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Benthic biological 
processes
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1. Zones of the benthic domain
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1. Zones of the benthic domain
Tide level or depth Zone Characteristics

Supralittoral Saline moistening
Continuous emersion except at extreme 
high waters of spring tide

Mean high water of spring tide
Mesolittoral Daily cycles of immersion and emersion 

Mean low water of neap tide
Infralittoral Continuous immersion except at low

waters of spring tide 

Compensation depth of seagrasses or 
photophilic algae
15-20m at high lat.
30-40 m Mediterranean
80 m intertropical regions

Circalittoral
Compensation depth of the algae 
tolerating the lowest light intensities 
(150-200m)

Bathyal Continental slope and its foothills
2500-3000m

Abyssal Abyssal plains
Hydrothermal vents

6000-6500m
Hadal Deep trenches
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2. Benthic biological processes
2.1. Primary producers

2.1.1. Photosynthetic primary producers
Domain Kingdom Phylum
Bacteria Cyanobacteria

• Chla, phycocyanin, phycoerythrin
• Able to fix N2
• Mats on tidal mudflats (anoxic interstitial water)

Eukaryota Chromista
Chla, c
abs green, yellow

Heterokontophyta Microphytobenthos : principally pennate diatoms
• Frequently mixotroph
• Mats on tidal mudflats
Phaeophyceae (brown algae)
• Fucoxanthin, xantophyll, carotene
• rocky shores

Dinophyta Zooxanthellae (Symbiodinium sp)
Symbiont of cnidarians (incl reef-building corals)

Plantae
Chl a, b
abs red, blue

Chlorophyta Chlorophyceae (green algae)
• Poor ability to store nutrients → eutrophic habitats

Rhodophyta Red algae
Chl d, phycoerythrin (abs green), phycocyanin (abs blue)

Spermatophyta Flowering plants (soft bottom)
• Seagrasses (Zostera, Posidonia, Thalassia…)
• Saltmarsh plants (Spartina, Salicornia, …)
• Mangroves
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• Interfaces oxic
and anoxic 
zones
• Sediments 

(RPD)
• Decomposing 

organisms 
(whale 
carcasses)

• Hydrothermal 
vents

2.1. Primary producers
2.1.1. Bacterial chemoautotrophic primary producers
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2.1. Primary production
2.1.2. Factors controlling benthic P1

Light (bottom-up control)

Wikipedia.org

Inpn.mnhn.fr
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https://player.slideplayer.com/79/13031396

2.1. Primary production
2.1.2. Factors controlling benthic P1

Light intensity
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http://oceanographyclay1987.blogspot.com/2010/10/light-attenuation-in-ocean.html

• Different taxa 
have different 
compensation 
depths
• Flowering 

plants, green 
algae: absorb 
red
• Red algae: 

absorb blue 
(+ adapted 
pigments) 

2.1. Primary production
2.1.2. Factors controlling benthic P1

Light: wave length
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• Algae: no roots → 
nutrients > SW
• N possibly limiting

http://www.corpi.ku.lt/nemo/codium.html

2.1. Primary production
2.1.2. Factors controlling benthic P1

Nutrients (bottom-up control)
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joshfecteau.com

2.1. Primary production
2.1.2. Factors controlling benthic P1

Nutrients

• Algae: no roots → 
nutrients > SW
• N possibly limiting 

if strong intra- or 
interspecific 
competition

10



11/10/2019

6

• Phanerogams: roots → 
nutrients >  sediment 
interstitial SW
• Anoxic sediment: 

inhibition of nutrient 
transporters → limitation

Posidonia oceanica

2.1. Primary production
2.1.2. Factors controlling benthic P1

Nutrients

Alcoverro et al 1995
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2.1. Primary producers
2.1.2. Factors controlling benthic P1: intertidal algae

Dessication, temperature, salinity, hydrodynamism 
(bottom-up controls)

Intertidal 
zonation of 
algae
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Littorina littorea

islaynaturalhistory.blogspot.com

2.1. Primary producers
2.1.2. Factors controlling benthic P1

Biotic interactions: ex. tide pools on rocky shores
of New England 

Nozères 
Marinespecies.org gulfofme.com

razottoli.wordpress.com/
Enteromorpha sp.

Chondrus crispus
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2.1. Primary producers
2.1.2. Factors controlling benthic P1

Biotic interactions: ex. tide pools       
on rocky shores of New England

14



11/10/2019

8

2.1. Primary producers
2.1.2. Factors controlling benthic P1

Biotic interactions: ex. tide pools on 
rocky shores of New England 

• Grazer controls the composition of 
the P1 community, allowing the less 
competitive species to become 
dominant

Ø Top-down control by the grazer
Ø Competition for light/space 

between algae
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Macrocystis pyrifera

Strongylocentrotus franciscanus
inverts.wallawalla.edu

2.1. Primary producers
2.1.2. Factors controlling benthic P1

Biotic interactions: ex. giant kelp forest
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1974-77: disease → ✞ sea urchins Exponential ↑ of kelp then ↓ density

• Release of the top-down 
control by the grazer
• Intraspecific competition

2.1. Primary producers
2.1.2. Factors controlling benthic P1

Biotic interactions: ex. giant kelp forest
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2.2. Consumers
2.2.1. Classification

• According to localization
• Epifauna
• Endofauna

• Burrowers
• Perforators
• Interstitial fauna

• According to size

Macrofauna

2- 0.5 mm

Meiofauna

100 – 40 µm

Microfauna

https://en.wikipedia.org/wiki/Benthic_zone#/

Zeppilli et al 2015
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2.2. Consumers
2.2.2. Controlling factors

Substrate
• Hard substrate (immobile) vs. Soft subtrate (possible 

resuspension)
• Depends on

• Hydrodynamism and particle size
• Slope of the substrate

https://pixabay.com/photos/gravel-beach-stone-marine-texture-3873008/

https://pxhere.com/en/photo/1347376

https://www.booking.com/hotel/to/sandy-beach-resort.fr.html
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• Inorganic particles

• Organic particles

• Interstitial water

• Physical characteristics
1. Size = function of hydrodynamism

• Coarse sediments: few organic particles
• Very fine sediments: instable for macrofauna

2. Homogeneity
• Well sorted: homogenous grain size
• Poorly sorted: heterogenous grain size

3. Porosity: Vinterstitial / V total

• Depends on grain size and homogeneity of the sediment
• Oxygen level
• Important for meiofauna

2.2. Consumers
2.2.2. Controlling factors

Soft substrate
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Classification according to 
grain size

2.2. Consumers
2.2.2. Controlling factors
Soft substrate
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• Chemical characteristics

2.2. Consumers
2.2.2. Controlling factors

Soft substrate

22



11/10/2019

12

• Chemical characteristics

• Diffusion of O2 from the interface SW - sediment

• Consumption of O2 in the superficial layers by aerobic bacteriae

• → progressive ↓ of [O2] in interstitial water

• → brutal change in oxydo-reduction potential: redox potential 

discontinuity (RPD) = interface aerobic – anaerobic layers

• Depth of the RPD will depend on:

• Hydrodynamism

• Grain size and sorting

2.2. Consumers
2.2.2. Controlling factors

Soft substrate
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• Chemical characteristics
• Vertical zonation of microorganisms

2.2. Consumers
2.2.2. Controlling factors

Soft substrate

Sediment Bacteria Characteristics

oxic aerobic (some photosynthetic)

RPD chemosynthetic sulfur bacteria oxidize H2S

anoxic

fermenting bacteria

anaerobic heterotrophs
transform organic compounds 
into fatty acids and alcohols by 
glycolysis

Sulfatoreducing bacteria reduce SO42- into H2S

Methane-producing bacteria transform organic compounds 
into CH4

24
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Levinton 1995

2.2. Consumers
2.2.2. Controlling factors

Soft substrate

• Chemical characteristics
• Vertical zonation of eucaryotes
• Meiofauna temporarily below RPD
• Some protozoa able to live below 

the RPD (symbiotic bacteria)
• Most of the meiofauna and all the 

macrofauna above the RPD
• But… the RPD is not always 

horizontal! = bioturbation
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Intertidal zonation 
of metazoa

2.2. Consumers
2.2.2. Controlling factors

Soft substrate
Dessication, temperature, salinity, hydrodynamism
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Intertidal 
zonation of 
metazoa

2.2. Consumers
2.2.2. Controlling factors

Rocky substrate
Dessication, temperature, salinity, hydrodynamism
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2.2. Consumers
2.2.2. Controlling factors

Rocky substrate
Abiotic factors and biotic interactions

• Larvae of two barnacles, Chthamalus stellatus and Semibalanus balanoides, settle out 
over a broad area 

• Physical factors, mainly desiccation, limit survival of S. balanoides above mean high water 
of neap tides

• Competition between S. balanoides and C. stellatus in the zone between mean tide and 
mean high water of neap tides eliminates C. stellatus.

Semibalanus balanoides
Le Roux/wikipedia 
commons

Chtamalus stellatus

Maggs/wikipedia
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Main sea urchin 
predators: sea otter 
Enhydra lutris

https://www.climate.gov/sites/default/files/otter_urchin_lrg.jpg

2.2. Consumers
2.2.2. Controlling factors

Rocky shores
Biotic interactions: ex giant kelp forests
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Enhydra lutris
• Historical distribution: 

Aleutian Is - S California
• Quasi extinction beginning of  

20th century (hunting)

• Amchitka: 20-
30 ind/km2

• Shemya: 0

2.2. Consumers
2.2.2. Controlling factors

Rocky shores
Biotic interactions: ex giant kelp forests

30



11/10/2019

16

• Otters present: 
• Sea urchin density low
• % cover kelp high

• Otters absent:
• Sea urchin density high
• % cover kelp = 0

2.2. Consumers
2.2.2. Controlling factors

Rocky shores
Biotic interactions: ex giant kelp forests
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2.2. Consumers
2.2.2. Controlling factors

Rocky shores
Biotic interactions: ex giant kelp forests

• Otters present: 
• Necessary for high kelp 

cover

• Otters absent:
• Kelp cover always low

32
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Kelp and sea urchins have an indirect development: 
Presence/absence also depends on recruitement of 
propagules or larvae

2.2. Consumers
2.2.2. Controlling factors

Rocky shores
Biotic interactions: ex giant kelp forests
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Planktonic stages

2.2. Consumers
2.2.2. Controlling factors

Rocky shores
Biotic interactions: ex giant kelp forests

34
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adults

Dispersal
Planktonic larval stage

Indirect development Settlement /metamorphosis

Possible movements looking for 
the adequate substrate

larvae

2.2. Consumers
2.2.2. Controlling factors

Rocky shores
Biotic interactions: ex giant kelp forests
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Top-down controls
• Otters → sea urchins
• Sea urchins → kelp
= trophic cascade

Recruitment of juveniles
• Depends on the advection of 

competent larvae by 
hydrographic processes

2.2. Consumers
2.2.2. Controlling factors

Rocky shores
Biotic interactions: ex giant kelp forests
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razottoli.wordpress.com/

2.2. Consumers
2.1.2. Controlling factors

Rocky shores
Biotic interactions: ex. tide pools on rocky shores of New England

Mytilus edulis

Thais lapillus

Semibalanus balanoides

Asterias forbesi
http://www.fishdb.co.uk

Le Roux/wikipedia commons

Chondrus crispus

37

2.2. Consumers
2.1.2. Controlling factors

Rocky shores
Biotic interactions: ex. tide 

pools on rocky shores of New England

○ Mytilus
● Semibalanus

Chondrus

• Top-down control by predators
• Competition for space

• Sheltered shores: predators present
Ø Algae dominant

• Exposed shores: predators absent 
(washed away)
Ø Barnacles and mussels dominant

38
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• Sheltered shores: predators present
Ø Algae dominant

39

• Exposed shores: predators absent
Ø Barnacles and mussels dominant

40
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• Effects much more variable than on rocky shores:
• 3D environnement è escape possibilities higher

2.2. Consumers
2.1.2. Controlling factors

Sandy/muddy shores
Biotic interactions

41

• Competition for space and 
exclusion: first come, first 
served <-> importance of 
recruitment

Corophium volutator
Biopix: JC Schou

Nereis diversicolor
manayunkia.files.wordpress.com

Olafsson & Persson 1986

2.2. Consumers
2.1.2. Controlling factors

Sandy/muddy shores
Biotic interactions: competition

42
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2.2. Consumers
2.1.2. Controlling factors

Sandy/muddy shores
Biotic interactions: competition

• Competition for space and exclusion: first come, first served 
<-> importance of recruitment
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• Predation: effects much more 
varied than on rocky shores:
• More complex trophic networks 
è mutiple  trophic interactions 
mitigating the effects of 
excluding one predator

• Ex: salt marsh NE USA

é density and biomass of infauna

Sarda et al 1998

2.2. Consumers
2.1.2. Controlling factors

Sandy/muddy shores
Biotic interactions

44
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é predaceous infauna density

Sarda et al 1998

2.2. Consumers
2.1.2. Controlling factors

Sandy/muddy shores
Biotic interactions

• Effects much more varied than 
on rocky shores:
• Ex: salt marsh NE USA
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• Competition
• Recruitment: first come, first served
• Exclusion: 

• Modification of habitat (bioturbation)
• Eradication of post-larvae

• Top-down control possible but: 
• More complex effects than on rocky shores
• Not general: refuges

• Burrowing
• Protection by phanerogams (seagrass beds and mangroves)

2.2. Consumers
2.1.2. Controlling factors

Sandy/muddy shores
Biotic interactions
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