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Diversity and patterns of marine non‐native species in the 

archipelagos of Macaronesia – Open access

Main objectives

- non-native species (NNS) inventory in Macaronesia

- NNS diversity patterns

- statistical modeling to explain NNS richness
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Literature search

• Focused on ecology, biology, marine biology, fisheries, biodiversity, 

conservation, environmental sciences, oceanography and zoology to 

avoid bias with medical sciences (i.e. cancer research) due to the 

use of the terms “invasive” and “invasion”;

• Relevant subsequent citations were also analyzed;

• For this study we removed: Marine mammals, marine birds and 

vascular plants and freshwater and brackish species;

• Local experts.



Species selection

Multicriteria (5) - many as possible

1 – reference in literature



Species selection

2 – found in ports and/or marinas

These marine infrastructures act as NNS hotspots (e.g. Canning-Clode et al., 

2013; Marchini et al., 2015; Ferrario et al., 2017)

- we recognize that native species are also found in port facilities, and 

intense studies of port systems might reveal native species that are not yet 

reported elsewhere. However, we use multiple criteria and do not use ‘only 

in ports’ as the sole criterion by which to identify a species as NNS



Species selection

3 – Expert opinion and/or reference in marine invasions databases

- NEMESIS (Fofonoff et al., 2018);

- AquaNIS;

- Global Invasive Species Database;

- CABI – Invasive species compendium.

- European Alien Species Information Network (EASIN)



Species selection

4 – Ranges expansion species



Species selection

5 – Current NNS population status

Overtime some species changed their biogeographic status (e.g. 

Molecular evidences). 



Species selection

Some species were removed:

- Sporadic records: included in the listing but removed from modelling;

- Species with doubted status (e.g. the tunicate Botryllus schlosseri) 

removed from the study.



The species list – 190 species in total 144 validated

Species name Taxa

Status (N, C, NNS, NNS/RE…)

Used criteria Year

Included in the model

Islands and references



Problems/solutions

Sometimes the initial search was not enough

Example: Only 1 record in Azores 

Solution:

We need to verify if that species was observed in the other archipelagos :

→ Search species name + archipelago name;

→ Using NIS checklist and/or species check listing can help:



http://www.livrariaesquina.com/5712.jpg

Problems/solutions

Access to references

Example:

Nobre, A., 1930. Materiais para o estudo da 
Fauna dos Açores. Instituto de Zoologia da 

Universidade dos Açores. 108pp. Instituto de 

Zoologia

Solution: Ask someone for the book!

Açores. 108pp



Problems/solutions

Databases or some research with typos: Dates; Locations of first record etc…

The case of Dicologlossa cuneata (not in the paper).

A typo over the years corrected in 2002, but the error perpetuated

Solution: Double check everthing and go to the background reference



Problems/solutions

Species names / synonyms



Problems/solutions

Species checklists with no information

Example: 

Segers et al., 2009

850 species with no indication of

location or date;

- Nightmare!

- Solution? Email the author



Problems/solutions

Terminology

RE are NOT NIS?

"Non-indigenous species (NIS; synonyms: alien, exotic, non-
native, allochthonous) are species, subspecies or lower taxa 
introduced outside of their natural range …. resulting from 
human activities. Natural shifts in distribution ranges (e.g. due 
to climate change or dispersal by ocean currents) do not 
qualify a species as a NIS. However, secondary introductions of 
NIS from the area(s) of their first arrival could occur without 
human involvement due to spread by natural means.“
MSFD – D2 Non-indigenous species

Invasive Alien Species (IAS), are defined by TG2 
as "a subset of established NIS which have 
spread, are spreading or have demonstrated 
their potential to spread elsewhere, and have an 
adverse effect on biological diversity, ecosystem 
functioning, socio-economic values and/or 
human health in invaded regions". MSFD – D2 
Non-indigenous species



Problems/solutions

Terminology

Example – Cronius ruber

Range expansion species arrived to Canary Islands and Madeira – By 

definition cannot be NIS; but is invasive  

Solution? 



NNS richness
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Results of the paper

Castro et al., 2022
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Results – Shared species

Castro et al., 2022
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Accumulated NNS number over time 

Results

Castro et al., 2022



Species composition

Results

Castro et al., 2022



Negative Binomial GLM

Results

Castro et al., 2022



Conclusions of the paper

NNS > Canary Islands > Azores > Madeira > 

Cabo Verde

Cabo Verde seems very distant from remaining 

island systems (NNS numbers and composition)

Probably more NNS in all islands

Shared NNS – proximity, perhaps closer shipping 

history, and similar studied subjects (e.g. 

Macroalgae)

Search effort may play a role in these 

patterns
Castro et al., 2022



Guidance for An Alien Species database for the CCLME

• Describe well the terminology

• Define the impact/effect of the species (biological, economic etc).

• Try to go to the source (reference) avoiding mistakes



Thank you


