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Biological invasions caused by human activities
one of the clearest manifestations of global changes taking place in the modern world
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Why scientists study biological invasions?

Spread of alien species, vectors of introductions, 
physiological adaptation to new environment, genetic 
changes, new connections with native biota, 
environmental effects and impacts on human health and 
economy.



Fundamental and applied aspects of modern IB

(Olenin et al. 2017. Biological invasions)



Variety of invasive species impacts

41 impact categories

Economical (11)

Social and cultural (4)

Human health (6)

Environment (20)

(Srėbalienė et al 2019. PeerJ. 2019 Jun 10;7:e6965)



Prioritizing impacts: why it is needed? 

• Human and financial resources to control biological invasions are limited – it is 
impossible to manage all invasive species.

• There is a need to identify priority (target) species.
• Identification of Target Species should be based on prioritization of their impacts 

and on cost-benefit analysis of the management options



Classification of the impact of alien species on the 
environment 

International Union for Conservation of Nature

IUCN (2020). IUCN EICAT Categories and Criteria. The 
Environmental Impact Classification for Alien Taxa First edition. 
Gland, Switzerland and Cambridge, UK: IUCN. 36 pp.



What are invasive non-native species doing in 
ecosystems? Many marine invasions remain unnoticed for years 

or even decades.
However, virtually all established NIS have at least 
some impact on the environment in the area where 
they exist. The lack of impact in most cases appears 
to be due to the absence of evidence, but if such 
evidence has never been sought, clearly no such 
conclusions can be made (Carlton 2002). 
It cannot be overemphasized that, for most 
invasions, experimental work is required to 
determine whether or not there is a statistically 
significant alteration in one or more parameters of 
the populations or communities of those species 
that existed at a given site prior to the introduction. 
In contrast, however, most conclusions regarding 
impact, or the lack thereof, are based upon 
anecdotes and correlations, or, even less, on 
conjecture, suppositions, and presumptions (Carlton 
2002).

• The general answer is simple: 
they can do everything other (native) 
species can.

• The typology of IAS effects is as broad 
as the typology of any other species. 
Invasive species do not have traits 
associated with non-native origins.

• However! The role of IAS in new (host, 
invaded) ecosystems is sometimes 
exceptional and the impact is very 
large (it all depends on the context, 
such as what new functions the 
'invasive' has brought, what the local 
environment and the biological 
community have brought). 



Impact of biological invasions at different 
levels of biological organization 

Level Effect Examples*

Genetic
hybridization and 
addition of genetically 
modified organisms

• Marsh grass Spartina anglica, North Sea
• Brown alga Fucus evanescens, NW European

seas.

Species
addition of alien species, 
elimination/reduction of 
native species

• Green alga Caulerpa taxifolia, Mediterranean
Sea.

• Fishhook water flea Cercopagis pengoi, Baltic
Sea.

• The Mediterranean mussel Mytilus
galloprovincialis in South Africa.

Functional / 
community

changes in community 
structure, emergence of 
novel or unusual 
functions, alterations of 
food webs and 
ecosystem functioning

• Red gilled mud worm Marenzelleria neglecta, 
Baltic Sea.

• N American comb jelly, Mnemiopsis leidyi, Black 
Sea.

• The shore crab Carcinus maenas, NE Pacific
• The Asian clam Potamocorbula amurensis, San 

Francisco Bay

Biotope

habitat engineering, 
encrusting of solid 
objects, changes in 
bottom microtopography, 
alteration of biotope

• Common slipper shell Crepidula fornicata, NE 
Atlantic coast of Europe

• Red algae Acrothamnion preissii, Mediterranean
Sea

• The snail Mauricolpus rosea, Australian coast
• The tunicate Didemnum vexillum, the Georges 

Bank, NW Atlantic

(Based on: Olenin S and Minchin D. Biological Introductions to the Systems. In: Treatise on Estuarine and Coastal Science, 
Vol 8, pp. 149–183. Waltham: Academic Press 2012)



Overview and examples of 
environmental and biodiversity impacts 

Juodosios jūros juodažiotis grundalas
Neogobius melanostomus

Ponto-Kaspijos vandens blusa (planktono vėžiagyvis) 
Cercopagis pengoi

Colpomenia peregrina, Ireland

Codium fragile, Long Island, USA

(Photo: S.O.)



Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the genetic level 

Spartina anglica (Common Cordgrass) 
originated in southern England in about 
1870. 

Arose when the European native cordgrass Spartina
maritima (Small Cordgrass) hybridised with the 
introduced American Spartina alterniflora (Smooth 
Cordgrass).

It has also been introduced to Asia, Australia, New 
Zealand and North America, where it has proved to be a 
serious invasive species causing extensive damage to 
natural saltmarsh ecosystems in all areas.

a herbaceous perennial plant growing 0.4-1.3 m tall

Spartina anglica was at first seen as a valuable new species for coastal 
erosion control, its dense root systems binding coastal mud and the stems 
increasing silt deposition, thereby assisting in land reclamation from the 
sea. 

As a result, it was widely planted at coastal sites throughout the British 
Isles, and has colonised large areas of tidal mudflats, becoming an invasive 
species. 

Vegetative spread by rhizomes is rapid, smothering natural ecosystems and 
preventing birds like waders from feeding.Source: Wikipedia, 2011

The hybrid subsequently underwent autogenic chromosome doubling to produce a
new high-impact invasive fertile species, Spartina anglica

Hybridization



Overview and examples 
of environmental and 
biodiversity impacts 

The analysis of molecular 
dispersion showed a rather 
weak hierarchical population 
structure in the Nemunas basin, 
which can be explained by the 
high flow of genes between 
different river basins or 
otherwise reflect the influence 
of artificial breeding. 
Genetic homogenization is 
taking place (genetic diversity is
lost)

Sea trout (Salmo trutta)

(wikipedia.org)

Effects at the genetic level Hybridization



• Introgression, also called introgressive hybridization. 
• Introgression is different from simple hybridization. 
• Introgression results in a complex mixture of parental genes, 

and simple hybridization results in a more uniform mixture 
that will be a mixture of the two parental species for the 
first time. 

Hybridization and introgression are particularly common between salmonids and other fish 
because there are limited pre- or post-zygotic barriers to introgression, and widespread introductions 
have created sympatry between many previously allopatric species

Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the genetic level Hybridization



Changes in the 
community 

structure
Accounted for more than 
70% of the diatom 
biomass and caused C.
cf. lorenzianus to 
dominate the diatom 
community.

Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the community
level 



Changes in the 
community 

structure

Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the community
and functional group level 

Cercopagis pengoi, fish-hook water flea. Photo: S. Saesmaa

Environmental impact: 
Affects resident zooplankton communities by selective predation.

Cotton-like spots of water 
fleas attached to a fishing net 

(Photo: V. Didžiulis)

• Economic impact: it clings to fishing 
gear making netting unfishable 
leading to substantial economic 
losses for fishermen.

• Health impact: may cause allergies 
for fishermen (cleaning of nets without 
gloves). 

Ponto-Kaspijos 
vandens blusa (planktono vėžiagyvis) Cercopagis pengoi



Decline in
native species
populations

Australia:

The North Pacific sea star Asterias amurensis: decline in 
abundance of native (commercial) bivalves. (Ross et al., 2004)

California, USA:

The European green crab Carcinus maenas: dramatic declines in 
the abundances of native clams Nutricola spp. and shore crabs 
Hemigrapsus oregonensis. (Grosholz, 2002)

Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the species level 



Decline in
native species
populations

The killer shrimp has been repeatedly reported 
as a voracious predator (Dick and Platvoet, 2000; 
Grabowski et al., 2007a; Haas et al., 2002), thus 
it is ecologically aggressive towards resident 
macroinvertebrate species and is capable of 
impacts on their communities.

Killer shrimp (!?)

Detected in the port of Klaipeda: in the 
overgrowth (biofouling) of navigation buoys. 
Spreads into the lagoon. 

Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the species level 



Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the species level Extinction of 
native species 
populations 

The authors conclude that for native freshwater 
mussels (Unionidae) have been extirpated from main 
channels of the Detroit River due to dreissenid mussels 
(Dreissena polymorpha and D. bugensis) infestation.

• We pose the question, are aliens generally 
responsible for widespread extinctions? Our goal 
is to prompt a more critical synthesis and 
evaluation of the available data, and to suggest 
ways to take a more scientific, evidence-based 
approach to understanding the impact of invasive 
species on extinctions.

• Greater clarity in our understanding of these 
patterns will help us to focus on the most 
effective ways to reduce or mitigate extinction 
threats from invasive species.

Zebra mussels have attached to this young Higgins eye pearly mussel, an endangered 
species found in the Mississippi river (Photo by USFWS)

The link between species invasions and the extinction of 
natives is widely accepted by scientists as well as 
conservationists, but available data supporting invasion as a 
cause of extinctions are, in many cases, anecdotal, speculative 
and based upon limited observation. 



Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the species level Extinction of 
native species 
populations 

“Are biological invasions the leading cause of 
species extinctions?”

The greater the spatial and/or temporal scale of an extinction then 
the greater is the difficulty in getting reliable documentation. It is 
easier to record the disappearance of a species in a local bay or coastal 
lagoon on the temporal scale of years than to document a global 
extinction over the period of decades or centuries. For example, there 
are cases of local displacement of native marine populations caused by 
invasive species, which may be regarded as “local” extinctions (Hooper 
et al., 2005; Mineur et al., 2015; García Molinos et al., 2016). 

However, at a regional scale the role of biological invasions is less 
clear. In the study of species extinctions in the Wadden Sea, one of the 
most studied marine areas worldwide, shared by Denmark, Germany 
and the Netherlands, habitat destruction was responsible in 26 cases, 
overexploitation in 17, pollution in 3, unknown reasons in 2, and 
introduction of NIS was not involved in any of the extirpations (Wolff, 
2000). 

So far, the evidence for IAS involvement in final extinctions is too 
inadequate to claim that invasions are the leading cause of species 
extinctions in the sea. 

(Olenin et al. in prep.)

• The study of marine species extinctions in the sea is still in 
its infancy, because of the difficulty of securing reliable 
quantitative data on this elusive phenomenon and the lack of 
dedicated research (Boero et al., 2013). 

• Four scales of (marine) extinctions: 
(1) geographic-scale extinction (local, regional, provincial 
(within a biogeographic province) and global); 
(2) ecological-scale functional extinction (e.g. the demise 
of an ecological engineer), and 
(3) economic-scale commercial extinction. 
(4) ‘final extinction’ (Boero and Gravili 2013) when a 
species ceases to exist, due to the death of its last 
representative.



Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the functional
group level 

Few examples of changes in the community structure caused by IAS:
• Red gilled mud worm Marenzelleria neglecta, Baltic Sea.
• N American comb jelly, Mnemiopsis leidyi, Black Sea.

• The shore crab Carcinus maenas, NE Pacific
• The Asian clam Potamocorbula amurensis, San Francisco Bay

Most common 
and most studied 
impacts
Many examples

Variuos mechanisms:
• Dominance in abundance
• Parasite or pathogen to native 

species
• Predator
• Competition
• Habitat and / or food web 

changes
• Impacts may be interrelated

The shore crab Carcinus maenas (photo: S.O.)

(Photo: A. Šiaulys)



Changes in the 
functioning

Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the community
and functional group level 

Increase in functional diversity after invasion!



Changes in the 
functioning of 

ecosystem

Overview and examples 
of environmental and 
biodiversity impacts 

Effects at the community
and functional group level 

(Daunys et al. 2019)(Photo: A. Šiaulys)

(Photo: S. Olenin)

Burrows of the polychaete
Marencelleria neglecta in 
the littoral zone of the 
Curonian Lagoon

Increase in benthic-pelagic interaction: 
intensification of nutrient release from sediments



Changes in the 
community 

structure

Overview and examples 
of environmental and 
biodiversity impacts 

Impacts at the biotope 
(habitat) level 

• Large negative disturbances of riverbanks by 
the migrating Chinese mitten crab Eriocheir
sinensis.

• The vegetation on these banks breaks down, or 
in the worst case disappear, due to the 
collapse of soft banks.

Photo: courtesy S. Gollasch

E. Sinensis in port of Klaipeda



Changes in the 
community 

structure

Overview and examples 
of environmental and 
biodiversity impacts 

Impacts at the biotope 
(habitat) level 

Photo: courtesy S. Gollasch

Multiple habitat 
engineering effects:

the case study of zebra 
mussels in the 

Curonian Lagoon, 
Baltic Sea (based on

Zaiko, 2009}

Zebra mussels shell 
deposits

Clusters of living 
zebra mussels

Photo: S.O.



Changes in the 
community 

structure

Overview and examples 
of environmental and 
biodiversity impacts 

Impacts at the biotope 
(habitat) level 

Bare soft sediments

Soft bottom with zebra mussel 
shell deposits

Soft bottom with zebra mussel bed

poor community of infaunal oligochaets and 
chironomids dvelling in the upper aerated 
sediment layer

bottom roughness ↑, micro-circulation flow 
enhances the aeration of sediments, = thicker 
oxidized layer of the sediments. Trapping of 
susp. particles and accum. of organic matter 
on the bottom

physical trapping + active deposition of 
particulated organic material, 
partly utilized by detritovores and decomposed 
by intensive anaerobic processes, anoxic 
conditions under the mussel bed 

(Zaiko 2009)

The amount of spent shells 
> 1000 DWg/m2  

(with no or very few living mussels 
therein)

Biomass of live mussels in 
clusters > 200 WWg/m2 

The treshold effect:



Changes in the 
community 

structure

Overview and examples 
of environmental and 
biodiversity impacts 

Impacts at the biotope 
(habitat) level 

Invasive ecosystem engineers
• organisms that directly or indirectly modulate the 

availability of resources to other species, by 
causing physical state changes in biotic or abiotic 
materials 

• In so doing they modify, maintain and create habitats. 

• Autogenic engineers (e.g. corals, or trees) change the environment 
via their own physical structures (i.e. their living and dead tissues). 

• Allogenic engineers (e.g. woodpeckers, beavers) change the 
environment by transforming living or non-living materials from one 
physical state to another, via mechanical or other means. 

• The direct provision of resources to other species, in the form of living or 
dead tissues is not engineering. Organisms act as engineers when they 
modulate the supply of a resource other than themselves.

Robinia pseudoacacia



Changes in the 
overall function 
and economic 
consequences

Overview and examples 
of environmental and 
biodiversity impacts 

Impacts on ecosystem 
functioning 

Invasive comb-jelly Mnemiopsis leidyi
drastically changing the Black Sea food 

web: sharp declines in zooplankton 
abundance and in landings of anchovies 

and other pelagic fish.

Phytoplankton

Zooplankton

Small 
planktivorous

fish (kilka)

Larger 
fish

Sea mammals 
and birds

‘dead end’

Ecological and economic consequences of the 
comb jelly Mnemiopsis leidyi invasion in the Black 
and Caspian Seas

$ 200 mln: economic losses to the Turkish fishing 
business alone in 1989 due to a sharp decline in 

catches of anchovy (kilka)



Changes in the 
overall 

function

Overview and examples 
of environmental and 
biodiversity impacts 

Impacts on ecosystem 
functioning 

Biopollution:

The adverse impacts of invasive  alien species at the level that disturb 
ecological quality by effects on one or more scales of biological 
organization: 

• an individual (such as internal biological pollution by parasites or 
pathogens),

• a population (by genetic change, e.g. hybridization), 

• a community (by a structural shift), 

• a habitat (by modification of physical–chemical conditions), 
or/and 

• 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 2003, Olenin et al. 2010, 2011



Changes in the 
overall 

function

Overview and examples 
of environmental and 
biodiversity impacts 

Impacts on ecosystem 
functioning 

Thus, despite the temporal and spatial overlap of Mnemiopsis and cod 
recruits in the most important spawning and nursery area of the Baltic, 
the direct predation effect of the alien, invasive ctenophore on cod eggs 
and larvae is negligible.

The impact of 
invasive species on 

biodiversity and 
environment is 

context dependent!

This  collapse  probably  resulted  from  multiple  factors,  among  
which overfishing and food competition from the ctenophore 
played a prominent role, enhanced by predation of M. leidyi on 
the early life stages of the anchovy. The abundance of food due to 
the depletion of  the  anchovy  stock  permitted  a  population  
explosion  of  M.  leidyi.  Subsequently,  reduced  fishing pressure 
allowed recovery of the anchovy stock and led to a new peak in 
anchovy landings in the Black  Sea  in  1995.  Moreover,  changes  
in  the  atmospheric  and  oceanic  patterns  in  the  northern
hemisphere  in  the  second  half  of  the  1980s  could  have  
altered  the  composition  of  the  phyto- and zooplankton 
communities and thus the food base of the small pelagic fish 
species.
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Consequences of a biological invasion? 
Difficult to predict!

∫
ü Life form, e.g. planktonic larval stage
ü Feeding method, Mobility
ü Toxicity, Bioaccumulation potential
ü Habitat modifying ability
ü Environmental requirements
ü Invasion history (incl. closely related species)
ü An invaded range 
ü Environmental conditions and availability of resources 

in invaded ecosystem
ü …
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Information system on non-indigenous species 
(AquaNIS: ~2000 NIS, >60000 introduction events)

http://aquanis.ku.lt
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If an invasive species is already here?
Be pragmatic!

The round goby Neogobius melanostomus

2009

2013

Blue mussel beds
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The cascading effect of the round goby invasion

(Skabeikis et al. 2018. Biol. Invasions)

TL – trophic level

• Devastation of mussel beds.
• Change in blue mussel size 

structure.
• The long-tailed duck diet: shift from 

blue mussels to fishes
• Decline in feeding efficiency
• Decline in the wintering population 

of the long-tailed duck .

Photo: A. Razmas
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The round goby fest in Palanga, Lithuania

(www.facebook.com/pages/category/Festival/Gintarinės-Grundulinės)
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The round goby fest in Palanga, Lithuania

The monument to
“The Round Goby - the Breadwinner”

in Berdiansk, Ukraine.
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Towards a pragmatic, innovative and open-minded
Invasion Biology
• Precautionary approach 
• AI aided biosecurity risk assessment
• Link with Epidemiology
• Naturalisation continuum 

instead of "the native-versus-alien species" 
dichotomy 

• Ecosystem services damaged and 
provided by IAS 

• The use of established alien species 
as a measure of their control



Take home notes:
• It is impossible to manage all invasive alien species, therefore there 

is a need to identify target species (prioritize IAS), based on their 
impacts.

• IAS may have multiple impacts on environment and biodiversity: at 
genetic, species, functional groups, biotopes and ecosystem 
functioning levels.

• IAS have the greatest impact on the ecosystem during their 
expansion phase.

• The impacts of IAS are context dependent. They may be negative, 
neutral or positive. We should be pragmatic when assessing the 
impacts of invasive species.



T h a n k  y o u  fo r  
y o u r  

a t t e n t i o n !

<sergejolenin.so@gmail.com>       <sergej.olenin@ku.lt>

A n y  
q u e s t i o n s

?


