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Marine Ecology/Fisheries
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Organisation of the course

Mode Assessment
Theore1cal part (70 %):
• Oral examina1on (presenta1on of a scien1fic publica1on and cri1cal 

discussion)
• Language of the oral exam: English
• VUB students that are enrolled for the Dutch master programme can 

have the exam in Dutch
• ULB students can have their exam in French
Prac1cal part (30 %):
• Reports of prac1cals
Communica0on
• Email: marc.kochzius@vub.be
• subject: Marine Biology or Fisheries, respec1vely
• text: first name and family name; university; master programme
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Schedule of the course

• AVdP : Anton Van de Pu-e (ULB); anton.van.de.pu-e@ulb.be
• MK : Marc Kochzius (VUB); marc.kochzius@vub.be; ☎ 02 629 3406; office: F8.12
• Slides for AVdP lectures will be provided by AVdP
• Slides of MK lectures are available at Canvas and the following DropBox: 

• Students of the course “Fisheries” only a-end lectures, excursion and pracYcal will be in the 
2nd semester

• A-endance to pracYcals and excursion is mandatory for the course “Marine Biology”

h-ps://www.dropbox.com/sh/f4w3szq565vjlex/AAAI5a3SLkR0JEnLCmxQ9LIAa?dl=0



Marine Ecology/Fisheries Prof. Dr.
Marc Kochzius 4

Simon Stevin excursion

Simon Stevin (2012)
Overall length: 36.0 m; overall width: 9.0 m; cruising speed: 12 knots (22 km/h)

© Marc Kochzius
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• ULB students: 18.10.2022
• VUB students: 19.10.2022
• Fisheries course: 11.-12. May 2023
• Departure of RV Simon Stevin: 

9:00/13:00, port Oostende; for more 
informaIon see www.vliz.be/en/how-
reach-rv-simon-stevin
• Train from Brussels Midi to Oostende: IC 

528/IC 532; departure: 07:08/11:04; 
arrival: 08:20/12:16
• Tram to stop “Weg naar Vismijn” or ferry 

boat
• Please bring rainwear (trousers, coat, 

and rubber boots) and something to eat 
and drink

Simon Stevin excursion

www.vliz.be

Simon Stevin
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Van Ven grab for sediment samples

Simon Stevin excursion

© Marc Kochzius



Marine Ecology/Fisheries Prof. Dr.
Marc Kochzius 7

Van Ven grab sample

Simon Stevin excursion

© Marc Kochzius
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Corer sample: Sand mason worm (Lanice conchilega)

Simon Stevin excursion

© Marc Kochzius
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Beam trawl

Simon Stevin excursion

© Marc Kochzius
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Beam trawl catch

Simon Stevin excursion

© Marc Kochzius



Marine Ecology/Fisheries Prof. Dr.
Marc Kochzius 11

Beam trawl catch: small-spoXed catshark (Scyliorhinus canicula)

Simon Stevin excursion

© Marc Kochzius
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Beam trawl catch

Simon Stevin excursion

© Marc Kochzius
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Beam trawl catch

Simon Stevin excursion

© Marc Kochzius
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BriXle star (Ophiuridae)

Simon Stevin excursion

© Marc Kochzius
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Crab

Simon Stevin excursion

© Marc Kochzius
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Sea mouse (Aphrodite aculeata; Polychaeta)

Simon Stevin excursion

© Marc Kochzius
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Literature

• Castro & Huber (2019) Marine Biology
• Thurman & Trujillo (2004) Introductory Oceanography
• Copies in the VUB library
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Marine research

•Marine biology = biological oceanography:
scien1fic study of organisms that live in the sea
ØMarine  biology:  organisms close to shore or 

perspec1ve of the organisms
ØBiological oceanography: organisms of the open 

ocean or perspec1ve of the ocean

• Oceanography (should be rather named Oceanology)
ØBiological oceanography (marine biology)
ØGeological oceanography
ØPhysical oceanography
ØChemical oceanography

•Marine research is interdisciplinary
© Marc Kochzius
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The World Ocean

4 major ocean basins + Southern or Antarc1c Ocean
(Castro & Huber 2010)
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The World Ocean

(Thurman &Trujillo 2004)
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(Thurman &Trujillo 2004)

The World Ocean

Marine Biology Prof. Dr.
Marc Kochzius
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The World Ocean

Major ocean basins are extensions of the interconnected world ocean
(Castro & Huber 2010)
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Marine research: history

www.kidspast.com

• Phoenicians:
ØMediterranean Sea
ØRed Sea
ØIndian Ocean
ØBri1sh Isles
ØCircumnaviga1on of Africa: 590 B.C.
• Greeks:
ØHerodotus: map of the known world in 450 B.C.
ØAristotle (384-322 B.C.)  1st marine biologist: descrip1on of marine 

life; gills of fish are breathing apparatus
ØPytheas (geographer) sailed to northern Atlan1c around 325 B.C.
ØEratosthenes (276-192 B.C.) calculated the Earth’s circumference: 

40,000 km
• Romans:
ØClaudius Ptolemy: map of the known world in 150 A.D.

2000 B.C.
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Marine research: history

Eratosthenes (276-192 B.C.) calculated the 
Earth’s circumference

at noon at the year’s longest day

(Thurman &Trujillo 2004)
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Marine research: history

Statue of Leif Eriksson
in Reykjavik (Island) ©Marc Kochzius

Viking voyages

(Thurman &Trujillo 2004)
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Marine research: history

European age of discoveries (1492-1522)

Columbus: 3 ships and 88 men

Magellan: 5 ships and 280 men

Cabot: 1 ship and 20 men

(Thurman &Trujillo 2004)
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Marine research: history

Philip‘s Atlas of World History

7 voyages from 1405-1433 with up to 317 ships and 37,000 men

Chinese voyages of the Ming Dynasty
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Marine research: history

One of the first scien1fic explora1ons:
• Cartography
• Natural history
•Measurements of water temperature, currents, wind, and depth

(Thurman &Trujillo 2004)

Cook killed 
in 1779 in 

Hawaii
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Marine research: history

Benjamin Franklin’s chart of the Gulf Stream (1769)
hJp://celebraMng200years.noaa.gov/magazine/charleston_bump/franklin_mapgulfstream.html
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Marine research: history

First oceanographic expedi1on (1872-1876): HMS Challenger
• 127,500-km voyage
• 492 deep-sea soundings
• Deepest sounding: 8183 m
• 133 boXom dredges

• 151 open water trawls
• 263 water temperature measurements
•Water samples from 1830 m depth
• 4717 new species

(Thurman &Trujillo 2004)
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Marine research: history

hJp://commons.wikimedia.org

First scien1fic expedi1on to Antarc1ca
(1897-1899): Belgica
• First overwintering in Antarc1ca
• Ice-drii for 12 month from March 

1898 to March 1899: 3,600 km

http://polardiscovery.whoi.eduwww.coolantarcMca.com

Adrien de Gerlache
(Belgium)

Roald Amundsen
(Norway)
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Marine research: history

• German development of U-boat submarines in World War I
• Invention of echo sounder (sonar: sound navigation and ranging)

www.uboat.net
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Marine research: history

(Castro & Huber 2010)
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Marine research: history

Meteor expedition (1925-1927):
•Multidisciplinary study on 

topography, currents, and 
chemistry of the South Atlantic
• 2 sonars for echo sounding
• 25 month voyage
• 310 sampling stations(Thurman &Trujillo 2004)
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Marine research: history

www.batisfera.it

William Beebe (lei) and O1s Barton dive to 923 m off 
Bermuda in 1934 with the submersible Bathysphere
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Marine research: history

Prof. Tournesol (French)
Prof. Calculus (English)
Prof. Bienlein (German)

(Hergé 1944)
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Marine research: history

Caricature by Miguel Covarrubias, 
Vanity Fair, April 1935

Auguste Piccard (1884-1962):
• Professor for physics at ULB in 1922
• 1930’s: balloon-flights up to 23,000 m

(world record)
• 1953:  dive with submersible Trieste

to 3,150m (world record)

Auguste Piccard 1932 Prof. Calcullus (Hergé)
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Marine research: history

Jacques Piccard (right; son of Auguste Piccard) and Don Walsh (US 
Navy) dive to 10,912 m in the Challenger Deep, Mariana Trench in 1960

© Steve Nicklas

(Thurman &Trujillo 2004)
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Marine research: modern technology

© Marc Kochzius

Alvin (1964) 4,000 m
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Marine research: modern technology

Discovery of black smokers (1977) and RMS Titanic (1985) by R. Ballard
www.mariMmequest.comhttp://oceanexplorer.noaa.gov
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Aqualung was developed by Emil 
Gagnan (right) and Jacques-Yves 
Cousteau in 1943

http://g-ecx.images-amazon.com

Marine research: modern technology



Marine Ecology/Fisheries Prof. Dr.
Marc Kochzius 42

SCUBA (Self Contained Underwater Breathing Apparatus)
© Marc Kochzius

Marine research: modern technology
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Marine research: modern technology

Heincke (1990): Overall length: 54.5 m; overall width: 12.5 m
Cruising speed: 12.5 knots (23 km/h)

© Marc Kochzius
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Marine research: modern technology

Van Veen grab
© Marc Kochzius
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Marine research: modern technology

Trawl net
© Marc Kochzius
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Marine research: modern technology

Trawl net
© Marc Kochzius
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Marine research: modern technology

Trawl net
© Marc Kochzius

© Marc Kochzius
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Marine research: modern technology

Trawl net catch: PleuronecIdae (flagishes) and Clupea harengus (herring)
© Marc Kochzius
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Marine research: modern technology

Trawl net catch: identification, sorting, and measurement (length and weight)
© Marc Kochzius
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Marine research: modern technology

Trawl net catch

© Marc Kochzius © Marc Kochzius
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Marine research: modern technology

© Marc Kochzius

Trawl net catch: Pleuronectidae (flatfishes), Clupea harengus (herring), 
Triglidae (Gurnards), and Asterias rubens (starfish)
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Marine research: modern technology

© Marc Kochzius

Trawl net catch: Callionymus lyra (Dragonnet lyre)
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Marine research: modern technology

© Marc Kochzius

Trawl net catch: Gadus morhua (AtlanIc cod)
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Marine research: modern technology

Beam trawl
© Marc Kochzius
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Marine research: modern technology

Bongo Net (Plankton)

© Marc Kochzius
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Marine research: modern technology

Coastal Zone Colour 
Scanner (CZCS) on the 
Nimbus-7 satellite

(Castro & Huber 2010)



Marine Ecology/Fisheries Prof. Dr.
Marc Kochzius 57

Marine research: modern technology

(Thurman &Trujillo 2004)
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Marine research: modern technology

(Thurman &Trujillo 2004)
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Oceanography: the sea floor 

(Castro & Huber 2010)
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Oceanography: the sea floor 

Con0nental dri> theory by Alfred Wegener (German geophysicist) in 
1912:
• All con1nents were joint to the “supercon1nent” Pangea 180-200 

million years ago
• One large Ocean called Panthalassa and smaller Tethys Sea

www.awi.de
(Thurman &Trujillo 2004)



Marine Ecology/Fisheries Prof. Dr.
Marc Kochzius 61

Oceanography: the sea floor 

Geological evidence for continental drift

(Castro & Huber 2010)

Mesosaurus

Appalachian Mountains

Atlas

Cale
donian

Mountai
ns



Marine Ecology/Fisheries Prof. Dr.
Marc Kochzius 62

Oceanography: the sea floor 

Mid-ocean ridge in Iceland

© Marc Kochzius
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Björk: mutual core (h,p://vimeo.com/68675931)

© Marc Kochzius

I shuffle around the tectonic plates in my chest.

You know I gave it all,
Try to match our conInents
To change seasonal shiJ,
To form a mutual core.

As fast as your fingernail grows,
The AtlanIc ridge driJs
To counteract distance.

You know I gave it all,
Can you hear the effort of the magneIc strife?
Shuffling of columns
To form a mutual core.

This erupIon undoes stagnaIon.
You didn't know I had it in me,
Withheld your love, an unspent capsule.
I didn't know you had it in you,
You hid the key to our conInuity.
I didn't know you had it in you.
This erupIon undoes stagnaIon.
You didn't know, you didn't know.

What you resist persists, nuance makes heat
To counteract distance
I know you gave it all,
Offered me harmony if things were done your way.
My Eurasian plate subsumed,
Forming a mutual core

This erupIon undoes stagnaIon.
You didn't know I had it in me,
Withheld your love, an unspent capsule.
I didn't know you had it in you.
This erupIon undoes stagnaIon
You didn't know I had it in me
This erupIon undoes stagnaIon
You didn't know, you didn't know. 

http://blogs.scientificamerican.com/brainwaves/2012/11/15/geology-porn-the-science-and-art-of-bjorks-mutual-core-music-video/
http://heybehappy.com/music-2.html/
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Oceanography: the sea floor 

Theory of plate tectonics, developed in the 1950s and 1960s:
• Detailed bathymetry of the  ocean floor ð discovery of mid-ocean 

ridges

(Castro & Huber 2010)
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Oceanography: the sea floor 

Mid-ocean ridge

Trench

Transform faults(Thurman &Trujillo 2004)
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Oceanography: the sea floor 

Palaeomagnetism: 
•Magnetic polarity reversals at an rate of 1-2 times/million years 
•Magnetite (magnetic iron mineral) aligns itself to the Earth’s magnetic 

field in volcanic lava; signature “frozen” at 600 °C (Curie point)

(Thurman &Trujillo 2004)
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Oceanography: the sea floor 

(Thurman &Trujillo 2004)
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Oceanography: the sea floor 

Age of ocean crust, also correlates with thickness of sediments

(Thurman &Trujillo 2004)
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Oceanography: the sea floor 

(Thurman &Trujillo 2004)

3.0 g/cm3

2.7 g/cm3
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Oceanography: the sea floor 

Sea floor spreading at mid-ocean ridges and subduc5on at trenches
(Thurman &Trujillo 2004)

e.g. Japan

e.g. Andes

Lithosphere
Oceanic crust

ConInental
crust

Asthenosphere
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Oceanography: the sea floor 

(Thurman &Trujillo 2004)
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Oceanography: the sea floor 

East African Rii Valley

Red Sea

Dead Sea (-422 m),
Jordan River,

Sea of Galilee (-209 m)

(Thurman &Trujillo 2004)
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Oceanography: the sea floor 

Wilson cycle of
ocean basin evoluIon

(Thurman &Trujillo 2004)
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Oceanography: the sea floor 

(Castro & Huber 2010)Plate boundaries
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Oceanography: the sea floor 

(Thurman &Trujillo 2004)Global distribution of earthquakes
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Oceanography: the sea floor 

Global distribuIon of prominent hot spots (Thurman &Trujillo 2004)
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Oceanography: the sea floor 

(Thurman &Trujillo 2004)

Hawaiian Islands-Emperor
Seamount chain
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Oceanography: the sea floor 

FormaIon of seamounts and tablemounts at a mid-ocean ridge

(Thurman &Trujillo 2004)



Marine Ecology/Fisheries Prof. Dr.
Marc Kochzius 79

Oceanography: the sea floor 

Idealised continental margin with continental shelf, slope and rise

(Castro & Huber 2010)
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Oceanography: the sea floor 

(Castro & Huber 2010)
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(Thurman &Trujillo 2004)

• 34.8 g salt/1000 g water = 34.8 ‰ = 
34.8 psu (practical salt units)

• Open ocean: 33-38 ‰
• Bal1c Sea: 10 ‰ (brakish)
• Red Sea: 42 ‰ (hypersaline)
• Dead Sea: 330 ‰ (hypersaline)

Oceanography: salinity, temperature, and density
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Hypersalinity in the Dead Sea (330 ‰)

Oceanography: salinity, temperature, and density

© Marc Kochzius
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Global seawater salinity and temperature (Thurman &Trujillo 2004)

Oceanography: salinity, temperature, and density
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Oceanography: salinity, temperature, and density

• Salinity varies widely at the surface, but not in the deep ocean
• processes that affect seawater salinity occur at the surface:
Ø precipitation
Ø runoff

Ø melIng sea ice
Ø sea ice forming

Ø evaporaIon

Halocline Pycnocline
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•á temperature             
â density                         
ð thermal expansion

•á salinity                       
á density                      
ð more dissolved 
material

•á pressure                    
á density                        
ð compression

Oceanography: salinity, temperature, and density

(Thurman &Trujillo 2004)
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Oceanography: salinity, temperature, and density

Thermo-haline circulation: global conveyer-belt (Thurman &Trujillo 2004)
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Oceanography: salinity, temperature, and density

How to make a perfect Lale Macchiato?
• â temperature of milk
• Fill milk and milk foam into the glass
• á temperature of espresso
• Carefully pour espresso into the glass

A maler of densiIes:
• Milk foam has the lowest density
• The hot espresso has a higher density 

than the milk foam, but a lower 
density than the milk

• the milk has the highest density (more 
dissolved substances and cooler)

© Marc Kochzius
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• Rule of constant 
proportions of ions in 
seawater of the open 
ocean

• Discovered by William 
Dittmar, analysing 
water samples from the 
Challenger expedition 
(1872-1876)

(Castro & Huber 2010)

Oceanography: salinity, temperature, and density
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Oceanography: salinity, temperature, and density

Niskin bolle with thermometer Sampling with a Niskin bottle
© Marc Kochzius© Marc Kochzius
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Oceanography: salinity, temperature, and density

(Castro & Huber 2010)

• Temperature profile

• Temperature range in 
the open ocean:             
-2 to +30 °C

• Seawater does not 
freeze at 0 °C due to 
the salt
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Oceanography: salinity, temperature, and density

© Marc Kochzius © Marc Kochzius

CTD (ConducIvity-Temperature-Depth meter)
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Oceanography: salinity, temperature, and density

© Marc Kochzius © Marc Kochzius

Rosele with CTD and Niskin
bolles

Temperature, salinity, and turbidity
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© Marc Kochzius

Oceanography: salinity, temperature, and density

Rosele with CTD and Niskin bolles on RV Polarstern
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© Marc Kochzius

Oceanography: salinity, temperature, and density

Rosette with CTD and Niskin bottles on RV Polarstern
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Oceanography: salinity, temperature, and density

www.mersea.eu.org

Daily gap-free map of sea surface temperature at 10 km resoluIon, using infra-
red and microwave satellite sensors
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Oceanography: dissolved gases

Seawater dissolved oxygen and carbon dioxide variation with depth
(Thurman &Trujillo 2004)
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Seawater pH and dissolved carbon dioxide variaIon with depth

Oceanography: acidity and alkalinity
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Oceanography: acidity and alkalinity

Carbonate buffering system
• H2CO3: carbonic acid
• HCO3

-:  bicorbonate
• CO3

2-:  carbonate
• CaCO3: calcium carbonate

Ocean acidification
• Dissolution of calcium 

carbonate (aragonite) 
skeletons (e.g. corals) and 
shells (e.g. bivalves and 
snails)
• Reduced precipitation

(Thurman &Trujillo 2004)
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Oceanography: light

30 m depth 
without flash

30 m depth 
with flash

(Castro & Huber 2010)
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Oceanography: light

Secchi disc
© Marc Kochzius © Marc Kochzius
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Oceanography: pressure

Pushed out stomach by the expanding 
swim bladder

(Castro & Huber 2010)
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Oceanography: wind paXerns

(Castro & Huber 2010)
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Oceanography: wind patterns

(Castro & Huber 2010)

Coriolis effect
•DeflecIon of moving 
objects due to spinning of 
Earth
•Winds and currents are 
deflected by 45° to the 
right on the northern and 
to the lei on the 
southern hemisphere
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Oceanography: currents

(Castro & Huber 2010)

Ekman spiral
•Deflection due to Coriolis 
effect
•Ekman layer: water body 
affected by wind
•Ekman transport: 90° to wind 
direction

Swedish oceanographer Vagn Walfrid Ekman (1874-1954)
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Oceanography: currents

(Castro & Huber 2010)
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Oceanography: currents

(Castro & Huber 2010)
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Oceanography: currents

(Castro & Huber 2010)
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Oceanography: nutrients

(Castro & Huber 2010)
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Oceanography: upwelling
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Oceanography: primary produc1on
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Oceanography: secondary produc1on
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Oceanography: El Niño
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Oceanography: El Niño
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Tides
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Coastal marine habitats: tides
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Coastal marine habitats: 1des

(Castro & Huber 2010)


