
Who am I

• Royal Belgian Institute for Natural Sciences
• Université Libre de Bruxelles
• Coordinator of the SCAR Antarctic Biodiversity 

Portal

• Main Interests
• Open Biodiversity data
• Bringing data to policy



Contact

• E-mail: anton.van.de.putte@ulb.be

mailto:anton.van.de.putte@ulb.be


SCAR Antarctic Biodiversity Portal

• SCAR: Scientific Committee for Antarctic Research
• www.biodiversity.aq

• Publication of data to 
• Ocean Biodiversity Information System, 

www.obis.org

• Global Biodiversity information Facility, 
www.gbif.org

http://www.biodiversity.aq/
http://www.obis.org/
http://www.gbif.org/


Teaching supports
• Slides of the course
Books
• At the « Bibliothèque des Sciences et Techniques »
• Both ULB and VUB students have access (for the 

latter, contact the desk in the library)
• Advanced course: not covered by a single book, 

even not by multiple ones; several parts based on 
original scientific literature
• « Framework »: Valiela I. 2015. Marine Ecological

Processes. Springer (on line version available).



Books
• « Framework »: Valiela I. 2015. Marine Ecological 

Processes. Springer.
• Thurman HV. 1990. Essentials of oceanography 3rd ed. 

Columbus, Ohio : Merrill Pub. Co
• Segar DA 2007. An introduction to ocean sciences 2nd

edition. Minneapolis/St. Paul, MN: West Pub.
• Levinton JS 1995. Marine biology : function, 

biodiversity, ecology. New York : Oxford University 
Press 420 p.
• Sheppard Ch 2000. Seas at the millennium : an 

environmental evaluation New York : Pergamon
• Steele, John H.2001  Encyclopedia of ocean sciences

vol 1-6



English
• Taught in English but
• Most of us are not native speakers
• Not an English language course
• Do not hesitate to ask questions (rather small audience)

• Exam
• In English (prefered)
• But you have the right to have it in French (ULB 

students) or in Dutch (VUB students) (NB: Tropimundo in 
English, mandatory)



The course within your Master

• Marine Biology does not stop at the end of the 
course!
• Depending on your cursus further excursions during 

your Master on temperate or tropical shores: you’ll 
need what you learned in this course!
• (ULB MA-BIOR A-D: BIOL-F-416 Stage de Biologie 

marine)



Pelagic Biological
Processes

Anton Van de Putte



pelagic zone

• Pélagos: 'open sea’
• Water column

• Vs

• Bénthos: 'the depths’
• lowest level: the sediment surface and some sub-

surface layers



1. Divisions of the marine environment

World Ocean Map in a Square
Athelstan Spilhaus
© ESRI
https://arcg.is/1vTXHn

https://arcg.is/1vTXHn
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1.1. Zones of the pelagic domain
Epipelagic zone (0-200m):
• Euphotic
• Mixing zone
• Superficial water 

masses

Mesopelagic zone (200 -
1000m):
• Disphotic
• Intermediate water 

masses

Bathypelagic zone (1000 -
4000m):
• Aphotic
• Deep water masses

Abyssopelagic zone (below 
4000m):
• Aphotic
• Bottom water masses
• Originating from high 

latitude sinking water



1.1. Zones of the pelagic domain

Segar 2007



© Spilhausen map Mike Meredith

• The globe viewed on a 
Spilhaus projection; in 
contrast to conventional 
projections, this portrays the 
ocean fringed by land. The 
global thermohaline 
circulation is shown in 
cartoon form, with upper-
layer flow in red and lower-
layer flow in blue.



Gasses in the oceans

• oxygen (O2)
• carbon dioxide (CO2)
• nitrogen (N2)

Air Total Ocean Surface Ocean

N2 78% 11% 48%

O2 21% 6% 36%

CO2 0.04% 83% 15%



1.2. Vertical distribution of O2 and nutrients
Epipelagic zone (0-200m):
• Low nutrients
• High pO2

Mesopelagic zone (200 -
1000m):
• ↓ pO2 (min. ca 700m)
• ↑ nutrients

Bathypelagic zone (1000 -
4000m):
• ↑ pO2 ( >bottom 

waters)
• ± constant nutrients

Abyssopelagic zone (below 
4000m):
• ↑ pO2 ( >bottom 

waters)
• ± constant nutrients



2. Pelagic biological processes
• 2.1 Definitions
Pelagos: organisms living in the water column 
without any contact with the bottom and which do 
not depend on the benthos for food

Plankton:
Unable to move against
currents (dependent on 
the water mass)

Nekton:
Able to swim against
currents (independent on 
water masses)

Tripton:
Particulate organic matter
(POM)
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2. Pelagic biological processes
• 2.1 Definitions

Plankton

Phytoplankton                                              Zooplankton
(autotroph)                                                  (heterotroph)

Natureasia.com

Mixoplankton
(Mixotroph)

Relative 
importance?



2.1. Definitions

• Classification according to size

Ultraplankton < 2µm

Nanoplankton 2 – 20 µm

Microplankton 20 – 200 µm

Macroplankton 200 – 2000 µm

Megaloplankton > 2000 µm

Mesoplankton 200 – 20000 µm
1000 – 5000 µm

Daylymail.co.uk

Aquaticlivefood.com.au
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Diatoms
• Silicon dioxide box 

(frustulae)
• Generally larger

dinoflagellates
• Two flagella
• Generally smaller



2.2. Primary production

• The rate of formation of energy rich compounds 
from inorganic material.

• Mostly photosynthesis
• Some chemosynthesis

• What are limiting factors? (bottom-up vs top-
down?)



2.2. Primary production
• 2.2.1. Factors limiting P1
Light (bottom-up control)

Light limiting

Saturation

Photoinhibition
•UV
• Light induced 

respiration
• Leakage of 

organic 
molecules

Differs according 
to taxa



2.2. Primary production
• 2.2.1. Factors limiting P1
Light
• Sea water absorb the photosynthetic active radiation 

(PAR)
Iz= I0 e-kz

Where k: extinction coefficient
z: depth
I0: surface PAR

Barnes & Hughes 1999



2.2. Primary production
• 2.2.1. Factors limiting P1
Light
• Sea water absorb the 

photosynthetic active 
radiation (PAR)

• But respiration ≠ function of 
depth

Ø Compensation depth: R = F 
for a particular species

Ø Critical depth: SR = S F for 
the whole P1 community (net 
P1 of the community = 0)



2.2. Primary production
• 2.2.1. Factors limiting P1
Light + Mixing
• Wind induces mixing of the water column → mixing depth



2.2. Primary production

• 2.2.1. Factors limiting P1
Nutrients (bottom-up control)
• What is a nutrient ?

• Only for P1, not for consumers !
• Major nutrients: C, N, P, O, Si, Mg, K, Ca      

• N: proteins
Inorganic forms in sea water: 
• NH4

+ : no reduction necessary →  most favorable
• NO3

-, N02
- : have to be reduced (nitrate reductase)

• Most marine inorganic N as NO3
- (1µM to > 25 µM)

• P: energy storage (ATP), enzyme phosphorylation
Inorganic forms in sea water:
• Dissolved Inorganic Phosphate (PO4

2-) (most favorable)
• Dissolved Organic Phosphate 

• Si: diatom frustule

• Trace nutrients: Fe, (Cu, V, Cd)

Abundant in sea water



2.2. Primary production

Vmax . C

Ks + C
Vmax= Uptake velocity at saturation
C=         nutrient concentration in SW
Ks=       nutrient concentration in SW at 
which V= Vmax/2 (constant)

• 2.2.1. Factors limiting P1
Nutrients
• Uptake
Described by 
Michaelis-Menten equation:

V= 



2.2. Primary production

• 2.2.1. Factors limiting P1
Nutrients
• Uptake: low and high Ks

Nutrient concentration

U
pt
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e 
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Ks1 < Ks2
Vmax1 < Vmax2

• Species with a low Ks favoured in 
low nutrients concentrations but 
lower capacity →  no or limited 
blooms

• Species with a high Ks favoured in 
high nutrients concentrations and 
able to incorporate high amounts of 
nutrients → blooms



2.2. Primary production

• 2.2.1. Factors limiting P1
Nutrients
• Ks depends on size



2.2. Primary production

• 2.2.1. Factors limiting P1
Nutrients
• Ks differ according to habitat

Valiela 2009



2.2. Primary production

• 2.2.1. Factors limiting P1
Nutrients
• Ks

• Usually lower in nano- (flagellates) than 
in microphytoplankton (diatoms)

• Usually higher in coastal communities 
rich in nutrients (selection for high Ks 
species)

Biology.kenyon.com

www.Labroots.com



2.2. Primary production
• 2.2.1. Factors limiting P1
Nutrients
• N and P

Valiela 2009



2.2. Primary production
• 2.2.1. Factors limiting P1
Nutrients
• N and P

Valiela 2009



2.2. Primary production

• 2.2.1. Factors limiting P1
Nutrients
• Sources of N (and P)

1. Fixation of Atmosperic N2
2. Land run-off (rivers): principally
NO3

-

3. Coastal bottom waters 
(upwelling!): principally NO3

-

4. Excretion/elimination by water 
column consumers: principally
NH4

+

• NO3
- based P1: « new 

production »
• NH4

+ based P1: « regenerated
production »

Simplified nitrogen cycle in the ocean. 
Coloured dots represent the marine 
bacteria responsible for nitrogen cycling

© Introduction to Oceanography by Paul Webb



• 2.2.1. Factors limiting
P1

Nutrients
• low at the surface
• rapidly consumed 
• do not have the chance 

to accumulate
• levels increase at depth
• no longer consumed 
• regenerated through 

decomposition

Representative nutrient 
(nitrate) profile for the open 
ocean

2.2. Primary production

© Introduction to Oceanography by Paul Webb



Representative nutrient (nitrate) 
profile for the open ocean

© Introduction to Oceanography by Paul Webb
© Spilhausen map Mike Meredith



2.2. Primary production

• 2.2.1. Factors limiting P1
Nutrients
• N and P

• In most marine environments, N is the main limiting nutrient
• P is limiting in some eutrophicated environments (see later)

• C:N:P
• In many phytoplanktonic primary producers, the C:N:P ratio is

typically 106 : 16 : 1 = Redfield ratio
• If Sea Water nutrient concentrations depart from this ratio, a 

limitation is very probable



2.2. Primary production

• 2.2.1. Factors limiting P1
Nutrients
• Si

• Si limitation may terminate diatom blooms
• Few clearly documented cases

www.Labroots.com



2.2. Primary production

• 2.2.1. Factors limiting P1
Nutrients
• Fe

• Component of ferredoxin involved in electron transfer from 
photosystem I to NADP+

• From terrestrial origin (rivers, airborne) ←→ high concentrations 
(1 – 3 nM) in coastal zones, low to very low concentrations (<1 –
0.06 nM) in oceanic zones

• Limiting in oceanic zones → High Nutrients Low Chlorophyll 
(HNLC) regions



2.2. Primary production
• 2.2.1. Factors 

limiting P1
Nutrients
• Fe

• First 
demonstrated as 
limiting in the 
equatorial Pacific

Ocean pigment concentration image 
obtained from the Nimbus-7 Coastal 
Zone Color Scanner on 31 October 
1983 in the vicinity of the Galapagos 
Islands in the eastern equatorial 
Pacific Ocean. The concentrations in 
October 1983 were very high on the 
western side of the islands and 
extended for over 1000 kilometers to 
the west as a result of the westward 
flowing surface currents.



2.2. Primary production
• 2.2.1. Factors limiting P1
Nutrients
• Fe

Nature 371: 124 (1994)

Field Fe 
enrichment 
experiment (64 
km2) IronEx1: 
single enrichment



2.2. Primary production
• 2.2.1. Factors limiting P1
Nutrients
• Fe

Nature 371: 124 (1994)

IronEx1

P1: x4
Chla: X3



2.2. Primary production
• 2.2.1. Factors limiting P1
Nutrients
• Fe

Nature 383: 495 (1996)

IronEx2

B: x85
Chla: X27Second field Fe 

enrichment 
experiment in 
the Eq Pacific 
IronEx2: 
multiple 
enrichments



2.2. Primary production
• 2.2.1. Factors limiting P1
Nutrients
• Fe

Nature 383: 495 (1996)

IronEx2

And the winners are diatoms



2.2. Primary production
• 2.2.1. Factors limiting P1
Nutrients
• Principal HNLC Fe limited 

regions:
• Equatorial Pacific
• Antarctica

• Linked to the presence of an 
offshore upwelling with no 
land runoff

(Castro & Huber 2010)



2.2. Primary production
• 2.2.1. Factors limiting P1
Grazing (top-down control)
• Some indications

• Inverse horizontal spatial 
distributions

(Castro & Huber 2010)
Levinton 1995



2.2. Primary production
• 2.2.1. Factors limiting P1
Grazing
• Highly variable according to regions and seasons: 0 -100%

Valiela 2009



2.2. Primary production
• 2.2.2. Variations of P1 in space and time
Space
• Hydrographic factors



2.2. Primary production
• 2.2.2. Variations of P1 in space and time
Space
• Hydrographic factors:

• Coastal upwellings
• Coastal zones with mixed water column
• Offshore upwellings
• Downwellings:

• Centre of oceanic gyres
• Coastal downwellings

(Castro & Huber 2010)



2.2. Primary production
• 2.2.2. Variations of P1 in space and time
Time - Seasons
• Temperate – Boreal North Atlantic (« natural » conditions)

Levinton 1995



2.2. Primary production
• 2.2.2. Variations of P1 in space and time
Time - Seasons
• Temperate North Atlantic (eutrophicated conditions)

Rousseau et al 2002



2.2. Primary production

Rousseau et al 1994

• 2.2.2. Variations of P1 in space and time
Time - Seasons
• Temperate North Atlantic (eutrophicated conditions)
• Phaeocystis globosa cycle



2.2. Primary production
• 2.2.2. Variations of P1 in space and time
Time - Seasons
• Temperate North Atlantic (eutrophicated conditions)
• Phaeocystis globosa

envlit.ifremer.fr
cfb.unh.edu



2.2. Primary production
• 2.2.2. Variations of P1 in space and time
Time - Seasons
• Other oceans

Levinton 1995



2.3. Consumers

food chains

70’s

Dinoflagellates + diatoms -> 
copepods ->herring -> mackerel -
>tuna

Based on net plankton 

Finer Filters + fluorescent dyes



2.3. Consumers
• 2.3.1. Microbial loop

© Azam et al 1983



2.3. Consumers

Valiela 2009

• 2.3.1. Microbial loop
Bacteria: bottom-up control by nutrients 
(inorganic and organic)



2.3. Consumers

In the lab

• 2.3.1. Microbial loop
Bacteria: top-down control by nanoflagellates

In the field



2.3. Consumers

• 2.3.1. Microbial loop
Nanoflagellates (auto- and heterotrophs):
top-down control by ciliates



2.3. Consumers
• Energy flow:

Pn = P1 . En

Much more trophic levels are involved than previously assumed 
→ Energy/C from P1 entering the microbial loop almost totally
dissipated in the loop
→ Energy/C transfer between the microbial loop and the linear
food chain is low

Where
Pn: production of trophic level n
P1: primary production of the community

Energy absorbed by level n
E: ecological efficiency= 

Energy ingested by level n

E <1 (0.1 – 0.5)
n: trophic level



2.3. Consumers
• 2.3.2. Linear food-chain: nekton

Marine copepods from a single 
drop of water collected off 
Melbourne, Florida.

life cycle of Calanus finmarchicus
© Holly Jenkins (NOC)



Other zooplankton

protists – diatoms, 
dinoflagellates, 
radiolarians, and 
foraminifera 

© Christian Sardet, 
Plankton –
Wonders of the 
Drifting World, 
Univ. Chicago Press 
2015



Other zooplankton

• Representative members of 
gelatinous zooplankton. 
Organisms from at least eight 
phyla are included among 
the gelata. (a) Nemertean. 
(b) Phaeodarian radiolarian. 
(c) Salp with parasitic 
copepod. (d) Lobate 
ctenophore. (e). 
Narcomedusan hydrozoan. (f) 
Nudibranch mollusc. (g). 
Chaetognath. (h) Physonect
siphonophore. (i) Coronate 
scyphozoan. (j) Polychaete. 



Other zooplankton

• Cnidaria
• Jellyfish
• Ctenophora
• Beroe cucumis with 

Parasitic amphipod 
Hyperia galba, © 
Alexander Semenov



Other zooplankton

• Pteropods

• Shelled, sea butterfly 
© Steve Ringman
• Unshelled, sea snail
• Clione Limacina



Other zooplankton

• Chordata
• Salps

Photo: Mike Stukel / Florida State University



2.3. Consumers

Valiela 2009

• 2.3.2. Linear food-chain: nekton
Teleostean fishes
• Better studied (fisheries)

• Most = r strategists (many eggs/larvae with low energetic investment)

Teleostean larvae controlled 
by d-dependent processes 
(food competition)
→ bottom-up control



2.3. Consumers

Valiela 2009

• 2.3.2. Linear food-chain: nekton
Teleostean fishes
• Better studied (fisheries)

• Most = r strategists (many eggs/larvae with low energetic investment)

Recruitment in adult
teleostean populations 
independent of population 
size → top-down control



2.3. Consumers

Valiela 2009

• 2.3.2. Linear food-chain: nekton
Birds and mammals
• k strategists (few youngs with high energetic investment)

• « full scale experiment »: whale hunting



2.3. Consumers

Valiela 2009

• 2.3.2. Linear food-chain: nekton
Birds and mammals
• « full scale experiment »: whale hunting

Populations of krill-eating 
penguins and seals 
increased in parallel with 
whale hunting →
Bottom-up control of krill-
eating vertebrates by food



2.3. Consumers

• Food webs
• Multiple and shifting interactions between 

organisms.



• Sankey diagram 
depicting predator-prey 
interactions between 
mid-trophic level 
groups of interest 
and marine 
mammal and bird 
functional groups 
within the Prydz Bay

© McCormack et al.2020 c

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/marine-mammals


• network diagram for the 50 trophic 
groups and their associated 
interactions

• Nodes are colored according to 
broad taxonomic groups (e.g., yellow 
for benthic organisms, red for 
zooplankton) with numbers 
corresponding to the name of the 
group listed in the key. Silhouettes 
are representative of the types of 
organisms associated with each 
node. Edges (i.e., connections) are 
colored according to prey 
species/group and are directed 
toward the relevant predator node. 
This overall representation shows the 
complexity of trophic connections 
present in the database, which are 
more clearly resolved in regional 
food web configurations

© McCormack et al.2020 b



• Food chains don’t exist 
in real ecosystems
• Almost all organisms 

are eaten by more than 
one predator (and vice 
versa)
• Food webs reflect the 

multiple and shifting 
trophic interactions.

• Many species don’t fit 
in convenient 
categories
• Omnivores
• Detrivores
• Parasites
• Cannibalism


