”, “2”, 2+”). 
Relates directly to the column “Year of sampling” 

 Seasonal coverage Season(s) in which sample(s) for a study was/were taken. 
Options are winter, spring, summer or autumn 

 n of seasons Number of seasons covered by a study (i.e., numbers between 
1 and 4) 
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Spatial focus Sampling location (ICES 
SD) 

ICES subdivision(s) (SD) in which sampling for a study took 
place. SD numbers and names are shown in Figure 3 

 Local/ Regional Spatial focus of studies. “Local” here is defined as a study 
including samples from one sub-division, “Regional” as a study 
including two or more sub-divisions. Relates directly to the 
column “Sampling location” 

 Coastal/ Offshore/ Both Habitat(s) (coastal, offshore or both) covered by studies, based 
on the description given by the authors in the individual article 

 Benthic/ Pelagic/ 
Benthic-Pelagic 

Habitat(s) (benthic, pelagic, or both) covered by studies, based 
on the description given by the authors in the individual article 

 n of trophic groups Number of trophic groups represented by species included in a 
study (“1”, “2”, “3” or “3+”). Directly relates to the number of 
trophic groups that is ticked, without counting seston (which is 
rather a baseline value than a trophic group). The number here 
therefore does not reflect an estimated number of trophic 
levels in the food web. 

Stable isotope 
analysis 

Stable isotopes Stable isotopes included in a study (options for bulk SIA: C, N, 
S, O, H, labelled C, labelled N; options for compound-specific 
SIA: C-AAs, N-AAs, C-FAs, labelled C-AAs, labelled N-AAs, 
labelled C-FAs). “AAs”: amino acids; “FAs”: fatty acids 

 SIA application Options of bulk stable isotope analysis “bulk”, compound-
specific stable isotope analysis “compound-specific)”, or “both” 
for studies including bulk and compound-specific data 

 SIA: 
Labelling/Natural/Both 

Options of labelled stable isotopes “Labelling”, natural stable 
isotopes “Natural”, or “Both” for studies including labelled and 
natural stable isotope values 

Taxonomic focus Species Includes all species reported in the main body of the respective 
publication. Species from supplementary files are not listed 
systematically here; Species occurring at low samples sizes 
(e.g. sponges, tunicates) or of terrestrial nature are not covered 
comprehensively (e.g., leeches, insects) 

Study objectives Objectives Overarching objective(s) for each study is/are summarized 
based on title, abstract and introduction. 

Online repository Yes/No Primary data of study available in an open-access online 
repository (e.g., Dryad, Pangaea) 

 Repository DOI DOI of a primary dataset, if available 

Entry Original/Update “Original” refers to inclusion in the table at the time of 
publication (corresponding to the studies identified in the 
review. “Updated” is intended for studies added during later 
updates in an open-access Dryad repository (currently 
envisioned six months intervals) 
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Table S2. Complete list of all stable isotope ecology studies in the Baltic Sea identified in this 
review (n = 164), and the fundamental research topics and Baltic Sea challenges covered by 
each study (Fundamental knowledge, A, with: A.1 – Food web baseline, A.2 – Food web 
trophic structure, A.3 – Feeding and Foraging, A.4. – Migration, A.5 – Zooarchaeology; Baltic 
Sea challenges, B, with: B.1 – Eutrophication, B.2 – Contaminants, B3 – Cyanobacterial 
blooms, B.4 – Non-indigenous species. The information in this table underlies Figure 3 and 
Figure S1. 
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Table S2 (continued) 
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Table S2 (continued) 
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Table S2 (continued) 
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Table S3. Complete list of species addressed in the 164 stable isotope ecology studies in the 
Baltic Sea identified in this review, grouped by the overarching trophic groups 
phytoplankton, marine macrophytes, pelagic zooplankton, benthic invertebrates, fish, 
marine mammals and waterbirds, presented as sub-tables on separate pages below. Counts 
represent the number of studies addressing a specific taxon. The information in this table 
underlies Figure 4 and 5. 
 

Summary     

Total species count 239 
 

Benthic invertebrates 75 

Fish    52 

Phytoplankton 44 

Zooplankton  24 

Waterbirds 19 

Marine macrophytes 16 

Marine mammals 6 

Jellyfish   3 
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Table S3. Phytoplankton 
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Table S3. Marine macrophytes 
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Table S3. Zooplankton 
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Table S3. Benthic invertebrates 
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Table S3. Jellyfish 
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Table S3. Fish 
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Table S3. Marine mammals 
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Table S3. Waterbirds 
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Table S4. List of non-peer-reviewed academic theses (n = 10), conference papers (n = 2), 
reports (n = 1), and preprints (n = 2) with a focus on stable isotope ecology in the Baltic Sea. 
The search results are not checked for completeness and do not represent a systematic 
review. 
 

Paper Year Title Available 

Agurto (2007) 2007 Assessing mesozooplankton trophic levels in the 

Baltic Sea and North Sea: A stable isotope study 

Doctoral thesis / Kiel 

University 

Danielsson et al. 

(2015) 

2015 Carbon and nitrogen stable isotopes within the 

Swedish national monitoring of contaminants in 

marine biota 

Report/ Swedish Museum of 

Natural History 

Hobbie et al. 

(1990) 

1990 Sewage derived 15N in the Baltic traced in fucus 
Conference paper/ EOS 

Karlson et al. 

(2021) 

2021 Trophic position derived from amino-acid nitrogen 

isotopes reflect physiological status of both predator 

and prey over four decades 

Preprint/ bioRxiv 

Kiljunen et al. 

(2018) 

2018 Movements of Individual Salmon (Salmo salar) in 

the Baltic Sea Revealed by Stable Isotopes 

Conference paper / 

European Conference on 

Computational Biology 

Lehosmaa (2014) 2014 Dietary differences between Baltic ringed seals 

(Phoca hispida botnica) based on stable isotope and 

fatty acid analyses 

Master thesis / University of 

Jyväskylä 

Lesutienė (2009) 2009 Food web of the Curonian Lagoon: organic matter 

sources and feeding of mysids 

Doctoral thesis/ Klaipeda 

University 

Lienart et al. (2021) 2021 Spatio-Temporal Variation in Stable Isotope and 

Elemental Composition of Key-Species Reflect 

Environmental changes in the Baltic Sea 

Preprint/ Biogeochemistry 

Mänttäri (2011) 2011 Hallien (Halichoerus grypus) ja itämerennorppien 

(Phoca hispida botnica) ravinnonkäyttö 

Perämerellä 

Master thesis / University of 

Jyväskylä 

Mohm (2014) 2014 Feeding ecology of Baltic cod assessed by stable 

isotope analysis 

Bachelor thesis / Kiel 

University 

Mohm (2016) 2016 Trophic dynamics of Baltic fish species after the 

2014 Major Baltic Inflow event 

Master thesis / Kiel 

University 

Morkūnė (2017) 2017 Food web of the Lithuanian Baltic Sea coastal zone: 

structure and organic matter flows 

Doctoral thesis/ Klaipeda 

University 

Priester (2018) 2018 Otolith time machine: 40 year history of Baltic cod 

feeding ecology reconstructed with otolith protein 

C, N and S stable isotope analysis 

Bachelor thesis / Kiel 

University 

Sokołowski (2009) 2009 Tracing the flow of organic matter based upon dual 

stable isotope technique, and trophic transfer of 

trace metals in benthic food web of the Gulf of 

Gdańsk (southern Baltic Sea) 

Habilitation 

thesis/University of Gdańsk 

Press 

Urban (2016) 2016 Unlocking the potential of biological sample 

archives: benthic-pelagic feeding of Baltic cod 

assessed by otholith protein amino-acid specific 

stable isotope analysis 

Bachelor thesis / Kiel 

University 
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Figure S1. Coverage of A.) fundamental research topics (“Fundamental knowledge”) and B.) 
applied topics (“Baltic Sea challenges”) by stable isotope ecology studies in the Baltic Sea. 
Numbers above the bars reflect the count of studies from the overall study pool (n = 164) 
addressing each topic. This figure complements manuscript Figure 3 providing regionally 
resolved information but not overall numbers. 
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Figure S2. Specific combinations of stable isotopes used in Baltic Sea stable isotope ecology 
studies. Numbers above the bars represent the count of studies applying specific stable 
isotopes. Stable isotopes marked with AAs (= amino acids) and FAs (= fatty acids) represent 
compound specific analyses, all others bulk analyses. 
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Figure S3. Temporal comparison of the relative importance of different topics covered by 
stable isotope studies during the time periods 1999–2009 and 2010–2021, for the pool of 
studies focusing on A) fundamental knowledge topics (n = 240) and B) applied topics (n = 
85). 
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