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1 Objectives 
Theoretical models predict an increase of sea surface temperatures with global 
warming. A consequence of increasing surface temperatures would be a stronger 
stratification of water columns and decreasing mixing depth. This should have large 
consequences for the dynamic of plankton communities.  We propose to investigate 
the effects of increasing water column stratification on plankton dynamics 
experimentally by performing mesocosm experiments in the Bay of Hopavågen. We 
will experimentally manipulate the mixing depth of the water column and follow the 
consequences of the manipulations for the plankton community dynamics. We will 
especially test three hypotheses related to food web dynamics and stratification: 
 
I) Decreasing mixing depth of a water column will favor phytoflagellates over 
diatoms and thereby change phytoplankton communities 
 
II) Decreasing mixing depth therefore decouple prevalent phytoplankton – 
zooplankton dynamics by changing food quantity and quality (biochemical 
composition) for different zooplankton groups. 
 
III) Decreasing mixing depth will favor jellyfish growth. 
 

2 Experimental setup 

2.1 General description 
The experiment took place at the “HYDRLAB Sletvik Field Station” (Norway). For 
this purpose, 18 enclosures were established with a three times replicated gradient of 
mixing depth of 2, 4, 6, 8, 10 and 12 m (Figure 3.1). Each enclosure was regularly 
mixed (each hour) with short pulses (5 min) of compressed air. We have analyzed 
light, nutrients and the composition of the plankton community in the mixed layer of 
all 18 mesocosms once/twice a week for 3 weeks. For more detailed insights into food 
web dynamics, we have additionally analyzed biochemical compounds and stable 
isotope patterns of carbon and nitrogen within biomass of phytoplankton and 
zooplankton. Profiles of temperature and salinity were recorded regulary with a 
“T/PSU/pH” sensor. 
 

2.2 Relevant fixed parameters 
 
Nutrients: Dissolved inorganic P (SRP) and silico, (Si(OH)4) were measured twice  a 
week on site using standard colorimetric methods. 
 
Phytoplankton: we used a multispectral AlgalLab Analyser, a fluorometry system 
able to differentiate between “optical algal groups” and several PSI Aquapen 
Fluorometers for analyses of the photosynthetic efficiencies of the algal communities. 
Lugol samples and pigments samples were also collected once/twice a week for 
microscopy counting and HPLC analyses, respectively. 
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Zooplankton: The crustacean mesozooplankton community (mainly calanoid 
copepods) was sampled at the start of the experiment, and regularly until the end. 
Samples were preserved for subsequent analyses. Appendicularia, ctenophores, and 
hydromedusae densities were estimated at the start of the experiment and at the end, 
by sampling these organisms extensively in all mesocosms, and counting them 
immediately afterward. 
 
Characterization of the particulate organic matter: Seston samples were collected 
regularly for measurements of particulate organic carbon (POC) nitrogen (PON) and 
phosphorus (POP) concentrations, and δ13C and δ15N isotopic composition. 
Additionnally, fatty acids composition were also sampled in each mesocosm by 
filtering 1000 mL of a water sample. 
 
Food web interactions: We have determined the proportion of grazing resistant algae 
within the phytoplankton community, perform estimates of micro- and meso-
zooplankton grazing by dilution techniques (Stibor et al. 2004; 2006), and analysed 
stable isotope and fatty acid patterns within plankton biomass. Interactions of phyto- 
and zooplankton dynamics with the microbial food web (bacteria, heterotrophic 
nanoflagellates) will be analyzed by flow cytometry in cooperation with Prof. Olav 
Vadstein, Microbial Ecology, Dep. Of Biotechnology, NTNU Trondheim. Side 
experiments were performed to measure plankton community respiration rates and 
predation functional responses of some of the most abundant gelatinous zooplankton. 
 

3 Instrumentation and data acquisition 

3.1 Mesocosm setup 
The mesocosms used in this experiment were cylindrical bags that were 
approximately 2000 L to 12000 L in volume, with a diameter of about 1 m. The bags 
were made of white plastic and were deployed from the raft structure, made up of a 
series of larger rings, which were anchored in the deepest part of the Bay of 
Hopavågen. Three mesocosms / ring were deployed (Figure 3.1). 
 

 
 

 
 
 
 
 
 
 
 

 
Figure 3.1: Illustration of the mesocosm set-up during the STRATWEB experiment. Photo: 
© M. Stockenreiter, Luna Benitez Requena, Sabine Schultes and Patrick Fink. 
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3.2 Core measurements  
Samples were taken every 2-3 days in all mesocosms for the following measurements: 
 
1- Conductivity and temperature was measured using the CTD available from 
NTNU. During the course of the mesocosm experiment, the depth of the pycnocline 
was located around 12-15 m (Figure 3.2). 
 
 
 
 

 
 

 
 

 
 
 
 
Figure 3.2: Vertical profiles of conductivity and temperature, outside (red) or inside 
mesocosms (blue) during the STRATWEB experiment (date: 28/08/2017). 
 
 
2- Dissolved inorganic nutrients (phosphate, SRP, and silicate) were measured on 
site using standard colorimetric methods, with a ©Trilogy Laboratory Fluorometer or 
a ©6715 UV/Vis Spectrophotometer).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3.3: Changes in dissolved inorganic phosphorus concentrations (Surface Reactive 
Phosphorus, SRP, µM-P) as a function of the date and the mesocosm depth during the 
STRATWEB experiment. 
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As shown on Figure 3.3, SRP concentrations were low during the course of the 
experiment, with [SRP] < 0.05 µM-P in all mesocosms. Similarly, silicates 
concentrations were low in all mesocosms with a minimum of 0.12 µM-Si to a 
maximum of 2.25 µM-Si.  
 
3- Particulate organic carbon, nitrogen and phosphorus (POC, PON, and POP) 
were collected on pre-combusted, preweighed GF/F filters. In Munich, POC, PON 
and POP were then measured using an either an elemental analyser or a mineralization 
technique of organic phosphorus in an acidified medium. Preliminary results are 
shown on Figure 3.4. 
 
 
 

 
 
 
 
 
 
Figure 3.4: Changes in carbon (C), nitrogen (N) and phosphorus (P) elemental ratios (C:P 
and C:N molar ratios) of the particulate organic matter (seston) as a function of the 
mesocosm depth during the STRATWEB experiment. 
 
 
During the course of the experiment, C:P molar ratios vary from a minimum of 131:1 
to a maximum of 431:1 mol mol-1, with a global mean of 210:1 mol mol-1; i.e. above 
the mean Redfield ratio of C:P = 106:1 mol mol-1. C:N molar ratios vary from a 
minimum of 3.04:1 to a maximum of 12.47:1 mol mol-1, with a global mean of 6.81:1 
mol mol-1, close to the mean Redfield ratio of 106:16 mol mol-1.   
 
4- Pigments, PAM, and phytoplankton counts were used to identify and quantify 
the phytoplankton populations in each mesocosm. Pigment samples were collected on 
GF/F filters, and frozen before extraction in solvent and analysis via high pressure 
liquid chromatography (HPLC) in Brest. Phytoplankton samples for counting via light 
microscopy in Munich were placed in brown glass bottles and preserved with neutral 
Lugol’s solution. These analyzes are still on processing. However, analyses of 
chlorophyll a (Chl-a) on site indicate a phytoplankton biomass ranging from 1.35 to 
3.57 µg Chl-a L-1 (Figure 3.5). Chl-a biomasses decreased in all mesocosms shortly 
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after the start of the experiment, and then increased again with differences in the 
timing and the type of the response as a function of the mesocosm depth. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5: Changes in chlorophyll a biomass (µg L-1) as a function of the mesocosm depth 
during the STRATWEB experiment. 
 
5- Zooplankton counts were determined by monitoring zooplankton abundance in 
each mesocosm. Samples are still on processing. 
 
6- Side experiments 
 
Respiration rates of the microplankton community from the mesocosms were 
estimated from water samples incubated in the light and in the dark using O2 sensor 
spot vials (PreSens, Fig. 3.6). These data are still under processing. Preliminary data 
analysis during the field campaign shows a recurrent trend of community respiration 
rate (y; mgO2 l-1 min-1) to increase as a function of mesocosm depth (x; m). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6: Changes in dark respiration rate of the microplankton community as a function of 
the mesocosm depth during the STRATWEB experiment. Example from an incubation of 
sample water on 06-09-17. 
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All data will be converted to digital format and stored electronically. Each sample will 
be described using a metadata standard (EML, Ecological Metadata Language) to 
facilitate later access.  Data will be stored electronically at server units at the home 
institutes of the researchers and on two common server units at the European Institute 
for Marine Studies (IUEM), Plouzané, France, and the Bavarian Academy of 
Sciences. Data from the experiment will be published in international peer reviewed 
journals and therefore assessable for further use. To increase the impact of 
STRATWEB we will promote open access publications within the consortium. The 
infrastructure of the Society & Sciences program of the French cluster “LABEXMer – 
A changing ocean” (http://www.labexmer.eu/en) will be used to disseminate main 
results of the experiments to the public and increase awareness for global change 
related marine research.  
 
 

4 Remarks 
Consumables and analyses associated with this work have been overwhelmingly 
funded through the funds allocated to STRATWEB team via fundings from national 
agencies  


