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Table S1 Baltic Proper N,-fixation rates estimated with different approaches: Nutrient budgets®,
Acetylene Reduction Assayb, Stable isotope tracers®.

N,-fixation rate N,-fixation rate Yearly N,-fixation Year Reference
(nmolNL*h?) | (mmolNm?2d?) rate
(mmol N m?2y™?)
0.41-5.41° 0.21-2.6 14.3-214 1990-1997 Rahm et al. 2000
0.39-0.71° 1993 Stal and Walsby 1998
0.2-5.59¢ 1995-1996 | Ohlendieck et al. 2000
0.4-11.96° 0.43-0.91 140-158 1998-1999 Ohlendick et al. 2007
5.07° 1.7+0.6 / 7.1+ 4.4 101-263 1997 Wasmund et al. 2001
<7° 1999 Stal et al. 2003
0.006-2.98"° 0.14-1.29 22-51 1999-2000 Degerholm et al. 2008
2.3to5.9 60-140° 1994-1998 Larsson et al. 2001
114-279° 1998-2000 Gustafsson et al. 2013
134-182° 2001 Wasmund et al. 2005
0.15-2.32 138° 2001 Wasmund et al. 2005
92° 2002 Rolff et al. 2007
0.05-2.77 0.85-1.48 70-95¢ 2013 This study
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Fig. S1 Depth distributions of N,- and C-fixation, and the ratio of N, fixation to N-demand during
summer 2013 at the Landsort Deep, the Baltic Proper. Simultaneous measurements of C- and N,-
fixation using stable isotope tracers were conducted in the summer mixed-layer community
dominated by cyanobacteria, diatoms, and flagellates. Much N,-fixation occurs at night; moreover,
N,-fixation supported 5-37% of the N-demand for the measured C-fixation by the whole
phytoplankton community (< 30 m depth). Rates are values for June, July, and August (mean+SD;
three replicates each month).

(a) The average N2-fixation measured from 9 am to 9 pm (open symbols) and from 9 pm to 9 am
(closed symbols). The N2-fixation rate during night in the upper 12 m was 53-118% of that in the
daytime.

(b) The average C-fixation measured from 9 am to 9 pm (open symbols) and from 9 pm to 9 am
(closed symbols).

(c) The depth distribution of the ratio between N,-fixation rate and N-demand for the whole
community. N-demand calculated as the diel C fixation divided by the Redfield ratio (6.6) for each
depth. The maximum average value was 19% (range: 8 - 37%) at 12 m depth and the average for the
whole euphotic zone was 12% + 9%.
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Fig. S2 Grazing by mysids and copepods on Nodularia spumigena reported as (a) ingestion rate in
feeding experiments and (b) gut content estimated by qPCR in experimental and field studies.

(a) Feeding experiments with Aphanizomenon spp. (filled circles) and Nodularia spumigena (open
symbols) as prey and Mysis mixta (circles) and copepods [Acartia spp. (A) and Eurytemora affinis (E)]
as grazers. Two size classes of mysids, juvenile (m) and adult (M), were used. Ingestion rate (mean *
SD) is shown on the left Y-axis for mysids and on the right Y-axis for copepods. Note that most of the
experimental studies are conducted at much higher cyanobacteria concentrations than those
observed in situ (seldom above 20 pgC L™).

(b) Abundance of Nodularia spumigena (mean £ SD) in the stomach bolus of copepods [Acartia spp.
(A) and Eurytemora dffinis (E)] measured in the field (open symbols) and in feeding experiments
(bars), as a function of the concentration of the cyanobacterium. See Appendix S3 for details on
Motwani 2015.



Appendix S1. Monitoring of phyto- and zooplankton in the northern Baltic proper and analysis of
long-term trends in zooplankton 6'°N in relation to cyanobacteria abundance

Zooplankton samples have been collected within the Swedish National Marine Monitoring
Programme (SNMMP) at station B1 (outside Asko Biological Station, northern Baltic Proper; N 58°
48' 18, E 17° 37' 52, bottom depth 38 m), during 1976-2010. The samples were collected by vertical
bottom to surface tows, using WP2 net (90 um mesh size, mouth opening 0.25 m?) as specified in
the monitoring guidelines (HELCOM 2008), preserved in borax-buffered 4% formalin, and stored in
the dark, at room temperature. In these samples, mesozooplankton were analysed following the
standard protocol of the Baltic Sea Monitoring Programme (HELCOM 1988); biomass was calculated
using individual species- and stage-specific weights (Hernroth 1985). Replicate subsamples (Kott
1953) were counted (2500 specimens) with an inverted microscope (Leitz fluovert FS, Leica) at 80x
magnification. Copepods were classified according to species, developmental stage (nauplii,
copepodites CI-lll, CIV-V, and adults), and sex, whereas cladocerans were classified to species,
maturity (females) and sex.

The archival zooplankton samples were used to analyse stable isotopes (SIA) in crustacean
zooplankton. For each year, a composite crustacean zooplankton sample for SIA was prepared (25-
30 copepods and cladocerans sample™ at approximately 1:1 ratio) using material collected in June-
August (5-6 samples per year) and pooled within a year. Thus, each zooplankton sample for SIA
represented crustacean zooplankton without an effect of varying proportions of different groups
during summer. These zooplankton samples were used for the retrospective SIA to infer temporal
changes in zooplankton "N isotopic composition.

The samples were dried at 60 °C for 24 h and analysed using continuous-flow isotope mass
spectrometry provided in automated NC analysis (ANCA) SL 20-20, PDZ Europa at the Stable Isotope
Facility, UC Davis, U.S.A. The standard reference materials were Vienna PDB and atmospheric N2.
Measurement precision determined for standards was +0.1%. for carbon and +0.3%. for nitrogen
isotopes.

Sampling and analysis of phytoplankton were conducted at the same station as a part of SNMMP,
following HELCOM guidelines Helcom (2008). Briefly, samples were taken with a hose from the
upper 16 m and preserved in acidic Lugol solution. For analysis, the samples were settled in
Utermoéhl chamber and examined using a NIKON inverted microscope with phase contrast.
Phytoplankton (including cyanobacteria) were counted in diagonals or on the half/whole chamber
bottom, cell volume was calculated from size measurements. Biovolumes of phytoplankton cells
were calculated using Olenina et al. (2006) and the HELCOM taxa-specific biovolume table
http://www.ices.dk/marine-data/Documents/ENV/PEG_BVOL.zip.




Appendix S2. Analysis of trophic diversity measured as isotopic niche in the deposit-feeding
amphipods in relation to cyanobacteria bloom intensity in the northern Baltic proper.

Samples of the deposit-feeding amphipod Monoporeia affinis were collected in the Himmerfjarden
Bay, northern Baltic proper (58°59’N and 17°43’E) during five years (2000, 2003, 2006, 2008, 2011)
within the program Himmerfjarden Eutrophication Study. Phytoplankton were sampled and
analysed bi-weekly throughout the summer as described in Appendix S1, whereas benthic sampling
was carried out every third year in October throughout the bay. Six benthic stations close to the
phytoplankton monitoring station H3 were selected and 15 amphipods per station, if available
(macrofauna abundance in samples varied largely between years and stations), were analysed for
stable carbon and nitrogen isotopes (Karlson et al., unpubl.). To quantify trophic level and resource
breadth of a population, isotopic niche was used calculated as the convex hull area, which is the
total area encompassed by all points on a §"*C-6"N bi-plot combining all individual samples
(Layman et al. 2007). Larger values of isotopic niche suggest greater trophic diversity and dietary
breadth.



Appendix S3. Analysis of direct grazing on cyanobacteria and zooplankton 8N in relation to
cyanobacteria abundance in the northern Baltic proper

Zooplankton samples have been collected at station BY31 (Landsort Deep, N 58° 35' 00, E 18° 14' 00,
bottom depth 454 m) during May-September 2011. The samples were collected by vertical bottom
to surface tows, using WP2 net (90 um mesh size, mouth opening 0.25 m?) and size fractionated
using sieves and separation tower into 100-200 um (nauplii and rotifers), 200-500 um (cladocerans
and younger copepodites) and >500 um (older copepodites) size classes. These samples were split
and used for SIA and molecular diet analysis.

Two zooplankton sub-samples for each size-fraction were placed into pre-weighed tin-capsules and
sample weight (DW, 0.9 £ 0.3; mean + SD) was measured on a Sartorius balance with a sensitivity of
1 pg prior to SIA. The samples were dried at 60 °C for 24 h and analysed using continuous-flow
isotope mass spectrometry provided in automated NC analysis (ANCA) SL 20-20, PDZ Europa at the
Stable Isotope Facility, UC Davis, U.S.A. The standard reference materials were Vienna PDB and
atmospheric N,. Measurement precision determined for standards was +0.1%. for carbon and
+0.3%o for nitrogen isotopes.

To quantify Nodularia spumigena in zooplankton guts, a real-time gqPCR assay was applied using
Nodularia-specific primers as described in Engstrdm-Ost et al. (2011). The known number of animals
were picked from each size fraction; 7-10 copepods, 10-15 cladocerans and 20-25 nauplii and
rotifers per sample were analysed. All samples were analysed in duplicates.

Sampling and analysis of phytoplankton were conducted at the same station as a part of SNMP; see
Appendix S1 for details on sampling and sample analysis.



Appendix S4. Analysis of biochemical indices for growth and body condition in the amphipods
exposed to cyanobacteria-enriched diet.

Amphipods were exposed to sediment with and without summer bloom (dominated by Nodularia
spumigena). After a one month incubation, growth indices were measured. As a proxy of growth
capacity, we used RNA:DNA ratio, which increases with increasing protein synthesis rate (Lang et al.
1965); it has been successfully applied in various crustaceans, including amphipods (Gorokhova et al.
2010; Ryan et al. 2012). To focus on changes in protein-rich muscle tissue of the experimental
animals, nucleic acids were measured using the 6" pereopod dissected from five individuals per
experimental container (n=5). The measurements were done using RiboGreen assay according
Gorokhova and Kyle (2002). Results from meiofaunal growth using the same experimental set-up is
reported in Nascimento et al. (2009).
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