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Integrating trait information for marine
introduced and invasive species into
WOoRMS

Context
The IUCN Invasive Species Specialist Group —ISSG in 2008/2009 worked on a project, within the

Oceanographic Biodiversity Information System- OBIS framework, that developed an annotated dataset
of marine introduced and invasive species for the World Register of Marine Species (WoRMS) in order to
flag species on the register as ‘alien and invasive species’. Five major sources (DAISIE, 2009; Galil, 2009;
Lasram & Mouillot 2009; Hayes, 2005 and Molnar et a/2008)! were used. These sources all together in
effect provided global coverage. Annotations included higher taxonomy, origin of species, introduced
location as well as where available, information on the date of first record/ introduction and pathway of

introduction.

In early 2013, ISSG was supported with a small grant by the Flanders Marine Institute (VLIZ) to work on
a data collection project within the framework of the European Marine Observation and Data Network
(EMODNet) Biology Project to complete trait information related to ‘invasiveness’. More traits/descriptors
were included to update the 2009 database. The dataset submitted in 2009 was updated using additional
data/information from published literature, including those newly published, that had been collated and

stored in the ISSG archives.

Terminology and definitions to describe biological status, occurrence, provenance and invasiveness were
revised and expanded. Additionally, any available information on abundance, pathways of introduction
and spread, evidence of impacts on biodiversity and any management action planned or on-going -were

documented.

On completion a brief report was submitted to VLIZ describing the dataset and information collated. Gaps

both geographical and information gaps were highlighted with a recommendation for a ‘Phase 2'.

! Delivering Alien Invasive Species Inventories for Europe (DAISIE) 2009

Galil, B.S. 2009. Taking stock: inventory of alien species in the Mediterranean sea. Biological Invasions 11(2), 359-372.

Hayes,K.R. 2005. Marine Species Introductions, Unpublished data from CSIRO

Lasram, F.B.R., Mouillot, D. 2009. Increasing southern invasion enhances congruence between endemic and exotic Mediterranean fish fauna.
Biological Invasions 11,697- 711

Molnar, J.L., Gamboa, R.L., Revenga,C., Spalding,M.D. 2008. Assessing the global threat of invasive species to marine biodiversity- Frontiers in
Ecology and the Environment 6 (9),485-492



In late 2013- early 2014, ISSG were further supported with a small grant to undertake this task and key

areas were identified to work on:

e Additional literature will be scanned to complement the traits information recorded during the
pilot project, not every trait was documented for all 1788 species. Several geographic gaps were
identified during the first phase: the Asian region, some parts of the Pacific region and North
American region. During this second phase relevant sources will be identified to fill these gaps,
and the discovered information will be documented in the database. Journals and databases
identified include: Mediterranean Marine Science Journal, New Mediterranean Biodiversity

Records, Biological Invasions and the AquaNIS database.

e A thematic portal dedicated to introduced and invasive species is planned with WoRMS. This
portal will be similar to already existing portals such as the World Amphipoda Database
(http://marinespecies.org/amphipoda!), and the World Porifera Database
{http://marinespecies.org/porifera/). The invasive species portal will contain background
information on invasive species, and describe all sources (publications, databases, etc.) that
were consulted to document the trait information related to invasiveness. All necessary
texts to populate the invasive species portal will be provided, including some history and clear
references (links) to the consulted online systems (e.g. DAISIE, EASIN, etc.).

Project Description

The database developed during the pilot project was revised and updated with missing trait information
including information components such as species authority, impact and pathway/vector information.
Native and introduced country and sea area records were checked and names and codes corrected where

they were incomplete and wrongly assigned. Several incorrect records were removed.

Some of the Look-up terms for Occurrence, Provenance and Invasiveness were revised based on the

recommendation of experts. These have been outlined below in Table 1.

New terms were reassigned to the Pilot dataset and used during the development of the phase 2 dataset.
Two additional more specific pathway/vector terms were added- ‘Aquaculture- deliberate’ and

‘Aquaculture —accidental’

A literature review was undertaken to address the geographical and information gaps. Over 100 journal
articles were consulted and relevant data and information extracted and entered into the dataset. Key

journals included Mediterranean Marine Science Journal & New Mediterranean Biodiversity Records,



Biological Invasions and Pacific Science. Two additional key databases were data mined- they included

National Exotic Marine and Estuarine Species Information System (NEMESIS) and AquaNIS.

Table 1: Revised Look-up terms- (Blue cells- revised; New and equivalent terms in Red; Green cells
terms have been replaced)

Occurrence Provenance Invasiveness
Absent Alien Of Concern
Border Intercept Bio-status uncertain Impact recorded
(=Provenance uncertain)
Detected in invasion pathway Native Invasive
Detected in the wild Native - Endemic Management recorded
Eradicated Native - Non-endemic Not invasive
Eradication unconfirmed Not specified Uncertain
(=Provenance unknown)
Established
Established and expanding Cryptogenic Concern about abundance (=0f
(=Provenance unknown) | concern)
Established and stable Concern about spread (=0f
concern)
Extinct (=Extirpated) Concern recorded (=Of concern)
In captivity/cultivated
Not specified Not specified (=Uncertain)
Present/controlled Prevention recorded (=Management
recorded)
Recorded in error Assessed as potentially invasive

(=0Of concern)

Sometimes present

Uncertain

Reported

Naturalized (=Established)




The pilot phase resulted in many of the key databases and journals being consulted while phase 2
focused on journals that had not been included in the first list as well as those whose main focus was not
the marine environment but which contained relevant literature. The searches although comprehensive
did not return as much relevant literature as those journals which were focused on marine bioinvasions.
The focus was also those species that had not been recorded previously. Information sources both
databases and journal articles that recorded species had already been documented through other

database/ literature search were omitted due to constraints of time.

Summary of results
Pilot Phase (Phase 1)

The dataset developed during the pilot phase was revised and missing traits assigned where information
was available easily. Species authority was assigned and all native country, native sea-areas, introduced

country and sea-areas were assigned with associated codes. Revised look-up terms were substituted.

AquaNIS database was consulted; all listed species with species accounts were checked for information

on pathways/vectors

Several errors in taxonomy and species names were corrected and incorrect records removed. The
resultant database consists of 13129 records related to 1688 alien and invasive marine species and

subspecies. Please sce EMODNet Phase 1
Phase 2

4098 records related to 296 alien and invasive marine species and subspecies have been created as a

result of phase 2 and listed traits recorded. Please see EMODNet Phase 2.

EMODNet Phase 1 and 2 have resulted in a total of 17227 records being created related to 1808 alien and

invasive marine species (and subspecies)

Over 400 information sources including global, regional, national and thematic databases and journal
articles were consulted.

References

Citations including links have been recorded for all references marked as source in the matrix. Data

publishers have also been listed. Please see References-in EMODNET Phase 2

Documentation of information and issues
Data sources to be used within the scope of the project were defined and most of the relevant

information was ‘data mined’. However, there were issues of incomplete records in terms of completing



all trait information listed. Some of these issues that had been enumerated in the pilot phase report were

encountered during this phase too.

Information on native country/sea area was not easily available for all species listed. Additional research

was done to fill in this information which remains incomplete.
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Annexure 1

Text for introduced and invasive marine species portal

Introduction
The International Union for Conservation of Nature, (IUCN) describes invasive alien species as “animals,

plants or other organisms introduced by man into places out of their natural range of distribution, where
they become established and disperse, generating a negative impact on the local ecosystem and
species.” These impacts may disrupt the ecosystem processes, introduce diseases, and reduce
biodiversity. Invasive alien species are found across all taxa from micro-organisms to mammals and occur

in all environments.

Invasive species pose a potentially major threat to the marine environment and its ecological integrity.
Marine invasive species reduce marine diversity and species populations and disrupt ecosystems (for e.g.
the impacts of the introduced comb jelly Mnemiopsis ledyi, a major carnivorous predator of edible
zooplankton, pelagic fish eggs and larvae in the Black Sea). These species also have negative impacts on
livelihood and food security (fisheries, aquaculture and mariculture), human health (for e.g. Paralytic
Shellfish Poisoning (PSP)), as well as infrastructure (colonizing jetties, navigation buoys, petroleum

platforms, wrecks and other artificial hard substrata, clogging industrial water pipes etc.).

Marine species are introduced outside their native range both intentionally and accidently through a suite
of vectors/pathways. Intentional introductions include species introduced through the pet/aquarium and
live-food trade; for the purpose of fisheries, aquaculture and mariculture, for biological control: etc.
Accidental introductions include species that are transported through ship’s ballast (both water and solid)
and as hull-fouling organisms, as hitchhikers and stowaways on boats, scuba gear, sea chests and as

even carried by other organisms.

Background of this database
The IUCN Invasive Species Specialist Group —ISSG in 2008/2009 worked on a project, within the

Oceanographic Biodiversity Information System- OBIS framework, that developed an annotated dataset
of marine introduced and invasive species for the World Register of Marine Species (WoRMS) in order to
flag species on the register as ‘alien and invasive species’. Five major sources (Delivering Alien Invasive
Species Inventories for Europe- DAISIE, 2009; Galil, 2009; Lasram & Mouillot 2009; Hayes, 2005 and

Molnar et al 2008)? were used. These sources all together in effect provided global coverage. Annotations

2 Delivering Alien Invasive Species Inventories for Europe (DAISIE) 2009
Galil, B.S. 2009. Taking stock: inventory of alien species in the Mediterranean sea. Biological Invasions 11(2), 359-372.
Hayes,K.R. 2005. Marine Species Introductions, Unpublished data from CSIRO



included higher taxonomy, origin of species, introduced location as well as where available, information

on the date of first record/ introduction and pathway of introduction.

Now in 2013-2014, ISSG is working with the Flanders Marine Institute (VLIZ) on a data collection project
developed within the framework of the European Marine Observation and Data Network (EMODNet)

Biology Project to complete trait information related to ‘invasiveness’'.

The dataset submitted in 2009 was updated using additional data/information from published literature,

including those recently published.

The terminology and definitions to describe biological status, occurrence, provenance and invasiveness
have been revised and expanded. Additionally, any available information on abundance, pathways of

introduction and spread, evidence of impacts on biodiversity are being documented.

The geographic coverage of this dataset is global. Focus was placed on documenting authoritative

information on marine species introductions in the recognized marine bio-invasion hotspots?>.

A set of ‘Look-up terms’ for organism type, environment/system, occurrence, provenance, invasiveness,
abundance, population trend, pathways/vectors (adapted Hayes 2005) and impacts (also adapted from

Hayes 2005) was created to maintain consistency in the trait descriptors (see Tables 1 to 8 below)

Species

Species hame is the main identifier in this database. Species name is listed with species authority
including listing of synonyms where information was available as part of the information source
consulted. A mix of commonly used as well as scientific terms has been used to describe organism types.
Alpha ID of the species will be listed from WoRMS.

The system/systems in which species occur were recorded; the following systems were listed Aerial,

Brackish, Freshwater, Host, Marine, and Terrestrial (see Table 1)

Biological Status
Biological status of the species is recorded using three descriptive terms: Occurrence, Provenance and

Invasiveness. These terms were recorded as described in the source information with minimum

Lasram, F.B.R., Mouillot, D. 2009. Increasing southern invasion enhances congruence between endemic and exotic Mediterranean
fish fauna. Biological Invasions 11,697- 711

Molnar, J.L., Gamboa, R.L., Revenga,C., Spalding,M.D. 2008. Assessing the global threat of invasive species to marine biodiversity-
Frontiers in Ecology and the Environment 6 (9),485-492

® Seebens et al 2013 <Seebens H., Gastner M. T., and Blasius B., 2013. The risk of marine bioinvasion caused by

global shipping. Ecology Letters (2013) 16: 782-790>



interpretation. Table 2, 3 and 4 lists the terms used to describe biological status of the listed species with

brief descriptions

Distribution/Location information
Three location types have been recorded to describe the native range and known introduced range of the

species:

1. Native range- country and/ or native sea area: Country or sea area which is the native range of
the species

2. Source country and/ or sea area: Country or sea area which is the known source area of the
introduced species/or population. The source area could be the native range of the species or a
known introduced range

3. Introduced country and or sea area: Country or sea area that is recorded as the known

introduced range of the species

Note: Information on native range has been listed for a majority of the species recorded

Table 2: Biome/System

Biome/System

Aerial

Brackish

Host

Marine

Brackish/Freshwater

Brackish/Host

Brackish/Marine

Freshwater/Brackish/Marine

Freshwater/Brackish/Host

Freshwater/Marine

Marine/Host




Date of arrival or first record

The date of arrival or the date of first record has been recorded where this information was available.

Abundance and population trends

Abundance and population trends of species populations are recorded in some cases- where information

was available. Nine terms have been used to describe Abundance-

Rare, Common, Locally common, Dominant, Monoculture, Rare to common, Common to dominant, Rare

to dominant and Fluctuating

Population trends have been recorded using three descriptors- Increasing, Decreasing and Stable

Management Information

Information on any management action implemented to prevent the introduction of a species and its

spread or impacts has been recorded. This information is recorded as a ‘yes’ or 'no’ for management

action.

Impact information

Information on the impact of introduced and invasive marine species has been recorded. These include

impacts on native species, their habitats and ecosystems, human health and activity, transmission of

diseases etc. Descriptive terms of impacts were standardized and listed in a look-up table to use. Please

see Table 5 for a list of impact terms used. These terms have been adapted from Hayes (2005)

Table 3: Terms used to describe ‘Occurrence’ of species

Occurrence

Absent

Description

Species that were reported at some time to be present but were not recorded
subsequently are reported to be ‘Absent’

Border Intercept

Species that have been intercepted at borders as a result of detection procedures

Detected in invasion pathway

Species detected in invasion pathways for example in ballast water, or as a hull-
fouling organism

Detected in the wild

Species that have been recorded as present in the wild with no further information

Eradicated

Species that have been subject to an eradication event and have been confirmed
as eradicated

Eradication unconfirmed

Species that have been subject to an eradication event but have not been
confirmed as eradicated

Established

Species that have become established in their introduced range

Established and expanding

Species that have become established in their introduced range and are known to
be increasing in abundance and expanding their range




Established and stable

Species that have become established in their introduced range but are not known
to be spreading aggressively

Extirpated

Species that were present but have been declared extinct

In captivity/cultivated

Species that have been introduced and maintained in captivity or cultivated for
example those species that are farmed in aquaculture or mariculture facilities

Not specified

Species which may be listed as alien or introduced but whose occurrence has not
been specified

Present/controlled

Species that are known to be present in their introduced range and are subject to
some control option

Recorded in error

Species that have reported or recorded in error

Reported

Species that are 'reported' to be present but with no further information

Sometimes present

Species that are reported as present but only 'sometimes'

Uncertain

Species whose presence is uncertain, maybe reported as present anecdotally but
not confirmed

Table 4: Terms used to describe the ‘Provenance’ of species

Provenance Description
Alien Species introduced by man into places out of their natural range of distribution
Native Species that is native to the country or sea area

Native - Endemic

Species that is native and endemic to a country or sea area i.e. a species that is unique to a
location or habitat

Native - Non- Species that is native to an area but is not endemic to it i.e a species that has a wide native
endemic range

Provenance Species whose biological status is uncertain i.e. it is uncertain if the species is native or alien
uncertain to the location

Provenance Species whose origins cannot be verified OR a species whose provenance has not been
unknown specified in the source information or a




Table 5: Terms used to describe 'Invasiveness' of species

Invasiveness Description
Invasive Species that are known to be invasive- those species in whose cases evidence of impact has
been recorded or which is spreading aggressively
Management Species for which some management action including prevention has been recorded in its
recorded introduced range
Not invasive Species that has not demonstrated any invasive traits in its introduced range
Not specified A species whose 'invasiveness' has not been specified in its introduced range. The species is

known to be present and has been reported but there is no comment on its invasiveness

Of concern Species that are demonstrating aggressive spread and there is concern about its spread OR
species where some concern has been recorded- this may be due to known records of its
invasiveness and impacts in other areas of their known introduced range

Uncertain Species whose invasiveness is uncertain

Pathways and vectors of introduction and spread of alien species
One of the most important types of information in the practical approach to prevention and management

of biological invasions is the identity of the pathways of introduction and details of vectors. These are
necessary for the prevention of introduction of potentially invasive species and also for the containment

of further spread of established invasions.

Information on pathways and vectors of introduction of alien species has been recorded for the listed
species where information was available. Descriptive terms describing pathways and vectors (adapted
from Hayes (2005)) were standardized and listed as a look-up table. Please see Table 6 for the list of

descriptive pathway/vector terms.

Table 6: Impact types

Impacts (adapted from Hayes 2005)

Adverse habitat modification

Alters bio-geochemical/hydrologic cycles

Alters bio-geochemical/hydrologic cycles

Aquatic transport

Consumes native species (predator or herbivore)




Damage to marine structures or archaeology

Genetic impacts: hybridisation and introgression

Human health

Induces novel behavioural or eco-physiological responses

Loss of aquaculture/commercial/recreational harvest or gain

Loss of public/tourist amenity

Other impact - undefined or uncertain

Outcompetes native species for resources and/or space

Pathogen/parasite or carrier of a pathogen/parasite

Water abstraction or nuisance fouling

Table 7: Pathway/Vector terms

Pathways/ Vectors (adapted Hayes 2005)

Aquaculture: accidental

Aquaculture: deliberate

Bio-control: accidental translocation with deliberate bio-control release

Bio-control: deliberate translocation as a bio-control agent

Canals: natural range expansion through man-made canals

Debris: transport of species on human generated debris

Fisheries: accidental as bait

Fisheries: accidental with deliberate translocations of fish or shellfish

Fisheries: accidental with fishery products, packing or substrate

Fisheries: deliberate translocations of fish or shellfish to establish or support fishery

Individual release: accidental release by individuals (e.g. aquarium discards)

Individual release: deliberate release by individuals

Natural dispersal




Plant introductions: accidental with deliberate plant translocations

Plant introductions: deliberate translocation of plant species (e.g. for erosion control)

Recreational equipment: accidental with recreational equipment

Scientific research: accidental release with research activities

Scientific research: deliberate release with research activities

Seaplanes: accidental as attached or free-living fouling organisms

Ships: accidental as attached or free-living fouling organisms

Ships: accidental associated with cargo

Ships: accidental with ballast water, sea water systems, live wells or other deck basins

Ships: accidental with solid ballast (e.g. rocks, sand, etc.)

Unknown

Information sources and Reference List
Key databases and over 400 journal articles have been consulted to develop this dataset. A complete list

has been included below.

Key Online Databases
1. Molnar et a/(2008) was the first global assessment of marine invasive species, including their
impacts and routes of introduction. Over 350 databases and other sources were consulted and
information on 329 marine invasive species, including their distribution, impacts on biodiversity,
and introduction pathways were synthesized. Analyses indicated that International shipping,
followed by aquaculture, represented the major means of introduction.

<http://www.esajournals.org.ezproxy.auckland.ac.nz/doi/abs/10.1890/070064 >

Supplemental information published by the authors has been attached to this report as Appendix

1. The annotated inventory was provided by the authors

2. Hayes et al 2005 undertook a two year study designed to identify and rank introduced marine
species found within Australian waters and those that are not found within Australian waters. The
invasion database collated for this project recorded 1582 marine and estuarine species that have
been transported by human-mediated activities or have human-mediated invasion histories
around the world. <http://www.environment.gov.au/system/files/resources/02d33408-ad61-
4d11-b5a4-6bflaa333776/files/priority2.pdf>




The invasion database developed for this study was shared by the author < Hayes, K.R. 2005.
Marine Species Introductions, Unpublished data from CSIRO> The list of descriptors of impact

types and vectors/pathways has been adapted from this dataset.

Delivering Alien Invasive Species Inventories for Europe (DAISIE)- The DAISIE project was
funded by the sixth framework programme of the European Commission (Contract Number:
SSPI-CT-2003-511202). The goal was to provide a ‘one-stop-shop’ for information on biological
invasions in Europe, delivered via an international team of leading experts in the field of
biological invasions, latest technological developments in database design and display, and an
extensive network of European collaborators and stakeholders. Data has been collated for
vertebrates, invertebrates, marine and inland aquatic organisms as well as plants from up to 98
countries/regions (including islands) in the wider Europe. Over 248 datasets were assembled and
verified by experts, representing the largest database on invasive species in the world. Marine
species records were extracted from this database. <http://www.europe-
aliens.org/aboutDAISIE.do>

IUCN SSC Invasive Species Specialist Group- Archives and Global Invasive Species Database
(GISD)- The ISSG of the Species Survival Commission (SSC) of the International Union for
Conservation of Nature (IUCN) is a global network of scientific and policy experts on invasive
species. The ISSG promotes and facilitates the exchange of invasive species information and
knowledge across the globe and ensures the linkage between knowledge, practice and policy so
that decision making is informed. The ISSG developed the first global database on invasive alien
species -GISD and since over a decade have maintained archived information on invasive alien
species in species and thematic folders. The ISSG archives and the GISD were consulted for data
and information on marine alien and invasive species <http://www.issg.org/index.html>
<http://www.issg.org/database/welcome/>

The European Alien Species Information Network (EASIN) is an initiative of the Joint Research
Centre of the European Commission, and aims to enable easy access to data and information on
Alien Species (AS) in Europe from existing on-line databases to assist policy makers and scientists
in their efforts to tackle AS invasions. Global, European, Regional, National and Sub-National
databases have been consulted to create the EASIN Catalog of species. The list can be viewed at
the following link <http://easin.jrc.ec.europa.eu/About/Online-resources>. The dataset of alien

species in the marine environment were shared by EASIN

FishBase -FishBase was developed at the World Fish Center in collaboration with the Food and

Agriculture Organization of the United Nations (FAO) and many other partners, and with support



from the European Commission (EC). It is a global information system with extensive and
detailed information about fishes including introduced and native range. FishBase was used as a

source of native range information for fish species <http://www.fishbase.org/search.php>

SealifeBase- is a FishBase-like information system for all aquatic living organisms (marine and
freshwater), it aims to provide biological information necessary to conduct biodiversity and
ecosystem studies, taking advantage of lists of species already available on paper and
electronically, and using the scientific names as ‘*hook’ to organize biodiversity information.

http://www.sealifebase.org/

AquaNIS- is an online information system that contains data on Non-Indigenous Species
introduced to marine, brackish and coastal freshwater of Europe and neighboring region. It
features information on introduction histories, recipient regions, taxonomy, biological traits,
impacts, and other relevant documented data. Annotation son pathway/vector types and species

records were extracted from this database http://www.corpi.ku.lt/databases/index.php/aquanis

National Exotic Marine and Estuarine Species Information System (NEMESIS) - The Smithsonian
Environmental Research Center (SERC) has developed and maintains a national database of
marine and estuarine invasions of the continental U.S. and Alaska. This relational database
compiles detailed information on approximately 500 different non-native species of plants, fish,
invertebrates, protists and algae that have invaded the coastal waters of continental US and
Alaska. The database identifies which species have been reported, their current population status
(i.e., whether established or not), as well as when, where, and how they invaded; it also
summarizes key information on the biology, ecology, and known impacts of each invader.

http://invasions.si.edu/nemesis/

Key Journals

1.

Aquatic Invasions- an open access, peer-reviewed international journal focusing on biological
invasions in inland and coastal water ecosystems from around the world.

http://www.aquaticinvasions.net/about.html

BioInvasions Records is an open access, rapid peer-reviewed international journal of field
research on biological invasions in aquatic and terrestrial ecosystems from around the world.
BioInvasions Records is devoted primarily to publication of research and data papers on records

of non-native species. The journal provides the opportunity of timely publication of first records



of aquatic and terrestrial invaders and other relevant information needed for online databases,

decision support and early warning systems http://www.reabic.net/journals/bir/

3. Marine Biodiversity records -facilitates documentation of marine organisms in locations where
they have not formerly been recorded, as well as of species loss from habitats. Marine
Biodiversity Records therefore welcomes original research articles which document and review
changes in geographical ranges of marine species, including the effects of the introduction of
novel or alien species to marine ecosystems, and of taxonomic studies relevant to these changes.
http://journals.cambridge.org/action/displayJournal?jid=MBD

4. Mediterranean Marine Science Journal & New Mediterranean Biodiversity Records- are published
semi-annually by the Hellenic Centre for Marine Research (HCMR). The journal includes thematic
sections in all fields of Oceanography, Marine Biology, Marine Conservation, Fisheries and
Aquaculture in the Mediterranean area and the adjacent regions. http://www.medit-mar-

sc.net/index.php/marine

5. Biological Invasions- publishes research and synthesis papers on patterns and processes of
biological invasions in terrestrial, freshwater, and marine (including brackish) ecosystems.

http://link.springer.com/journal/10530
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