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ISOLATED: Impact of Stability On pLasticity and AdapTation potEntial of Diatoms

Phytoplankton responses to ongoing global warming have profound implications for Earth's processes at many levels. These primary producers are responsible for half of the global oxygen production and are the photosynthetic base of marine food webs. In the Arctic, global warming is progressing at a much faster rate than the global average, impacting the timing of phytoplankton blooms, with cascading effects to higher trophic levels and nutrient fluxes. Especially, summer blooms, dominated by diatoms, are essential for sustaining energy fluxes during the extended Arctic winters. To predict the impact of global warming and forecast the future dynamics of phytoplankton communities, comprehending their adaptation is crucial. Phytoplankton, with their substantial population sizes and rapid generation times, undergo adaptation on a timescale comparable to ecological processes. However, the adaptation potential of Arctic diatoms, contingent upon plasticity and genetic diversity, remains largely unknown. Baffin Bay, characterized by distinct environmental heterogeneity, including summer surface temperature variations between its Canadian and Greenlandic coasts, serves as a natural laboratory to explore the interplay of environmental stability, plasticity, and adaptation potential. Our objective is to quantify the plasticity of the thermal response within the diatom species Thalassiosira hyalina along the temperature gradient within Baffin Bay and thereby clarify the adaptation potential of Arctic diatoms to rising sea surface temperatures. We will also quantify the genetic diversity of T. hyalina in Baffin Bay to investigate the role of the West Greenland Current for diatom population connectivity in the area. Experimental evolution studies have shown that plasticity increases in organisms evolving under fluctuating conditions compared to stable environments. We anticipate that T. hyalina isolated along the Greenland coast exhibits greater plasticity in its thermal response and a higher temperature optimum. Overall, we aim to contribute valuable insights about the mechanisms governing phytoplankton adaptation in natural conditions. We are conducting this research as Visiting Researchers on the Lindblad Expeditions-National Geographic voyage “High Arctic Archipelago: Canada and Greenland” aboard the National Geographic Endurance. We are part of a commercial expedition and thus have no influence over firearm permits and emergency beacons, VHF radios and satellites phones (NKAGSA-1 application: Page 5). Personnel of the expedition equipped with firearms (holding permits) and emergency gear needed will join our sampling efforts at all times. Overall, it is important to point out that this research will be conducted under the operational permits of LEX-NG and access, as well as safety (especially in terms of polar bears & firearms and communication) falls under their responsibility (for further questions please contact Ashley Knight and the ESC, Lindblad Expeditions, Fleet Science/Expedition Science Committee, 2505 2nd Ave, Suite 300 Seattle, WA. 9810, science@expeditions.com). 
 


Sampling area 

It's crucial to emphasize that this research is conducted under the operational permits of LEX-NG, with access , safety and fuel use falling under their purview. For further inquiries regarding permits and safety measures, please direct your questions to Ashley Knight and the ESC (Expedition Science Committee) at Lindblad Expeditions, located at 2505 2nd Ave, Suite 300, Seattle, WA 9810, or email science@expeditions.com.
This arrangement also means that we have limited information on the precise travel route and no control over it. Therefore, we have requested access to wide-ranging areas to ensure the flexibility needed for sampling wherever the expedition stops, thereby promising the best possible outcome from our extensive efforts. The actual sampling area is constrained to a maximum of 20m², and the sampling of phytoplankton is a non-destructive sampling practice.

Field plan and methods
At each sampling location, we will conduct a single sampling event to capture a broader diversity by implementing vertical tows with a plankton net. The depth of each tow will be up to 20 meters, adjusted based on the depth of the sampling location and the secchi-depth measured. Following field sampling guidelines, we will start the plankton tow at a maximum depth of 2 times the secchi depth. The collected water will be stored in separate bottles with a total volume of up to 1 liter.
Additionally, we will collect 8 liters of surface samples (0m) to assess environmental parameters such as nutrient levels, salinity, temperature, and pH, as well as 2 liters for DNA filters.
We are thus collecting a total of 11L of seawater at each sampling location.
On board of the ship, the collected water will be processed as following: 
 From the plankton tows, 20 single 15ml falcon tubes will be filled with subsamples of the community. This allows for the longer-term cultivation of the communities and isolation of single independent individuals of diatoms. Single cells of diatoms will be isolated from seawater using a micropipette under an inverted light microscope and established into monocultures (up to 48 individuals per station). The targeted diatom species is Thalassiosira hyalina due to its wide distribution range in arctic and subarctic areas, and its suitability for genetic analysis. If T. hyalina cannot be found, we will target other diatom or phytoplankton species across the entire latitudinal gradient.
The remaining water will be filtered onto six 10 μm membrane filters (Supor). DNA samples will be stored at -20°C and later analyzed using Microsatellite PoolSeq Barcoding (MPB), a method successfully applied to T. hyalina populations. From these analyses, we will calculate expected and observed heterozygosity (He and Ho) to assess deviations from Hardy–Weinberg equilibrium within each station and determine population differentiation (FST) among stations. Population structure will be tested via a Bayesian clustering analysis.

Storage, transport and curation plan of scientific samples

DNA- samples and water samples collected for nutrient analysis will be stored at – 20 °C and send back to Finnland on dry ice. In Finland, the DNA samples will be stored at -80°C until analysis and the Nutrient samples at -20°C. All samples will be sent back to Finland for further processing at the end of the expedition.

The isolated species and plankton howl samples distributed into 15ml falcon tubes will be kept in an 18:4 h light:dark cycle in a fridge at 2°C to provide a sufficient environment for growth. The Isolates will be transported back to Finland in small cold boxes that can be taken on the plane, and the rest of the taken samples will be sent by post. These samples can be utilized to isolate further species upon returning to Finland. The isolated species that successfully establish into monocultures will be maintained in the lab. The cultures are transferred once a month to give them fresh media and spur a new exponential groeth phase. After confirming their species identity with metabarcoding, the cultures are sent to Roscoff Culture Collection (RCC) at the Roscoff Biological Station in Brittany, France for continued maintenance and potential distribution for future research. In this way the cultures are accessible to anyone wishing to use them for scientific purposes.

Our project budget prioritizes the long-term conservation and management of the culture strains collected. We allocate funds for establishing cultures, and training personnel in their handling. Additionally, resources are set aside for sharing cultures with the scientific community by sending the cultures to RCC. These measures ensure the responsible stewardship of diatom cultures for ongoing research efforts.

We will use the established cultures to assess termal performance curves. More precisely, four replicates of the eight strains per station are subjected to increasing temperature ranges (0 to 14 °C, by 2°C increments; Supl. Fig. 6b) at Husö Biological Station, using incubators tailored for this purpose (Supl. Fig. 7). The in vivo fluorescence of chl  is measured daily using Spark Multimode Microplate Reader (Tecan). The growth rate of the different strains will be calculated from chl a using the package growthrates in R. The calculated growth rates are plotted against temperature and thermal performance curves are fitted using the rTPC packagein R. The best fitted model is chosen by using the mean growth rate per temperature of each strain. For each strain, confidence intervals of estimated parameters are produced by bootstrapping. Turkeys HSD is used to test if the estimated parameters optimum temperature (Topt), lower and upper temperature limit (Tmin and Tmax) and maximum growth rate (µmax) differ significantly between the strains.
More over we aim to compliment this  analysis  by a laboratory experiment simulating in the laboratory the dispersal of strains under todays and future SST. The three low latitude strains with the highest thermal optima are identified. A laboratory experiment is initiated by introducing 100 cells of these strains into a population of high latitude strains, which are growing exponentially (Supl. Fig. 8). Three replicates of each population are maintained at a ambient 2°C, while three others are subjected to a future scenario of 7°C. All populations are cultured for three weeks in semi-continuous batch cycles, with fresh media inoculated weekly with the previous batch's population. Lastly, the establishment success of each strain is quantified using the MPB approach.
