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Plankton : the beginning and the end of (almost) all marine things

Darnis et al. 2012 Fig. 1 2



The classical sampling approach…
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The classical sampling approach…
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The modern imaging approach

Schmid et al. 2016 Fig.1 & Fig. 3 5



The modern imaging approach

Schmid et al. 2016 Fig.1 & Fig. 3 6



The modern “trait-based” approach

Functional trait = any morphological, physiological or phenological feature measurable at 
the individual level that impacts the fitness of organisms and ecosystem functions 

Martini et al. 2021, Fig. 2b
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A closer look at morphological traits

Oil sac

Berge et al. 2012, Fig. 1

LOKI images from North Water 
Polynya, August 15, 2013 
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Finding & measuring oil sacs

Oil sac identification: 

1) Annotations by students with ImgLab

2) ResNet34 pretrained on ImageNet as 
backbone, with U-Net for segmentation.

9Maps et al. 2024 JPR (www.doi.org/10.1093/plankt/fbad048)

https://github.com/Appsilon/copepods-lipid-content
https://github.com/Appsilon/copepods-lipid-content
http://www.doi.org/10.1093/plankt/fbad048


Finding & measuring oil sacs

Lipid mass estimation: 

1) Each pixel in a LOKI image is 23 µm

2) Estimate the lateral area (A) in µm2

3) Use the relationship of Vogedes et al. 2010

𝑚 = 0.197 𝐴1.38

10Maps et al. 2024 JPR (www.doi.org/10.1093/plankt/fbad048)

http://www.doi.org/10.1093/plankt/fbad048


Case study in Pikialasorsuaq (North Water Polynya)
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Re-analysis of Schmid et al. 2016 & 2018

> 14,000 images from summer 2013

> 2,200 images of the late development 
stages of three dominant copepod species 
known to accumulate large stores of lipids:

Metridia longa
Calanus hyperboreus
C. glacialis

Maps et al. 2024 JPR (www.doi.org/10.1093/plankt/fbad048)

http://www.doi.org/10.1093/plankt/fbad048


Case study in Pikialasorsuaq (North Water Polynya)

Performance :

Median intersection 

over union (IoU) = 0.78

Results are better for the 

large Calanus congeners 

(green and pink)

IoUMaps et al. 2024 JPR (www.doi.org/10.1093/plankt/fbad048)

http://www.doi.org/10.1093/plankt/fbad048


Case study in Pikialasorsuaq (North Water Polynya)

Estimation :

Mean lipid content = 0.7 mg

The large Calanus congeners (green & pink) 

contribute disproportionately to the lipid 

biomass of Arctic copepods.

The median error in lipid estimation between 

the annotated area and the model is 0.7%

Lipid mass (mg ind.-1) Maps et al. 2024 JPR (www.doi.org/10.1093/plankt/fbad048)

http://www.doi.org/10.1093/plankt/fbad048
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Copepod traits from images
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Imaging, ML & IBM modelling to study the composition and 
functions of arctic copepod communities (Lucie Bourreau)
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Imaging, ML & IBM modelling to study the composition and 
functions of arctic copepod communities (Lucie Bourreau)

• Minimize a cost function on lipid content & lipid fullness ratio distribution

• Critical to calibrate on several traits at the same time



Conclusion
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• In situ imaging provides new kind of data 
at individual level

• The potential for ecological application is 
very large : 106 of archive images and 
much more to come !

• Projects integrating from the start 
imagery, ML & modelling open a new era 
in producing rapid quantitative estimates 
relevant for research & management

Modified from Irisson et al. 2022, Fig. 2
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Datasets of 

UVP5 & 6 will 

be annotated 

for oil sacs & 

new models 

trained.

Collab. with 

JO Irisson

Thank you !



Machine learning tools : an expert partner

Dedicated Team of 50+
World Class Specialists
data scientists, full stack developers, front-end 
developers, graphic designers, software architects

We focus on Decision 
support systems and 
Machine Learning

Data4Good

Projects with impact partnering 
with academics and NGOs

Success stories: Mbaza
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