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SCOR Working Group 165 MixONET
Mixotrophy in the Oceans — Novel Experimental designs and Tools for a new trophic paradigm

1. Brief summary with the main highlights (200-300 words)

The overarching aim of MixONET is to propose methods to determine contributions of mixotrophy to
primary and secondary productions, under the mixoplankton paradigm. We are currently working on
completing ongoing tasks with an aim to disband the working group by 2027 summer. Over the last year,
we have celebrated various achievements as listed below.

In October 2025, McManus was invited to deliver a keynote lecture on mixoplankton to the
Southeastern New England Marine Educators, a chapter of NMEA. 2026 started with the AGU/ASLO
Ocean Sciences Meeting in Glasgow attended by >6,000 participants. Mitra presented a plenary lecture
on the mixoplankton paradigm while McManus co-chaired the special session, “New Paradigms, Diverse
Approaches, and Advances in Understanding Mixoplankton”. Mitra’s plenary session led to invitations
from the National Marine Educators Association (NMEA) to present two webinars on the mysteries of
mixoplankton organised for the USA Blue Schools (students and teachers), and as part of the NMEA
Member talk for classroom and nonformal educators.

2025-2026 has seen various publications on mixotrophy and mixoplankton led by MixONET WG
members including the manuscript on analysis of the metaPR2’s global sequence data under the
mixoplankton paradigm, led by Larsson and Santoferrara.

We have continued our capacity building efforts through publication of various system dynamics-based
simulators for outreach, public engagement, and education. The ‘MixoExplorer’ Simulator — a toolkit to
enhance learning and teaching of protist plankton trophic dynamics (showcased at the Royal Society’s
Summer 2025 Science Exhibition) was presented at the NMEA webinar. The ‘Sea Sparkle Simulator’
developed by Mitra and colleagues has been translated into Spanish by Reguera. The ‘Simulador de
Chispa Marina’ made its debut at the 18" edition of the International Training Course on Phytoplankton,
Algal blooms and Phycotoxins - Fitoplancton, Florecimientos Algales y Ficotoxinas (FFAF 2026), of the
National Autonomous University of Mexico (UNAM).

2. Activities since previous report to SCOR (e.g., virtual or in-person meetings, email discussions,
special sessions). Limit 1000 words

(1) WG meetings: during this year the MixONET task-and-finish (T&F) groups continued to meet online
to progress the different deliverables associated with the ToRs (please see ‘Impact’ Excel for further
details).

(2) Invited presentations and workshop attendance:

e McManus gave a keynote lecture on “Mixotrophy in planktonic ciliates: physiology of
photosynthesis and feeding” at the annual meeting (October 2025) of the Southeastern New
England Marine Educators (SENEME).

e Mitra delivered a plenary lecture at the Ocean Sciences Meeting 2026 held in Glasgow, UK
(February 2026) entitled The Mixoplankton Paradigm — rewriting the rules for research in
oceanic production.

1|Page


https://seneme.wildapricot.org/event-6234366?CalendarViewType=1&SelectedDate=10/12/2025
https://www.agu.org/Ocean-Sciences-Meeting
https://www.agu.org/Ocean-Sciences-Meeting
https://www.agu.org/ocean-sciences-meeting/schedule#plenaries
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fapp.metapr2.org%2Fmetapr2%2F&data=05%7C02%7CMitraA2%40cardiff.ac.uk%7C39386419072b476c620908dcb552f224%7Cbdb74b3095684856bdbf06759778fcbc%7C1%7C0%7C638584615083010764%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=0w7EBko%2BjaOm9rHzCDGCHGodMfoEUIRd4clUln1JIA8%3D&reserved=0
https://zenodo.org/records/19826771
https://zenodo.org/records/21720987
https://seneme.wildapricot.org/event-6234366?CalendarViewType=1&SelectedDate=10/12/2025

2025-26 SCOR WG165 MixONET Annual Report

/¥ wxotropH.ORG
e

e Mitra was invited to showcase ‘The mysteries of mixoplankton’ to USA educators and school
students via two webinars (April 2026) organised by the National Marine Educators Association
(NMEA).

e Reguera delivered the following two lectures during the 18" edition of the training course on
Phytoplankton, Algal Blooms and Phycotoxins (FFAF 20026) held in the Institute of Ocean
Sciences and Limnology (ICMyL) at the National Autonomous University of Mexico (UNAM,
Mexico DF):

1. Functional groups of phytoplanktonic protists based on ecophysiological criteria;
2. Morphological and toxinological characterization and functional traits of toxic species of
Dinophysis. Implications for monitoring

(3) In February 2026, McManus co-chaired a session at the joint ASLO/AGU Ocean Sciences meeting in
Glasgow, Scotland, “New Paradigms, Diverse Approaches, and Advances in Understanding
Mixoplankton”.

3. Documents published since previous report to SCOR (e.g., peer-reviewed journal articles,
reports, Web pages) and should be limited to publications that resulted directly from WG
activities and which acknowledge SCOR support

Publications listed alphabetically. All these publications resulted directly from WG related activities and
acknowledge SCOR WG MixONET. The MixONET WG members are indicated in bold font.

2025:

Diaz PA, Gormaz R, Aguayo P, Pérez-Santos |, Saldias GS, Figueroa RI, Fernandez PA, Alvarez G,
Rodriguez-Villegas C, Schwerter C, Cassis D, Vera R, Conca C. (2025) Unveiling the 2017
Karenia Bloom in NW Chilean Patagonia by Integrating Remote Sensing and Field Data.
Microorganisms 13: 2440. https://doi.org/10.3390/microorganisms13112440

2026:

Diaz PA, Alvarez G, Pérez-Santos |, Araya M, Ross L, Baldrich AM, Artal O, Varela D, Rosales SA,
Schwerter C, Rodriguez-Villegas C. (2026) Co-occurrence bloom of lipophilic toxic-producers in
a hotspot Chilean fjord: Fine-scale distribution, toxins and fate in shellfish. Marine Pollution
Bulletin. 227: 119449. https://doi.org/10.1016/j.marpolbul.2026.119449

Diaz PA, Garcia-Portela M, Alvarez G, Rodriguez F, Pérez-Santos |, Varela D, Araya M, Schwerter C,
Baldrich AM, Cantarero B, Reguera B. (2026) Characteristics of a Dinophysis cf acuminata
Population from a Tidewater Glacier Lagoon in a Temperate Latitude: Applications to
Dinophysis Studies. Marine Drugs 24: 96. https://doi.org/10.3390/md24030096

Larsson ME, Leles SG, Mitra A, Faure E, Vaulot D, Santoferrera L. (2026) Environmental structuring of
mixoplankton functional types within marine protist communities: a global analysis. Ocean
Microbiology 2: 1. https://doi.org/10.1186/s44375-026-00007-3

Mitra A. (2026). Bacterial farming by mixoplankton under climate change - a digital twin to explore
impact of nutrient loadings and N:P  on plankton dynamics. Zenodo.
https://doi.org/10.5281/zenodo.21773889

Mitra A. (2026). Developing a better definition of flow cytometric life forms under the mixoplankton
paradigm - Qualification and quantification of pico- and nano-plankton. Zenodo.
https://doi.org/10.5281/zenodo.21774577
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Mitra A, Flynn KJ. (2026). MixoExplorer. Zenodo. https://doi.org/10.5281/zenodo.19826771

Mitra A, Flynn KJ, Mitra-Flynn R. (2026). 'Sea Sparkle' - Simulator of bioluminescent red Noctiluca
blooms. [in English] Spanish translation by Reguera B as “Simuladore de Chispa Marina”.
Zenodo. https://doi.org/10.5281/zenodo.21720987

Velasco-Senovilla E, Reguera B, Ramilo |, Casas G, Mourifio-Carballido B, Nogueira E. (2026) Upwelling
events, depth varying succession of phytoplankton assemblages and vertical connectivity: A
conceptual model. Progress in Oceanography. https://doi.org/10.1016/j.pocean.2026.103704

Velasco-Senovilla E, Reguera B, Sourisseau M, Mourifio B, Nogueira E. (2026) Upwelling-driven vertical
segregation of co-occurring phytoplankton, including HAB species, revealed by niche analyses.
Harmful Algae. https://doi.org/10.1016/].hal.2026.103064

4. Progress toward achieving group’s terms of reference. List each term of reference separately
and describe progress on each one. Limit 1000 words

ToR1 Biological Oceanography Databases And The Mixoplankton Paradigm

#1.1 The Toxic Algal Species (TAS) Database: a new database which is being developed in reference to
the Mixoplankton Database (MDB) and the recently updated I0C-UNESCO Taxonomic Reference List
of Harmful Microalgae. TAS will provide a list of marine toxic algae making linkages to the MDB and PR2
databases and, also documenting various attributes and methodologies associated with study of this
species. Work in progress.

#1.2 Working with the PR2 team, Santoferrara has completed incorporation of mixoplankton data from
the Mixoplankton Database into the PR2 database of ribosomal RNA gene sequences. This has led to
alignment of the protist plankton functional traits to the MDB. Work completed.

ToR2 Repurposing Extant Methods

#2.1 MetaPR2 manuscript: Analysis of the global sequence data available in the metaPR2 database
under the mixoplankton paradigm has been completed and published - Larsson et al. (2026). Work
completed.

#2.2 Developing a better definition of flow cytometric life forms under the mixoplankton paradigm:
This report (Mitra 2026) has been produced for the UK Department for Environment, Food and Rural
Affairs (Defra) as part of the Maine and Fisheries R&D program — Plankton Indicators of Environmental
Change and for the marine Natural Capital and Ecosystem Assessment (mMNCEA) programme (NC34
Pelagic program-“PelCap”). This report reviews the suitability of extant plankton monitoring analysis
tools for qualification and quantification of pico- and nano-plankton under the mixoplankton paradigm.
Making reference to data obtained from Scottish Coastal Observations (SCObs) and Western English
Channel stations (WaMS), this report also investigates the appropriateness of usage of the current
definitions of life forms from such analyses. Work completed.

ToR3 Development of New Methods

IFCB Biovolume Size-Spectrum Profiling: Tong has led development of IFCB (Imaging FlowCytobot)
based cell biovolume measurements and normalized size-spectrum analysis to characterize life-cycle
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stages of the mixoplankton Mesodinium rubrum and their responses to temperature, prey, and nutrient
forcing. (Manuscript in submission.) Work in progress.

ToR4 Ocean Literacy and Capacity Building

#4.1 Plankton Simulators for teaching: The MixoEdu model (Flynn & Mitra 2021), and the red Noctiluca
Digital Twin (Mitra 2025) have been revised, reconstructed and published as Powersim Cockpit
products — “MixoExplorer” and “Sea Sparkle” Simulators, respectively. The latter has been translated
into Spanish by Reguera as “Simulador de Chispa Marina”. These simulators have been developed for
educational purposes including via public engagement. An operating manual has been prepared and is
currently being translated into Arabic (by Ismael), Chinese (by Tong), Japanese (by Suzuki), Portuguese
(by Ciotti), Spanish (by Maldonado and Reguera), and Thai (by Buranapratheprat). All these will be
published on Zenodo. Work in progress.

#4.2 Reguera delivered two lectures during the 18" edition of the UNAM (Mexico) International Course
on Phytoplankton, Algal Blooms and Phycotoxins. This hybrid course (12 in person and 40 online
participants) was organized in August 2026 and held at the Institute of Marine Sciences and Limnology
(ICMyL, Mexico DF). The course was addressed to Mexican and Latin American postgraduate, masters
and PhD students as well as to staff professionals from public health and fisheries centers related to
environmental and seafood safety control. The two lectures — 1. Functional groups of phytoplanktonic
protists based on ecophysiological criteria; 2. Morphological and toxinological characterization and
functional traits of toxic species of Dinophysis. Implications for monitoring — were delivered by Reguera
as plenary lectures to the course participants and staff from the ICMyL connected to other UNAM
coastal laboratories, highlighting trophic relations within planktonic organisms. Description and
guantification of these relations, in particular feeding behaviour and prey identification, are key biotic
interactions to understand ecosystem functioning and to improve prediction and management of
microalgal events. The MixOnet approach to planktonic systems classification was introduced together
with the presentation of the “Simuladore de Chispa Marina” (Sea Sparkle Simulator).

#4.3 Mitra developed a simple digital twin (DT) of “Bacterial Farming by Mixoplankton under climate
change” for the UK Department for Environment, Food and Rural Affairs (Defra) as part of their Marine
and Fisheries R&D program — Plankton Indicators of Environmental Change and for the marine Natural
Capital and Ecosystem Assessment (mNCEA) programme (NC34 Pelagic program-“PelCap”). This
simulator was developed to aid environmental managers and policy makers gain an understanding of
environmental factors impacting interactions between pico-plankton and nano-plankton under the
mixoplankton paradigm. The simulator and companion document including the operation manual and
the philosophy behind the development of the DT has been published on Zenodo.

5. WG activities planned for the coming year. Limit 500 words

e Completion and Publication of the Toxic Algal Species (TAS) database and allied manuscript.

e Translation and publication of MixoExplorer and Sea Sparkle Simulators and exploration about
utility of usage of system dynamics based simulators for ocean and water literacy.

e Ongoing plans for a hybrid WG meeting to be held in Granada between 10" and 20" December
2026 to address the above and also to explore future directions.

4|Page



2025-26 SCOR WG165 MixONET Annual Report

/¥ wxotropH.ORG
e

6. Isthe group having difficulties expected in achieving terms of reference or meeting original time
schedule? If so, why, and what is being done to address the difficulties Limit 200 words

As discussed with Prof Twigg and Dr Peeken, our aim is to complete all remaining tasks before July 2027
and disband following the SCOR 2027 AGM.

7. Any special comments or requests to SCOR. Limit 100 words.

Additional information can be submitted and may be posted at the SCOR Annual Meeting webpage at
the discretion of the SCOR Executive Committee Reporter for the WG and the SCOR Secretariat.
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