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Lecture outline: 

• State-of-the art: what do we know about marine 

biological invasions in Europe? 

• European Marine Strategy Framework Directive and 

non-indigenous species 

• Notion of “norm and pathology” in environmental 

research 

• Biological pollution: where and when it happens and how 

it may be assessed? 
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Key definitions 
• Non-indigenous species 

(synonyms: alien,  exotic,  non-native,  adventive) 
are species  introduced outside of their natural range 
and outside of their natural dispersal potential. Their 
presence in the given region is due to intentional or 
unintentional introduction by humans. 
 

• Invasive alien species 
are a subset of established non-native species  
which have spread, are spreading or have 
demonstrated their potential to spread elsewhere,  
causing significant harm to biological diversity, 
ecosystem functioning, socio-economic values 
and/or human health in invaded regions. 



Economic losses (examples) 
•Reductions in fisheries production  

(including collapse of the fishery) 

due to competition, predation and/or 

displacement of the fishery species 

by the invading species 

•Impacts on aquaculture  

(including closure of fish-farms), 

especially from introduced harmful 

algae  

•Physical impacts on coastal 

infrastructure 

•Reduction in the economy and efficiency 

of shipping;  

•Impacts on recreation facilities 
•The costs of responding to the problem 

incl. research monitoring, education, 

communication, regulation, compliance, 

management mitigation and control costs 

Photo: Damien Offer 

Documented information is very 

limited  

for fisheries and aquaculture 

(estimate of €162 million/year in 

damage costs: no information is 

available on control costs) 
EC 2008 IAS Impact assessment 



Impacts on human health 



Examples of ecological impacts 

Caspian Sea: 

 

The invasion of the comb jelly Mnemiopsis leidyi causes a 6-

fold decrease in abundance of zooplankton, the only food 

source for the kilka (three species of Clupeonella). The white 

sturgeon (Huso huso) feeding on kilka, considered to be 

highly endangered. 

(Shiganova et al. 2001) 

Europe, North America: 

 

The zebra mussel Dreissena polymorpha,  

multiple impacts: changes in benthic community 

structure, modification of bottom sediments, increase 

in water transparency, release of nutrients 

(e.g. Karatayev et al., 2002) 



Chinese mitten crab Eriocheir sinensis 

• Most likely introduced by shipping (ballast 

water and hull fouling of vessels) or 

imports of living species for aquaria and 

for human consumption in early 1910.  

Still spreads in the UK and Spain, in 2006 

first found in Ireland. 

• The crabs are the second intermediate 

host for the human lung fluke parasite in 

Asia (not yet recorded in crabs in Europe).  

• Crabs damage nets and prey upon fishes 

caught in traps and nets. In freshwater 

ponds they feed on cultured fish and their 

food as well.  

• The burrowing activities of crabs result in 

increased erosion of dikes, river and lake 

embankments. They can also clog up 

industrial water intake filters. 



Photo: S. Gollasch 



Pacific oyster Crassostrea gigas 
pro & contra 



Three main categories of 

consequences 

•Ecological,  

•Economic, 

•Human health,  

although they are all inter-linked and influence each other many 

direct and indirect impacts of invasive aquatic species 

 



State-of-the art:  

what do we know about marine 

biological invasions in Europe? 



European Alien Species (DAISIE) Database 
www.europe-aliens.org 

• Marine species  total # 1016 (747 established) 
– inland species  total # 693 (313 established) 

• 4290 introduction records (events) 
– A record of an alien species in a country/region 

Aquatic species  14% 

n = 1512 

Terrestrial species  

(plants  animals  etc)  86% 

n = 9288  

Data coverage:  

>50 countries/regions 

and coastal seas 



Introduction pathways of aquatic 

alien species in Europe 

(DAISIE Database) 



The role of the pathways is 

changing over time 

The number of introduction events by 3 main pathways in 1900-2008 

Aquaculture & stocking 

activities 
Canals Vessels 

WW I 

WW II 

Acclimatization programs Joint research projects 

(US/IL) 

(DAISIE Database) 

Introduction records reflect economic 

development  political crises  and scientific 

interest in recording marine alien species 



The number of introduced 

species tells little about the real 

threat of bioinvasions 

• What matters is the MAGNITUDE 

of the impacts! 





Biological pollution:  
where and when it happens and 

how it may be assessed? 



European Marine Strategy 

Framework Directive  

• Aimed at achieving or 

maintaining Good 

Environmental Status (GES) 

in the EC marine 

environment.  

• Parties to this agreement 

will be required to report on 

the environmental status of 

the seas under their 

jurisdiction by defined 

deadline.  

• GES is defined by 11 

qualitative descriptors 



Descriptors of Good Environmental 

Status 

1. Biological diversity 

2. Non-indigenous species  

3. Commercially exploited fish and shellfish 

4. Marine food webs 

5. Human-induced eutrophication 

6. Sea floor integrity 

7. Hydrographical conditions 

8. Contaminants 

9. Contaminants in fish and other seafood for human 
consumption 

10. Marine litter  

11. Introduction of energy  including underwater noise 

2. Non-indigenous species  

introduced by human activities are  

at levels that do not adversely alter the 

ecosystems” 



What is “pollution”? 

• everything what is  

not in right place   

not in right time and  

not in right quantities  

as it should be 



Encyclopedia Britannica about 

“pollution” 

• “the addition of any substance or form of energy 

… to the environment at a rate faster than the 

environment can accommodate it by dispersion  

breakdown  recycling  or storage in some 

harmless form”  

http://www.daisie.ceh.ac.uk/speciesFactsheet.do?speciesId=261


The central question in applied environmental 

research: definition of “norm and anomaly” 

Early Soviet poster  before 

the modern awareness: 

"The smoke of 

chimneys is the 

breath of Soviet 

Russia" 

Perception of “what is good and 

what is bad” (essentially  “norm 

and anomaly”) is relativistic and 

changing over time 

http://upload.wikimedia.org/wikipedia/commons/6/62/Smoke_of_chimneys_is_the_breath_of_Soviet_Russia.jpg


Perception of “what is good and 

what is bad” (essentially, “norm 

and pathology”) is relativistic 

and changing over time  



Biological pollution 

• The impacts of alien invasive species sufficient to 

disturb ecological quality by effects on:  

• an individual (internal biological pollution by parasites or 

pathogens)  

• a population (by genetic change  i.e. hybridization)  

• a community (by structural shift)  

• a habitat (by modification of physical-chemical conditions)  

• an ecosystem (by alteration of energy and organic material 

flow). 

• The biological and ecological effects of biopollution may also cause 

adverse economic consequences. 

Based on: 

Elliott  M.  (2003). Biological pollutants and biological pollution – an increasing cause for concern. Mar Pol Bull 46: 275-280. 

Olenin S  Minchin D  Daunys D (2007). Assessment of biopollution in aquatic ecosystems. Mar Pol Bull   55 (7-9)  379-394 



The central question in applied 

environmental research: 

definition of “norm and pathology” 

• Assessment of ecological quality is based on the 
definition of pollution 

• what quantity of “a substance or form of energy” makes harm 
(causes pollution)? 

• Assessment of quality is often considered as a function 
of the aim (“good” or “bad” in relation to the particular 
goal):  

• e.g., a water body is good for commercial fishing, but is not suitable 
for bathing (anthropocentric point of view) 

• In many cases, some parameters indicate “good quality”, 
while others – “bad condition” 

• examples are many both in medical science and in applied ecology 

• Even less (much less!) is known about alien (non-
indigenous, non-native, exotic) species… 



How to measure the level of biological 

pollution? 

Source: www.mountwashington.org/education/ 

Is it possible to 

develop 

something 

similar to 

measure the 

bioinvasion 

consequences? 



Impacts at different phases of invasion 

Modified from: Reise, Olenin, Thieltges (2006). Helgoland 

Marine Research, 60 (2): 106–112 



Biopollution assessment rationale 

1) Define the assessment unit 

2) Define the 

assessment period 

(Olenin, Minchin, Daunys, 2007. Assessment of biopollution in 

aquatic ecosystems. Marine Pollution Bulletin) 



Biopollution assessment 

(Olenin, Minchin, Daunys, 2007. Assessment of biopollution in 

aquatic ecosystems. Marine Pollution Bulletin) 



Confidence level 
applied for assessing the impacts 

High The impacts were documented by field and/or 

experimental studies for the given assessment unit 

Medium The impacts were documented by field and/or 

experimental studies for a part of the assessment 

unit and extrapolated to the entire system by 

expert judgment 

Low The impacts were not documented neither by field 

nor by experimental studies, expert knowledge of 

the species impact based on data from studies 

made elsewhere was applied 



Combined abundance and distribution range class and 

evaluation of impact of aliens on:  

native species and communities (C), invaded habitat (H) 

and ecosystem functioning (E). 



The decision 

support scheme 

for assessment 

of Biopollution 

Level (BPL) 

Used to develop the 

Computerized 

Biopollution 

Assessment  

Tool 



Biopollution assessment tool 
http://corpi.ku.lt/~biopollution/ 

• Provides a uniform approach for assessment of alien species 
impacts, enabling comparison between different alien species 
and different areas. 

• May be used for: 

– acquiring baseline information on alien species, 

– monitoring of biopollution impacts,  

– prioritizing impacting species (target species lists), 

– evaluation of effectiveness of bioinvasion management. 



Challenges 

• When does an alien species stop being “an 
alien” species?  

» After it stops acting as a biological pollutant, causing harm 
to a system?  

• How reference conditions can be defined in 
relation to biological pollution? 

» Is it possible in principle? 

» What is the acceptable level of biological pollution? 

• How to show the importance of bioinvasion 
research without succumbing to “publicity rising 
hysteria” about “killing algae”, “fish-eating comb 
jellies” and other mass media clichés ? 
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Thank you for your attention! 

http://www.daisie.ceh.ac.uk/speciesFactsheet.do?speciesId=261
http://www.daisie.ceh.ac.uk/speciesFactsheet.do?speciesId=365
http://www.daisie.ceh.ac.uk/speciesFactsheet.do?speciesId=552
http://www.daisie.ceh.ac.uk/speciesFactsheet.do?speciesId=823
http://www.daisie.ceh.ac.uk/speciesFactsheet.do?speciesId=878


Equal rights to parasites? 

There are opinions that the terms and notions widely used in invasion biology (e.g., 

“aliens”, “non-native”, “exotics”, “non-indigenous”, “xeno-diversity”) remind the 

phraseology of the notorious racist theories and provoke xenophobic feelings.  

Does this ethical concern have anything to do with the scientific problem of bioinvasions? 

Are such parallels between the human world and natural life permissible? 



EU Water Framework Directive: Ecological Quality 

Indicators 

BIOLOGICAL 
•Phytoplankton 

•Phytobenthos 

•Macrofauna 

•Fish 

HYDRO-MORPHOLOGICAL 
•Changes in sediment transport 

•Water flow 

•Channel patterns 

•Conditions of the shore zones 

•Substrate conditions 

PHYSICO-CHEMICAL 
•Nutrients 

•Salinity 

•Transparency 

•Oxygen 

•Synthetic pollutants 

•pH 

•Temperature 

• Species composition, abundance 

and biomass of natural communities; 

• Presence of indicator (sensitive) 

species and values of relevant 

indices 

•Concentrations of chemicals must 

meet environmental quality 

standards; 

•Both physico-chemical and hydro-

morphological parameters should be 

in the ranges which ensure proper 

functioning of the water type specific 

ecosystem and the achievement of 

the values specified for the relevant 

biological quality elements. 



WFD Ecological Quality Indicators 
BIOLOGICAL 
•Phytoplankton 

•Phytobenthos 

•Macrofauna 

•Fish 

HYDRO-MORPHOLOGICAL 
•Changes in sediment transport 

•Water flow 

•Channel patterns 

•Conditions of the shore zones 

•Substrate conditions 

PHYSICO-CHEMICAL 
•Nutrients 

•Salinity 

•Transparency 

•Oxygen 

•Synthetic pollutants 

•pH 

•Temperature 

All 

parameters 

may be 

changed by 

invasive 

alien 

species! 



WFD Ecological Quality Indicators 
BIOLOGICAL 
•Phytoplankton 

•Phytobenthos 

•Macrofauna 

•Fish 

HYDRO-MORPHOLOGICAL 
•Changes in sediment transport 

•Water flow 

•Channel patterns 

•Conditions of the shore zones 

•Substrate conditions 

PHYSICO-CHEMICAL 
•Nutrients 

•Salinity 

•Transparency 

•Oxygen 

•Synthetic pollutants 

•pH 

•Temperature 

• Hybridization with native species,  

• Change in species composition 

• Change of community structure,  

• Elimination of native species (incl. 

sensitive/indicator species) 

• Changes in nutrient regime (e.g. 

due to algal blooms, modification of 

benthic-pelagic coupling, alteration 

of food web) 

• Bioaccumulation of synthethic 

pollutants 

• Habitat engineering (encrusting of 

solid objects, changes of bottom 

sediments) 

• Alteration of coastal biotopes 


