Supplementary Material 1. List of historical introduction reports of terrestrial alien non-native species to Antarctica (includes uncertain species/records)

Species Location Status Last record Reference
Magnoliophyta

Poa annua Multi-sites Persistent 2015 Galera et al. (2016)

P. pratensis Cierva Pt. Eradicated 2015 Pertierra et al. 2017b
Nassauvia magellanica Deception | Eradicated 2010 UK (2010)

Gamochaeta nivalis Deception | Perished 2009 UK (2010)

Puccinella svalbardiensis Syowa St. Eradicated 2006 Tsujimoto et al. 2010
gﬁ‘;ﬁ:ﬁg’ﬁ O%:"écg’ﬁg,’%pop ;Z%”z’t’ﬁugq’sm”s’ Rumex_pulcher, b qress st. I Eradicated 1999 Russia (1999)

Cerastium sp. Fildes Pen. Eradicated 2005 Hughes and Convey (2010)
Poaceae (unidentified) Fildes Pen. Eradicated 2008 Peter et al. (2008, 2013)
Juncus bufonius (pollen, seeds) Fildes Pen. Unknown 2009 Cuba-Diez et al. 2012
Acaena magellanica, A. tenera, Achiellea millefolium, Callitriche

antarctica, Colobanthus subulatus, Festuca contracta,

Hymenophyllum  falklandicum, Juncus scheuchzerioides,

Montia fontana, Phleum alpinum, Poa annua, P. flabellata, P. ~ Signy . Perished 1968 Edwards (1980)
pratensis, Polystichum mohrioides, Ranunculus biternatus, R.

repens, Rostkovia magellanica, Trifolium repens, Uncinia

meridensis

Nothofagus antarctica Cierva Pt. Perished 1957 Corte (1961)

Diptera

Eretmoptera murphyi Signy . Locally abundant 2020 Bartlett et al. 2020
Trichocera maculipennis King George I. Spreading 2020 Volonterio et al. 2013
Lycoriella sps. Casey St. Synantropic 2005 Houghton et al. 2016
Mecoptera

Boreas sp. Cierva Pt. Unknown. 1996 Convey and Quintana (1997)
Collembolla

Hypogastrura viatica Multi-sites Spreading? 2020 Present study
Ceratophysella succinea Deception | Locally present 2017 Enriquez et al. 2019
Proisotoma minuta Deception | Locally present 2015 Enriquez et al. 2019
Protaphorura fimata Deception | Locally present 2017 Enriquez et al. 2019
Deuteraphorura cebennaria Deception | Unknown 2015 Enriquez et al. 2019
Mesaphorura macrochaeta Deception | Unknown 2015 Enriquez et al. 2020
Folsomia candida Deception | Unknown 1965 Greenslade & Wise (1984)
Acari

Coccotydaeolus krantzi Multi-sites Spreading? 2011 Rusell et al. (2014)
Terpnacarus gibbosus Multi-sites Spreading? 2011 Rusell et al. (2014)
Alicorhagia sp. Deception | Unknown 2010 Rusell et al. (2014)
Speleorchestes sp. Multi-sites Spreading? 2011 Rusell et al. (2014)
Oligochaete

Christensenidrilus blocki Signy I. Uncertain 2010 Hughes and Worland (2010)
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2018 ANTARCTIC SCIENCE  Importation of psychrotolerant fungi to Antarctica associated with wooden cargo packaging
2018 NATURE CLIMATE CHA Antarctica's ecological isolation will be broken by storm-driven dispersal and warming
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2018 BIOLOGICAL INVASION A decade of invertebrate colonization pressure on Scott Base in the Ross Sea region
2018 BIOLOGICAL INVASION Competition between native Antarctic vascular plants and invasive Poa annua changes with temperature and soil nitrogen availability
2018 ACTA SOCIETATIS BOT/ Seed germination and invasion success of Poa annua L. in Antarctica
2018 ECOLOGY AND EVOLUTHow much of the invader's genetic variability can slip between our fingers? A case study of secondary dispersal of Poa annua on King Ge«
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2018 PEERJ Trichocera maculipennis (Diptera)-an invasive species in Maritime Antarctica

2018 BIOLOGICAL INVASION Detection and eradication of a non-native Collembola incursion in a hydroponics facility in East Antarctica

2017 FUNGAL BIOLOGY Deception Island, Antarctica, harbors a diverse assemblage of wood decay fungi

2017 POLAR BIOLOGY The fate of the non-native Collembolon, Hypogastrura viatica, at the southern extent of its introduced range in Antarctica

2017 AQUATIC CONSERVATI Breaking the ice: the introduction of biofouling organisms to Antarctica on vessel hulls

2017 POLAR SCIENCE Morpho-physiological response of Colobanthus quitensis and Juncus bufonius under different simulations of climate change
2017 ANTARCTIC SCIENCE  Seeds of non-native species in King George Island soil

2017 DIVERSITY AND DISTRII Barriers to globally invasive species are weakening across the Antarctic

2017 REVIEW OF PALAEOBO Analysis of exotic pollen grains and spores from thawing lakes of King George Island, Antarctic Peninsula

2017 POLAR BIOLOGY First step to eradication of Poa annua L. from Point Thomas Oasis (King George Island, South Shetlands, Antarctica)
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2012 PROCEEDINGS OF THE Continent-wide risk assessment for the establishment of nonindigenous species in Antarctica
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2011 BIOLOGICAL CONSERV, Food for thought: Risks of non-native species transfer to the Antarctic region with fresh produce

2011 ANTARCTIC SCIENCE Quantification of intra-regional propagule movements in the Antarctic

2011 TRENDS IN MICROBIOL Non-indigenous microorganisms in the Antarctic: assessing the risks

2011 BIOLOGICAL INVASION Fuegian plants in Antarctica: natural or anthropogenically assisted immigrants?

2011 ANTARCTIC SCIENCE The first appearance and establishment of an alien vascular plant in natural habitats on the forefield of a retreating glacier in Antarctica
2010 ANTARCTIC SCIENCE  Collembola fauna of the South Shetland Islands revisited

2010 PHYSIOLOGICAL ENTOI Eretmoptera murphyi: pre-adapted to survive a colder climate
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Table S3. Global distribution of examined terrestrial non-native case studies reported in Antarctica (extant and extinct)

Clade & Distribution GBIF global Primary driver of Primary reference
Species Excluding Antarctic | occurrences introduction (assigned)

Magnoliophyta

Poa annua Cosmopolitan 468,196 Globalization Pertierra et al. 2017a
P. pratensis Cosmopolitan 466,982 Globalization “ ?
Nassauvia magellanica Andean range 143 High connectivity Smith and Richardson (2011)
Gamochaeta nivalis Andean range 85 High connectivity “ ?
Diptera

Eretmoptera murphyi Sub-Antarctic 14 Nat. Program (UK) Hughes et al. (2013)
Trichocera maculipennis Holarctic 369 Synanthropic Volonterio et al. (2013)
Collembolla

Hypogastrura viatica Cosmopolitan 941 Globalization Collembola.org (2020)
Mesaphorura macrochaeta Cosmopolitan 5477 Globalization “ ?
Proisotoma minuta Cosmopolitan 1,339 Globalization “ ?
Ceratophysella succinea Holarctic 648 Unknown “ ?
Protaphorura fimata Holarctic 528 Unknown “ ?
Deuteraphorura cebennaria Centro-European 6 Unknown “ ?
Acari

Coccotydaeolus krantzi Holarctic Missing Unknown Pugh (2008)
Terpnacarus gibbosus Cosmopolitan Missing Unknown Walter (2001)

Oligochaete

Christensenidrilus blocki

Sub-Antarctic

Missing

Nat. Program (UK)

Dézsa-Farkas and Convey (1997)




Table S4. Invasion status and propagule density records of examined non-native plant and invertebrate species in Antarctica

Clade & Alien non-native Propagule Primary Reference
Species Status Pressure

Magnoliophyta

Poa annua Naturalized multi-sites | Persistent seedbank Galera et al. (2019)

P. pratensis Eradicated locally Single colony, no flowering Pertierra et al. (2017b)
Nassauvia magellanica Eradicated locally Few plants Hughes and Convey (2012
Gamochaeta nivalis Extinct locally Single plant “ ?

Diptera

Eretmoptera murphyi

Locally naturalized

Very high numbers in soils

Bartlett et al. (2020)

Trichocera maculipennis

Invasive (spreading)

Abundant larvae/adults around stations

Remedios et al. in review

Collembolla

Hypogastrura viatica

Invasive (spreading)

Very high numbers in soils

Greenslade et al. (2012)

Mesaphorura macrochaeta

Introduced multi-sites

Low numbers in soils

Proisotoma minuta

Naturalized (locally)

Low numbers in soils

Ceratophysella succinea Introduced locally Rare Enriquez et al. (2019
Protaphorura fimata Introduced locally Rare “ ?
Deuteraphorura cebennaria Introduced locally Very rare “ ?

Acari

“ ”

Coccotydaeolus krantzi Naturalized Moderate numbers in soils Russell et al. (2014)
(uncertain)
Terpnacarus gibbosus Naturalized Low to moderate numbers in soils “ "

(uncertain)

Oligochaeta

Christensenidrilus blocki

Locally naturalized

Low densities in soils

Hughes and Worland (2010)




Table S5. Examination of potential climate-matching of non-native species in Antarctica from their native biome and available cold
tolerance ecophysiological data. LT50 refers to the temperatures at which 50% survival is achieved and CTmin refers to the critical
thermal minimum for activity. SCP refers to supercooling point.

Clade & Biome of the native Ecophysiological data | Primary reference
Species range (centroid)

Magnoliophyta

Poa annua Temperate (Centroeuropean) LT50: -31°C Dionne et al. (2001)

P. pratensis Alpine tundra / Temperate LT50: -14°C Gudleifson et al. (1986)
Nassauvia magellanica Andean steppe No data

Gamochaeta nivalis Andean steppe No data

Diptera

Eretmoptera murphyi Polar sub-Antarctic (S. Georgia l.) SCP: -19°C Worland (2010)
Trichocera maculipennis Temperate (Centroeuropean) CTmin: -5°C Pertierra et al. (2021)

Collembolla

Hypogastrura viatica

Taiga-Tundra (Scandinavian)

CTmin: -7°C (adults)

Phillips et al. (2020)

Mesaphorura macrochaeta

Taiga-Tundra (Scandinavian)

No data

Proisotoma minuta Taiga-Tundra (Scandinavian) LT50: -10.8°C Bahrndorff et al. (2019)
Ceratophysella succinea Temperate (Centroeuropean) No data

Protaphorura fimata Temperate (Centroeuropean) CTmin: -5.4°C Liu et al. (2020)
Deuteraphorura cebennaria Temperate (Centroeuropean) No data

Acari

Coccotydaeolus krantzi American steppe No data

Terpnacarus gibbosus Temperate (Centroeuropean) No data

Oligochaeta

Christensenidrilus blocki Polar sub-Antarctic (S. Georgia) No data




Table S6. Evidence of genetic exchange resulting from

examined non-native species in Antarctica

multiple site entries and estimated minimum time of persistence of

Clade & Multiple entries for single sites | Lag phase Primary Reference

Species (hybridization) Timespan (first record)

Magnoliophyta

Poa annua Yes, suspected +40 years in King George |. Chwedorzewska et al. (2014)
P. pratensis No, single record +60 years in Cierva Pt. Corte (1961)

Nassauvia magellanica

No, single record

+1 year before eradication

Hughes and Convey (2012)

Gamochaeta nivalis

No, single record

+1 year, did not survive

Diptera

Eretmoptera murphyi

No, but possible

+40 years on Signy I.

Block et al. 1984

Trichocera maculipennis

No, evidence of single origin

+17 years since first record

Volonterio et al. 2006

Collembolla

Hypogastrura viatica

Yes, suspected

+70 years in Deception I.

Hack (1949)

Mesaphorura macrochaeta No evidence +10 years since first record Greenslade et al. (2012)
Proisotoma minuta No evidence +10 years since first record “ i
Ceratophysella succinea No evidence +5 years since first record Enriquez et al. (2017)
Protaphorura fimata No evidence +35 years since first record Greenslade & Wise (1984)

Deuteraphorura cebennaria

No, single record

+10 years since first record

Greenslade et al. (2012)

Acari

Coccotydaeolus krantzi

Possible

Unknown

Russell et al. (2014)

Terpnacarus gibbosus

Possible

Unknown

Oligochaeta

Christensenidrilus blocki

No, but possible

+40 years in Signy |.

Do6zka-Farkas and Convey (1997)




Table S7. Number of confamilial native species present in Maritime Antarctica. Examples of known enemies, either from predation

or competition, described for the native range.

Clade & Number of confamilial Absent enemies Primary Reference
Species competitors in Antarctic

Magnoliophyta

Poa annua Poaceae (1) Bent grasses Silvertown et al. (1994)
P. pratensis Poaceae (1) Other meadow grasses Gilbert & Fraser (2013)

Nassauvia magellanica

Asteraceae (0)

Unknown

Gamochaeta nivalis

Asteraceae (0)

Unknown

Diptera

Eretmoptera murphyi

Chironomidae (2)

Beetles, S. Georgia pipit

Pers. obs.

Trichocera maculipennis

Trichoceridae (0)

Unknown

Collembolla

Hypogastrura viatica

Hypogastruridae
occurring

(2), none co-

Beetle, spider, amphibian

Hagvar (2010)

Mesaphorura macrochaeta

Proisotoma minuta

Isotomidae (6)

Ceratophysella succinea

Hypogastruridae (2), none co-

occurring

Protaphorura fimata

Onychuridae (3)

Deuteraphorura cebennaria

Acari

Coccotydaeolus krantzi

lolinidae (0)

Coccinellidae beetles

Biddinger et al. (2009)

Terpnacarus gibbosus

lolinidae (0)

Biddinger et al. (2009)

Oligochaete

Christensenidrilus blocki

Enchytraidae (1), none co-occurring,
native species intertidal

Unknown




Table S8. Dominant activities in areas of terrestrial non-native species occurrence in Antarctica. The number of sites of occurrence
(extant, doubtful and/or extinct) per species at 1x1 Km resolution is estimated from literature along with their spatial spreading (local
area refers to closely adjacent occurrences within an island or promontory, and distant sites refers to spread over largely

disconnected ice-free sites).

Clade & Number of Habitat Primary Reference

Species sites (1x1 Km)

Magnoliophyta

Poa annua 7 (distant sites) Coastal grounds near various stations in Shetland I. and Ant. Pen. | Molina-Montenegro et al. 2012
P. pratensis 1 (local area) Bedrock outcrop near Primavera Station, Cierva Point. Pertierra et al. 2013

Nassauvia magellanica

1 (local area)

Coastal terrace close to visitor site (Whalers Bay, Deception 1)

Smith and Richardson 2011

Gamochaeta nivalis

1 (local area)

Coastal terrace close to visitor site (Whalers Bay, Deception I)

Diptera

Eretmoptera murphyi

1 (local area)

Surroundings of Signy Station, South Orkney I.

Bartlett et al. 2019, 2020

Trichocera maculipennis

4 (local area)

Station grounds and vicinity in King George I.

Potocka and Krzeminska (2018)

Collembolla

Hypogastrura viatica

>10 (distant sites)

Coastal terraces in multiple areas of Shetland I. and Ant. Pen.

Hughes et al. 2015

Mesaphorura macrochaeta

3 (distant sites)

Coastal terraces of two visitor sites (Deception I., Barrientos 1.)

Enriquez et al. 2019

Proisotoma minuta

2 (local area)

Coastal terraces (Deception 1.)

Hughes et al. 2015

Ceratophysella succinea

1 (local area)

Coastal terraces (Deception 1.)

Enriquez et al. 2019

Protaphorura fimata

2 (local area)

Coastal terraces (Deception 1.)

“ ”

Deuteraphorura cebennaria

1 (local area)

Coastal terraces of visitor site (Pendulum Cove, Deception Island)

“ ”

Acari

Coccotydaeolus krantzi

5 (distant sites)

Coastal terraces near various stations/visitor sites

Russell et al. 2014

Terpnacarus gibbosus

3 (distant sites)

Coastal terraces near various stations/visitor sites

Oligochaeta

Christensenidrilus blocki

1 (local area)

Surroundings of Signy Station, South Orkney I.

Hughes and Worland (2010)




