
Biological Invasions in Marine Systems 



Biological Invasions 

http://waves-vagues.dfo-mpo.gc.ca/Library/365586.pdf 



Biological Invasions Outline 

Introduction: 
 
• Basic concepts 

 
• Brief history 

 
• Impacts on Economy, Human Health & Ecology 
 
 
Pathways in Marine Systems 
 
• Shipping (Boring, Fouling, Ballast Water)  

 
• Movie: Ballast Water 
 



Introduction & establishment of species beyond their historical range  
 
 
Introduction:  
 
I. Natural range expansion 
 
II. Human introductions  
 
 
Establishment: 
 
III. Survival 
 
IV. Reproduction 
 
 

Biological Invasions 



Biological Invasions 

Native species  
 
 
 
 
 
 
 
 
 
 
 
= indigenous 

Introduced species 
 
 
 
 
 
 
 
 
 
 
 
= non-native 
= exotic  
= alien  
= non-indigenous 

Barrier 
 
Historical range = donor area   Introduced range = receiver area 
 

Introduction: 

Synonyms: 
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Introduction: 



Barriers 

Geographical obstacles: oceans, mountains, deserts 
Gradients: temperature, salinity, pressure, chemical environment  



Human Introductions 

Intentional introductions: 
 
agriculture, aquaculture, hunting 
(e.g. rabbits in Australia) 
 
 
biocontrol 
(e.g. myxoma virus in Australia, 1950ies, 
 Myxomatosis in rabbits) 
 
   
 
  

Unintentional introductions: 
 
“hitchhikers” & “stowaways” 
(e.g. rats, incl. parasites) 
 
 
accidental release / escape 
(e.g. domestic animals, pets, 
  ornamental plants) 
 
 
 
 
 
 
 
 



Vectors, Invasive Hotspots & Pathways 

Pathways:  
 
1. Corridor between donor & receiver area 

 
2. Medium / Carrier 

 
• Ballast water 

 
• Shipp hulls 

 
• Plant material 

 
• Hosts 
 
etc. 
        
  

Vector: Transport vehicle 
 
• Ship 

 
• Airplane 

 
• Car 
 
etc. 
 
 

Invasive “hotspots” 
 
• Seaports 

 
• Airports 
 



(1958) 

Invasions research increased in the 1980ies 

Key Questions: 
 
Why and how are  
species dispersed  
by human activities?  
 
What is the negative 
impact of species in  
a new environment?  
 
How can this be  
prevented? 

Charles S. Elton 
(1900-1991) 

History of Biological Invasions 

Ricciardi & MacIsaac 2008, Nature 452 



 

Introduced species: 

 

A species intentionally or unintentionally transported and released by 

humans into an environment outside its historical range. 

 

 

 

Invasive species: 

 

       An introduced species with an ecological, economic or human health 

       related impact.  

Definitions 



Impacts of Invasive Species 

• Economy 
 

 
• Human Health 
 

 
• Ecology 



Impacts on Economy & Human Health 

Nomadic jellyfish  
Rhopilema nomadica Galil, 1990 
Red Sea  Mediterranean Sea 

Venomous 
Disrupting Fisheries & Tourism  
Clogging Power plants: $50,000 

(in 2001) 

www.cabi.org 



Impacts on Economy & Human Health 

Disrupting Fisheries:  
$10 Million damage (Turkey, in 2014)  

Pufferfish Lagocephalus sceleratus (Gmelin, 1789) 
Red Sea  Mediterranean Sea 

Nader et al. 2012 

Venomous, Tetrodotoxin  
Disrupting Tourism  

Deaths reported from Egypt & Israel  



at the Population, Community & Ecosystem Level: 
 

• predation of native species 
 

• competition with native species 
 

• facilitation of native species by ecosystem engineers  
 

• behavioral & morphological changes in native species  
     (phenotypic plasticity) 

 
• genetic & evolutionary consequences → hybridization  
     (loss of genetic diversity) 

 
• extinction of native & endemic species  

 

Impacts on Ecology 



Impacts on Ecology 

common periwinkle Littorina littorea (Linnaeus, 1758) 



Periwinkle Introduction 

Viking Ships 

Introduced Native 



Periwinkle Impact 

Littorina  grazing  & bulldozing 

barnacle larvae 



Periwinkle Removal Experiment 

Periwinkle Removal Caged Control Uncaged Control 

3 Treatments 



Periwinkle Removal Impact on Algae 
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Periwinkle removal increased percent cover of algae 
 Periwinkle grazing controls algae 



Periwinkle Impact on Barnacles 
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Periwinkle removal increased percent cover of barnacles 
 Periwinkle bulldozing affects barnacles 



Periwinkle Impact on Sediments 

Periwinkle removal increased sediment dry mass 
 Periwinkle activity affects sediments 



Snail Impact on Cordgrass (Spartina) 

Snail removal 

Control 

Snail removal increased cordgrass biomass 
 Snails control cordgrass 



Impact on Ecology 



Pathways in Marine Systems: 
Shipping 
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Ruiz et al., Annu. Rev. Ecol. Syst. 2000. 31:481–531 

Coastal Invasions in North America 



Coastal Invasions in Europe 

http://www.europe-aliens.org/default.do 



https://www.marinetraffic.com 

Global Shipping 

Transoceanic & coastal shipping  



Historic Case: Ship Hull Boring 

Atlantic shipworm Teredo navalis (a clam) 

Brusca & Brusca 2003 

Popular Science Monthly, August 1878 

Teredo settling & growth 



1504: “… rotten, worm-eaten … more riddled 
 with holes than a honeycomb…  
 
With three pumps, pots and kettles, 
and with all hands working, they could  
not keep down the water which came  
into the ship, and there was no other remedy  
for the havoc which the worm had wrought…  
 
my ship was sinking under me…” 

Columbus VS Teredo 



1913 Teredo invaded San Francisco Bay  
1919-1921: $ 3.1 billion damage 
 “Stepping stone invasion”  

Teredo Damage in San Francisco Bay 



Ship Hull Fouling 



Sessile & mobile species: 
 
Polychaetes, crustaceans, barnacles, mussels, tunicates,  
hydroids, bryozoans, sponges, algae… 
 
 
 
 
http://www.tandfonline.com/toc/gbif20/current 

Hull Fouling 



80 % of the world’s commodities transported by large ships 
  

ca. 35,000 large ships world wide 

Global Shipping & Ballast Water 



Ballast Water 

Purpose: ship balance & stability, 
submerged propeller & rudder 
 
Ballast water collected in ports / bays  
(rich in larvae & food) 
 
Annually ballast water  
discharge in ports / bays 
79 million tons BW (US) 
43.7 million tons (Canada) 
 
 Ports are invasive hot spots Ruiz et al. 2000, Gollasch 2007, DFO 2017 



http://www.safetyatdockwise.com/ballast-water-.html 

Global Ballast Water Transport 



Ballast Water Species  

Vibrio cholerae  

Cercopagis pengoi 

Eriocheir sinensis 

Neogobius melanostomus 

Carcinus maenus 

Undaria pinnatifida 

Dreissena polymorpha 

Asterias amurensis 

Mnemiopsis leidyi 



http://globallast.imo.org/ 



Prior to 1870: 
dry ballast use 
 
1870–1880ies: 
Ballast water use  
 
1903:  
Asian diatom Odontella (Biddulphia) sinensis 
Asia  North Sea 
 
1912: 
Chinese mitten crab Eriocheir sinensis 
Asia   Germany   
 
• Competition  

 
• Erosion & clogging 

 
• Cumulative damage: 112.546.000 CAD 

Ballast Water History 

O. sinensis 

E. sinensis 



1962-1984: 
Tens of ballast water invasions reported  annually  
 
1975:  
First ballast water sampling (Medcof 1975) 
 
1980ies:  
First ballast water transport experiments 
(e.g. salinity, temperature, light tolerance, starvation etc.)  
 
1985: 
First review linking 57 invasive species  to ballast water in N America 
(Carlton 1985) 
 
2000:  
ca. 150 invasive species / 180 invasions  linked to ballast water in N America 
 
2017:  
ca. 950 invasions linked to ballast water in Europe 

Ballast Water History 



http://www.aquaticinvasions.net/ 

Ballast Water History 

Since 2006 



Ballast Water Regulation & Management 

http://www.imo.org/en/About/Conventio
ns/ListOfConventions/ 
Pages/International-Convention-for-the-
Control-and-Management-of-Ships'- 
Ballast-Water-and-Sediments-(BWM).aspx 

Ballast water control: 
 
Ballast water  log books & external  log book examinations mandatory 
 
Ballast water management: 
 
1. Ballast water exchange at sea 
2. Ballast water processing on board  

 
 

 Push to make next generation BW processing mandatory 



Invaders from the Sea (BBC, IMO) 
Movie: https://youtu.be/u5JkRtMTEdI 


