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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)



Impact of biological invasions on the economy and 
socio-cultural values. Lecture plan: 

1. Overview and examples of economic 
impacts

a. Aquaculture and fisheries
b. Tourism and recreation
c. Irrigation and water extraction
d. Other impacts

2. Impacts on ecosystem services.
3. Impacts on socio-cultural values.
4. Principles of the economic assessment 

of invasive species impacts. 

Negative and positive 
impacts



Impact of alien species on the economy: aquaculture 
The aquafarming production of Atlantic 
salmon in the EU was the most valuable 
commercial species in 2017, accounting for 
about one quarter of the value of total 
aquaculture output. 
The value of trout output was the next 
highest, around 14% of the total value, 
followed by oysters, European seabass and 
seabream (10% each), and mussels (8%).



Impact of alien species on the economy: aquaculture 

The Japanese carpet shell 
(small-neck or Manila clam) 
Ruditapes philippinarum is 

native to Japan and 
Philippines

Much of the world’s 
aquaculture is based on the 
use of alien species. 

The rainbow trout (Oncorhynchus mykiss), a 
salmonid species native to tributaries of the 

Pacific Ocean in Asia and North America 

The Common carp or European carp (Cyprinus carpio) is a 
widespread freshwater fish related to the common goldfish 

(Carassius auratus), with which it is capable of interbreeding. Native 
to Asia and Eastern Europe, it has been introduced worldwide, and is 

often considered an invasive species.

In total: 8 large taxonomic groups used for 
aquaculture and stocking purposes in Europe: 
4 groups of plants 
• brown and red algae, 
• brittleworts - former Charophyta, 
• flowering plants and ferns
4 groups of animals 
• crustaceans, 
• annelids, 
• molluscs, 
• bony fishes (Teleosts). 



Impact of alien species on the economy: aquaculture 
Pacific ouster Magallana gigas (syn. Crassostrea gigas)

(Photo: Dan Minchin)

The two taxa (C. gigas and C. angulata) have also been 
considered as subspecies (Menzel, 1974) with the Portuguese 
oyster (C. angulata) being introduced in the 16th Century and 
also being of Japanese origin (Boudry et al., 1998; Huvet et al., 
2000, cit. by AquaNIS 2020).

C. gigas aquaculture 
in Marennes – Oleron regione (La 
Rochelle, France) 

(Photo: S. Olenin)



Impact of alien species on the economy: aquaculture 
Pacific ouster Magallana gigas (syn. Crassostrea gigas)

• 7700 hectares  in use by >1700 
oyster farms

• Providing 8,000 jobs
• Annual production ~60,000 t
• 50% of French oyster production
• Main form of activity in the region

C. gigas akvakultūra Marennes –
Oleron regione (La Rochelle, France) 

(Photo: S. Olenin)



Impact of alien species on the economy: aquaculture 
Pacific ouster Magallana gigas (syn. Crassostrea gigas)

Source: http://www.fao.org/fishery/culturedspecies/Crassostrea_gigas/en



Impact of alien species on the economy: aquaculture 
Pacific ouster Magallana gigas (syn. Crassostrea gigas)

• Tendency to colonize areas of coastline many km away from 
its parent organisms. Spat have been documented spreading 
up to 1,300 km on ocean currents. 

• Once established, they have the potential to smother other 
marine life, such as scallops, destroying habitat and causing 
eutrophication that affects water quality (limitations of 
food and space availability for other intertidal species).

• They pose a direct threat to human safety because of their 
propensity to cut feet and shoes with their sharp shells. 

• The indigenous European oyster (Ostrea edulis) become 
extinct in the region in the area of the European Wadden
Sea in 1940 (before introduction of C. gigas). 

• Many oyster beds are now rapidly developing into solid 
reefs at several sites in the region. Thus C. gigas is expected 
to take over in the Wadden Sea, both as an ecosystem 
engineer generating solid reefs and as a competitive 
suspension feeder.

(http://www.iucngisd.org/gisd/species.php?sc=797)

Biogenic reef of the Japanese oyster C. 
gigas on the North Sea coast (Wadden
Sea, Sylt Island, Germany). (Photo: S. Olenin)

“pro” or “contra”?



Impact of alien species on the economy: aquaculture 

In 1979, Bonamia exitiosa, a parasite of Ostrea chilensis (Chile) and Ostrea angasi (New Zealand) 
was first detected in farmed Ostrea edulis in France and Spain. 

These oysters were infected after the transfer of spat from California. The disease spread to the 
Netherlands in 1980 through transfer of spat from France and to UK wild stocks in 1982 after 
immersion of oysters from France.

Wild and farmed stocks in Ireland were infected in 1987 after illegal transfer from France and 
arrived in Galicia (Spain) in July 2007. 

Losses in France due to the disease were estimated at about 20% of employment, 240 million US$ 
of turn over and 200 million US$ of added value between 1980 and 1983.

Bonamia ostreae

Haplosporidium (protist
parasites) affecting the 
digestive system of the flat 
oyster

Problems with 
the transfer of 
oyster parasites 
with infected 
spat

Loss in French flat 
oyster Ostrea edulis
production due to 
Marteilia refringens
and Bonamia ostreae

Source: IMPASSE project



Impact of invasive species on the economy:
direct damage to mollusk aquaculture and production 

Fletcher et al. 2013. Impacts of the invasive ascidian Didemnum
vexillum on green-lipped mussel Perna canaliculus
aquaculture in New Zealand. AQUACULTURE ENVIRONMENT 
INTERACTIONS

Invasive ascidian (class Ascidiacea, subtype Tunicata)

www.researchgate.net/publication/269168328_The_effe
cts_of_Didemnum_overgrowth_on_Mytilus_edulis_biolo
gy_and_ecology

Overgrows mussels and other 
mollusks shells (causes their 
suffocation).

The surface of its tunic is acidic: 
prevents settling of mollusks spat

Didemnum vexillum can prevent other benthic organisms from 
settling and growing on colony surfaces by sequestering acidic and 
organic allelopathic compounds in its tunic.

In particular, scallop spat cannot settle on D. vexillum colonies and D. 
vexillum also can interfere with scallop swimming. 

Additionally, D. vexillum can thrive on gravel substrate that the 
Atlantic sea scallop (Placopecten magellanicus) prefers; thus D. 
vexillum may be able to reduce the habitat available to sea scallops. 

Furthermore, D. vexillum can also colonize the upper valve of adult 
scallops and other bivalves, which may affect their ability to feed 

(Kaplan et al. 2017. doi:10.1093/icesjms/fsx076)

(http://misclab.umeoce.maine.edu)



Impact of invasive species on the economy:
biofouling of ship hulls and navigational equipment 

Didemnum vexillum is a suspension feeder, tolerates a wide range of temperatures to almost 0°C. It occupies a wide depth range from 
<1m to over 80m. It can form dense fouling on harbour structures and floating pontoons. It can form extensive growths on slow moving 
and idle craft. Known from estuaries in Ireland, France, New Zealand, USA

Source: Olenin, Minchin. 2011. Biological introductions. In: Treatise on Estuarine and Coastal Science, 2011, Vol.8, 149-183

Overgrowing of a mussel by D. vexillum, significant fouling on idle leisure craft and fouling on a floating pontoon 
(Photos: D. Minchin, D. Offer, D. Minchin)



Impact of invasive species on the economy: crayfish farming 

Orconectes limosus
Spiny-cheek crayfish

(Photo: S. Olenin)

apparent orange tips and the cranial part of carapace (right) with visible 
spines on the sides and on post-orbital ridges

(Source: NOBANIS, orconectes-limosus-1. 2020).

Invasive species of North American origin. Introduced to Europe (Poland) in 1890, known in 
Lithuania since 1994. Spreading in Europe. 

(Source: NOBANIS, orconectes-limosus-1. 2020).



Species Family Order Origin
Orconectes limosus Cambaridae Decapoda N. America
Orconectes virilis Cambaridae Decapoda N. America
Pacifastacus leniusculus Astacidae Decapoda N. America
Procambarus clarkii Cambaridae Decapoda N. America
Procambarus fallax f. virginalis Cambaridae Decapoda N. America

Invasive crayfish in Europe
Introduction pathways: 
„Culture“, „Aquarium trade“, „Leisure
activities“

Pacifastacus leniusculus
American signal crayfish. 

Primena Europinį A. astacus, bet turi baltą žymę tarp žnyplių

(veziai.lt)

(Wikipedia.org)

The most common invasive 
crayfish in Europe, found in 
25 countries, from Finland 
and the UK in the north to 
Spain and Greece in the 
south. The species was 
introduced to Lithuania from 
Sweden in 1972. In Russia, 
the species was registered on 
the territory of the 
Kaliningrad region.

(FAO.org)

Procambarus clarkii
Red swamp crayfish

Impact of invasive species on the economy: crayfish farming 



Impact of invasive species on the economy: crayfish farming 

Harvesting crawfish (FAO.org)

Production cycle of Procambarus clarkii (FAO.org)

Introduced crayfish Procambrius clarkii the dominant species 
in Europe today, yields an annual harvest of at least 3,000-
4,000 tons, particularly beneficial in Spain (~ 5,000 tons in 
1986), in Portugal 700 t.

Introduced crayfish Pacifastacus leniusculus, Procambrius
clarkii and Orconectes limosus may colonise aquatic 
environments not occupied by native European crayfish, that 
may result in new fishery and new sources of income.

But! Are known to displace co-occurring native species 
(Astacus astacus) through competitive exclusion. May also 
act as vectors of crayfish plague fungus.

“pro” or “contra”?



Impact of invasive species on the economy: crayfish plague 

Aphanomyces astaci colonization and immune reaction in North American crayfish. North 
American crayfish species showing immune responses to Aphanomyces astaci infection. 
Photographs of (A, B) P. clarkii and (C, D) P. leniusculus specimens. Melanin formation, 
visualized as melanized patches (arrows), characterizes a strong immune response against 
A. astaci infections on the (A) joints of a chela and (B) subabdominal cuticle of a P. clarkii
specimen, and on the (C) ventral and (D) dorsal chela surfaces of a P. leniusculus
specimen. 
https://doi.org/10.1371/journal.pone.0195353.g002 (2018)

The disease was discovered in 
Europe in 1859 (Italy). 

The epidemic in Europe began 
in 1860-1865, with the mass 
extinction of local crayfish in 
France, Germany, Austria, and 
later in Poland, Russia, and 
other countries.

Crayfish plague (Aphanomyces astaci) is a fungal pathogen 
(water mold) that infects crayfish, especially the European 
native species Astacus astacus (the European crayfish, the 
noble crayfish, or broad-fingered crayfish), which dies 
within a few weeks of infection.

Mycelial filaments from Aphanomyces astaci
on membranes of Pacifastacus leniusculus

N. American crayfish have an immune response against crayfish plague. 

The invasive American crayfish are carriers of crayfish plague, but 
are themselves much more resistant to the disease, which is fatal to 
native crayfish species. 



Impact of invasive species on the economy: 
parasites of commercial fish
Anguillicoloides crassus, swim bladder nematode

The parasite originates from South-East 
Asia (Japan, China) where it infects the 
Japanese eel, Anguilla japonica (cabi.org)

• Introduced to Germany around 1980 with the imported Japanese eels, the parasite migrated to the European eel 
Anguilla anguilla and then spread to Europe and North Africa. 

• Can be very harmful to the Atlantic eels and cause them to die. 
• Adult nematodes feed on blood flowing to the wall of the bladder and can cause the death of eels. 
• Affects the swimming ability of eels, reduces their ability to migrate to spawning grounds.

(Photo: Dan Minchin)
nematodes in body cavityisolated nematodes from eels Lietuvoje – nuo 1998 m.



Impact of invasive species on the economy: 
irrigation and water abstraction

www.mass.gov/dfwele/dfw/nhesp/conservation/invasives/inva
sive_zebra_mussel_impacts.

The settlement of zebra 
mussels Dreissena polymorpha
in an irrigation system, Ebro 
River, Spain
(Photo: S.Olenin)



Impact of invasive species on the economy: tourism

Pterois volitans

Alien jellyfish 
(Rhopilema nomadica) 
swarming in the 
Mediterranean coast

http://issg.org/database

The bell is up to 90 cm in diameter. 
Massive swarms stretching more than 100 km 
appear along the Levant coast every summer. 
Painful stings inflicted by the jellyfish. 
When the shoals draw nearer shore, they 
adversely affect tourism, fisheries and coastal 
installations. Eichhornia crassipes, a common water hyacinth



Impact of invasive alien species on the economy: a summary 
Affected sector of the 
economy Explanation Reference

Fisheries Economic components within an ecosystem that provide a current or potential economic 
values, consumer reaction, alteration to fishery.

Manchester et al. 2000; 
Emerton and Howard 2008; 
A. Dahlstrom et al. 2011.

Aquaculture Gain or loss on farming aquatic organisms. Manchester et al. 2000; 
Emerton and Howard 2008.

Biotechnology Changes in abundance of medical marine plants, algae and fisheries resources. Emerton and Howard 2008.

Cost of changes to 
environment

Changes of environment causing economic consequence, loss of nursery areas, commercial 
species, commercially relevant infrastructure.

Manchester et al. 2000; 
Emerton and Howard 2008; 
Booy et al. 2017

Navigation Canals, loss of access due to choking of waterways, port infrastructure, offshore wind and 
tidal generation, desalination plants.

Emerton and Howard 2008.

Changes to wildlife 
habitat Impact on nature reserves, costs to remove or prevent non-indigenous species. Manchester et al. 2000; 

Emerton and Howard 2008.

Irrigation and 
abstraction 

Irrigation and abstraction of water or irrigation canals, abstraction to power plants and 
municipal supplies.

Emerton and Howard 2008.

General management 
costs Research and administration, monitoring, quarantine. Emerton and Howard 2008.

Tourism Impact on tourism, touristic sites, decrease or increase of value touristic sites, hiker and 
ecotourist visitations. 

Emerton and Howard 2008.

Health care costs Health hazards which leads  to economic costs. Nentwig et al. 2010; Emerton 
and Howard 2008.

Opportunity costs
Opportunity costs approach may serve to justify accepting the largest, and possibly most 
environmentally damaging, development projects. These costs can be explored via scenarios 
of future. 

Crowards1998; Turner et al. 
2008.

(source: Srėbalienė et al, 2019)



Impacts of invasive alien species on ecosystem 
services

(Katsanevakis et al 2014. Impacts of 
invasive alien marine species on 
ecosystem services and biodiversity: a 
pan-European review. Aquatic Invasions 
9(4):391-423)



Impacts of invasive alien species on ecosystem 
services

(Katsanevakis et al 2014. Impacts of 
invasive alien marine species on 
ecosystem services and biodiversity: a 
pan-European review. Aquatic Invasions 
9(4):391-423)



Impacts of invasive alien species on ecosystem 
services

(Katsanevakis et al 2014. Impacts of 
invasive alien marine species on 
ecosystem services and biodiversity: a 
pan-European review. Aquatic Invasions 
9(4):391-423)



Direct and indirect economic impacts of 
invasives: general assessment scheme

Emerton & Howard 
2008 GISP Toolkit for 
Economic Analysis of 

Invasive Species



++

--



The total economic value of ecosystems

Emerton & Howard 2008 GISP Toolkit for Economic Analysis of Invasive Species



Checklist of invasive benefits and costs



Checklist of invasive direct management costs
• Prevention costs
• Quarantine of imported species

• Scientific and enforcement staff
• Rental of premises at port and airport
• Office supplies and equipment

• Containment costs
• Phytosanitary controls

• Scientific and enforcement staff
• Rental of premises at port and airport
• Office supplies and equipment

• Border checks
• Scientific and enforcement staff
• Rental of premises at port and airport
• Office supplies and equipment

Emerton & Howard 
2008 GISP Toolkit for 
Economic Analysis of 

Invasive Species



Example: economic costs and benefits of invasive species in 
Africa

Emerton & Howard 
2008 GISP Toolkit for 
Economic Analysis of 

Invasive Species



Impact of alien invasive species on 
socio - cultural values 

Social-cultural 
values

Explanation Reference

Recreation and 
tourism locations

Symbolic-aesthetic values for human use pleasure of a species or 
habitats. 

Katsanevakis et al. 2014; 
Emerton and Howard 
2008.

Spiritual 
proposes and 
religious 
locations

Species, locations, habitats used for spiritual proposes; iconic or 
spiritual value, including locations that create a sense of local, 
regional, or national identity.

Katsanevakis et al. 2014; 
Emerton and Howard 
2008.

Education and 
research Species, locations, habitats used for education and research 

Katsanevakis et al. 2014; 
Ojaveer et al. 2015; 
Emerton and Howard 
2008.

Interference with 
monitoring Interference with long-term or short-term monitoring

Olenin et al. 2016; 
Emerton and Howard 
2008.

(pagal: Srėbalienė, 2019)



Economic impact of invasive alien species: 
Monetary Valuation

http://invacost.fr/en/accueil/

The InvaCost project started in 2014, 
after being somewhat frustrated to be 
able to cite only old and 
methodologically flawed or 
unsourced materials, while there was 
a clear need to provide cost estimates 
of biological invasions. 

This was (and still is!) important 
because quantification of impacts is 
still lacking in most cases of invasions, 
precluding an adequate ecological 
understanding of the process, and 
because monetization of the impacts, 
even if not perfect, allows more 
consideration by decision makers.



Economic impact of invasive alien species: 
Monetary Valuation

Associated economic impacts:
• disrupting ecosystem services
• decreasing agricultural yields
• damaging infrastructure 
• lowering real estate value and incomes

Crystal-Ornelas et al. 2021: “We emphasize that this is likely a 
highly conservative cost estimate because we constrained our 
analysis to only recorded economic data, classified as both 
directly observed and highly reliable”



Economic impact of invasive alien species: 
Monetary Valuation From 1960 to 2017 invasive 

species cost the North 
American economy US$ 21.64 
billion per year.

US$ 1.26 trillion between 1960 and 2017.

(Crystal-Ornelas et al. 2021)



Economic impact of invasive alien species: 
Monetary Valuation

Haubrock et al. 2021: “To determine the economic cost of 
invasions in Germany, a Central European country with the 4th 
largest GDP in the world, we analysed published data collected 
from the first global assessment of economic costs of invasive 
alien species. 
Overall, economic costs were estimated at US$ 9.8 billion 
between 1960 and 2020, including US$ 8.9 billion in potential 
costs. 

The potential costs were mostly linked to extrapolated costs of 
the American bullfrog Lithobates catesbeianus, the black cherry 
Prunus serotina and two mammals: the muskrat Ondatra
zibethicus and the American mink Neovison vison.”

Lithobates catesbeianus
researchgate.net

Prunus serotina
Wikipedia.org

Ondatra zibethicus
Britannica.com

Neovison vison
fergusonmuseum.org

The InvaCost database was used for assessment 
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Economic impact of invasive alien species: 
Monetary Valuation



Economic impact of invasive alien species: 
Monetary Valuation



Economic impact of invasive alien species: 
Monetary Valuation

Conclusion:
• The high economic costs of biological invasions in 

Germany presented in this study could provide 
information for decision-making at the national level, 
thus providing economic incentives for mitigating the 
arrival and spread of alien species. 

• These costs underline the need for invasive screenings 
and impact assessments, as costs of pre-invasion 
biosecurity protocols are, on average, at least one 
magnitude lower than costs of active management.

• Knowledge gaps are also apparent given the low 
numbers of species with cost estimates in InvaCost, 
compared to known numbers of invaders in Germany.

• Our study demonstrates the need for national and 
regional authorities to produce more structured 
reporting of costs in order to refine these estimates 
further. 

• Across Europe, better-coordinated international actions 
and policy changes are required to mitigate economic 
costs of invasive species.



Economic impact of invasive alien species: 
Monetary valuation - questions remain 

• How justified is it to include, along with the actual damage 
costs, various additional costs that do not necessarily reflect 
the real economic damage caused by the non-indigenous 
(NIS)? 

• In particular, is it always justified to include spending on 
(often) unnecessary or counterproductive invasive species 
control initiatives (or research)? 

• Is it justified to include potential costs associated with NIS, the 
economic effect of which is doubtful? 

• Is it correct to assess only negative impacts, ignoring the 
positive impact that NIS have on the economy, either directly 
or through their ecosystem services? After all, such one-sided 
estimates inevitably lead only to negative values, do not reflect 
the net damage and economic losses from the NIS. 

• Can such a one-sided assessment mislead managers who make 
resource allocation decisions? 



Take-away note:
The impacts of alien species (as 
well as native species) on the 
economy and socio-cultural values 
can be: 
• Negative, harmful 
• Neutral 
• Positive, beneficial 

• The effects can be direct or 
indirect

A comprehensive analysis is 
needed to assess the impacts and 
their monetary value. 

Invazinis augalas 
raukšlėtalapis erškėtis 
Rosa rugosa Kuršių 
nerijoje 

(foto: S.O.)

RESPUBLIKA: Specialistai tikina: 
raukšlėtalapio erškėčio plitimas 
bus stabdomas, tačiau visiškai 
išnaikinti šio invazinio augalo 
nepavyks.


