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Outline
Introduction to long term observation

Why ?
Where ?

Some examples
Continuous Plankton Recorder
Hawaii
Bermuda

Periodicity in plankton species occurrence
English Channel - Roscoff
Mediterranean Sea - Blanes

Plankton species dynamics
Synechococcus in Woods Hole
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Introduction to time seriesIntroduction to time series
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Questions to be solved by time series
Monitoring the environment

changes in biomass & production
changes in species composition

What are the key periodicities ?
annual (what about equator ?)
tides (monthly)
daily (light-dark cycle)

Are species recurring from one year to the next ?
What drives the year to year variability
Long term climatic trends
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Long term pelagic time series

Bunse C., Pinhassi J. 2017. Marine Bacterioplankton Seasonal Succession Dynamics. Trends in Microbiology 25:494–505. 7



Long term pelagic time series

Bunse C., Pinhassi J. 2017. Marine Bacterioplankton Seasonal Succession Dynamics. Trends in Microbiology 25:494–505. 8



Some examplesSome examples
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Continuous Plankton Recorder (CPR)Continuous Plankton Recorder (CPR)
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Continuous Plankton Recorder (CPR)
conceived in 1920’s by Sir Alistair Hardy
started in 1931
North Atlantic
280 000 samples analyzed
https://www.cprsurvey.org

Reid et al. 2003. The Continuous Plankton Recorder: concepts and history, from Plankton Indicator to undulating recorders. Progress in Oceanography. 58:117–73. 12



Instrumentation
Plankton collection

Temperature
Salinity
Fluorescence
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Ship lines
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Ship lines
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Annual variability in the 30’s
Phaeocystis
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Global change - Species
Atlantification

Beaugrand, G. 2005. Monitoring pelagic ecosystems using plankton indicators. ICES Journal of Marine Science. 62:333–8. 17



Global change - Species
Dinoflagellates

Kléparski et al. 2024. Ocean climate and hydrodynamics drive decadal shifts in Northeast Atlantic dinoflagellates. Global Change Biology. 18



Global change - Biomass

Holland et al. 2023. Major declines in NE Atlantic plankton contrast with more stable populations in the rapidly warming North Sea. Science of The Total Environment. 898:165505. 19



Bermuda Atlantic Time Series (BATS)Bermuda Atlantic Time Series (BATS)
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Bermuda Atlantic Time Series (BATS)
located in Sargasso Sea
started in 1989
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Measurements

Steinberg et al. 2001. Overview of the US JGOFS Bermuda Atlantic Time-series Study (BATS): a decade-scale look at ocean biology and biogeochemistry. Deep Sea Research Part II. 48:1405–
47. 23



Temperature
Deep winter mixing

Steinberg et al. 2001. Overview of the US JGOFS Bermuda Atlantic Time-series Study (BATS): a decade-scale look at ocean biology and biogeochemistry. Deep Sea Research Part II. 48:1405–
47. 24



Nutrients
Effect of winter mixing
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Primary production
Effect of winter mixing
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Hawaii Ocean Time Series (HOTS)Hawaii Ocean Time Series (HOTS)
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Hawaii Ocean Time Series (HOTS)
Station ALOHA
started in 1989
located in oligotrophic area
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General characteristics

Karl, D.M. & Church, M.J. 2014. Microbial oceanography and the Hawaii Ocean Time-series programme. Nature Reviews Microbiology. 12:699–713. 30



Temperature structure
Although tropical, temperature change

Karl et al. 2021. Seasonal-to-decadal scale variability in primary production and particulate matter export at Station ALOHA. Progress in Oceanography. 102563. 31



Vertical structure
Deeper in summer
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Chlorophyll
Deeper in summer
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Primary production
What do you notice ?
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Long term trends
CO2

Chlorophyll

Production
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Determining species periodicityDetermining species periodicity
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English ChannelEnglish Channel
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English Channel
Roscoff
2009-2016
Very strong tide
Always mixed

Caracciolo et al. 2022. Seasonal dynamics of marine protist communities in tidally mixed coastal waters. Molecular Ecology. 39



Metabarcoding
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Metabarcoding
Taxonomy of sequences

Mahé et al.. 2017. Parasites dominate hyperdiverse soil protist communities in Neotropical rainforests. Nature Ecology & Evolution 1:0091. 41



Metabarcoding
Output of metabarcoding
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Mean community composition

Caracciolo et al. 2022. Seasonal dynamics of marine protist communities in tidally mixed coastal waters. Molecular Ecology. 43



Yearly cycle
Redundancy analysis (RDA)
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Yearly cycle
Redundancy analysis (RDA)
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Mediterranean SeaMediterranean Sea
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Mediterranean Sea
Blanes Bay (near Barcelona)
2004-2013
Winter mixing
January bloom

Which groups/species exhibit periodic recurrence ?

Vallina et al. 2023. Seasonal dynamics of phytoplankton community assembly at the Blanes Bay Microbial Observatory (BBMO), NW Mediterranean Sea. Progress in Oceanography. 219:103125. 48



Metabarcoding
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How to determine periodicity ?
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How to determine periodicity ?
Autocorrelation
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How to determine periodicity ?
Autocorrelation
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How to determine periodicity ?
Autocorrelation
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Class periodicity
Autocorrelation function

Giner et al. 2019. Quantifying long-term recurrence in planktonic microbial eukaryotes. 28:923-935. Molecular Ecology 54



Class periodicity
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Species periodicity
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Species periodicity
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Species dynamicsSpecies dynamics
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What drives the What drives the SynechoccusSynechoccus bloom bloom
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Synechococcus
Discovered in 1979 by John Waterbury
Epifluorescence microscopy

Waterbury, J.B., Watson, S.W., Guillard, R.R.L. & Brand, L.E. 1979. Nature. 277:293–4. 61



Cell multiplication
Binary fission
Typically once every day
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Cell disappearance
Virus
Predation
Cell death (UV, nutrient deprivation)
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Growth rate vs Loss rate



Growth rate = division
Loss rate = cell death, predation, viruses

= ∗ N
dN

dt
μnet

N = N0 exp ∗tμnet

= −μnet μgrowth μloss
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Flow Cytobot
Imaging and flow cytometry
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Flow Cytobot
Diatoms
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Synechococcus abundance
Annual periodicity

Hunter-Cevera et al. 2016. Physiological and ecological drivers of early spring blooms of a coastal phytoplankter. Science 354:326–329. 67



Synechococcus characteristics
Annual periodicity

Hunter-Cevera et al. 2020. Seasons of Syn. Limnology and Oceanography. 65:1085–102. 68



Synechococcus annual cycle
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Synechococcus annual cycle
Division rate

Temperature
Radiation

Hysteresis
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Synechococcus abundance
Varies from one year to next

Hunter-Cevera et al. 2016. Physiological and ecological drivers of early spring blooms of a coastal phytoplankter. Science 354:326–329. 71



Temperature
Can temperature explain ?
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Temperature anomaly
Some years are warmer than others
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Synechococcus vs. Temperature
Day when temperature > threshold
Matches Syn concentration > threshold
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Take home messages
Long term observation is key to understand:

what changes?
what drives the change?

Some examples
CPR allowed to detect “Atlantification”
Hawaii long term change in Pacific

More basic research questions
Which species re-occur from one year to the next?
What causes year-to-year variability for one given species?
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Questions ?Questions ?
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