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Abstract

Typicalfeatures and biodiversityof the vascular plant floa the Arcticare shortly reviewedfollowed by a
annotatedsurvey ofthe nonnativevascular plarfilora of Greenlandlerived fromliterature and owexpertise
Speciesiumberof the Arctic vascular plant flora is moderate with ¢. 2.218 accepted entities (including species,
subspecies, apomictic aggregates, a few collective spesmaeahgbridogéntaxa).There are 106 endemic
speciesvheread 36 primarily nohr ct i ¢ 0 b or pistredch tireesduthesnmest sukezane of the Arctic.

The Arctic territory isuldivided into 21 floristic provinces and Sdimatic subzoneA group of 190 speciegre
consideredo benon-nativewithin at least one of these Arctic regidi®y include stabilized introductions (*) and
casual introductions (**). In addition, there are at least 205 splgdirewn as casual introduction (**). These are

left out of account her&lany of the 190 nenative species are grasBem¢eaand compositeg\$teracedmeing
diagnostic of European anthropogenic vegetation cMeblp®ArrhenathereiaTx. 1937 an&tellarietea mediae
R.Tx. et al. ex von Rochow 19Blinety-five of these 190 nemative species are known from Greenl@tabilized
introductions (*) are generally restricted to old cultural landscapes in and around settlements iand towns
climatologically favorable parts of Greenland and theSthedan Arctic. In Greenland this group includes
49species All also occur in the Western Greenland floristic province (BMWan influence on flora and
vegetation since the Norse Landnathetend of the 0century isdescribedvith inclusion of a short survey of
Greenlandd6s history. Nowadays huma-breeding fireas and cear oids p ar
historical sites in S and SW Greenlamgremany stabilized (*) and casual introductions&*joundas a result

of overgrazing, eutrophication, erosion and touaisinpossiblyarlyintroduction Habitat destruction is locally
prominent along the west coast of Greenland caused by town expaugsiother construction activities.
Continuation of climate warming certainly will result into further introduction and expansion of boreal and southern
species, drying of snow beds, mires and shallow ponds, and origin and shaping of new landseljres affter m
icecover and permafrost. However until now the native flora and vegetation of the Arctic and Greenland are still
largely intact without serious influence of invasive species.

Zusammenfassung

Ein Uberblick derrghropogeenVeranderungen fora und Vegetatiotier Arktis unter besonderer
Berucksichtigun@ronlandg

Die typischen Merkmale und die Biodiversitat der arktischen Gefal3fflareeverden kurz mit einer konmme
tierten Ubersicht der nicheimischen Flor&ronlandsauf der Grundlage der Literatur und eig&mnkenntnisse
besprocherDie Artenzahl der arktischen Gefal3pflanZetefy Unterareén Kleinarten,Aggrega, einige Kollek
tiv-Arten und hybrideTaxg ist aufca 2.218beschrank{iiber 205nichteingebirgerten Arten (**) sind in diese
Zahl nicht enthaltenEs gibt 106 Endemiteund 136 primér nickerktische Grenzarten, die gerade noch die
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sudlichste arktische Sxbne erreichen. Die Arktis ist unterteil2hFlorenProvinzenund finf bioklimatische
SubZonen Insgesamt 190 Arten, davon 95 in Gronlaimdlirgendwo in der Arktis als nidigimisch (eingebi

gert * und nicheingebirgert *#pekanntViele dieseArten sind GraserRoacdagnd Korbblitler Asteracgasd

sind diagnostisch flir dieuropédische anthropogene VegetatiosdassenMolinieArrhenathereRax 1937 und
Stellarietea meRliakx. et al. ex von Rochow 19Bie Verbreitung der eingebirgerten Arten (*) ist im Allgemei

an alteKulturlandschiten in den klimatisclglinstigeren Regionen Gronlands und der-Eilnioischen Arktis
gebunden. In Gronland enthalt diese Gruppe 49 Attenlle auchin WestGronland(GW) vorkommenDer
menschliche Einflussacht sich besondérsden Gebietemit Schafhaltung im Siden und Stidwesten Grénlands
bemerkbar. Der anthropogene Einfluss auf Flora und Vegetation seit der nordischen Landnahme (Landnam) am
Ende des 10. Jahrhunderts bis hemeeein Uberblick der Geschichte GronlawdsdenvorgestelltHeut ist a@r
anthropogene Einfisgutsichtbain den bewohnterRegionerGrénland, vor allem in deGebietermit moderrer
Schafzuchtwo nochhistorischeRuinenausfritheren Siedlungsperioden existigrier finden sich viekingebir

gerte(*) und nichteingebirgerté*) Arten durch Landwischaft und Tourismufie weitere Klimarwarmung

fuhrt mit Sicherheit zverstarktetVeranderungen in Flora und Vegetatiidliche und boreale Artarerden sich
audreiten Schneetélchen, Moore und Tumpeknen aus und neue Landschaften werden durch Abschmelzen der
Gletscher und des PermafrostatstehenDoch bis jetzt ist die heimische Gefal3pflaifftera und Vegetation in

der Arktis einschlieBlich Grénland noch weitgehend.iNtakt-heimischeéArten sind noch keine Bedrohung fur

die heimische Flora und Vegetation.

Keywords: Global warmingnonnative vascular plant floreasual introduction (**history, sheepreeding
stabilized introduction (*)

1.Introduction

The present contributianainlyaims toaddresshe nonnativevascular plant flora of Greenland
with referencéo humanactivitieslt is derived from literature and based on owndigbertise
during the last forty years in the Ardfiortise information othe native florard vegetation of
the Arctic and history of Greenlaar@included.

2. Research area
2.1. The Arcticand Greenland

The Arotlland siirface tis estimated 7.11 millioA Rm1 million knf is covered by
vegetatd landthe remainder by ic&/ALKER et al. 2005). Greenlaodversc. 30% of theland

surface of thérctic, whereas Greenland itself is covered fé6B85 wor | ddés second
capwhich idargelysurrounded b$5% mountainouscefreeland

Greenland stret88A39dr Nmabe A2 HERISTAVYME2008,0 7 3 AC
WALKER et al 2005. Its coastline is approximately.G®0 km long with countless islands and

fljords (ENSEN & CHRISTENSEN 2003) Climate is harshwith mean annual temperatures varying

in the 2 centuryfrom plus 1.4 °C in the SoutlfNarsarsuagio minus 9° C in the North
(Qaanaq)ANKER 2000)The land surface is still relatividle disturbed by human activities.
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DaniélsA review of anthropogenic changes in the vascular plant flora and vegetation of the Arctic

[ Subzone A . o~ . . .
B SuszoncB Fig. 1: Circumpolar Arctic Vegetation Map with

S B subzoneC subzones A& (CAVMTeam 2003).

[J subzoneD  Apb, 1: Zirkumpolare arktische Vegetationskarte mit
B suwzoneE  Apgabe der SubzoneREA(CAVM Team 2003).

Tab. 1: Some features of the Arctic vascular plant flora compos&dvenn{2007).
Tab. 1: Steckbrief der arktischen Gefapflafioea nacfeELVEN (2007).

2.218 native and stabilized introduced (*) species within the Arctic in 430 genera and 91 families

600 agamospecies and > 205 casual introductions (**) are excluded.

2,028 species are native everywhere across the Arctic, includingrh@b sprdies (mainly Bépaver,
Puccinellia, Oxytropis, RratRotentillaand 136 borderline species (only reaching the southernmost Arctic
subzone)

45 species occur solely as both native and stabilized introduction (*)

24 species occur solely as atfive, stabilized (*) and casual introduction (**)

20 species occur solely as both native and casual introduction (**)

36 species occur solely as both stabilized (*) and casual introduction (**)

65 species occur solely as stabilized introduction (*)

TheArctic flora and its phytogeographical scenery are still intact, no species loss since 1750

Features of Arctic floras: High polyploidy level, asexual seed production, perennial life strategy, dominance
of chamaephytes and hemicryptophytes, no treesnfeasperms, lowwpecies diversity per family

To To I

Too T Too Too T o To

The young pogjlacial floraand vegetationf the Arcticare adapted to harsh and variable
environmental conditions. These adaptions include lowgroowel biomass production, low
stature)ong lifespan vegetativand asexuaéproductionand high polyploidy levelgah 1).

Floristic uniformity is high due to high percerstafeircunpolarArctic and circupolarBoreal

speciesThe physiognomy of the pamctic vegetation is rather uniform amnthple. The main

physi ognomi c uni ts ar e barfsrhearud, tgrmahmbardci, d ¢
tundr ads aVader et alt 2005)n Al rumbier of vegetation classes such@arieig.
rupestrsobresietea bell@iha 1974nonacidicsedge and dwarf shrub vegetatibaigeleurio
Vaccinietdaggler ex Schubert 196&cidic dwarf shrub heath vegetati@rgbo corymbosae
Papaveretea dalidaniéls et al. 26ined. (cryptogasmich herb polar desert vegetatidhy.Q)
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and JunceteaaritimaBr.-Bl. in Br:Bl., Roussine et Negere 198altmarsh vegetation) have a
circumpolar distribution.

Fig. 2: Polar desert vegetation in Ellef Ringnes, Nunavut, Canada (subzonSaXjfraijla opposititedpavef.
dahlianurfichens and mossésedJA. Daniéls July 2005.

Abb. 2: Vegetation der Polarwiiste auf Ellef Ringnes, Nunavut, Kanada (Subzddaxi)agé oppositifeédipaver
cf. dahlianurflechten und Moosérred J.ADaniéls Juli 2005.

Bio-climaticallyGreenland and the Arctic are divided into five subzones according to climate and
zonal vegetation in the lowlanBgy(1)The nort hernmost Arctic hert
or subzone A) is characterized by a mean July temperatt8€©fabd absencaf woody
plants(Fig. 2 Arctic herb subzone); the northern dwarf shrub subzone (B) by a mé&atCof 3

the adjacent middle Arctic dwarf shrub subzone (C) by a medrf©f Blant cover in these

three high Arctic subzones is open. The densely vet¢mtafadtic is divided into the southern
dwarf shrub subzone (D) with mean-&°C and the southernmost low shrub subzone (E) with

a mean of 92°C DANIELS et al. 2000NVALKER et al. 2005). A minor part of the inland lowland

of South Greenland is nductic (FEILBERG 1984,FREDSKILD 1991,FEILBERG & FOLVING

1991) Species richness increases strongly from north to BewtBELS et al. 2013): vascular

plant species numbers imge from <50 to >500 in local floras and from 102 in the flora of the
Arctic herb subzone to 2.180 in that of the Arctic shrub sulfzabe?2; seturther Fig. 2 in
DANIELS et al. 2013).
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Tab. 2Species groups in Arctic floristic provinces and subzumpesed fronELVEN (2007) andANIELS et al.

(2013).
Tab. 2: Artengruppen in den arktischen Foo&inzen und Sdbonen naclELVEN (2007) undDANIELS et al.
(2013).
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Floristic province KF UN Yd Tm Ac KF YH CW WI C¢ CE AW Al CC HL EJ GW GE Ic FN S
Subzone A B C D EI Nj
Number of stabilized
introduced species (*) 52 32 1¢ 23 1 14 3 8 0 7 20 20 111 8 30 O 5 5 52 63 4 0 O 3 18 101 34
Casual introduced species (| 18 8 4| 6 0 3 0| 4 1 2 4 14 SI 3 9 0|26 4 2 13 SZI 0 0 27 10 (J 0]
Rare species 238 209 234 310 20C 184 28C| 21¢ 89 236 225 316 247| 303 355 77| 144 136 80 216 53| 41 91 204 34¢ 864 195
Species with a scattered
distribution 165 228 129 121 144 11€ 80| 151 76 140 212 174 157 174 46| 174 105 74 157 4 23 39 85 213 397 563
Borderline species 14 5 23| 35 14 13 12| 2 0 9 0 50 44 30 58 OI 0o 0 17 28 0| 0O 0 0 © 134 0
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Total species number withou
uncertain occurrencies 642 625 513 645 42¢ 558 432 63€ 315 548 668 825 737 64C 769 199 554 391 436 648 214 102 22C 507 98C 218( 2097
Mean species number per
floristic province group 593 516 621 536 449

The Arctic territory is longitudinally divided into 21 floristic provinces according to distribution
patterns of vascular planEaYEN 20072011 DANIELS et al. 2013Fab. 2)Floristic differences

are prominent between Beringian flarigtovinces (eastern Siberia and western N America) and
the other provinces related to different glaciation histories and migration routes of the plants.
Greenland comprises three floristic provinces: EllesmerdLGreenland (EP), W Greenland

(GW) and E&st Greenland (GEJ#&b. 3).
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Tab. 3: Survey table of distribution of stabilized (*) introductions (group 1), stabilized (*) and casuak{*) introdu
tions (group 2), native species and stabilized (*) introductions (group 3), native species and casual (**) introductions
(group 4), and native species, stabilized (*) and casual (**) introductions (group 5) in the five Arctic subzones, the
Arctic, Greenlashand the three Arctic Greenlandic floristic provinces. Native occurrences are marked r (rare), s
(sparse) and f (frequent), in subzones by caBitaisineage highlighted in light gré\steraceiaegrey.

Tab. 3: Ubersichtstabelle der Verbreitungidbiirgerten (*) Arten (Gruppe 1), der eingebiirgerten (*) und nicht
eingeburgerten (**) Arten (Gruppe 2), der heimischen und eingebirgerten (*) Arten (Gruppe 3), der heimischen und
nichteingebirgerten (**) Arten (Gruppe 4), sowie der heimischen, gjageh(() und nicht eingebirgerten (**)

Arten (Gruppe 5) in den funf arktischen-Zohen und floristischen Provinzen, sowie in der Gesiiis,

Gronland und drei floristischen Provinzen Gronlands. Heimische Arten in den floristischen Provinaédesind

mit r (selten), s (wi@) und f (haufig), in den Sdbnen mit Grol3buchstabe@raminead hellgrau unélsteraceae

sind grau markiert.
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Subzone A |[B |c |D |E [N
Number of stabilized introductions (] 0| Oo| 3| 18|101| 34
Number of casual introductions (**) 0| 0| 27| 10] o] 0O
Region/Floristic province Arc | Grl | EP | GW | GE GW | GE | GW | GE | GW | GE
Total number ofpecies in species
groups 15 190 95| 0| 94| 20
Numbers of stabilized (*), casual (**|
and native species 49| 5| 26| 4| 19] 11
Group 1
Stabilized (*) introductions 65| 13| 0| 13| O 13| 0 0] © 0| ©
Elytrigia repens (subsp. repens) MA|¢ [¢ |¢ |g |* F 7 ¢ |* C * ¢ ¢ ¢ |¢ G
Anthoxantum odratum MA|¢ |c¢ |c¢ ¢ |* S 3 ¢ |* C * ¢ |¢ ¢ |¢ 9
Dactylis glomeata MA | ¢ C C C * S 3 C * C * 9 C 9 < ¢
Alopecurus genulatus MA|¢ [¢ |¢ |¢g |* F 3 ¢ |* C * ¢ ¢ ¢ |¢ 4
Poa pratensisubsp. angustifolia MA | ¢ C C C * R 3 C * C * C C C C C
Achilleaptarmica MA|¢ |c¢ |c¢ ¢ |* F 4 ¢ |* C * ¢ |¢ ¢ | 9
Lepidotheca saveolens PPlc [¢ |¢ |¢ [* |* 10 ¢ |* G * ¢ |¢ ¢ |¢ 4
Cirsium arveressubsp. arvense Sm|¢ |¢ [¢ |g |* S 3 ¢ |* 4 * ¢ |g ¢ |g 4
Trifolium praense MA | ¢ C C C * F 8 C * C * C C C C 9
Spergularia rbra PP | ¢ C C C * S 2 C * C * 9 C 9 C 9
Linaria vulgais subsp. vulgaris Av |¢ |¢ |¢ |¢ |* S 4 ¢ |* C * ¢ |¢ ¢ |¢ 4
Luzula multitbra subsp. multiflora C C C C * S 3 C * C * C C C C C
Papaver croceum ¢ ¢ ¢ [* |* |* 3 [ G * ¢ |¢ ¢ |g G

Continue next page
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(Tab. 3, continuation)

Group 2

Stabilized (*) and casual (**)

introductions 36| 29| 0| 29| 2 12| 0of 17| 2 0| O
Phleum pratense (subsp. pratense) | MA | ¢ ¢ [* |[* |* |* 8 ¢ |* 4 * ¢ |¢ ¢ |¢ 4
Alopecurus pratensis subsp. prateny MA | ¢ C C C * S 8 C * C * C C C C C
Schedonorus pratensis C C C C * * 6 C * C * C C ¢ C ¢
Lolium perenne MA|¢ [¢ |¢ |¢ |[* |* 4 ¢ |*™ |g 4 ¢ |*™ |¢ |¢ C
Bromopsis inermis Av | ¢ C C C * S 7 C * C C C * C C ¢
Leucanthemum vulgare MA|¢ [¢ |¢ |g |* F 5 ¢ |*™ |cg G ¢ |[*™ |¢ |¢g C
Artemisia vulgaris Av ¢ |¢ |¢ |[g |* S 6 ¢ |*™ |g 4 ¢ |*™ |¢ |¢ C
Tanacetum vulgare subsp. vulgare |Av |¢ |¢ |¢ ¢ |* F 5 ¢ |*™ |c C ¢ |*™ |c |¢ C
Tripleurospermum inodorum sm|¢ |¢ |¢ |¢ |* |* 5 ¢ |*™ |g G ¢ |*™ |¢ |¢ 4
Carduus crispus ¢ |¢ |¢ |g |* R 3 ¢ |*™ |g 4 ¢ |*™ |¢ |¢ 4
Matricaria recutita ¢ |¢ |¢ |g |* * 3 ¢ |*™ |c 4 ¢ [*™ |¢ |¢ 4
Scorzoneroides autumnalis subsp.

autumnalis MA|¢ |c¢ |c¢ ¢ |* F 6 ¢ |* C * ¢ |¢g ¢ |¢g 9
Senecio vulgaris ¢ |¢ |¢ ¢ |* S 8 ¢ |* C * ¢ |¢g ¢ |¢g 9
Chenopodium album Sm|¢ |q |*™ |[* |* S 10 ¢ |* C * ¢ |¢g ¢ |¢ C
Thlaspi arvense Sm | ¢ C ool i R 10 C * C * C C C q C
Juncus bufonius ¢ ¢ |¢ |g |* F 10 ¢ |* G * ¢ |¢ ¢ |¢ C
Trifolium hybridum (subsp. hybridun| MA [ ¢ |¢ |* |* |* |* 7 ¢ |* 4 * ¢ |g ¢ |g G
Asperugo procumbens ¢ |¢ |c¢ |[* |* F ¢ |* C * ¢ |¢ ¢ |¢ C
Lamium purpureum PPl¢ |¢ |¢ ¢ |* * 3 ¢ |* C * ¢ |¢ ¢ |¢ ¢
Polygonum aviculare Sm|¢ |¢ |¢ ¢ |* F 10 ¢ |* ** * ¢ |¢g g C
Brassica rapa subsp. campestris Sm|g g |[* [* |* |* 10 [T R G ¢ |*™ |*™ |c G
Carum carvi MA|¢ |c¢ |c¢ ¢ |* F 6 ¢ |*™ |c C ¢ |*™ |¢ |¢g 9
Galium mollugo subsp. erectum MA|¢ [¢ |¢ |g |* * ¢ |*™ |c G ¢ [*™ |¢ |g 4
Melilotus albus Av |¢ |¢ |¢ ¢ |* * 4 ¢ |*™ |c C ¢ |*™ |¢ |¢ 9
Plantago major (subsp. major) PP ¢ [g |*™ |* |* S 12 ¢ |*™ |g G ¢ |*™ |¢ |¢ 4
Descurainia sophia Smi¢ |¢ |¢ |¢ |* * 6 ¢ |*™ g G ¢ [*™ |¢ |¢ 4
Silene vulgaris (subsp. vulgaris) ¢ ¢ |¢ |¢ |[* |* 5 ¢ |*™ |¢ G ¢ |*™ |g¢ |¢ 4
Rumex sylvestris (subsp. sylvestris) ¢ ¢ |*™ ¢ |[* |* 3 ¢ |*™ |¢ G ¢ |*™ |g¢ |¢ 4
Arabidopsis arenosa (subsp. arenog ¢ ¢ g |* |* S 2 ¢ |*™ |g C ¢ [*™ g |[g G
Group 3

Native species and stabilized (*)

introductions 45| 19| o 19| 2 11| 2 0| 0 8| 5
Poa pratensis subsp. irrigata ¢ |¢ |q |* F |F ¢ |r r C ¢ ¢ ¢ |r r
Poa nemoralis ¢ |¢ |¢ ¢ |S |F ¢ |s r C ¢ |¢ ¢ |s r
Agrostis stolaifera MA|¢ |c¢ |¢ ¢ |S |F C r * C * C C r C
Poa pratensisubsp. pratensis MA|¢ |¢ |¢g |* S |F 19 ¢ |* * * * 4 ¢ |¢ 4
Deschampsia apitosa MA|¢ |¢ |* |* F |F ¢ |* C * ¢ |¢ ¢ |¢ 9
Agrostis capléris ¢ |¢ |¢ ¢ |S |F ¢ |* C * ¢ |¢ ¢ |¢ 9
Achillea milléolium subsp. lanulosa | MA|¢ |¢ |¢ C R |F 2 ¢ |* C * ¢ |¢ ¢ |¢ 'S
Campanulaotundifolia ¢ |¢ R |F |F |F 17 ¢ |f f C ¢ |¢ ¢ |f f
Rhinanthusminor MA | ¢ C C R |F F 7 C s r C C C C s r
Sagina procuméns Sm| ¢ C R |R |S F 7 C s r C C C C s r
Vicia cracca MA|¢ |c¢ |c¢ C F |F 1 C r C C ¢ |¢ C r C
Rumex acetosaubsp. acetosa MA | ¢ 4 * * S F 5 q r q q < < < r Q
Anthriscus sykstris subsp. sylvestrig MA | ¢ C C C S |F 5 C * C * C C C C C
Vicia sepium MA|¢ |¢ |¢ C F |F 5 ¢ |* C * ¢ | ¢ | C
Veronica sergiifolia subsp.

serpyllifolia MA | ¢ C C C S |F C * C * C C 9 C 9
Barbarea strita C C C C R |F C * C * C C C C 9
Rubus idaeus subsp. idaeus ¢ |¢ |¢ |¢ |R |F ¢ |* C * ¢ ¢ ¢ ¢ C
Rorripa palustris ¢ |¢ |¢ ¢ |S |F 16 ¢ |* C * ¢ |¢g ¢ |¢g C
Sisyrinchium montanum C C * C R |S 2 q * q * 9 C 9 C 9

Continue next page
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(Tab. 3, continuation)

Group 4
Native species and casual (**)

introductions 20| 12 11 0

Tripleurospermum maritimum subsg

phaeocepalum C C R |F |F F 20 C r r C C C C r r
Gnaphalium uliginosum C C C R |R |S C r C C C C C r
Crepis tectorum substectorum ¢ |¢ |¢ |¢ |R |F 2 ¢ |*™ |g 4 ¢ |*™ |¢ |¢ 4
Equisetum arvense subsp. arvense | Av |¢ |¢ |¢ [¢ |F |F 10 ¢ |s s 4 ¢ |¢ ¢ |s s
Alchemilla filicaulis subsp. filicaulis C C C S |F F 5 C s s C C C C s s
Juncus squarrosus ¢ |¢ |*™ |¢ |R |S 4 ¢ |r r C ¢ |¢ ¢ |r r
Alchemilla subcrenata ¢ |¢ |¢ |¢ |R |F 4 ¢ |*™ |c 4 ¢ [*™ |g¢ |¢g C
Draba verna C C C C R |S 3 C ** C C C * C C ¢
Atriplex prostrata (subsp. prostrata) ¢ |¢ |¢ |¢ |R |F 2 ¢ |*™ g G ¢ [*™ |¢ |¢ 4
Plantago lanceolata MA|¢ [¢ |¢ |¢ |[b |S 5 ¢ |*™ |g 4 ¢ |*™ |¢ |¢ C
Galium aparine ¢ |¢ |¢ C R |F 4 ¢ |*™ |c C ¢ |*™ |¢ |¢ 9
Astragalus alpinus subsp. alpinus ¢ |¢ |[R |F |F |F 12 ¢ |¢ ** G ¢ ¢ S C
Group 5

Native species, stabilized (*) and

casual (**) introductions 24| 22 22 13

Poa annua MA | ¢ C »* R |[S F C s r C C C C s r
Poa trivialis (subsp. trivialis) MA|¢ |c¢ [* |c¢ R |F ¢ |* C * ¢ | ¢ |¢ 9
Beckmannia syzigachne ¢ |¢ |¢ C R |F ¢ |*™ |c C ¢ |*™ |c¢ |¢ C
Poa palustris MA|¢ |g |* |* S |F 11 ¢ |*™ |cg G ¢ |[*™ |¢ |¢ 4
Achillea millefolium subsp.

millefolium MA|¢ |¢ |[* |* |F 10 ¢ |* * * * C ¢ |¢ 9
Taraxacum ruderalia agg. MA|¢ |¢ |* |* R 6 ¢ |* C * ¢ |¢ ¢ |¢g 9
Tripleurospermum maritimum subsp

subpolare ¢ |¢ |¢ |¢ |S |F 9 ¢ |* |c * ¢ ¢ |¢ |¢ ¢
Ranunculus acris MA|¢ |¢ |* |R |F |F 6 ¢ |s r C ¢ |¢ ¢ |s r
Rumex longifolius ¢ |¢ |*™ |*™ |S |F 7 C r C C ¢ |¢g C r C
Capsella bursgpastoris Smig¢ |¢ |* [* |* S 11 ¢ |r C C ¢ ¢ ¢ |r C
Stellaria media Sm|¢ |¢g |*™ |* F |F 14 ¢ |s * C * C ¢ |s C
Polygonum boreale ¢ |¢ |*™ |* S |F 6 ¢ |s * C * C ¢ |s C
Trifolium repens MA | ¢ C ki e S F 13 C * C * C q C q C
Ranunculusepens MA|¢ |¢ |* |* F |F 12 ¢ |* C * ¢ ¢ ¢ ¢ 4
Cerastium fontanum subsp. vulgare| MA | ¢ [¢ |[* |* |S |F 8 ¢ |* G * ¢ |g ¢ |g 4
Stellaria graminea MA|¢ |¢ |* |¢ |S |F 6 ¢ |* C * ¢ |¢ ¢ |¢ 9
Lathyrus pratensis MA|¢ [¢ |¢ |*™ |[R |R 5 ¢ |* < * ¢ |¢ ¢ |¢g 4
Urtica dioica subsp. dioica ¢ |¢ |*™ |* R |F 6 ¢ |* C * ¢ |¢ ¢ |¢ 9
Urtica urens Sm|¢ |¢ |¢ C R |S 4 ¢ |* C * ¢ |¢ ¢ |¢ 9
Myosotis arvensis Smi¢ |¢ |* [= |[R |S 6 ¢ |* G * ¢ |¢ ¢ |¢ 4
Potentilla norvegica Av |¢ |¢ |¢ |¢ |S |F 9 ¢ |* G * ¢ |¢ ¢ |¢ 4
Rumex acetosella subsp. acetosella PP ¢ |¢ |* |[? |F |F 10 [ e C ¢ |*™ |* |¢ C

Diagnostic species of anthropogenid
European syntaxa

Molinio-ArrhenatheretegdMA) (37
species) (400

Stellarietea mediaéSm) (12 species
(13%

Artemisietea vulgari¢Av) (7 species)
(7%

PolygonePoetea annua¢PP)
(5species) (30

Others (34 species) (36

Gramineag21 species) (220

Asteracead18 species) (1%)
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0 S p e dchresobthe vascular plarftorais moderate with c.2Z18accepte@ntities(includ-
ing species, subspecies, apomictic aggregates, a fewecsfpecies and some hybridogen
taxg. More than 600 named entiti@s the species level or belonainly micrepecies of
apomictic aggregatese not accepted as distiantities Therefor these aexcludedere just
as 205specieexclusively knowas casual introduct®(t*) (ELVEN 2007,2011 DANIELS et al.
2013) The 2.218specieshelong t0430 genera i®1 families. Speciesh families include
Asteracefi#gb4 speciesloace§e24),Cyperacgd®0),Brassicac€he3),Rosace?8),Fabaceae
(109) Ranunculadd#®®) andCaryophyllagéfe). Specigikh genera includgarexX152 species),
Salix (72), Oxytropigs8), Potentillé0), Draba(41), Ranuncul{$0), PapaveéB9), Poa(36) and
Saxifrag@b).

There are 106 endemic speaiadthe generaPapaver, Puccin@hgiropis, Potenata Draba
account for more than 3@ of the endemispecies diversitiBorderline species are primarily
nontArctic species reaching the southernmost subzone of the(Pahti2). They include 136
species mainly occimg in the NorthAmerican and Siberidmctic floristic provinceswhereas
they aralmostabsent in Greenlan@igh 2).

Furthermore c. 900 species of bryophytes arib0. df lichens are known to occur.

2.2.Human habitation and history of Greenland

Living conditions are harsh in the remote anddsseArctic due to cold climate, long winters,
short growth season and Aamoductive soils with permafrost. As a consequence the Arctic is
not very attractive for permanent human habitafionsequentlyhe Arctic was and still is
sparsely populated with huge tractsirohhabitedand. Nowadays the entire Ardiicuses
around 220.000 inhabitart4e(ToFTE 2013. Most of thec. 56.000 Greenlanders fwe small

towns and settlemeniis southern WGreenlad. North and EGreenland are very sparsely
populated.

Greenl andds habit ai00 B.@. The &drle ishabiiants wWerefRaleum tcd.s . 2
They were hunters and came in subsequent migration waves from northern N America each
group disappearinggain after several centuries. The ancestors of the current Greenlandic
population stem from Alaska representing the Thule cultur£0@1.300 A.D.) known from

northern Greenland. The Inugsuk culture developed from the Thule culture and spread around
Greenl and. These I nugsuk | nui t 6-solonmationndf y | i v
Greenland in the early™&entury they largely mixed with European immigrantsARORY-

MOUS 1968 BARUSKE 1990).

Until the appearance of the Norse settlersGreBnland (Eastern Settlement) at the end of the
10" century €.9.BRUUN 1918, KROGH 1967 and somehatlater in 8V Greenland (Western
Settlementhuman mpacton the postglacial flora and vegetatiomegbgible

The Norse introduced farmingdiimatological favorable inland localities, established siliccessfu

ly many farms in small communities and reached a maximum population up to 3.000 inhabitants.
In 1124 the Catholic Church appointed the first bishop of Greenland. In 1261 Greenland became
pat of the kingdom of Norway and 1397 under DanishHoleever he settlers were econo

ically dependent on contact with Europe. They disappeared again at the middle™of the 15
century. First the Westesattlement was abandoned, later the Eastern Settl@ossibly due

to deterioration of climate, overgrazing, changes in social structure and diminishing interest of
Norway.
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By then the Thule culture had spread across the whole of Greenland, but in the preceding
centuries the two cultures had existed lyidside and there had been extensive trading and
commerceldANKER 2000WUTHRICH & THANNHEISER 2003.

After a period of European interest in finding the N@rést Passage to Asia and conflicts o
exploitation rights of the rich fishing and whaling groammishd Greenland a renewed period

of colonization and Christianization started in tfec&8tury (1721) with the arrival of the
DanishNorwegian missionary Hans Egede. In 1747 Greenland became the status of a Danish
protectorateln 1774 the trade was monopolized by the Royal Danish Trade Company (KGH).
From that time Greenland was gradually transformed fb@amishcolony to a Danish province

in 1953.

The German occupation of Denmark in World War 1l disrupted the connection eattia@d.

The US and Denmark agreed on the Danish sovereignty of Greenland and on provision of
protection and supplies during the war. Several bases were set up in West and East Greenland to
provide air cover for the Atlantic convoys. The subsequent ColBevitad 1951 led to an
agreement between the US and Denmark as NATO member in which the authority of defense of
Greenland was delegated to the US. As a consequence severdidaegevasre built of which

only the Thule aibase in the Northwest isllstinder US control. The costs were covered by the
revenues of the increased productionrydlite and products that were sa)ANKER 2000.

Greenl andds devel opment cont i nuimgtovemdént @ r t he
infrastructures a. organzationof medical and social care, reorganization of trade and industry,
modernization of shipping and air traffigilding activitieand road constructions, all resulting

in anincrease of population. Moreover the Greenlanders got more and mordypadtica

and organized. Greenland became a sustained economic and political autonomy status within the
kingdom of Denmark and became 1979 largely independent with its own government (Home
Rule) within the Danish KingdoRANKER 2000 WUTHRICH & THANNHEISER 2003.

At the beginning of the 2@entury a more modern sheep farming husbandry was introduced in

S and W8/ Greenlandg.g.FREDSKILD 1988, which is nowadays an important mean of livelihood

for many peopld=€ILBERG & H@EGH 2008. Today, th&reenlandic economy relies heavily on
prawn, fish and seafood resources and supplies from Denmark. Hunting and fishing are still the
main livelihoods in the East and North, modern sheep farming in theFEp®BH-EILBERG &

H@EGH 2008, MASSONDELMOTTE €t al. 2012)Nevertheles§&reenlandeconomy is still weak

and could not survive without substantial transfers from Denmark. In addition the Arctic
becomes more and more attractive for tourists. An example of this development is the increased
number of cr@e ship landings in Greenlamaghgingfrom c¢. 150 in 2003 to c. 380 in 2008
(MicHEL 2013 . Greenl anddés popul ation grew from 12
All these developments resulted in a gradually increased impact on flora and bgdetation
disturbance, eutrophication and introduction of manynatwve plant species. Moreover the

first signs of changes resulfirggn global warming during the last three decades became visible.

From the second half of the™@&ntury scientific exploration of Greenlagcoordinated by

the oCommi ssion for Scientific &ndpublisheriohati or
the 0Series Meddel el ser om GrBnl andbé. Later
ase.g. the Arctic Station in Qeqgertarsuaq (Disko, W Greenlandpettimaviarsuldgricultural

Research Instituia S Greenland, the Zackenberg Research Station in NE Greenland, Kange
lugsuak International Science Support (KISS) in Kangerlugsuak, W & eeeahi@neenland

Nature Institute in Nuuk, SW Greenland. Nature conservation resulted in the establishment of
protected areas. Wor | ddalsosteatréyamndNE Greemland was a | p a
established 1974. Both Greenland and Denmark arberseof the Arctic Council and
participate in many International Arctic Research Organizations such as e.g. CAFF (Conservation
of Arctic Flora and Fauna). Many international climate change related research efforts in
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Greenland date from the last three desaOne of these is the Arctic Biodiversity Assessment
(MeLTOFTE 2013 some results of which akealt withhere.

Fig. 3: Sheep farming area of Brattahlid (Eastern Settlement) in South Greenland with barley fields, meadows and
grazing areaBred J.ADaniéls July 2008.

Abb. 3: Schafhaltung im Gebiet von Brattahlid (Ostsiedlung) in Siid Grénland miAb&esteiViesen und
WeidenFred J.A. Daniélsuly 2008.

3. Methods

The resultpresented herare based oan evaluation of literatur@.g.ROSENVINGE 1896,
OSTENFELD 1926,PORSILD 1932,BOCHER et al. 1959BOCHER et al. 198 PEDERSEN 1972,
FEILBERG 1984,FREDSKILD 1988,1996 BAay 1992,2003,ELVEN 2007, 2011RuNE 2011,
SCHOFIELD et al. 201DANIELS et al. 2013and ownd0-yeardield experiencdhe compilation
of the data presentéad Tab 3 is derived fromAppendix 9.4 IDANIELS et al. (2013)f not
mentioned otherwise ti@menclature of vascular plamed in the text follovike Checklist of
the Panarctic Flora (RAsStular PlarfEs vEN 2007.

Native plants include all plant species known to occur befor&0in the Arctic thus also
possibly earliertimductions still persistingd@ay .Non-native plants are divided into two groups,
stabilized introductiongnarked *) and casual introductigmarked **) ELVEN 2007,2011
DANIELS et al. 2013 Stabilized introductions (*) are-saftaining somewhere in the Arctic for
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at least one generation by generative or vegetative reproduction and persist, wHereas casua
introductions (**) are species that are present for short periods of time, but do not persist. The
PAF checklisincludes only species that are either natistalaitized introduction (*) in at least

one of the Arctic regions (floristic provinces orzenés)However they might change their

status withirat least one of th&rctic regions and might bensidered¢asual introduction (**)
there.The updatedAnnotated Checklist of the Panarctic Flora (PAF) Vaq&ulaeNCRO19

also enumerates additional 205 nenative species that are known to occur in the Arctic only

as casual introduct®(*). They arenot includedn the list of 2.218 speciescause dack of

knowledge dtheirdistribution

4. Resultsand Discussion
4.1.Non-native vascularplants of theArctic

One hundred and one noative species @b of the flora) are considered stabilized introdu
tions(*) in the ArctidAppendix 9.4 iDANIELS et al. 201,3see alsbah 3). In addition there are

89 species W) that are native to one or more floristic provinces and subzones, but that are also
found as nomative introduced speci@gsand **)elsewhere in the Arctic. Of these 89 native
species, 45 are found as stabilized introdugtiprz0 as casual introdiocis (**), and 24 as

both stabilize*) and casual introductio(f) in at least one of the 21 floristic provinces or one

of the five Arctic subzones. Thus a total of 1P8)(Bative and nenative species are cahsi

ered stabilized introductioff$ somewhere in the Arctic. Including the native Arctic species that
are also present as casual introductfths some parts of the Arctic increases this number to
190 specie§éhl, 2 see also Tah).3

The group of nomative stabilized introductio(f§ is taxonomically rather diverse; however,
Poaceaad Asteraceaecount together for 38 of this group(Appendix 9.4 iIDANIELS et al.
2013 see als@ah 3). The most widespreageciesrelLepidotheca suavégienp 1, Tab3,
stabilized introductio(t) in 10 floristic provincedplantagmajosubspmajofgroup 2, Tabs,
stabilized*) in 9, casudl*) in 2), andrrifoliunpratenggroup 1, Tal8, stabilized*) in 8).

The native Arctic species that occur most wadehtabilized introducti@h) includeTrifolium
repengroup 5, TalB, stabilized*) in 10, casu#t*) in 1, native in 2Ruccinelli@uptian@bsent
in Greenland; stabilizgtl) in 9, native in 3)Poapratenssubsp.pratensigroup 3, Tab3,
stabilized*) in 8, native in 11xtellarianediégroup 5, Tals, stabilized*) in 8, casudt*) in 1,
native in 5) anBrabanemoro&bsent in Greenland; stabiliggdn 8, native in 3).

Floristic provinces witat leasb % stabilized introductior(®) include KanifPechorgKP) (52,
8 %, Tab. 2, W Greenland (GW5»Q,9 %, Tab. 249 9%, Tab. 3, N Icelandlan Maye(ic)
(52,12%) and N FennoscandieN) (63,10%, Tah 2).

The occurrence of stabilized introductignsgenerallyestricted to old cultural landscapes in
and around settlements and towns, in particular in climatologically favorable pa&santithe
SW Greenland and the Eufiberian ArcticThis group mainly includes common species of
anthropogeni&uropean vegetation (Appendix 9.4DIRNIELS et al. 2013)Descurainia sophia
(group 2, Tab3), Thlaspi arvegeoup 2, Tab3), Capsella bysatorigroup 5, Tab3) and
Lamium purpure(group 2, Tab3) are typical of ral and arable weedkgetatiorn(Stellarietea
mediaB. Tx. et al. ex von Rochow 1P5Mhe grasseBSlytrigia repeAsithoxanthum odoratum
Dactylis glomerata, Lolium perenne, Alopecuruangepoaulgrasensisbsp.angustifoliall
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groupl, Tab 3), Poa supirfabsat in Greenland), arféhleum pratdigseup 2, Tal3), and the
forbs Trifolium pratefigoup 1, Tab3), Primula elatiand Veronica chamadtoth absent in
Greenland) are typical speciesEafopean anthropogengrasslandsMolinieArrhenatheretea
R.Tx.1937)e. gMUCINA 1997 ,JAROLIMEK & giBiK 2008)

Percentages of casual introducti¢tjsare relatively low, with the exception of W Greenland
(GW) (5%, 50speciesn Tab. 2, 49 in Tab) &ndin particulaSvalbardranz Joseph Lar{8F

(15%, 32. Introductions are lacking in two northernnfastic subzones, casual introductions

(**) are well represented in the middle Arctic dwarf shrub subzone (27), while the southernmost
Arctic shrub zone is rich inBil&zed introductiong€®) (101)whereasasual introductiorfs*) are
completely abse(iah 2).

4.2.Non-native vascular plantof Greenland

According toBAY (2003) the species number of the native vascular plant flora is 515. This
number is slightly less than 517 calculatedRAF (ELVEN 2007 Appendix 9.1 iDANIELS
et al. 2013)

The total number of species which occur in the Arctic both asaratstbilized*) and/or
casual**) introduction is 190 (Tal3; Table 4 inDANIELS et al. 2013). For Greenland this
number is79 (Tah 3). Greenland covers three floristic provinces: EllesmereNaatiaern
Greenland (EP), Western Greenla@G¥] and Eatern GreenlandGE) (Tab 3). In EP
introdued specieare absent, whereas in GW and GE the nwobetabilized introductions
(*) are49and 26, respectivelndof casual introductior{s*) five and fourrespectivelffab.3).
These numbers refladbie human habitatidmeingalmost absent in &reenland, rather sparse
in E Greenlangdand concentratl along the coastW Greenland

The 13of the 65stabilized introductior(¥) of the Arctic androm Greenland only knawirom

WG include the grassé&dytrga repens, Anthoxantum odoratum, Dactylis glometsata, Alopecur
geniculatus, Poa pragebsjsangustifolend theAsteraceAehillea ptarmica, Lepidsieezolens
andCirsium arvessbsparvensas well agrifolium prater&aergularia rubra, Linaria valdess

vulgaris, Luzula multitoitzsp multifiorandPapaver crod@uah 3, group 1)

The 29 of the 36am-native species occurring both as stabiffeathd casudl*) introductions

in the Arcticandin Greenlandnly known from WG includ€éhenopodium album, Thlaspi arvense,
Juncus bufonius, Phleiemsgubsp.praense, Alopesysratenssbsp.pratensis, Senecio vulgaris,
Trifolium hybridgobsp.hybridum, Scorzoneroides awtubspedistummia, Schenorupratensis,
Asperugo procunameiisamium purpure@olygonum avicidasabilized introductidpy) in GW

and casual introductid@t) in GE, wherea8rassica ragpabsp.campestisscasual introduction

(**) in GW and (. Casual introductioifs’) in Greenland restricteéd GW includeCarum carvi,
Leucanthemum vulgare, Lolium perenne, Galsubsmuoiblymo, Bromopsis inermis, Artemisia
vulgaris, Tanacetum \aubaps/ulgare, Melilotus albus, Plantaga®pajoajqrDescurairgaphia,
Tripeurspermum inodorum, Carduus crispus, Silaubdspulgdgsis, Rumexestiissubsp.
sylvestris, Matricaria remdAaabidopsis aresasaparenogdah 3, group 2).

The 19 of the 45 speciescurring in the Arctic both as natiand as nenative stabilized
introduction (*) and from Greenland known froneW and GE includePoa pratensigsp.
irrigataCampanula rotundifolia, Rhinantus minor, Sagina procumbens, Poa nemaredis, Agrostis
(casual introductio(¥*) in GE) andPoa pratensisp pratensi¥iccia cracaad Rumexacetosa
subsp.acetosae native in WG, where@sschampsia cespitosa, Anthriscusubglysgtivisstris,
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Viccia sepium, Verosaayllifolsubsp.serpyllifolia, Achillea millefaliosp.lanulosa, Agrostis
capillaris, Brabarea stricta, Rubusultigeidsaeus, Rorripa palustdsSisyrichium montaaran
stabilized introductior{¥*) in Greenland only known from\&(Tah 3, group 3)

The 120of the 20 species occurring in the Arctic both as native and casual intradticaads

known from GV andGE as nativendincludeTripleurospermum marisospphaeocephalum
Equisetum arvendesp.arvense, Alchemilla filisabBg filicaulimnd Juncus squarrostsreas
Gnaphalium uliginasuonly known from ®/. Alchemilla subcrenata, Draba verna, Atripkex prostrat
subspprostrat Crepis tectoswbsptectoryrPlantago lancealad&alium aparioecurascasual
introduction(**) in WG, andAstralagus alpisubspalpinué™) in GE (Tah 3, group 4)

The 22 of the 24 species occurring in the Arctic both as nativeativenstabilize¢¥) and
casua(**) introduction include for & and Gt the native speci€@anunculus aandPoa annua
for GW Rumex longifolius, CapsellpdstosiavhereasStellaria mediad Polygonum bosae
native in GV and stabilized introductidft) in GE. Stabilized introducdd) species in &
include Trifolium repens, RanunculusCepeatsim fontarswisp.vulgare,Poa trivialisubsp.
trivialisStellaria graminea, Taraxadars agg.Lathyrus pratensis, UrticasdibsgedioicaJrtica
urens, Myosotis arvensis, TripleurospermuisubsrgubpoiarandPotentillaorvegicahereas
Achillea millefolisabsp.millefoliumccur both inGW and Gc. Beckmannia syzigasithieoa
palustrisre known as casual introductitih in GW, whle Rumex acetoselspacetoseadecurs
as such in & and Gt (Tah 3, group 5)

4.3.The influence offarming and sheep breeding in Greenland

One of the firstcomprehensive contribut®ooncerning introduced vascular plant species in
Greenland was BBoRsILD (1932)He distinguished et we en t hr e ememghions gr 0 U |
plant® (favored by culture) o0 hemer odi aphor ous nopdamagedsbhy ( nei
culture) and ohemerophobousdé plants (sufferi
hemerophilous plants were divided into Apophytes (native on newitoflyd subtype$4
species)Ekiophytes (native, cultivateadd Anthropochores (introduced by men) (with two
subtypes, unintentionally introduced and intentionally introduced, 93. species)

PORSILD (1932)summarize@xistingopinions about thmfluence othe Norse settlers between

c. 1000 and 1500 A.D. on the flora of Greenilaradtimewhenadequat@alynologal infa-

mation was not availaljhapter 3He arguedhat six species were probably introdunethe

Norse settlersScorzoneromgsimnal(stabilized introductio(t), group 2, Tab3), Vicia cracca
(native, group 3, TaB), Anthoxanthum odoragiabilized introductio(r), group 1, Tab3),

Rumex domest{rgifoliugnative, group 5, Tal3) and Carexlyngbyeind C. rostratgboth
consideredhativein ELVEN 2007. Another 14 speciesereconsidered either introduced by
Norse settlers ammigrated byaturalwaye.g.Nardus strictus, Juncus squarrosus, Carex panicea,
Scirpus pauciflandLathyrus maritin{a$ five specieareconsidered nativiea Greenland by

ELVEN 2007) Capsella bursa pastoris, Poa annua, StellarchGnagialium uliginoswere
consideredy PorsILD (1932)asprobablyintroduced in the last two centuries of colonization

(all consderednative byELVEN 2007) and 27 speciesere considered immigrated by natural
way, probably during a more favorable postglacial,pegddgusticum scoticum, Zostera marina,
Rubus chamaemorus, Geranium sylvaticum, Hieraciyall logresickerech native B VEN
2007)andLuzula multiflocansideretty ELVEN (2007) astabilized introductio¥).

Theinfluence of the activities of the Norse settlers on flora, vegetation and lanalscheerly
reflectedin pollendiagramdrom the Eastern SettlemefffiREDSKILD 1978,1988) The most
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prominent featusawere the emergencef Rumex acetosRllacetosabsplapponisandAchillea
millefoliumthe acrease oBalix speciesBetulapeciesand Gymnocarpium dryoptetihe re
flourishing ofa number ohativeherbsfrom the pioneer vegetatiorwadng the land aftethe
last de-glaciation -B milenaies agqg such asSaginaspetes Silene acaufdantago margim
Rhodiola roseal/or SedurspeciesThalictruralpinum, Thymus praewba fewSaxifragspecies
(FREDSKILD 1988).These changes wereplained by thactivities of the settlers suctckesring

of copses by fire ancltting trampling of people and animajsazing and sod cutting for
construction of buildings resulting in ogeound for pioneer plantSoil erosion took place as
well documented by mineral layers in peat dejspecially in the Western Settlement burning
of vegetatiorikely wasommonpractice as can loencluded frontharcoal layers under ruins
(IVERSEN 1934) and in lake sedime(f®eDsSKILD 1985 unpubl). Sagas also mentidhe
existence olbig forests and it is likely that several valleys and lowmldhdsareas around the
Eastern Settlementerestill partly forested at the beginning of colonizatiBREOSKILD &
@pum 1990).

The fields were rich in introduced weeds and apophytes as could be concluded from analyses of
soil profilesn the Eastern Sedthent aread/lost conspicuous weneimerous seeds intro-

duced annual weeds suclfa8oaannudconsidered nowative in GW and GEptellaria media,
Capsella bursa pagbmik stabilized introductien(*) in GW), Polygonum avic\(abilized
introduction(*) in GW, casual introductidir) in GE) and thenativeapophytévontia fontana

There are no firm indications of agricultdiee economy wasainlybased on sheegpising

later in the 1'8century some cattieereholdingaswell (KROGH 1982. The animal husbandry
with field pastures and meadofes winter fodderproductionlikely resulted inchangs in
species compositiarf the vegetatiorHowever thesehangeare not detectable since the pollen
of indicator species increasedrazingactivitiessuch asNardus strictéand Kobresia myosuroides
cannot be separated from thadeother grasses and graminofisme of theconclusions of
FREDSKILD (1988)wererecently confirmed b§cHOFIELD et al. (2012)Theyconcludefrom

their detailed palynologicstudiesin the Eastern Settlemehiat Alchillea millefolidgnlygonum
avicula@nd Rumex acetosilaonstrate a close connection with a cultural landscape that was
shaped and maintained by the Norse settlers predtdyniwia animal husbandiy.might be
summarizedhat thefarming activitie®f the Norse settlers likebaused a substantial local,
however only a temporal mark on the native flora and vegeiatioat time After ther
disappearance from S and SW Greenland in the course df teatlify flora and vegetation
likely recovered durirsgfourcenturies of less human imp@€&tK ROGH 1967 FREDSKILD 1988,
FREDSKILD & HUMLE 1991 FEILBERG & H@EGH 2008 SCHOFIELD et al. 202).

Another period of human influenae South Greenlanstarted in the beginning of the"20
centurywith the introduction aét modernlarge scalagriculture and sheep breeding

The renewed introductioof sheep breeding in South Greenland and its later expansion,
intensification and modernization by a more effective infrastructure and sheep management
caused loss of natural habitats and changes in the natural vegetation. Nowadays the sheep
breeding arsacover almost®%o f Gr een | dreedadds t ot al i ce

The presentlay large scalagriculture startedith the establishment of the Sheep Breeding
Experimental Station in 1915 in S Greenland and the introduction of Icelandic sheep. Seventy
years later 600 families had sheep breeding as their chief occupatioa period 1913970

the management was based on extensively all year round grazing with small supplements of
winter fodder (hay) and stabling. Sheep were collected once a year for shekirggnteniehg.

A few strong winters (1966/67 and 1971/72) reduced the number of ewes drastically. In 1982 a
new sheep management plan was presented with doubling efifaranbetter infrastructure

and sheep stabling of seven months and five monthggygyazime outlying fieldSKEDSKILD
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1988 FEILBERG & HBEGH 200§. The number of ewes from 1318006 increased from 250 to
17.000Nowadys 350 people in 70 households make their living fromfaheem(Fig. 3).

There is little detaileal systematicahformation about the impact of sheep grazing on flora,
vegetation and landscap€ILBERG & HBEGH 200§. Overgrazing leads to soil erosion and
replacement o$hrubs andlwarf shrubs by grasses and gramir{BrisDskILD 1988 1992
FEILBERG & H@EGH 2008. Fenced fields for hayaking are grown bspecies and plant
communities of th&lolinieArrhenathereRax 1937 whereastellarietea meldiaéx. et al. ex
von Rochow 195¢egetations observed in barley fields and along roadSides.the ancient
Norse settler sites in S Greenland attract many tourists it ishhketyahy mor@on-native
plantspeciewvill be introduced

4.4. Other local impacts

In their analyses of the vascular plant flora of GreeBtarukER et al. (1959%lreadyshowed
the high percentages of introduced species in the floras of S and SW Gree¥iland, 2@%,
respectively. These high percentages are clearly relatedladiibBstrong habitation of these
parts of Greenlandilso Tah 2, 3 indicatethat the number of stabilized introductigtjsis
much higher in GW (5@9 in Tab. B8than in GE (5). The same applies to the casual itHrodu
tions(**), 26 and 4, respectively.

Fig. 4: Garden with ornamental plants and vegetables
in Nuuk, West Greenlandtred J.A. Daniélsjuly
2008.

Abb. 4: Garten mit Zierpflanzen und Gemdise in
Nuuk, West Gronlandtred J.A. Daniélduli 2008.

PEDERSEN (1972) surveyed the flora of adventitious -(rabiwe) and cultivated plants in
Greenland. The first group comprises 168 species; the latter group contains forage plants and
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plants from lawns (22 species; md3tgceamnd Fabacgaeegetables (25 species; &Beta
vulgarik., Brassica rapa, Daucuslcaao@Solanum tuberokymruit shrubs (3 specidgipes
vulgarik., Rubus idaesushsp.idaeuand Sambucus nigna ornamental plants (Fig. 4), such as
Centaurea cgan. montaha Aconitum napdllysSyringa vulgarisind forest trees. This latter
group includes species sucthbes sibiritzadeb, Fagus sylvaticalarix sibirickedeb, Picea
abie¢L.) Karst, P. glau¢Moench) VossP. sitchendeng.) Carr Pinus contdrtaud, P. mugo
Turra andP. sylvesttis The cultivation of shrubs and trees in S Greenland started in 1949
(PEDERSEN1973. The Greenland Arboretum in Narsarsuaq in the inland of South Greenland
near the Eastern Settlemens feaunded in 1988. It houses now over hundreds of tree and shrub
species mainly from the northern taiga and tundra.

Human influence in and around towns and settlements on flora and vegetation mainly results in
habitat disturbance and eutrophication. atterlresults in vigorous growth of plants such as in
Oxyria digyna, Polygonum viviparum, Cerastium alpinum, Saxifraga cernua, Taraxacum croceul
rosea, Eriophorum scheanthzergrasses suchRam alpindlopecuradpinuand Phippsia algi

(see als&KRUUSE 1912). In smaller settlements vigorous stands of for exangghoretum
scheuch#ares 1918Fig.5) andCerastidaxifragidiartmann 1980egetation (also known from

bird-cliffs) are common.

Fig. 5: Luxuriougkriophoretustheuchzeries 1913 on nutrienich soil near soccer field inTasiilag, Southeast
GreenlandFred J.A. Daniélduly 2009.

Abb. 5:UppigesEriophoretum scheuEhiesril913 auf nahstroffreichBoden am Fussballplatz in Tasiilag, Stidost
Gronland FredJ.A. DaniélsJuly 2009.
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