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Pelagic Biological 
Processes
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1. Divisions of the marine environment
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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):
• DisphoCc
• 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
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1.1. Zones of the pelagic domain

Segar 2007
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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
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2. Pelagic biological processes
• 2.1 DefiniCons
Pelagos: organisms living in the water column 
without any contact with the boZom 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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e
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2. Pelagic biological processes
• 2.1 DefiniCons

Plankton

Phytoplankton                                              Zooplankton
(autotroph)                                                  (heterotroph)

Natureasia.com

Mixoplankton
(Mixotroph)

Relative 
importance?
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2.1. Definitions

• ClassificaCon 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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2.2. Primary produc?on
• 2.2.1. Factors limiting P1
Light (bottom-up control)

Light limiting

SaturaCon

Photoinhibition
•UV
• Light induced 

respiration
• Leakage of 

organic 
molecules

Differs according 
to taxa
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2.2. Primary production
• 2.2.1. Factors limiCng P1
Light
• Sea water absorb the photosyntheCc acCve radiaCon 

(PAR)
Iz= I0 e-kz

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

Barnes & Hughes 1999
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2.2. Primary produc?on
• 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)
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2.2. Primary production
• 2.2.1. Factors limiting P1
Light + Mixing
• Wind induces mixing of the water column → mixing depth
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2.2. Primary produc?on

• 2.2.1. Factors limiCng P1
Nutrients (bo9om-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 reducCon ncessary →  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 phosphorylaCon
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
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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= 

14
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2.2. Primary produc?on

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

Nutrient concentration

U
pt

ak
e 

ra
te

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
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2.2. Primary produc?on

• 2.2.1. Factors limiCng P1
Nutrients
• Ks depends on size
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2.2. Primary production

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

Valiela 2009
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2.2. Primary production

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

Valiela 2009
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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
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2.2. Primary produc?on
• 2.2.1. Factors limiCng P1
Nutrients
• N and P

Valiela 2009
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2.2. Primary production
• 2.2.1. Factors limiting P1
Nutrients
• N and P

Valiela 2009
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2.2. Primary produc?on

• 2.2.1. Factors limiCng P1
Nutrients
• N and P

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

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

typically 106 : 16 : 1 = Redfield raCo
• If SW nutrient concentraCons depart from this raCo, a limitaCon 

is very probable
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2.2. Primary produc?on

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

• Land run-off (rivers): principally NO3
-

• Coastal bottom waters (upwelling!): principally NO3
-

• Excretion/elimination by water column consumers: principally 
NH4

+

• NO3
- based P1: « new production »

• NH4
+ based P1: « regenerated production »
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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
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2.2. Primary produc?on

• 2.2.1. Factors limiCng P1
Nutrients
• Fe

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

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

• LimiCng in oceanic zones → High Nutrients Low Chlorophyll 
(HNLC) regions
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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.
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2.2. Primary produc?on
• 2.2.1. Factors limiCng P1
Nutrients
• Fe

Nature 371: 124 (1994)

Field Fe 
enrichment 
experiment (64 
km2) IronEx1: 
single enrichment
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2.2. Primary production
• 2.2.1. Factors limiting P1
Nutrients
• Fe

Nature 371: 124 (1994)

IronEx1

P1: x4
Chla: X3
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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: 
mulCple 
enrichments
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2.2. Primary produc?on
• 2.2.1. Factors limiCng P1
Nutrients
• Fe

Nature 383: 495 (1996)

IronEx2

And the winners are diatoms

30
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2.2. Primary produc?on
• 2.2.1. Factors limiCng P1
Nutrients
• Principal HNLC Fe limited 

regions:
• Equatorial Pacific
• AntarcCca

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

(Castro & Huber 2010)
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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
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2.2. Primary produc?on

• 2.2.1. Factors limiting P1
Grazing
• Some indications

• vertical distribution: deep 
chlorophyll maxima

De
pt

h 
(m

)

Moeller et al 2019

Light-dependent grazing drives deep chlorophyll maxima 
(DCM) formation in a one-dimensional model. b When light 
dependence is introduced, a deep phytoplankton biomass 
maximum corresponding to a deep chlorophyll maximum 
emerges. c Phytoplankton accumulation in a DCM arises 
from two processes: elevated grazing near the water 
column’s surface, and depressed growth due to light 
limitation below the compensation depth.
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2.2. Primary production
• 2.2.1. Factors limiCng P1
Grazing
• Highly variable according to regions and seasons: 0 -100%

Valiela 2009
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2.2. Primary production
• 2.2.2. Variations of P1 in space and time
Space
• Hydrographic factors

35

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

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

• Centre of oceanic gyres
• Coastal downwellings

(Castro & Huber 2010)
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2.2. Primary produc?on
• 2.2.2. Variations of P1 in space and time
Time - Seasons
• Temperate – Boreal North Atlantic (« natural » conditions)

Levinton 1995
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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
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2.2. Primary produc?on

Rousseau et al 1994

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

39

2.2. Primary production

Rousseau et al 
2002

• 2.2.2. VariaCons of P1 in space and Cme
Time - Seasons
• Temperate North AtlanCc (eutrophicated condiCons)

LimitaCon by P and not by N !

40
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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
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2.2. Primary produc?on
• 2.2.2. VariaCons of P1 in space and Cme
Time - Seasons
• Other oceans

Levinton 1995
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2.3. Consumers
• 2.3.1. Microbial loop

Levinton 1995
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2.3. Consumers

Valiela 2009

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

44
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2.3. Consumers

In the lab

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

In the field

45

2.3. Consumers

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

46
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2.3. Consumers
• 2.3.2. Linear food-chain: plankton
Microplankton (diatoms and ciliates): top-
down control by copepods
Copepods: top-down control by 
consumers (fishes or « gelatinous ») Evolution of copepod and ciliate 

biomass  during mesocosm 
studies using 90µm-filtered 
seawater from the Skagerrak 
(Sweden).

C: control: natural phytoplankton 
and zooplankton abundance

Z: zooplankton: natural 
phytoplankton + 10x natural 
zooplankton abundance

Ct: ctenophores: natural 
phytoplankton and zooplankton 
abundance + 10 ctenophores

CtZ: natural phytoplankton + 10x 
natural zooplankton abundance + 
10 ctenophoresGraneli & Turner 2002
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2.3. Consumers
Plankton:
• Succession of top-down controls:

Planktivorous fishes or « gelatinous »
↓

Copepods
↓

Ciliates
↓

Flagellates
↓

Bacteriae
= trophic cascade

• If copepods consumed by 
« gelaCnous » (jelly-fishes, 
ctenophores) → impact on 
fisheries

48
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2.3. Consumers
• Energy flow:

Pn = P1 . En

→ The highest the level number, the lowest the producCon of 
the level
→ 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
→ Fate of energy /C depends on the entry level of P1

Diatoms → copepods = linear food chain
↘POM/DOM = microbial loop

Nanoflagellates → microbial loop 

Where
Pn: producCon of trophic level n
P1: primary producCon 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
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2.3. Consumers

Valiela 2009

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

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

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

50
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2.3. Consumers

Valiela 2009

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

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

Recruitment in adult 
teleostean populations 
independent of population 
size → top-down control 
(man!)
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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
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2.3. Consumers

Valiela 2009

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

PopulaCons of krill-eaCng 
penguins and seals 
increased in parallel with 
whale hunCng →
BoZom-up control of krill-
eaCng vertebrates by food
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