
Laetitia Drago
PhD Student

T Panaïotis, JO Irisson, M Babin, T Biard, F Carlotti, L Coppola, L Guidi, H Hauss, L Karp-Boss, F Lombard, 
A McDonnell, M Picheral, A Rogge, A Waite, R Kiko, L Stemmann

Institut de la Mer de Villefranche sur mer, France
COMPLEx (computational plankton ecology) team

Global distribution of macroplankton
biomass estimated by in situ imaging



Laetitia Drago 1

Ecologic role of plankton

Méso et macrozooplancton

Méso et macrozooplancton

Adapted from Steinberg et Landry, 2017 

Introduction Material and methods Results and discussion Conclusion and perspectives



Méso et macrozooplancton

Méso et macrozooplancton

Epipelagic trophic chain

Mesopelagic trophic chain

Laetitia Drago 1

Introduction Material and methods Results and discussion Conclusion and perspectives

Ecologic role of plankton

Adapted from Steinberg et Landry, 2017 



Biological pump

Méso et macrozooplancton

Méso et macrozooplancton

Laetitia Drago 1

Introduction Material and methods Results and discussion Conclusion and perspectives

Ecologic role of plankton

Adapted from Steinberg et Landry, 2017 

Epipelagic trophic chain

Mesopelagic trophic chain



Plankton biomass geographic distribution patterns

(Moriarty et al., 2013)

54 R. Moriarty and T. D. O’Brien: Distribution of mesozooplankton biomass in the global ocean
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Figure 6. Annual mean mesozooplankton biomass (µgCL�1): (a) combined 0–100m, 0–150, and 0–200m sampling depth intervals (zCAT
i100 + i150 + i200); (b) 0–100m sampling depth interval (zCAT i100) (c) 0–150m sampling depth interval (zCAT i150) and (d) 0–200m
sampling depth interval (zCAT i200). Sampling mesh of ⇠ 333 µm in all.

The data compiled for this e↵ort represent over 50 years
of sampling e↵ort made by institutions and scientists from
around the world. While combined depth, mesh, and method
maps such as Figs. 4 and 6a show a nearly global distribution
of data, the extent of this coverage disappears quickly when
one looks only at data from a specific month. Detailed maps
of the monthly data distribution by depth, mesh, and original
biomass type are available online at the COPEPOD project
website (http://www.st.nmfs.noaa.gov/copepod). Mesozoo-
plankton investigators and policy makers are encouraged to
view these maps, as they show clearly that not all regions of
the ocean are adequately sampled and the maps may provide
guidance for future mesozooplankton monitoring or process
studies to fill in these gaps.
Communication between biogeochemical modelers, data

managers and experimentalists is at an all time high. There is
an increasing interest to combine expertise from the model-
ing and experimental communities to produce and share the
data products necessary to parameterize and validate marine
ecosystem models. COPEPOD regularly interacts with sci-
entific projects such as MAREMIP and international work-
ing groups such as the ICES Working Group on Zooplank-
ton Ecology (WGZE). Through collaboration with the sci-
entists and user community, COPEPOD strives to constantly
improve its data content and to ensure data products, such as

the biomass fields in this paper, are available and useful to
the scientific community.
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Estimation of plankton biomass

Heterogeneity of methods

Mesh size = 333µmMesh size = 200µm

(Moriarty et al., 2013)
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• Sampling : season, location, depth, tools



• Sampling : season, location, depth, tools

• Measurements : settling volume, wet

weight, etc.

• Mainly nets : bias towards non 

gelatinous taxa (Lucas et al., 2014)

Sampling

Settling volume Wet weight

Measurements
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• Estimate global plankton biomass
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OBJECTIVES
• Estimate the geographic distribution of large groups of plankton

• Estimate global plankton biomass

HYPOTHESIS
The distribution of organisms and their biomass depends on environmental
factors

APPROCHE
Individual biomass of plankton by in situ imaging

Habitat models
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UVP5

(Picheral et al., 2010)

≥ 600µm

Distribution of profiles Underwater Vision Profiler 5 (≈ 2700 vertical profiles)

Data acquisition

Plankton size spectrum adapted from Lombard et al., 2019

Image dataset
(650 000 georeferenced images)

Appendicularia

Copepoda Collodaria

Pyrosoma

1 cm
2mm

2mm

2mm

Eumalacostraca

1 cm

Trichodesmium

2mm
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1. From image to biovolume
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Biovolume Biomass Models

1. From image to biovolume

Equivalent 
spheroid

Area transformed
into circle

area =  n pixels area =  n pixels

Taxonomic
identification

Selection size 
1-50mm

Image Biovolume
(mm3.individual-1)



Biovolume Biomass
(mgC.individual-1)(mm3.individual-1)

Conversion factors (scale log10)
(McConville et al., 2016 and 7 other references) 

2. From biovolume to biomass

Use of median Laetitia Drago 7
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Biovolume Biomass Models

Other
McConville
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Biomass of epipelagic copepods (mgC.m-3) in each UVP5 station
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Environmental conditions coverage
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Global distribution
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Good coverage of the environmental space



Biomass distribution of organisms: Copepoda

Nitrate (µmol.kg-1)

R2 = 73%

Partial dependance plots
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Biomass distribution of organisms: Copepoda
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Biomass distribution of organisms: Rhizaria

Introduction Material and methods Results and discussion Conclusion and perspectives

Laetitia Drago 13

2mm



Biomass distribution of organisms: Rhizaria
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Median value of biomass

• TARA: 2.12 mgC.m-2

• Predicted from UVP5 images:
170.90 mgC.m-2

x 80
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Biomass distribution of organisms: Rhizaria
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Biomass distribution of organisms: Rhizaria
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Predicted
biomass
(mgC.m-3)

Predicted biomass (0-500m)

2mm

Taxonomic group Epipelagic Mesopelagic

Acantharea Nitrate, Salinity Nitrate, Oxygen

Collodaria non 
colonial

Pycnocline, Oxygen Phosphate, Pycnocline

Foraminifera Chla, Silicate

Phaeodaria Salinity, Temperature Silicate, Oxygen

Rhizaria_others Nitrate, Temperature Salinity, Pycnocline

1st and 2nd driving variables
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Copepoda : 68%

Rhizaria: 26.2%

Crustacea_others = all crustaceans except Copepoda, Ostracoda, Eumalacostraca

Figure 9 : Part de la biomasse représentée par chaque groupe 

C) Part en PgC (a) et en pourcentage (b) de la biomasse prédite intégrée sur 0-500m

A) Biomasse moyenne vue par l’UVP (mgC.m-3)
B) Biomasse moyenne prédite par le modèle (mgC.m-3) pour 
les groupes avec un R2 > 10%
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Plankton processes
• Better understanding of 

association with water masses
• Copepods: temperature
• Rhizaria: diverse  
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Integrated predicted global biomass (0-500m)

Predicted
biomass
(mgC.m-3)

Biomasse totale ad minima intégrée (0-500m)

Estimation de la biomasse globale
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Apport de la définition spatiale
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Global biomass distribution
• Copepods dominate at high latitude
• Rhizarians most abundant in 

intertropics and upwelling regions
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Thank you for your attention !

Any questions ?

Contact me at laetitia.drago@imev-mer.com


