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Selected topics

● Remote Sensing (RS) and Ocean Ecosystems (Intro)
● Fisheries Oceanography

- from plankton to fish
- end-to-end models

● RS Applications in Stock Assessments / 
Ecosystem-based Management
- Cushing’s match/mismatch hypothesis
- ‘Parental condition’ hypothesis

● Remote Sensing Applications in Marine Aquaculture
- site selection
- culture modelling 
- HABs

https://ioccg.org/wp-content/uploads/2015/10/ioccg-report-08.pdf
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The source of energy for the ecosystem is the sun

https://www.universetoday.com/16338/the-sun/

https://www.universetoday.com/16338/the-sun/


In aquatic systems, the solar input is captured and made biologically 
available by the photosynthetic pigments within phytoplankton

https://darwinproject.mit.edu/
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Phytoplankton are (... vulnerable) to environmental 
fluctuations. The productivity, biomass, 
size-distribution, community composition and 
seasonality are all determined by the ambient physical 
conditions, which vary on
hourly, daily, seasonal and interannual timescales.

https://darwinproject.mit.edu/

https://www.bbc.com/news/science-environment-35631223
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Because the base of the aquatic food 
chain (phytoplankton) is hostage to the 
weather and the climate 
(...) environmental fluctuations will 
propagate through the phytoplankton to 
higher trophic levels.

http://kidspressmagazine.com/science-for-kids/misc/misc/marine-food-chain.html
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… good news...
(...) the presence of pigments in phytoplankton, that enables us to map the 
colour of ocean waters, hence the abundance of phytoplankton.

https://darwinproject.mit.edu/

https://www.sciencenews.org/article/kilauea-l
ava-eruptions-fed-massive-ocean-phytoplankt
on-bloom

https://commons.wikimedia.org/wiki/File:P
hytoplankton_Bloom_in_the_Bay_of_Bisc
ay_detail.jpg

https://earthobservatory.nasa.gov/global-maps/MY1DMM_CHLORA
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● Climate Change, Ecosystem Variability and Fisheries 
Productivity

Dulvy et al., 2009
IOCCG Rep.8, 2009

Fisheries Oceanography: 
Linking Physical Oceanography, Phytoplankton and Fish
.

Four broad approaches:
● statistical models
● size spectra models
● energy mass-balance models
● ‘end-to-end’ or ‘physics-to-fish’ ecosystem models

(...) prevailing view (...) that bottom-up processes control 
the abundance and biomass of high trophic level 
organisms, notably through the level and variability of 
primary production at the base of the food web.

(...) Positive relationships between primary production (or 
annual mean chlorophyll-a concentration used as a proxy 
for primary production) and long-term average fishery 
catches have been described (Dulvy et al., 2009, Fig.2.2)

The relationship between fishery 
landings (catches) and primary 
production in a range of large marine 
ecosystems (Redrawn from Ware, 
2000).



End-to-end models (...) are 
founded on first principles and 
aim to represent accurately the 
dynamic physical forces affecting 
oceans (...) and their effects on 
primary and secondary 
production.

(...model development) is a key 
challenge for assessing the 
combined impacts of fishing and 
climate changes on marine 
ecosystem structure and 
functioning.
 

● Climate Change, Ecosystem Variability and Fisheries 
Productivity

Dulvy et al., 2009
IOCCG Rep.8, 2009



● Remote Sensing Applications in Stock Assessments
Koeller et al., 2009

IOCCG Rep.8, 2009

Cushing’s match/mismatch hypothesis - Haddock recruitment - Nova Scotia
.

(1981 and 1999) (...) correspond to years in which the spring phytoplankton bloom was exceptionally 
early (Platt et al., 2003) (...) early blooms favour higher haddock recruitment.

Early spring bloom => Enhanced survival on those larvae produced early in the spawning period



‘Parental condition hypothesis’  - Georges Bank haddock
.

Friedland et al. (2008; 2009)

(...) fall phytoplankton bloom the year 
prior to spawning (...) highly correlated 
with subsequent recruitment

fall bloom affects recruitment through 
enhanced feeding conditions for 
adults and the resultant increase in the 
quantity and quality of their 
reproductive output.

● Remote Sensing Applications in Stock Assessments
Koeller et al., 2009

IOCCG Rep.8, 2009



ICES (2016) sees Ecosystem Based Management (EBM) as the primary 
approach for the management of the human activities affecting the 
ecosystems and Ecosystem Based Fisheries Management (EBFM) as a 
constituent part of the management addressing the fishing sector.
  .

From research to EBM and EFBM 

https://www.ices.dk/explore-us/Documents/EBFM%20final%20version.pdf

http://www.ices.dk/sites/pub/ASCExtended2016/Shared%20Documents/01%20Delegates%20Meeting/CM_2016_Del-4.1_ICES_EBM.pdf
https://www.ices.dk/explore-us/Documents/EBFM%20final%20version.pdf


RS potential for fish and shellfish farming

(...) In contrast to land-based aquaculture planning (...) site selection in open seas 
requires extensive use of medium-resolution images (...) for the analysis of the seasonal 
and interannual variability of the highly-dynamic characteristics of the marine 
environment, and also for the determination of environmental patterns and trends of 
potential aquaculture sites, or for the preparation of aquaculture suitability maps.

.
● Site selection

● Production capacity / Culture modelling

● HAB detection / development

● Remote Sensing Applications in Marine Aquaculture
Grant et al., 2009

IOCCG Rep.8, 2009



Site selection

.

● Remote Sensing Applications in Marine Aquaculture
Grant et al., 2009

IOCCG Rep.8, 2009

Petersen et al., 2016
https://doi.org/10.1007/s10499-015-9953-0 

https://doi.org/10.1007/s10499-015-9953-0


Culture modelling
(...) Phytoplankton chlorophyll provides the main input to a bioenergetic model of 
mussel growth, using the ‘dynamic energy budget’ approach.

.

● Remote Sensing Applications in Marine Aquaculture
Grant et al., 2009

IOCCG Rep.8, 2009

https://www.nioz.nl/en/expertise/wadden-delta-centre/dat
a-tools/modelling/dynamic-energy-budget

Fig. 7. Maps of the 
final averaged shell 
length (cm; a) and dry 
flesh mass (g; b) 
simulated by the DEB 
model. Standard 
deviations (SD) and 
coefficient of variation 
(CV) are given 
respectively for shell 
length (SD: c; CV: e) 
and dry flesh mass 
(SD: d; CV: f).

Thomas et al., 2011
https://doi.org/10.1016/j.seares.2011.04.015

https://www.nioz.nl/en/expertise/wadden-delta-centre/data-tools/modelling/dynamic-energy-budget
https://www.nioz.nl/en/expertise/wadden-delta-centre/data-tools/modelling/dynamic-energy-budget
https://doi.org/10.1016/j.seares.2011.04.015


HABs - Harmful Algae Blooms

(...) Ideally, one would also like to determine whether or not the phytoplankton are 
harmful. This would only be possible by remote sensing if the harmful algae had 
some spectral optical characteristic that could be used to distinguish them from other 
types of phytoplankton. Only a small number of harmful or nuisance algal blooms, 
(...) have such characteristics that could be exploited in remote sensing.

In the absence of such traits, the primary usefulness of remote sensing in this
context is as a tool for systematic and sustained observations of algal dynamics in
the vicinity of aquaculture sites. When remote sensing indicates rapid changes in
algal biomass, this could trigger a more detailed in situ observation to classify the
types of algae involved, and determine potential harm, if any, to aquaculture.

.

● Remote Sensing Applications in Marine Aquaculture
Grant et al., 2009

IOCCG Rep.8, 2009



HABs - Harmful Algae Blooms - Pacific example
(...) Imagery from the MERIS and MODIS-Aqua sensors revealed the extent
of the toxic Gymnodinium chlorophorum blooms that occurred in southern Chile
in 2004 and 2005

● Remote Sensing Applications in Marine Aquaculture
Grant et al., 2009

IOCCG Rep.8, 2009



HABs - Harmful Algae Blooms - Atlantic example

● Distribution and dynamics of two species of Dinophyceae 
producing high biomass blooms over the French Atlantic 
Shelf

Sourisseau et al., 2016

Fig. 4. Chlorophyll a (estimated with the 
algorithm called OC-5, Gohin et al., 2002) 
and presence index maps for two events 
used for defining the average optical 
signature of the two species. K. mikimotoi 
was in summer 2003 (a and b, 
2003/06/23) and L. chlorophorum in 
2006 (c and d, 2006/09/16). (a) 
Chlorophyll-a on K. mimimotoi event; (b) 
Fuzzy Index (red) clearly identifying K. 
mikimotoi in stratified waters of the 
western English Channel; (c) 
Chlorophyll-a on L. chlorophorum event; 
(d) Fuzzy Index (green) identifying L. 
chlorophorum off western Brittany. Blue 
color is used when abs (index) is lower 
than 0.2.

https://doi.org/10.1016/j.hal.2015.11.016
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/chlorophyll
https://www.sciencedirect.com/science/article/pii/S1568988315001729#bib0075


Facts Gaps

RS provides data at the required resolution 
in space and time to elucidate the links 
between the physical and biological 
aspects

Sparse (in situ) availability of information on 
the state of the wider ecosystem structure 
and processes

RS allows the quantification of parameters 
relevant in the identification of areas 
suitable for aquaculture

Accuracy of RS estimates is poor for some 
coastal shallow areas 

RS provides valuable information to detect 
possible toxic algal blooms and its drift

Actual toxicity can only be confirmed from 
in situ sampling. Only high biomass HABs 
can be detected





Global marine primary production constrains 
fisheries catches

Chassot et al., 2010

https://doi.org/10.1111/j.1461-0248.2010.01443.x


● Remote Sensing Applications to Marine 
Resource Management

Wilson et al., 2009
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