MEDDELELSER OM GRONLAND
UDGIVNE AF
KOMMISSIONEN FOR VIDENSKABELIGE UNDERSOGELSER I GRONLAND
Bp. 104 - Nr. 3.

THE SCORESBY SOUND COMMITTEE’S 2x0 EAST GREENLAND
EXPEDITION IN 1932 TO KING CHRISTIAN IX.s LAND

LEADER: EiNAR MIKKELSEN

PHYTOGEOGRAPHICAL STUDIES OF THE
GREENLAND FLORA

BASED UPON INVESTIGATIONS OF THE COAST BETWEEN
SCORESBY SOUND AND ANGMAGSSALIK

BY
TYGE W. BOCHER

WITH 13 FIGURES IN THE TEXT AND 1 PLATE

KOBENHAVN
C. A. REITZELS FORLAG

BIANCO LUNOS BOGTRYKKERI A/S

1933






n the Scoresby Sound Committee’s 2™ East Greenland Expedition

I had the opportunity to undertake botanical investigations and

collections along the coast, partly in the area between Cape Dalton and

Kangerdlugssuak (Blosseville’s Coast from lat. 69°26” to about lat. 68°.)
partly in Lake Fjord (66°20") and Angmagssalik (65°37).

The collections chiefly consisted of land plants, phanerogams and
cryptogams. Only in Kangerdlugssuak, and then even within a sharply
defined period, was it possible to undertake dredgings of marine alge,
and besides these a few plancton hauls were made in the various fjords.

The ecological investigations consisted in a floristic-statistic examin-
ation of the most important communities of plants within the area visited.
These will be published in a separate article.

Finally I have fixed the flower-buds of various plants for a cytologi-
cal investigation of certain interesting genera.

Until the Scoresby Sound Committe’s 2" East Greenland Expedition
the distance between Scoresby Sound and Angmagssalik was undoubtedly
the part of Greenland which, from a botanical as well as from other points
of view, was least known. In this district (No. IV east) the only material
at the disposal of OsTENFELD (1926) for his list of species found, were
the investigations and collections undertaken in 1900 by Kruuse and
Harrz at Cape Dalton, Turner Sound and Turner Island (Kruuse and
Harrz 1911), and by AMprup on his boat-expedition in 1900 (KruusEe
1905). From later years a Norwegian expedition to Kangerdlugssuak
(1931) supplied OsTENFELD’s list of species with one (Diapensia lappo-
nica), Lip (1932), raising the sum total to 130 species. However, in
this list Ostenfeld included about 15 species “which are not actually
recorded from here, but occur both to the north and south”, and as
several of these have not yet been found in the area, they should,
pending further finds, be left out of consideration, the number of species
known before 1932 thus being 115.

1*
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The following list of plants gives the distribution of the species,
not only in the area investigated, but also, for comparison, in the two
adjoining districts, Angmagssalik (I1I) and Scoresby Sound (V). The
letter prefixed to the name of the species indicates its geographical type
of distribution, according to OsTENFELD (1926).

A; = higharctic species, which are almost entirely limited to arctic
regions and are able to live under very hard conditions.

A, = arctic species which are generally found in arctic regions, but
also occur outside these.

S = subarctic species, the chief distribution of which is outside the
arctic regions, but which now and then are to be found high up in the
arctic regions.

Where alterations have been made in the specifications of OsTEN-
reLp | have put an *

The letters above the other columns indicate the localities along
the coast, the boundaries of which will be discussed in detail in the
following; -+ means that the species has been found in the area, but
gives no information as to whether it is of common or rare occurrence.
Wherever possible, I have by a series of figures (from 5 to 1) tried to
illustrate the more or less common occurrence of the species within the
area in question. By using this procedure, also in other parts of Green-
land, it will be possible gradually to ascertain what is the chief area of
distribution of the species.

b: very common (important constituent of several closed forma-
tions).

common (more scattered occurrence, rarely dominating).

here and there (intermixted in formations).

rather rare (rarely met with in the area).

very rare (found once or twice in a carefully investigated area).

= DO QO =

The figures from Angmagssalik and Scoresby Sound are based upon
the indications of Kruuse (1912) and Hartz (1895).

When the figure in locality A and N is given in italics, it means that
the species is only found in the interior of the country.
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Localities. (See Plate I).
A: Scoresby Sound, OsteExreLD’s district V.
B: 69°35'—69°55", Turner Sound and Island. (Kruuse and
Harrtz 1905).
C: 69°20—69°35", the Cape Dalton region. (Kruuse and
Harrz; BocHEr 1932).
D: 69°10—69°20", Barclay Bay — Knighton Bay. o
E: 69°—69°10’, d’Aunay Bay. 5
F: 68°48'—69°, the region round Store Glacier. (Amprup | Z
1900, WaGer 1932). =
G: 68°35'—68°48’, the Cape Daussy region. :«
H: 68°25'—68°35", the region round Cape Ravn. '%
The Kangerdlugssuak area: &
I: Mikis Fjord 68°10’, the wvalley between Mikis Fjord g
and Watkins Fjord. =
J: Kangerdlugssuak, outer part, about 68°—68°10’
cf. the map, Fig. 2.
K: Kangerdlugssuak, inner part, about 68°10—68°40".
L: 66°30'—68° (KRUUSE).
M: 65°55'—66°30" (Kruuse, Bocuer) northern ;‘%
fjords in Angmagssalik g 3
N: 65° — about 65°55" southern Angmagssalik < o
District. ] E 50
wn
List of Plants.
I L;FlG‘IIII‘J K}Li“MN
| | o T [
Equisetum arvense............. | S | 4]..|4 3*3%..‘4 3!4 .. "’ —{—13
Equisetum variegatum . ........ | A, || 4 —}—!;—%— . ) L 2
Lycopodium alpinum........... | A, || 2 [ 3 212|244
Lycopodium annotinum ........ S 3 - i o 31..18]3
Lycopodium Selago ............ A, |4+ + ‘ 14|88/ 4(38/|4]4
Botrychium lunaria ............ S 11..4.. ‘ 3 2
Botrychium lanceolatum........ S o ‘ R R R 2 1
Asplenium viride .. ............ S S R NS (W NS RSl (N N (T (S R (e o
Cystopteris fragilis. ............ S 4(+|8]..|4|+|8|4|4]|44]|2|4]4
Dryopteris fragrans ............ A, |2 1 F TS I [V
Dryopteris phegopteris ......... | PSP RSP ) (e e 3
Dryopteris Linnzana........... I | (SR R (R NN RPN (R | R (P s .23
Polystichum lonchitis .......... | 8 SO NN ST (SO R R P | ‘ .1233
Woodsia glabella............... | A |2 .. 1 | ‘ 2
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| lalBlcip|®|r|alul1]s|x|riu
‘ T I
Woodsia ilvensis. . ............. J S 4|+ + 3144|4144 4
Juniperus communis ........... | S .. .. .. P la)4
Betula nana................... A, |5|4]?]| el 4
Callitriche anceps.............. S .. E e
Callitriche verna....... e e s s S 3..]..]- .. 8
Arenaria ciliata ssp. pseudofrigida A |84+ NS RS (N R [P [ R PR (R ‘ T
Cerastium alpinum............. A, (4|4 b5 4 b |+ |4]|4|b5]4]4/4]45
Cerastium trigynum............ | A, 4|4+ |4 3 4|4+ 4|5 (5|5 4 4 4 5
Honckenia peploides . .......... S 41..1.. . 4
Melandrium apetalum .......... A, 3142 (I
Melandrium triflorum . ......... A, 41?2 |7? S e e e e
Minuartia biflora............... A, 4444444444444 4
Minuartia rubella .............. A, 4413 3 3 181]3
Minuartia stricta............... | Ay 1 o -
Sagina caespitosa .............. ‘ I IR IR R R O I
Sagina intermedia.............. A, 1?4 l..|+|8[38|4|..]4|+|3]|3
Sagina Linneei................. S (15 S A R ‘3
Silene acaulis.................. A, ||b||4|4|4|4|+|4|H5|4]|4|b5]4|b|5b
Stellaria borealis......... S ‘3
Stellaria humifusa ............. A, 41 4. 3|4
Stellaria longipes .............. A, 4|48 P PN PO [ [ I IR | N
Viscaria alpina ................ A, | 4 3183|444 44|44
Sedum acre .............oovnn. S o O
Sedum annuum................ S R I R R O .| ?7133
Sedum roseum................. S |[4||+|4|2|4|+|1|H|b5|4]|83|4]b]|5
Sedum villosum. ............... T | | PR I +1..0213].. 7123
Arabis alpina.................. A, ||4)+14]3)|4 4141313 |2|3|4/4
Arabis Holboelli ............... A, ‘i 414 1.
Braya glabella................. A, 3.
Braya purpurascens............ A, i 3 ! i S R I S| IV I
Cardamine bellidifolia .......... A, 4+ +1 3 4134483434
Cardamine pratensis var. augusti- 1 |
folia. « cismusscssecaumanese S |3 ‘ 213 3 2
Cochlearia officinalis var. gronlan- I 1 ‘
dica........ ... ... A, |1812]2].. .. 2| 4
Draba alpina.................. A, : 41414 ‘ 413 | 3 . ?
Draba aurea................. . | A, 4 A R 21..]38
Draba Cinerea . ................ A @ . (S
Draba cinera X rupestris? ..... .. .. R | I
Draba crassifolia............... A, 3 3 | . 313|2 . 1
Draba crassifolia X lactea? .... i “ p - ‘ s S el
Draba crassifolia X nivalis? .... [ - ot .. ‘ o \ ..
Draba daullca‘ APl 4 3 B R [P e
Drabaincana................‘..i S “ " pr e | 2
Draba lactea .................. Ay b1+ .. i
Draba lactea X rupestris....... | \i\ . 3 + ‘1
Draba nivalis.......... LA ?4“—|—;3 3;. 3 | \+|38]2|3
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Draba nivalis X rupestris......
Draba repens. ......coovsueene.
Draba rupestris................
Draba subcapitata .............
Lesquerella arctica.............
Subularia aquatica.............
Empetrum nigrum var. hermafro-
ditum .. e
Hippuris vulgaris ..............
Chamanerium angustifolium .. ..
Chameanerium latifolium........
Epilobium arcticum............
Epilobium anagallidifolium.. .. ..
Epilobium Hornemanni.........
Epilobium lactiflorum ..........
Epilobium palustre.............
Papaver radicatum ............
Koenigia islandica .............
Oxyria digyna.................
(Polygonum aviculare ; introduced)
Polygonum viviparum..........
Rumex acetosella............
Coptis gronlandica .............
Ranunculus acer...............
Ranunculus affinis')............
Ranunculus glacialis . ..........
Ranunculus hyperboreus........
Ranunculus pygmaeus..........
Ranunculus nivalis.............
Ranunculus reptans............
Ranunculus sulphureus.........
Ranunculus trichophyllus. . .....
Thalictrum alpinum............
Alchemilla alpina ..............
Alchemilla acutidens ...........
Alchemilla filicaulis ............
Alchemilla glomerulans. ........
Alchemilla pseudomicans sp. n. ..
Comarum palustre . ............
Dryas integrifolia. .............
Dryas octopetala ..............
Potentilla anserina.............
Potentilla emarginata ..........
Potentilla Crantzii .............
Potentilla nivea ...............
Potentilla pulchella ............
Potentilla tridentata ...........
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3|3
3
33
213
4|4
1
1
415
55
2
5
45
.13
3|3
3
1
4
1
> | 3

) In KRUUSES collections from Cap Dalton THORV. SORENSEN found Ranunculus auricomus var. glabrata. Lynge.
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- |alBle|p|E|F|c|u| 1]k L]u|xN
| | | 1 I

Sibbaldia procumbens .......... 1 A, | 4 \g—f— 3(3|4|?|83|4|5|5|4|4|5|5
Salix arctica (Hybrides) ........ DA B ]
Salix arctophila (Hybrides)').... A, + 4 + 4+ 4+ +14/4 /5 5 65|55 |5
Salix glauca (Hybrides)!) ....... A 4+ + + H— +|(+]4/5 5|55 |bH|bH|H
Salix herbacea................. A, b|5|b65|H5|bH5|H|H5|H|DH|BH|H|H|H|H
Saxifraga aizoides.............. A3 i ‘ . 112(..12|2]3
Saxifraga aizoon............... | A 3. ..o 2)..]..]82]|82|3)4
Saxifraga cernua............... | A, | 4|44 4| 4| 4|4|4 5|5 444 4
Saxifraga caspitosa ............ | A, 4] 4]4)4]|4 |44 44 44444
Saxifraga hieraciifolia .......... A, |8 . ‘ o ||'oo | [atl aas el sa Fa
Saxifraga nivalis............... A, 3‘ 313 4|+ 4 4 4 4 4i4‘4i4
Saxifraga niv. var. tenuior ....... - I e e R e e A I S S S I o R IO
Saxifraga oppositifolia.......... A, | 4|4 4 4 4|44 4 4 4 4 4 4 4
Saxifraga rivularis ............. A, 4443?21?72 4|54 4444 4
Saxifraga stellaris ............. S setlae e 31314
Saxifraga stell. var. comosa. . .. .. | A, |[414)4].. |1
Saxifraga tricuspidata.......... A, |22 2|2 "-i"
Angelica Archangelica.......... S | . ? 13
Viola palustris................. S . ER
Mertensia maritima ............ A, 2| [laaFaaiisa as JU U A R } 1
Campanula rotundifolia......... S 4 ‘ +1/3|3|3 |85 |5 |4|4|4|4|4
Campanula uniflora ............ DA |3 ‘ S [ R RO || PR
Antennaria alpina.............. A, |[4]4)4]4 ; 40444444444
Antennaria alpina var. glabrata . . | A, | 3[4+ 3 .. 4 () . - | 1
Antennaria grenlandica......... | S | ” .| 1
Arnica alpina.................. A 448 4 2 1
Frigeron compositus ........... A, |8 ‘ ‘
Erigeron eriocephalus .......... - PR [ IS S (R S T L T RN P (R
Erigeron unalaschensis ......... A, ‘ ++1 4.4 3 4+ 414 4+ + 1+ +
Erigeron uniflorus.............. A, || 2., - 4+ | 4 |+ + 1+ |+
Gnaphalium norvegicum. ....... S | R I ? 4
Gnaphalium supinum........... Ay ||l | .. |8|4(8|8|? |+ |4
Hieracium alpinum ............ S \‘ 3 ;H— . 3 /4545 b|5b ! b)
Hieracium grenlandicum. . ...... S ... ‘ ‘ |2
Hieracium hyparcticum. ........ ST | P ? |3 ‘ 4
Taraxacum arcticum ........... A, -+ I | N
Taraxacum brachyceras ........ A, |+ ! - e ) [ PO R - ..
Taraxacum croceum............ S 4 H—! 413|578 ; 5154 4 55 ‘ b
Taraxacum phymatocarpum . ... A |3 ‘ .o ‘ .. : SN PR
Diapensia lapponica............ A, | 4].. .. .. . 4 |+ 4 4
Arctostaphylos alpina .......... ‘ A, || 4 —|— |+ 3 - 30 IR VO I IV IV | ‘ oo
Bryanthus coeruleus...........‘ A, |34+ 41]..]38 3.4 4|3 4 + 44
Cassiope tetragona............. A || D 56|54 .. el 114 o 1
Cassiope hypnoides.............i A, 3+3i2 3|+ 4‘4i4 4‘5‘4 4 4
Loiseleuria procumbens......... [ V| OO | I PR IS [..]2 34|55
Rhododendron lapponicum...... A, || 4 ‘—}— ‘ o 3 | - |33
Vaccinium uliginosum var. miero- | ‘ |

phyllum .................. §A2ﬁ5555i5555i555:"\535

| | ! ! |

1) At Cape Daussy a Saliz-individual was collected whos

ursi. (det: G.SEIDENFADEN).

e general appearance sug

gests intermixture with Saliz uva
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la|B]c|D E}F‘G|H |5]&|s]u|n
Vaccinium uliginosum var. genuina | S 3|+
Gentiana aurea................ S .. .. [
Gentiana nivalis ............... S 2 312 3138
Gentiana tenella............... | A, |1 e ] ?
Thymus arcticus............... S B Ll P44
Pinguicula vulgaris............. S 1 5o il soilos - 2 213
Pirola grandiflora.............. A, || 4 + 1312 2 . |1
Pirola minor ........... ... ... S 4 P 3|4
Plantago juncoides var. glauca ... | S | ..| . 1
Armeria vulgaris var. sibirica .. .. A, ‘ 3 ‘ ‘ 2
Galium Brandegii.............. S |- - - WP (RS P QPO | (PO
Bartschia alpina............... Ay flooflee]e]ee]-- 1 4144444
Euphrasia latifolia ............. A, | 3(+|+|8]38 . 3|8|../?]|8
Pedicularis flammea............ A, |4 ;+ +1.. 2 4|14(8|?2(38]4
Pedicularis hirsuta............. A, (444 2].. 4 414(4/3|3|3
Pedicularis lapponica........... A, [ 4. [4|..| 4 o T
Veronica alpina................ A, |3]+14|3 4 3 b|4|4|4+|4]5b
Veronica fruticans ............. A, |2+ 213 4 412|..]8|3|4
Carex alpina .................. A, u 1 1 R
Carex atrata .................. S .. 111
Carex atrofusca................ A, + oe
Carex bicolor.................. A, |1 1 o
Carex brunnescens ............. S ... o s SO
Carex cappilaris ............... A, |41+ 2 34222
Carex capitata................. A, ||.. o o 1)..11
Carex glareosa................. A, ||+ -+ 3|3 3.4/|4
Carex incurva ...... ey A, || 8 oe 30 e ot | I
Carex Lachenalii............... A, || 4 -+ 3 4 4(4(4(8(3]|38
Carex Macloviana.............. A, |2 : f.-]3
Carex microglochin............. A, || 2 .. 2|2
Carex misandra................ Ay -]l - 1 | S
Carex nardina var. Hepburnii.... | A, |4 4|4 3|4 b 414|544/ 4
Carex paralella ................ A, |[2].. .. NI
Carex pedata.................. A, |84 .. 3 3|83 |1]..|--
Carex rariflora................. A, |8 RN o o 21 4|5
Carex rigidal) ................. A, |5|+|5|8]|4 5 5|5|5|5(5]|5b
Carex rotundata............... A, |1 .| 2
Carex rufina................... A |l . 1|1
Carex rupestris ................ A B4 3 2 2|1
Carex saxatilis................. A 18]..].c]ee]- 2 2c R
Carex scirpoidea............... A, |34+ 1]3]|3]|4 4 5|b5|bH|bH|H|HD
Carex subspathacea ............ A, |81+ l.. 3|4
Carex supina.................. S 3 ;: .. 2|2
Carex ursina .................. A, |2+ . ..
Elyna Bellardii................ A, | 4. 4 2
Cobresia bipartita.............. A, || 2]
Eriophorum polystachyum ...... S 4 :

1) Carex rigida forma Biglovii was found in Loc. I, K, M and N.
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IREEEEE

Z

G HJI‘JEK\LyM
Eriophorum Scheuchzeri........ A, ) + : | iy 3 .. b)
Scirpus caspitosus var. austriaca.. | S | .. + A F 44
Agrostis borealis. .............. | A, || 2| 4|56 (b |2?2|4+]|5
Agrostis canina................ | S i 3
Alopecurus alpinus............. A | 4 I+ o
Alopecurus aristulatus.......... S o 2
Arctagrostis latifolia . .......... A || 4
Calamagrostis purpuraseens...... | A, |4 -+ ool
Calamagrostis neglecta . ........ | S 28| A I A I U 5 3%4
Phippsia algida. ............... A, 4 444 3?7 444444 3 ; 3
Deschampsia alpina............ | S Pl 3|4
Deschampsia flexuosa .......... S i e ) o s ..[1
Festuca ovina (var.) ........... A, 4+ ' 3 .1 413141414 —}—‘ 414
Festuca rubra ................. S 4 . ? - | 3|4
Hierochloé alpina.............. A || B 3 i
Pleuropogon Sabinei . .......... | A 4 ng o I
Phleum alpinum............... | S . 4|4 31?45
Poa abbreviata................ | A Pl e e ] .
Poa alpina.................... A4/ +13|3|4|+|5|5|b|4|4]4]|5b]|5b
Poa alpina f. vivipara ......... A .. =+ |+ +14+1.. S| I e
Poa alpigena .................. A,* i 4 313 +1 414
(Poa annua; introduced)........ | S RPN (PO IR VP I (P (Y - Er . [(4)
Poa arctica (rigens)............ | A, (4 4|44 4|2 |4|83|4|4|4 |+ 4|5
Poa glavea.................... A, 444 — 455|444 5|5b
Poa memoralis................. | S o 13
Puceinellia angustata........... A 1 3.. - |2
Puccinellia phryganodes ........ | A, | 4 |-+ 315
Puccinellia retroflexa........... | S | .. | -
Puccinellia Vahliana . .......... | Ay [ 3| .. .. .. .c]..|..].. I I |
Trisetum spicatum ............. Ay, 4444441444444 4|4
Juncus arcticus. ............... A, | 4 B I 1 1
Juncus biglumis ............... A, ‘ 4 11 1|2
Juncus castaneus .............. A, |8 1
Juncus supinus................ | S | ..].. SO DS [ (U D S [ (s .| 2
Juncus trifidus ................ S | 3|+ 2(4(?|4|4|4|b5|b6|B| 5|5
Juncus triglumis var. albescens... | A, ‘ 61 5 o [P RS [P [y e T 1
Luzula arcuata ssp. confusa. ... .. A, || 4 [ 4044441444444 414
Luzula frigida................. A |2 213
Luzula mivalis................. | A ‘3 S TR S P e 55 o R e
Luzula spicata................. A, | 4|+ |88 |4|? 444|544 5|5
Triglochin palustris............ | S | .. ol e |
Tofieldia coceinea.............. A 1 2 . Sl iss| %
Tofieldia palustris.............. A, |2 4444|434
Habenaria albida .............. S ‘ 3
Habenaria hyperborea.......... S | 2
Potamogeton filiformis ......... S 5ot | 1
Sparganium affine ............. | S ] -] 2
Total. .. | 11169 86 | 87 58|59 47|67 91 , 82|76 |82 96121181
’ ‘ | (35) | e las)
~ ——
169 150 181
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As appears from the list of plants, there are a number of species
which have an equal distribution and occur with the same frequency
along the whole coast, from 72° to 65°. On the other hand, at least as
many have an unequal distribution within the area. In the following
the distribution of these species will be explained in detail, and it
proves that they can be grouped in the following manner:

S. 1. Species with their northern limit in the coastal zone of
Scoresby Sound.

It already appeared from the investigations made by SEIDENFADEN
(1931) that a great number of species extend some distance farther north
than Scoresby Sound, and when the botanists spending the winter
there have finished their work, the result, it is to be expected, will be
that only a very small number of species have their actual northern
boundary in the coastal zone of Scoresby Sound. Their number will
hardly exceed 15, examples of these being Taraxacum croceum, Diapensia
lapponica.

S. II. Species with their northern limit on the coast between
66° and 69°, but which in the north keep to the interior
of the country.

1. Northern limit on the coast at about 69°, farther north only in the
interior.

Veronica fruticans. Jack. Gaaseland in Scoresby Sound, Turner
Sound, the coast south of Cape Barclay 69°15".

Bryanthus coeruleus. (L) Dippel. Inner part of Scoresby Sound,
Turner Sound, the coast south of 69°25; frequently occur-
ring south of 68°31".

Hieractum alpinum. (L) Backh. Most frequent in the inner part
of Scoresby Sound; of frequent occurrence only in the coast
land south of 68°31".

Juncus trifidus. L. Inner part of Scoresby Sound, Turner Sound,
the coast south of 69°15". Of frequent occurrence only
south of 68°31".

2. Northern limit on the coast at 68°30'—68°50", farther north only in
the interior.

Gentiana nivalis. L. The inland north of Scoresby Sound (Th.
SoreNsEN 1933). From 68°31" and towards the south of
common occurrence in the coast land.

Viscaria alpina. (L) Don. Inner part of Scoresby Sound. From
(68°48" (Store Glacier) and towards the south of common
occurrence in the coast land. Farther north, however, found
in a single locality at the coast. (Vaage 1932.)
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Lycopodium alpinum. 1..
Botrychium lunaria (L) Sw.

Alchemilla glomerulans. Bus. Inner part of Scoresby Sound —
Sazifraga aizoon. L. coastal zone south of 68°50'—
Pinguicula vulgaris. 1. 68°30".

Agrostis borealis. Hartm.
Carex Macloviana. D’Urv.

3. Northern limit on the coast between 66° and 68°; then inland.

Lycopodium annotinum. L. Inner part of Scoresby Sound, inner
part of Kangerdlugssuak, from Lake Fjord (66°20") also
in the coast land.

Draba aurea. M. Vahl. Inner part of Scoresby Sound, Cape War-
ming 67°01" (Kruuse), Angmagssalik.

Carex microglochin. Wg. - Inner part of Scoresby Sound, Lake
Fjord 66°20’, Angmagssalik.

S. II1. Species with their northern limit on the coast between
68°30" and 68°50".

Sedum villosum. L. Northern limit: Store Glacier. 68°48’.
Bartschia alpina. L. — Cape Daussy. 68°48’.
Botrychium lanceolatum. (Gmel) Angstr.— Cape Ravn. 68°31".

Polystichum lonchitus. 1. — — —
Sedum annuum. L. — — -
Alchemilla alpina. L. — — —
Gnaphalium supinum. L. — —— -
Pirola minor. L. - —_— —
Scirpus cespitosus. L. (var. austriaca) — — —
Phlevm alpinum. L. - —- —

isolated occurrence in the north,
[ near a hot spring in Knighton
Bay (69°18"). Actual northern
limit at 68°31".

Sagina Linneet. Presl. Isolated occurrence in the mnorth, near a
hot spring about 68°52’) then from Cape Ravn 68°31" and
farther south.

J. Linp (1932), who has prepared the micromycetes collected, gives

Cape Ravn as the most northerly locality on the east coast, where
Uromyces Alchemillae was found.

Epilobium anagallidifolium. Lam.
Epilobium lactiflorum. Hausskn.
Alchemilla filicaulis. Bus. l

S. IV. Species with their northern limit at Kangerdlugssuak
about 68°10".
Potentilla tridentata. Soland. Only one locality behind Skeergaard
Peninsula; Lille Island about 67°, Lang Island, Cape War-
ming (Kruuse), Angmagssalik.
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Loiseleuria procumbens. (L.) Desv. 68°15" at the head of Watkins
Fjord, 68°10" Mikis Fjord; of common occurrence south of
Kangerdlugssuak.

Alchemilla pseudomicans sp. n. The continent at Uttental Sound
see p. 16.

S. V. Species with their northern limit in the area between
Lake Fjord (66°20") and North Aputitek (67°48").
Saxifraga stellarts. L. Northern limit: Lille Island at 66°58

(KrUuSE).
Carex capitata. Soland. Northern limit: Lille Island at 66°58’
(KRUUSE). ‘

With this group might also — though not in the subsequent summing
up of the material — be classed the following species which, it is true,
have not been found north of 66°20", but which up to this latitude occur
with great frequency, this very frequency making it probable that they
extend somewhat farther north; my investigations north of Kangerd-
lugssuak show that a quantity of common species in Angmagssalik,
even with great numbers of individuals, extend as far as 68°31". Further,
it must be borne in mind that this coast area (66°20"—68°) is stille very
little known from a botanical point of view. The species in question are:

Juniperus communis, Chameenerium angustifolium, Coptis gronlan-
dica, Thymus arcticus, Deschampsia alpina, Hieractum hyparcticum?®).

S. VI. Species with their northern limit in the northern Ang-
magssalik District.
Dryopteris Linneana, C. Chr. northern limit in Lake Fjord, 66°20
Carex atrata. L. - —_ - = — —
also found by Kruuse in Sarfakajik, 65°58'".
Carex rufina. Dreyer. Lake Fjord 66°20°, otherwise found in Kingor-
suak (Angmagssalik), det: Tu. SoreNseEN, and at Umivik
and Skjoldungen (BiorLykke 1932).
According to Kruuse (1912) also Epilobium Hornemannt and Poa
nemoralis have their northern limit here.

S. VII. Species with their northernlimitin the southern Ang-
magssalik District.

As appears from the list of plants a great number of species have
their northern boundary in this locality, although several of these beyond
a doubt extend somewhat farther north. The species in question are
about 30 in number. Examples: Ranunculus acer, R. reptans, Comarum

palustre, Galium Brandegii, Deschampsia flexuosa, Habenaria albida,
H. hyperborea, Angelica Archangelica etc.

1) See p. 19, footnote.
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A. I. Species with their southern limit in the Scoresby Sound
area.

Although perhaps a couple of species extend somewhat farther
south, the number of species belonging to this group will be about 25
(see List of Plants). Examples: Braya purpurascens, B. glabella, Draba
subcapitata, Taraxacum arcticum, T. phymatocarpum, Tofielda coccinea.

A. 1I. Species with their southern limit at about 69°35".

Arabis Holboelli Hornem.
Potentilla pulchella R. Br.

Carex ursina. Dew.

Alopecurus alpinus. Sm.
Calamagrostis purpurascens R. Br.

| according to Harrz and Kruuse

’ (1911).

A. 1II. Species with their southern limit between 69°25" and
68°43".
Melandrium apetalum. (L.) Fenzl. Southernlimit: Cape Dalton 69°25".
Arenaria ciliata ssp. pseudofrigida.

Ostf. et Dahl. — - .
Stellaria longipes. Goldie. — — -
Ranunculus nivalis. L. == - -
Ranunculus sulphureus. Soland. . - .
Saxifraga stellaris var. comosa. Retz.  — =
Draba daurica. D. C. == - -
Saxifraga tricuspidata. Rotth. — Cape Barelay 69715".

Salix arctica (X glauca) (nearly pure) — — — —
Dryas octopetala. L. — d’Aunay Bay 69°05".

Draba cinerea. Adams. - —
Draba lactea. Adams. — - —
Pedicularis lapponica. 1. - -
Ranunculus affinis. R. Br. - Cape Daussy. 68745,
Draba alpina. L. — - —
Arctostaphylos alpina. (L..) Spring — — —
Carex alpina. Sw. - - —
The distribution of Carex alpina in East Greenland may perhaps
be divided into two areas, a northern (Northeast Greenland—Scoresby
Sound—Cape Daussy) and a southern (Skjoldungen, Umanak) (Bior-
LYKKE 1932).

A.TV. Species which are common in the north and occur
on the northern part of the coast between Scoresby
Sound and Angmagssalik, but farther south only in
special inland localities?).

1) Continental species cf. SETDENFADEN 1933.
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Taraxacum brachyceras. Dahlst. Scoresby Sound (Hacerur) Kan-
gerdlugssuak, of common occurrence in the interior.

Carex misandra. R. Br. Scoresby Sound. Inner part of Kangerd-
lugssuak.

Potentilla nivea. L. From Scoresby Sound to Cape Dalton, 66°08’
Kingorsuak.

Campanula uniflora. L. Scoresby Sound—Cape Dalton, rather com-
mon; Angmagssalik: Kruuse: “very rare, high up in the
mountains on the shady side in the interior. The west side of
Kingorsuak, Amaga in Sermilik”.

Woodsia glabella. R. Br. Scoresby Sound: Hurry Inlet, Rade Island.
68°31" Cape Ravn. 66°—66°10" Misutok, Kingorsuak in the
Angmagssalik inland. Anoritok 61°32’. (SEIDENFADEN 1933).

Potentilla emarginata. Pursh. Of common occurrence from Scoresby
Sound to Cape Dalton. 68°31" Cape Ravn. 66°08" Kingorsuak.

Antennaria alpina (L) Gértn. var. glabrata. Scoresby Sound—
Cape Dalton common; d’Aunay Bay common (69°05');
Mikis Fjord?; 66°08" Kingorsuak.

Arnica alpina. (L) Olin. Scoresby Sound—Cape Dalton, common,
d’Aunay Bay, common. Kangerdlugssuak, inner fjord area,
east coast. Kingorsuak 66°08’.

Cassiope tetragona. (1) Don. Scoresby Sound—Cape Dalton, common.
Cape Dalton—68°48" common. Lacking farther south in the
coast land.

Kangerdlugssuak, common in the interior. 66°08" Kingorsuak
“Cassiope Mountain”.

Pirola grandiflora. (DC) Rad. Scoresby Sound—Cape Dalton—
Cape Barclay—Cape Daussy (68°43'). 66°08" Kingorsuak.

Draba crassifolia. Graham. Scoresby Sound—Cape Dalton. Kan-
gerdlugssuak: Mikis Fjord, Skeergaard Peninsula, inner part
of the fjord. Kingorsuak 66°08".

Papaver radicatum. Rottb. Scoresby Sound common, particularly
in the coastal zone. (Hartz.)

Turner Sound—Cape Barclay (69°15) common.

68°48" Store Glacier (AMDRUP).

Wiedemann Mountains (inland at Cape Ravn).

Cape Vedel (AMDRuUP).

Nunatak in the nepheline-syenite area in the inner part of
Kangerdlussuak.

Lang Island, Jagos Fjord about 67°.

Kingorsuak 66°08’

Carex rupestris. All. Scoresby Sound—Turner Sound—Cape Dalton.
Kangerdlugssuak, inner part of the fjord. 66°19" Cape Wan-
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del. 66°20" Lake Fjord. Angmagssalik: Kruuse: rare “in
table land in the interior.” Kingorsuak.

Hierochloé alpina R. and S. Scoresby Sound. Kangerdlugssuak inner
part. Southeastern Greenland; compare SEIDENFADEN (1933).

A.V. Species with their southern limit at about 67°—68°.

Carex pedata. Wbhg. Rather common on the coast between Scoresby
Sound and Kangerdlugssuak. 68°.
Lang Island 67°05" southern limit (KruuUsE).

Carex bicolor. All. Scoresby Sound: Jameson Land.
N. Aputitek 67°48" (Kruuskg).

A. VI. Species with their southern limit at Angmagssalik.

(Excluding the species which have their southern limit in the
inland, see A.1V.) The number is not great and can at most be
put at five species: Eks.: Ranunculus glacialis, Pedicularis hir-
suta, Alchemilla acutidens, Sedum acre). The two latter are perhaps
endemic of Angmagssalik.

Rare species.

Epilobium palustre. L. New to East Greenland. Ca. 50° C. hot
spring in Knighton Bay, about 69°18".

Epilobium palustre is common and characteristic of the vegetation
near many hot Icelandic springs (THorRODDSEN in “Botany of Iceland™ I).
PorsiLp (1932) writes about its occurrence on the west coast: “OsTEN-
FELD lists this plant between those brought by the Norse, but with a
question mark. It is quite common in the whole district of Julianehaab
and has been reported from b localities in the Godthaabfjord-region.
Outside the Norse area it has been taken many times at Neria 61°33’
and at Narsalik 61°37" and from two localities 30 miles apart on south
Disko, both at the outlets of hot springs, namely Engelskmandens Havn
69°15" and Kugssuaq 69°27". OstENFELD thinks that the plants on south
Disco “might very well have been carried from South Greenland by the
wind”’; I do not think so”. After this find on the east coast the pro-
bability of OsTeENrFELD’s theory is further weakened. (See also SEIDEN-
FADEN (1933). '

Alchemilla pseudomicans sp. n. Kangerdlugssuak: Uttental Sound.
Kuttit, Annat and s. w. of Cap Trolle south of Angmagssalik (see
SEIDENFADEN 1933).

The characters of this plant agree with those of Alchemilla micans
Buser, but it differs from this in general appearance and by its geographical
distribution. (A. pseudomicans has not been found on Iceland, A. micans
in Denmark only common in the southern parts, Kn. JEssEx 1926).

Description: Leaf-stalks and stems, excepting the last, uppermost
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ramifications of the inflorescence, have thick coverings of hairs which
are more or less upright to nearly adpressed, but never stand out at
right angles. The calyx smooth. The full-grown summer-leaves are
hairy on the upperside, the hairs being adpressed. The stipules of the
rosette leaves are purple. The corolla is 4—5 mm broad. The rosette-
leaves with 9 lobes, central lobe with 7 denticles on either side (cf.
Linpmany 1926). Ecologically it differs from A. glomerulans by growing
in drier soil. The general impression of the plant is that it is smaller
and not nearly so succulently green as A. glomerulans. There was a great
resemblance between the above-mentioned Alchemilla-type and a type
from a nunatak region behind Cape Ravn, which however differs from
the former by the leaves having more rounded lobes and by their
upper sides being less strongly haired.

On Blosseville’s Coast conditions are very bad for strand plants.
There is practically no sheltered seashore, the mountains generally
coming right down to the fjord without a foreshore. Therefore, it is not
strange that so many strand-plants are rare or have not been found at
all, and so it is not quite safe to include them in the flora of the area,
as it is very possible that they do not occur there at all. Examples
are: Honckenia peploides, Stellaria humifusa, Puccinellia phryganodes.
See: List of Plants.

About the same is the case with the freshwater plants. The coast
generally yields bad conditions for the formation of swamps, as there
are hardly any level areas where the water can stagnate. This is partly
due to the fact that the basalt terraces generally incline outwards.
At Cape Dalton they incline inwards, and for that reason a number of
freshwater plants have only been found in the swamps there.

Examples: Callitriche verna, Hippuris vulgaris, Ranunculus tricho-
phyllus, Koenigia islandica. See: List of Plants.

It is curious that OsTENFELD should mention Eriophorum poly-
stachyum as occurring both in districts III and IV east. It is not
mentioned from this place anywhere in the existing literature, and all
I saw of Eriophorum in Angmagssalik belonged to E. Scheuchzeri.

Finally, a number of species are rare, because they seem to prefer
the drier inland. Betula nana is mentioned by KRruust as one of the
very species which prefer the inland, and the same holds good of Rhodo-
dendron lapponicum. They have both only been found inland in the area
of Turner Sound or inner Kangerdlugssuak. About the same holds good
of Elyna Belardii and Hierochloé alpina. Dryas integrifolia has not been
found in district IV, but this is presumably caused by the fact that,
owing to the limited time in a summer expedition, I was only able
to ascend heights of 3—500 m above sea-level. As to its occurrence

104 2
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in Angmagssalik it is said: “In table land rather rare, high up on
the mountains and most often on the shady side, not observed below
300 m above the level of the sea” (Kruusg). It never plays any part in
the vegetation at Angmagssalik. Finally Rumex acetosella has not been
found between Scoresby Sound and Angmagssalik. _

After this examination of the most important conditions of distribu-
tion, I shall briefly summarize the species found in district 1V east
(OstENFELD), but which have not formerly been recorded from there
(see introduction).

Lycopodium alpinum, L. annotinum, Botrychium lunaria, B. lan-
ceolatum, Polystichum lonchitis, Woodsia glabella, Sagina Linnei, Sedum
annuum, S.villosum, Cardamine pratensis, Draba rupestris, Epilobium
anagallidifolium, E. lactiflorum, E. palustre, Ranunculus sulphureus,
Alchemilla alpina, A. filicaulis, A. glomerulans, A. pseudomicans, Gna-
phalium supinum, Erigeron uniflorus, Taraxacum brachyceras, Gentiana
nwalis, Pinguicula vulgaris, Pirola minor, Carex alpina, C. Macloviana,
C. misandra, Elyna Bellardi, Agrostis borealis, Hierochloé alpina and
Phleum alpinum.

The following species are not mentioned by OsTENFELD, although
recorded by Kruuse: Arenaria ciliata ssp. pseudofrigida, Melandriuwm
apetalum, Stellaria longipes, Dryas octopetala, Arctostaphylos alpina and
Pedicularis lapponica. New to the Angmagssalik District is Carex rufina.

When subtracting the species mentioned in the Introduction, which
up to the present are not known to occur, and adding those included in
the list given above, one arrives at the result that 150 species are known
from this district. When adding to these the six or more species mentioned
in group S. V., it appears that the figures arrived at, when comparing
the 169 Scoresby Sound species and the 181 Angmagssalik species, are
no longer improbably small.

Kurrrer (1925) introduced the term Florengefille or “floristic
decline”; and he explains it in the following manner: “die Zahl, welche
angibt, wie viele Planzenarten im gegebenen Gebiet durchschnittlich auf
je eine Léngeneinheit der betrachteten Richtung, ca. auf je 100 km,
verschwinden.” Where the floristic decline is great, there is a floristic
boundary conditioned by climatic or edaphic causes. In a country like
Greenland the most practical proceeding will be to compute the floristic
decline in two succeeding circles of latitude. The floristic decline which
KurprreR found in the east-baltic area was conditioned by the transition
from a suboceanic to a subcontinental climate. In order to carry out the
computation of the decline in a northerly and southerly direction, one
must first of all realize whether in Greenland there is not also a decline



—
—
e,

Phytogeographical Studies of the Greenland Flora.

19

" E Floristic decline.
o -
2B g V |
A S A Total
Gy _a %) 1
e oS
[«3]
225§ —LatN.
==
z -2
E
] T°
ca. 7 ca. 13 1 ca. 20
e
ca. 8 ca. 12 | ca. 20
T0°
8 4 22 26
69°
16 26 11 371)
08°
3 27 3 57?
; or°
|
2 | 147 1 15?
66°
307 57 357
65°
|
T.B.

Inland zone Coastal zone
Fig. 1.
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in Kangerdlugssuak found the northern limit of Asplenium wviride and Thymus
arcticus. Besides, being new to district IV, Juniperus communis and Deschampsia
alpina which were found between Angmagssalik and Kangerdlugssuak, two of the
very species which on. p. 13 were mentioned as probably extending farther north.
The conditions found make the decline in the flora greater between 68° and 69°, and

smaller between 65° and 66°.

R
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in the flora in a westerly and easterly direction, or rather at a right angle
with the coast and the margin of the inland ice. That this is the case
appears very distinctly from the many demonstrations of the great
floristic difference between the coastal zone and the inland of Greenland.
(See in particular RoseNvINGE 1896, Hartz 1895, A. E. PorsiLp 1926),
my investigations in the Kangerdlugssuak Fjord pointing in the same
direction (see later). It is, therefore, clear that when computing the
floristic decline in a northerly-southerly direction, regard can only be
had to the coastal zone.

In fig. 1 I have summed up in tabular form the above-mentioned
examinations of the distribution of the species between Scoresby Sound
and Angmagssalik. The black arrow indicates the A-type, the lighter
one the S-type. Both northerly and southerly species show, at the margin
of their area of distribution, a tendency to seek the interior of the country.
The reason is surely that the southerly species towards the north prefer
the warmer inland, and that the northerly ones towards the south avoid
the oceanic coast land. Thus RoseExvinGe (1896) demonstrated that
the subarctic flora in the southern coast land is almost exclusively to be
found in the interior, and he adds: “Still, also some species with an essen-
tially northern distribution occur within the country of the south coast,
only or by preference far inland — — Without a doubt the distribution
of these species in the most southerly part of Greenland depends upon
their avoiding the moist coastal climate, in the same manner as is,
according to Bryrr, the case with the arctic elements of the flora in
Central Norway.” This, however, is not of general application; for in-
stance, according to an article by SErRNaxpER (1908, p. 262) it does not
hold good of such species as Dryas octopetala, Loiseleuria procumbens,
Salix herbacea and others. The region between 68°30" and 69°30" shows
an almost equal floristic decline in both directions. It appears that the
northern and southern limits (indicated by small semi-circles) approach
very nearly to one another and occur in great numbers round this part
of the coast, the northern boundaries in the northerly, the southern
boundaries in the southerly part. It appears from the figures that there
is a particularly strong floristic decline in the flora between 68° and 69°
the total number of vanishing species in a northerly and southerly di-
rection amounting to 37. At Angmagssalik (65°—66°) the total decline
in the flora is about 35; but when considering the infinitesimal floristic
decline of the two northern areas (66°—67° and 67°—68°), and bearing
in mind that a more thorough investigation is highly needed in these
regions (particularly Kialinek) it seems very likely that some of the
northern boundaries of Angmagssalik should be distributed over these
two areas. Pending further investigations, it must be left an open question
whether there is a floristic boundary at Angmagssalik. One thing may



111 Phytogeographical Studies of the Greenland Flora. 21

however be said already at this early stage: in the coast land of
Angmagssalik a floristic decline will only take place in a
northern direction, and from a phytographic point of view
astrong decline in both directions is much more significant.
It thus appears that there is a pronounced floristic boundary between
68° and 69°. The transition is not gradual; one may find oneself in a
pronounced high-arctic vegetation in d’Aunnay Bay 69°05’, whereas
one finds oneself in a more southerly zone in the fjord north of Cape
Ravn 68°31". I place the boundary in the region north of Cape Daussy,
in the immediate vicinity of Store Glacier 68°48’. The floristic decline will
naturally be the greater, the more complete the coincidence of the area
investigated with the boundary area. When computing the decline in
the flora between 68°30" and 69°30", it appears that in this place 14
northern boundaries meet with 17 southern ones, and that 13 species
vanish from the coast in a northerly, 8 in a southerly direction. All in
all 52 species share in this process or one fifth of the
total number of species of East Greenland. For future investig-
ations in this field the area 68°50'—69°30" might therefore fittingly be
used as a starting point.

It is a matter of course that northerly and southerly limits in a
country of such enormous dimensions cannot be exact, fixed quantities;
nevertheless, I do not think that the main result will be changed, but
rather strengthened by future investigations which will naturally move
the boundaries of the areas of species.

This sudden transition appears very clearly, when one com-
putes the percentages of A;—A, and S-species (according to OsTEN-
rFELD, 1926) in the two coastal areas north and south of the
boundary mentioned above, and compares the result with the
percentages of the same three types of distribution, computed for the
coastal zones in Scoresby Sound and Angmagssalik. The result appears
from Table I. It should be borne in mind that the two southernmost
coastal zones are not contiguous, there being an uninvestigated area
(66°30"—68°) between them, but in spite of this the per cent figures agree.

Table I
I .
Scoreshy Sound, coastal zone ............ I 25 ’ 57 18
The coast 68°48—70°. ... .............. 20 | 70 10
The coast 68°—6844"................... “ 4 ‘ 65 31
Angmagssalik coastal zone............... I 2 4 51 47

With regard to OsTENFELD’s types of distribution T have made a
few corrections, which I shall explain in the following. I have changed
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the designations of Draba rupestris, Empetrum nigrum, Poa pratensis and
Poa alpina from S to A,, and besides there are several others which will
have to be changed, when further investigations have been undertaken.
The species mentioned are all so widely distributed in the arctic area
that, for this reason only, one is in doubt about their being S-types.
Add to this that in more recent times (HacErup 1927) it has proved
possible to divide Empetrum into two genotypically different varieties,
with a different chromosome number; that again Poa alpina is not a
unity, but according to Turesson (1932) consists of a series of ecotypes,
alpine, sub-alpine, lowland type, and finally that Poa pratensis in the
north has been replaced by another species, viz. Poa alpigena (LINDMANN
1926), and I think there is every reason to designate the northern ecotypes
of these three species with A,. Draba rupestris is according to LINDMANN’S
flora (E. Exman) a highland type. On Blosseville’s Coast it does not
occur as a pronounced Sydberg plant!), but frequently in the inclement
localities. OsTENFELD himself realized this weakness in the S-type when
writing: “Some of them get along very well in the arctic regions (which
is probably connected with the fact that they consist. properly speaking,
of several minor specific units)”. He takes the same step as I do, when
he designates Festuca ovina var. and Vaccinwum uliginosum var. as A,.
(Compare Hacerur 1933). As long as the species have not been proved
to be divided into minor species and only occur as pronounced Sydberg
plants, there is no reason to alter anything. Of species which, it is thought,
might be altered in the future as the result of a more thorough invest-
igation of ecotypes in Greenland, I will just mention: Campanula rotun-
difolia, Cardamine pratensis and Equisetum arvense, all being altered
from S to A,. Finally the species Papaver radicatum undoubtedly contains
several types, both A; and A,. Compare NorpuAGEN (1931) on the
Scandinavian races of this species.

Besides the absolute northerly and southerly limits there are many
species, the frequency of which north and south of the floristic boundary
mentioned above differs very much, e. g. Empetrum nigrum, Cassiope
hypnoides and Draba rupestris (see List of Plants). It is a matter of course
that these indications of frequency are entirely dependent upon the
personal judgment of the writer, but I think that most investigators
will judge rather alike, when it is only a question of so few (five) degrees.

It is frequently not the floristic decline, but the area boundaries of
a few important species which are used for fixing the limits of the different

1) Literally: south mountain plant, a term used in Sweden to designate that
the plant i$ only found on the southern slope of a mountain.
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floristic areas. Thus GRrRANLUND (1925) builds his “phytogeographic
boundary through southern Sweden” on the conditions of distribution
of Erica tetraliz and Ledum palustre. In Slesvig-Holstein WiLLr CHRI-
STIANSEN (1926) speaks of a “biindelung von Grenzen’, which in this
area coincides with the western limit of Fagus silvatica. The floristic
decline is here greatest in the region where the beech wood ceases. It
would be interesting if the above-mentioned floristic boundary in East
Greenland coincided with the area boundaries of certain important
species. On must, however, pay great attention to the character of
the species used as the foundation of such a boundary line. We are
here approching the difficulty emphasized by Swedish scientists; thus,
Fropin (1911) divided the mountain plants into species which were
genuine and those which were not, the former having a downward
temperature-limit above, the latter below the limit of forest. To the
genuine plants belong species such as Cassiope tetragona, Arnica alpina
and Pedicularis hirsuta. TurEssoN (1932) has now shown that the im-
portant factor in the distribution of the species is their greater or smaller
abundance in ecotypes, and he concludes his work in the following
manner: “Je okotypenreicher eine Art ist, um so schlechter eignet sie
sich als Klimaindikator, je dkotypendrmer sie ist, um so idealer ist sie
als Klimaindikator”. In a subsequent chapter it will be shown that the
floristic boundary mentioned above is climatically conditioned. Seeing
that species like Cassiope tetragona and Arnica alpina are of the
“genuine’’ mountain plants which are poor in ecotypes,
the area boundaries of two such species, if they coincide
with a limit determinated by a great decline in the flora,
will substantiate and prove the value of such a limit. It
proves that the two said species rather suddenly disappear from
the coast land at the above-mentioned boundary locality, viz. Store
Glacier (F.), and then only recur in special inland localities. Thus they
substantiate both the limit which appears from the floristic decline in a
direction north-south, and a limit parallel with the coast, based upon
a decline at a right angle with the coast. Finally, the occurrence of
Alchemilla glomerulans appears to be a southerly species, which is an
indicator of a warm climate (occurrence in the coastal zone from 68°30’
and southwards, to be found in the inner, warmer part of Scoreshy Sound,
but lacking in the inner dry and in many ways more arctic Kangerdlugs-
suak Fjord).

The next problem to be dealt with is that of a decline in the
flora at a right angle with the coast. In this context it will be natural,
first of all, to mention the works of Harrz from Scoresby Sound
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(1895). A number of species are here characteristic of the warm inland,
whereas others keep to the coast.

Scoresby Sound.

Inland. Coast land.
Lycopodium alpinum. Ranunculus glacialis.
Lycopodium annotinum. Potentilla pulchella.
Botrychium Lunaria. Alopecurus alpinus.
Callitriche verna. Arctagrostis latifolia.
Alchemilla glomerulans.
Viscaria alpina
Draba aurea.

Arabis Holboelli.
Saxifraga aizoon.
Pinguicula vulgaris.
Carex paralella.
Carex maicroglochin.
Carex Macloviana.
Agrostis borealis.
Juncus trifidus.
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Of the 15 species mentioned as characteristic of the inland 0 are A,,
9 A, and 6 S-species. Of the 4 species characteristic of the coast land 3
are A;, 1 A, and 0 S-species. It is clearly the difference in temperature,
which conditions this difference. With regard to the two important heath-
plants, Cassiope tetragona and Empetrum, it is worth noticing what
Kruuse wrote (1905) of their occurrence in Scoresby Sound: “On the
coast Cassiope cedes to Empetrum while it is dominant in the heath of
the interior. It does not form here any thick plantagion as Empetrum -— —
Th~limit between thisand the heath of Empetrum may often be very sharp.”

If we look at conditions in the large fjord Kangerdlugssuak, situated
farther south (68—68°30), it appears that the conditions of distribution
to a large extent do not correspond with those which we know
from Scoresby Sound. The results are based upon the investigation of
14 localities in the Kangerdlugssuak area including Mikis Fjord, the
latter being connected with the eastern area of Kangerdlugssuak, viz.
Watkins Fjord. On the map (Fig. 21)) the different localities are given in
Roman numerals. Though future investigations in this locality will.
possibly, to a certain extent, alter the boundaries of the species, the re-
sults will hardly be much changed: It is by preference in the inner

1) The map is drawn after the map published in 1930 by the British Arctic
Air Route Expedition, as the Danish map is not quite finished (compare never-
theless Plate I).
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part of the fjord that the higharctic species occur, while
the southern ones keep tothe coast. Only in a single inland locality
(IV) the vegetation bears the stamp of the greater heat inland, correspond-
ing with conditions in Scoresby Sound.

wso MAD SKETCH
OF
{ KANGERDLUGSSUAK
AND
MIKIEJORD

e = INVESTIGATED LOCALITIES

Fig. 2. I—II Mikis Fjord, III—IV Inland east of Watkins Fjord, V Skergaards
Peninsula, VII Uttental Sound, VI, VIIT Kraemers Island, IX Amdrups Fjord,
X—XII Kangerdlugssuak, inner part, XIII and XIV Nunatak-localities.

1. Only found in the inland behind the head of Watkins
Fjord. (Locality IV).

Lycopodium annotinum. S
Pinguicula vulgaris. S
Scirpus caspitosus var. austriaca. S
2. Only found in the inland. Localities
Papaver radicatum. A, XIIIL
Arnica alpina. A X

Taraxacum brachyceras. A, VII, X, XII.
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Diapensia lapponica.

Casstope tetragona.
Rhododendron lapponicum.
Carex rupestris.

Carex misandra.

Elyna Bellardu.
Eriophorum Scheuchzert.
Hierochloé alpina.

Only found in the coast land.

Equisetum arvense.
Equisetum variegatum.
Sagina Linnei.

Sedum annuum.

Sedum wvillosum.
Epilobium anagallidifolium.
Epilobtum lactiflorum.
Thalictrum alpinum.
Alchemilla alpina.
Alchemilla filicaulis.
Alchemilla glomerulans.
Alchemilla pseudomicans.
Potentilla tridentata.
Saxifraga aizoides.
Erigeron uniflorus.
Gentiana nialis.

Pirola minor.

Veronica fruticans.

Poa alpigena.
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(111, 1V, VII, V111,
|X, XIL.

VII, IV, 111, X, X11.
1V, XII.

XI1.

X.

VIII, X.

X, XII.

X.

, 1L

— i e

V.
11, 1X.
I1.

I, 11, VL.
I, 1.

I, VI.

I1.

4. A few species have finally only been found in the coast

Phleum alpinum.
Loiseleuria procumbens.
Lycopodium alpinum.

S
A,
A,

land and in the warm inland at localities TIT and IV.

I, II, TV.
I, 11, 1V.
IX, VII, IV.

It appears that the 3 species which were only found in the inland

“and at the head of Watkins Fjord all belong to the S-type, while the 11
species which are otherwise characteristic of the inland are all either A,
or A,, and finally it appears that of the 19 species which have only been
found in the coastal zone 0 are A;, 5 A, and 14 S-species. There is here a
considerable floristic decline at a right angle with the coast; it amounts
to 14 in a south-easterly direction and to 19 in a north-westerly direction,
or in both directions a total of 32. The boundary between the inland and



IT1 Phytogeographical Studies of the Greenland Flora. 27

the coastal flora I rather draw as a line connecting the extreme localities
of Cassiope tetragona (See the map fig. 2, dotted line).

We will now proceed to examine what is the reason of this great
difference between Scoresby Sound and Kangerdlugssuak. The most
striking feature of Kangerdlugssuak is the very great quantities of ice
which lie closely packed throughout the fjord, consisting partly of
colossal icebergs, and partly of smaller broken-off fragments of the latter.
The ice comes from the huge glaciers, which are to be found at the head

Fig. 3. Terrace-vegetation in Mikis Fjord. Western slope.
In the foreground low willow-copse.

of the principal fjord as well as of Watkins Fjord and Amdrups Fjord
(IX). It may be said that Kangerdlugssuak with its branches is one of
the chief producers of ice in Greenland; it is an icefjord, which is not the
case with Scoresby Sound. The vegetation in the interior parts is very
sparse and bears the stamp of a pronounced drought. I do not believe
that it is much warmer there than at the mouth of the fjord, for the wind
may blow without hinderance down the fjord from the inland ice itself.
In the days August 17—20, 1932, there was a strong, cold, and dry wind
right down the fjord; everywhere in localities facing north the vegetation
bore the stamp of this harmful northwind proceeding from the inland ice,
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where as is well known the mean August temperature in the middle
of the inland ice is = 17,7° (Georal, the Wegener Expedition). It is
then surely first and foremost the drought and the cold winds which
condition the fact that the many southern species do not penetrate
further than to protected southern slopes in the outermost part of the
fjord. The above-mentioned warm inland locality (IV) is also protected
towards the north by a low mountain-range. Add to this that there is a
_great difference in the geological underground between the coast land and
the inland, and these conditions together seem to explain the great

MOHL-HANSEN phot.

Fig. 4. Polished gneiss-rocks in Kangerdlugssuak.

floristic decline. Thus, L. WAGER, the geologist of our expedition, proved
that Mikis Fjord and the coast land consisted of a Basalt-Gabbro-area,
while the greater part of Kraemers Island and the inland consisted of
granite, gneiss and nephiline-syenite. There is no doubt that the basalt
is a better soil than the gneiss (Ca!l); further, the basalt forms terraces,
thus providing excellent conditions for herb -field (snow-cover, drainage)
(Fig. 3). The gneiss parts were, as contrasted with the basalt parts, very
polished and generally quite devoid of vegetation (fig. 4). That it is not
the geological difference, which excersises the greatest influence on the
distribution of the vegetation, appears i. a. from the fact that Cassiope
tetragona in Fennoscandia avoids gneiss and granite, but keeps to slate
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(Tuore Frigs, 1917). It is the different climate in the inner and outer
part of the fjord which conditions the floristic decline, and here again
it is the inland drought which is the decisive factor, as appeared
in the course of an excursion through the valley between Mikis Fjord
and Watkins Fjord, the valley in question testifying to the fact that the
precipitation in this place was considerable. The bottom of the valley
was full of vegetation, partly vegetation round the numerous rivers
intersecting it, partly extensive snow-patch communities (locality
IT). In the adjoining inland localities III and IV the vegetation was
limited to a few green spots and a single strip of vegetation on a southern
slope, where owing to a small depression at the top of the mountain
some snow had been able to gather in the course of the winter. Otherwise
this inland was a stony desert, where only a single Luzula arcuata ssp.
confusa and a few other hardy species were able to live between the
boulders. Tt was characteristic that wherever in the inland there were
suitable conditions for herb-field (locality IV), the latter never consisted
of Alchemilla glomerulans-Associations, which beyond a doubt require
great atmospheric moisture, and the willow-copses found in the same
inland locality had a xerophilous subvegetation, whereas the copses
found in Mikis Fjord had a subvegetation chiefly consisting of Pirola
minor and Thalictrum alpinum.

If we sum up the list of species for the Kangerdlugssuak area, we
find that about 100 species have been found there (82 in Mikis
Fjord, 76 in the outer and 83 in the inner part of Kangerdlugssuak).
When computing the biological spectrum for the outer part plus Mikis
Fjord and the inner part, it appears that the chameephyte percentage
rises the farther one gets into the interior of the fjord (Table II).

Table II.
|ch| H |HH| G| Th
Kangerdlugssuk, outer part of the fjord 4 Mikis Fjord ... ‘ 34 ‘ 58 0 | 5 i 3
Kangerdlugssuak, inner part of the fjord ................ | 3856 | 1 411

The fact of the chameephyte percentage being so high is due to
the low number of species within this smaller area (Raunkizr 1911).

Against such geophytical boundaries the objection may perhaps
be raised that the species, in their migration, should not have reached
the maximum distribution, either owing to natural obstacles or for
historic reasons. This factor may naturally be of some importance, but
in this case it must be a subordinate one, seeing that the coast is uniform,
without larger areas where plant-life is excluded, and as soon as the condi-
tions, for instance for southerly species, (i. e. hot springs) occur in the
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northerly coastal area, the plants appear at once. I therefore think that
there are a considerably greater number of southerly species in the inner
part of Scoresby Sound, which will presumably be established by a more
detailed investigation of this area. In this context I shall call attention
to the distribution of Sedum annuum and Alchemilla filicaulis in Green-
land. Both are common on the east coast already from 68°31’, but on
the west coast the northern limit of Alchemilla filicaulis falls at 66°44’
(Qeqertalik, Naujarsuit. leg. PorsiLp, det. BocueR) and that of Sedum
annuum at 65°15’. It is, I think, to be presumed that both of them are
able to live far higher north on the west coast; if this is the case, their
distribution . points towards their having immigrated from Iceland.

Further, it might be objected that the northern limits established
were mostly for plants which were only found on the southern mountain
slopes, and that it is a very likely supposition that the higharctic species
keep to the inclement northern slopes. However, it appeared that the
higharctic species, for instance Cassiope tetragona, had really disappeared
even from the mountains peaks ascended by the geologist of the ex-
pedition. A list of plants from a mountain part with a northern exposure
and situated at the inner fjord basin of Kangerdlugssuak (0—100 m
above sea-level) — in an area where there are otherwise many A, species,
for instance, Cassiope tetragona — shows that even here it is the widely
distributed A,-types which occur.

The north side of Notched Mt. in Kangerdlugssuak. (Loc. XT).
Saliz arctophila x glauca.
Saliz herbacea.

Oxyria digyna.

Luzula confusa.
Empetrum nigrum.
Saxifraga oppositifolia.
Saxifraga nivalis
Saxifraga cernua.

Sagina intermedia.

Stilene acaulis.

Cerasttum alpinum.
Polygonum viviparum.
Ranunculus glacialis.
Chamenertum latifolium. A,
Trisetum spicatum. A
Phippsia algida. A,
(Carex rigida.) A
(Erigeron unalaschensis.) A,
(Antennaria alpina.) A,
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The last-mentioned three species did not grow on the northern slope
itself, and Chameaenerium was exclusively vegetative. Fig. 5 shows the
difference between the north and the south coasts in Mikis Fjord.

T. B. phot.
Fig. 5. In the background the coast facing north,
in the foreground Empetrum-Vaccinium-heath.

It is on this kind of southern slope with luxuriant heath and herb-
field that the southern flora element belongs. It was most pronounced
in the fjord north of Cape Ravn, whereas in Mikis Fjord there were also
slopes facing west and east, on which southern vegetation was to be
found (fig. 3). The following list of species from a pronounced Sydberg
at the head of the fjord north of Cape Ravn is interesting as compared
with the list given above:
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Polystichum lonchitis.
Cystopteris fragilis.
Lycopodium selago.
Arabis alpina.
Cerasttum alpinum.
Cerastium trigynum.
Viscaria alpina.
Polygonum viwiparum.
Oxyria digyna.
Ranunculus glacialis.
Ranunculus pygmeeus.
Thalictrum alpinum.
Sibbaldia procumbens.
Alchemilla glomerulans.
Alchemilla alpina.
Sedum annuum.
Sedum wvillosum.
Sedum roseum.
Saxifraga nivalis.
Sazifraga niv. var. tenuior
Sazifraga caespitosa.
Saxifraga cernua.
Salix herbacea.

Saliz arctophila x glauca.
Empetrum nigrum var.

Vaccinium uliginosum var.

Bryanthus coruleus.
Chamenertum latifolium.
Epilobium lactiflorum.
Veronica alpina
Veronica fruticans.
Bartschia alpina.
Pinguicula vulgaris.
Gentiana nivalis.
Hieractum alpinum.
Antennaria alpina.
Erigeron unalaschensts.
Taraxacum croceum.
Tofieldia palustris.
Scirpus caspitosus.
Carex rigida.

Carex scirpoidea.
Carex Lachenalit.
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X Luzula spicata. A,
Luzula arcuata. A,
Poa alpina. A,
Trisetum spicatum. A,

Of these 47 species 0 are A;, 33 A, and 14 S-species. The 22 species
marked X oceur, in the area investigated, nearly exclusively on the
southern slopes of the mountains. Rosenvinge (1896) mentions from
South Greenland the great influence excercised by the exposure on the
distribution of the copses. Bevond a doubt all species near their northern
boundary must largely be Sydberg plants. The floristic boundary
established is then largely conditioned by the fact that the Sydberg
flora here suddenly receives a large new contingent of southerly species,
and that the high-arctic species disappear from the lower-lying parts of
the mountains of the coast land. That the latter species do not find a
home on the northern sides is perhaps due to conditions connected with
the light.

The distribution of the chief associations in relation to the
floristic boundaries mentioned above.

A considerable floristic decline has frequently some bearing upon
the fact that an important plant community ceases in the place in
question (WiLLr CHRISTIANSEN, 1926). We will now consider the dis-
tribution of the associations in this area, taking as our starting point a
tabularization of a similar kind as the one used by Tnore Fries (1917)
in his regional division of the high mountains in Fennoscandia.

1. Empetrum-Vaccintum-heath. (Empetreto-Vaccinietum.)

2. Cassiope tetragona-heath. (Cassiopetum tetragonae.)

3. Willow-copse. (Salicetum glaucae.)

4. Altherbosa*) (Riibel 1930) (often consisting of several
strata).

5. Herb-field (“matten”). (Taraxacetum crocet.)

6. Grass-field (chiefly monocotyledons). (Caricetum rigidae.)

7. Snowpatch associations. (Salicetum herbaceae.)

8. Carex rigida-Salix herbacea-tuft vegetation.

9. Carex rariflora-Association, rich in mosses. (Caricetum

rariflorae.)
10.  Associations on moving soil.

1) Altherbosa i. e. field with high perennials (Alchemilleta, Archangelietum).
104 3
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Table III.
1\2 ‘5‘6 78910
i L — 1 1
Angmagssalik, 65°37" coast land . . . ‘ ! l ! ‘ + |+ ’ + l + ‘ 11 ‘
Lake Fjord, 66°20" . UUURRROE (YT IO R A O U N .
Mikis Fjord, 68°10' T IRV R S S I IR *
The fjord north of Cape Ravn, 68°31° | ‘ L U S T AR [N *
68°43'—68°48' . AUUURUUTUUDINS [0 S SRS RN U U RPN S I !
d’AunayBay69°05’.......“.4.. I R R N T -
Barclay Bay 69°15". . DR [N gy o - !
Cape Dalton 69°25'. ol + |+ o+
Scoresby Sound, outer part of f]ord | * I + .. 1 + 0?2 ? +
Scoreshy Sound, inner part of fjord | .. ‘ T [ 212 ]2]°¢?
Scoresby Sound, outer part of fjord | * | ! | ; + |+ 72?2 |+
Kangerdlugssuak, inner part of fjord | + ' + | + YR
Kangerdlugssuak, outer part of fjord | 4 : I T N I

I frequently occurring.
+: present.
occurring as a fragment of the association.

It appears from Table I1I that the occurrence of Cassiope tetragona-
heath, Fig. 6, Empetrum-Vaccinium-heath, willow-copse, Altherbosa and
associations on moving soil are evenly distributed according to the
limits mentioned. The Empetrum-heath is not so selective as the Cassiope-
heath; therefore, it is also particularly developed in the coastal zone at
Scoresby Sound (Kruuse), but plays no part whatsoever in relation to
the Cassiope-heath in this place (Hartz). The most northerly willow-
copse which I found in the coastal zone was in Mikis Fjord (68°10); in
Scoresby Sound Hartz only found willow-copse in the interior west of
Danmarks Island. When 1 speak of Altherbosa 1 am thinking of the
Archangelica-Association (cf. RiserL 1930 p. 266) or the Alchemilla
glomerulans-Association, both of which can be compared to the “Hoch-
staudenwiesen” of the Alps. An Alchemilla-Association of this kind is a
type of vegetation with a very distinct southern stamp. A biological
spectrum of such an association from Mikis Fjord shows 61 per cent
H, 22 per cent Ch and 17 per cent G; further, there are in the same
association 0 per cent A;-, 54 per cent A,- and 46 per cent S-species. As
to the herb-field there is a very pronounced difference between the
herb-field north and south of 68°43’—68°48’. This difference is also
expressed in the far greater number of species within the community
south of this boundary area (cf. PALMGREN 1925, pp. 31—32). In the course
of my ecological investigations I thus found, within this community,
from 18 to 25 species in the northern area, whereas in the southern I
found from 22 to 36 species. The occurrence of moving soil and plant com-
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munities growing in this kind of soil, such as SEIDENFADEN (1931) men-
tioned for Northeast Greenland, only occurred in the northern fjords.

This proves that the same zones which THoreE Fries (1917) iden-
tified in a vertical direction in the high mountains of Fennoscandia can
be identified in Greenland, though in a horizontal direction. Fries

'l‘. B. phot.
Fig. 6 Cassiope letragona-heath. Cape Dalton 10. July, 1932.

demonstrated that it was as a rule the upper regions which were occupied
by the Cassiope tetragona-Associations: “Obgleich solche Pflanzengesell-
schaften durchaus nicht selten in den allerniedrigsten Teilen der regio
alpina vorkommen, hat man jedoch Ursache zu behaupten, dass sie
einen besonderen Charakterzug der Vegetation des wirklichen Hoch-
gebirges bilden.” (This is clearly shown by 11 profiles out of 21). At the
same time Fries shows that “Wiesenweidengebiische” and “Hochstau-
denwiesen’” are characteristic of the lower parts of the alpine region. He
concludes his work by dividing regio alpina into two zones, an upper and
a lower one. “Immer werden wir einen durchgehenden gemeinsamen
Zug finden, der die niedrigeren Teile der regio alpina von den hoheren
3*
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unterscheidet: ein deutlicher subalpiner Einschlag in der Vegetation,
welches auch ihr synikologischer Charakter sein mag, innerhalb eines
Giirtels, der sich von der Waldgrenze ein gutes Stiick in die regio alpina
hinauf erstreckt.” It was such a subalpine “Einschlag”, which T was able
to identify in the East Greenland flora at Cape Ravn. Fries calls
the lower zone regio alpina 1 and the upper regio alpina T11. We
might appropriately call the corresponding horizontal zones regio arctica
I and II

In the same manner Du Rietz (1925, 1930) distinguishes between
several zones within the alpine area:

“Die niedere alpine Stufe oder die Stufe der alpinen (Empetrum)-
Ericaceenheiden (sinkt in Nordskandinavien und Spitzbergen fast bis
zum Meeresspiegel hinab).”

“Die mittlere alpine Stufe oder die Stufe der alpinen Carex-Juncus-
Grasheiden und Cassiope-Heiden (sinkt in Spitzbergen bis in die Nihe
des Meeresspiegels hinab).”

“Die hochalpine Stufe oder die Stufe der alpinen Flechten- und
Moosphytocoenosen (sinkt im nordlichen Spitzbergen bis zum Meeres-
spiegel hinab).”

“Die mittlere alpine Stufe” most nearly corresponds with Fries’
regio alpina I1.

In regio arctica 1 one should then be able to distinguish between
a regio alpina I and II in a vertical direction, and when at the limit of
forest in the southern coast land it should be possible to speak of a regio
subalpina, alpina I and alpina II. Kruuse (1912) writes about “‘Cassiope
Mountain” in the interior of the Angmagssalik country: “The low Empe-
trum-Betula-heath continues up along the slopes of Cassiope Mountain,
at the same time becoming more like fell-field and still more stunted in
appearance than close to the surface of the sea. At a height of 160 m
occasional individuals of Cassiope tetragona are met with, but grey, faded,
half or wholly dead and lichenized being evidently the extreme outposts,
which are hardly able to maintain themselves, even against the greatly
weakened Empetrum. Already at a height of 200 m conditions were
reversed — — At a height of 250 m the associations chiefly consisted
of Cassiope, while Empetrum was quite subordinate — — finally at a
height between 300 and 800 m the heath almost exclusively consisted
of Cassiope.”” At Kangerdlugssuak there were two small heights which
tell the same story.

1. Mountain ridge at one of the lakes between Watkins Fjord and
Mikis Fjord.
The lake about 300 m above sea-level.
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Southern slope from 300 to 350 m height:
Empetrum-V accinum-heath.

Plateau on top, 350—375 m height, often exposed to the
north: Cassiope tetragona-heath.

2. Mountain ridge in the valley which forms the continuation of
Watkins Fjord. Southern slope, with moisture.

300 m: Empetrum-Vaccinium-heath.

330 m: Small willow-copse, herb-field, Empetrum-heath.

440 m: Luxuriant Empetrum-Vaccinium-Diapensia-heath;
Carex rigida-tuft-moor, Scirpus caspitosus-Pingui-
cula-Association.

470 m: Empetrum-Vaccinium heath, in dry places Loise-
leura-Vaccinium-heath, a few specimens of Cassiope
letragona.

500 m: The plateau on top: Cassiope tetragona-heath.

In Kaugerdlugssuak I did not see Cassiope forming associations
below a height of 100 m, although it occurred in scattered individuals
almost all the way down. There is surely Cassiope-heath on the peaks
of many mountains in Kangerdlugssuak. It did not occur in Mikis Fjord
below 300 m, but unfortunately I did not find time to ascend to higher
levels there.

In this context the specifications given to Hartz (1895) of the
limits of the growth of the vegetation in Scoresby Sound are interest-
ing; he found Cassiope right up to a height of 1200 m and fell-
field, to a height of 1570 m; in 70° the vegetation thus ceases at a height
of about 12—1500 m, whereas in the interior of Danmarks Fjord (80°) it
ceases at a height of 300 m (EsNar MIKKELSEN, 1914 p. 157). After this,
it is not to be wondered at that there are 62 per cent A,-, 38 per cent
S- and 0 per cent A,-species at 700 m on Kakarsuak Mountain near
Narsak (60°55"), or still at this height apparently not in regio alpina II
(the percentages calculated after the lists of Rosenxvinge 1896). It is,
however, not certain that every high mountain in South Greenland
should on its top have a large contingent of A;-species, the latter perhaps
lacking for historical reasons. Here one must beyond a doubt first and
foremost keep to the distribution of communities. Farther north War-
MING (1888) on Praestefjeldet at Holstensborg found 76 per cent A,-,
4 per cent S- and 20 per cent A;-species at a height of 600 m, and on
Lyngmarksfjeldet at Godhavn on Disko 70 per cent A,, 0 per cent S- and
30 per cent A;-species. The two latter localities must be said to lie in
regio alpina I (cf. the percentage in Table I). It is impossible to say any-
thing for certain as to the height at which one zone ceases and the
other begins in the various latitudes of Greenland; for one thing, the
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information at hand is too sparse, for another the mountains are too
uneven as to situation (coast and inland), geological structure, declivity
and exposure (cf. THorE Fries, 1917). Even though the indicator species,
in this case Cassiope tetragona, does not occur in a region, it must still
be possible on a given mountain to distinguish between the two zones
by an investigation of the floristic decline and according to the TuorE
Fries method (1919), seeing that willow-copse and herb-field, which
occupy the lowest parts, shelter a number of species which cease simul-
taneously with these associations.

Before I proceed with my investigations of the phytogeographical
boundary found in a horizontal north-south direction, I should like to
call attention to the relation between the zoogeography and climatology
and my results.

Zoogeography: The zoologist of the expedition, M. DEGERBOL, was
able to prove that the northern and southern limits of certain species
of animals fell near the area 68°43’—48’. Thus, the southern limit of the
Polar hare and the collared leming, and the northern limits of a number
of insects and lower animals, for instance the land snail Vitrina angelica,
which 1s associated with the Alchemilla-Association, from 68°31" and
southwards, and the insects: Bembidium grapei, Byrrhus fasciatus, Otio-
rhynchus arcticus et al. The reader is, however, referred to the detailed
treatment of the zoological material.

Climate: On asummerexpedition like oursit wasnaturallyimpossible
to collect such a large material of climatic observations as to be able to
form un exact basis towards understanding the above-mentioned floristic-
ecological boundary on Blosseville’s Coast. Still, observations from one
summer are better than none, and as climatic conditions in the summer
of 1932 agree very well with the botanical results, there is a possibility
that the climatic conditions of this summer are of a more general char-

acter.
Table IV*).
- . | = ‘ = ‘ — N YN e
| g | = 2 = = = = t‘:b - b= ‘ z S
S22 5 2 2R & 3 2 A
Fr— | — = | —
1 | {
Temperature: | i ' | |
Scoresby Sound |—17,9 —19,6 —17,3 —12,9 —4,6 1.8 4,1 3,2 0,7 —6,9 —12,4—15,6
Angmagssalik.. | — 85 —10,0 — 7.8|— 45 0,8 49|66 58 3,0 —13 — 53|— 7,0
| | | L |
Precipitation: ‘l i 1 { i
Scoreshy Sound | 45 43 14 38 | 7 25| 14|11 | 27 } 28 | 26 | 39
Angmagssalik.. | 83 51 62 61 | 61 | 53|49 | 60 | 94 i 144 84 | 70

*) T am much obliged to the Meteorological Institute of Copenhagen for their kind permission to use this material,
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When considering the climate at the stations of Scoresby Sound and
Angmagssalik (Table IV), it appears that the climate between these two
stations must undergo a very considerable change. Scoresby Sound has
3 months with a positive mean temperature, whereas Angmagssalik
has 5 months. The July mean temperature of Angmagssalik is 2,5 (° C)
higher than that of Scoresby Sound. Still greater is the difference in the
yearly precipitation, Angmagssalik having 872 mm, whereas Scoresby
Sound has 317 mm, or very nearly the ratio of 5 to 1. As to precipitation
Angmagssalik is only surpassed by Ivigtut in South Greenland, which
has 1167 mm as its yearly precipitation, but it is the station in the whole
of Greenland which has the greatest number of days with preciptation.
(Herce PerersEn: The Climate of Greenland. Greenland 1.)

If the July mean temperature at Scoresby Sound is compared with
the same quantity at the stations of the west coast, it proves that it is
only at the northernmost locality that similar conditions of temperature
are found. In Scoresby Sound we have a high-arctic cold and compara-
tively dry climate, whereas in Angmagssalik there is an arctic, warmer
and more moist oceanic climate. We pass from a central-arctic type of
climate to a tundra climate type and, having regard to the distribution
of these types, from the central-arctic climate province to the north-
atlantic polar province (PuiLipsen 1925). Does this climatic transition
come about as abruptly as the corresponding transition in the vegetation ?
In order to answer this question, one must first of all consider the
factor which decides the difference. This factor is the East-Greenland
Current with the ice carried along by the same. From former expedi-
tions (e. g. that of AMpruP) it is known how dificult ice conditions may
be along this coast; there are summers, when the greater part of the
coast is practically blocked by the pack-ice. The picture which it
presented in the summer of 1932 was, however, quite a different one;
one could not during this summer speak of pack-ice, except in scattered
floes south of a bar of ice at Cape Rink and Cape Stephensen, in about
lat. 68°20". South of this area the Danmark Strait was practically open.
There are many facts which point in the direction of these conditions
not being unique. Thus the bar of ice seemed to have arisen in the manner
that the icebergs along the coasts had grounded (on the comparatively
low submarine ridge between Iceland and Greenland) and pressed the
floes of the pack together. At Cape Daussy in 68°43" the expedition noticed
that the beach consisted of very large walls of boulders eroded by the sea,
and at the mouth of Kangerdlugssuak rocks were observed which were like-
wise greatly eroded by the sea. In this context it should also be mentioned
that the East Greenland Current, as is well known, divides in the Dan-
mark Strait and meets the warmer Irminger Current. (I. N. NIELSEN:
The Waters round Greenland. Greenland I). See also RupoLr AHRENS
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(1927) who in Fig. 1 presents a map of ice-conditions round the Pole,
and places the boundary between “Sommerliickeneiskiisten” and “Win-
tereiskiisten” north of Kangerdlugssuak near 68°20°, such as was the
case this year.

It is interesting to notice what was the character of the weather
north and south of this bar of ice. From table V it appears that there
was a sudden change in the July climate (to the north) to the August
climate (to the south).

Table V.
July August
north of bar south of bar
Fog, haze .........c.iiiiininiinnennnnn 25 per cent 16 per cent
Overcast weather ........................ 6 — — 6 — —
Rain ........ ... ... .. ... 0 — — 39 — —
Clear weather ..... ... .. ............... 69 — — 39 — —
Mean height of barometer ................ 760 754

As long as the pack-ice is lying outside the coast, it is either clear
weather or foggy; farther south the weather becomes much more rainy.
In Mikis Fjord (lat. 68°10") at the end of August it rained almost
incessantly for 5—6 days, and one day we registered about 60 mm of

% T B
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=

Fig. 7. Hydrotherm curves. Angmagssalik: , Scoresby Sound: -------- .
Abscisse: the months. Ordinate: temperature in degrees of celcius,
prepicitation in cm.
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rain. According to this a station like Kangerdlugssuak, situated midway
between Scoresby Sound and Angmagssalik, ought at any rate to have
climatic conditions which were almost a mean value between these two
stations, a July mean temperature of about 5,4° and a yearly precipit-
ation of about 600 mm. This agrees very well with the fact that the July
isotherm 4°—5° forms the boundary between the central-arctic climate
province and the north-atlantic polar province (PHiLipsEN 1925), or
between a high-arctic and a low-arctic zone (VanL and Harr 1922), and
this must be the climatic boundary corresponding with the floristic-
ecological one which I demonstrated on the east coast of Greenland.
The two hydrotherm curves for Scoresby Sound and Angmagssalik
(Fig. 7) are a graphic representation of Table I'V. They clearly show the
difference between the more continental Scoresby Sound and the more
atlantic Angmagssalik, Angmagssalik having its rainy season in the
autumn, after the breaking up of the pack-ice, while in Scoresby Sound
the precipitation is practically the same all the year round. There may
naturally be some small changes in the mean values given, when investig-
ations covering a greater number of years are available. It should also
be emphasized that there is a great difference between the climatic
conditions of the various years as corresponding with ice conditions.

It appeared from the preceding that Cassiope tetragona on the east
coast seems well qualified as an climatic indicator; this is also the case
on the west coast where, however, its occurrence cannot be used as an
indicator species for the boundary between the two zones. This is because
Cassiope, like Arnica and several other higharctic species, must be said
to be more closely associated with a certain degree of continentality than
with certain degrees of heat. We, therefore, see that a number of species
extend further south on the warm and dry west coast, whereas they do not
extend so far south on the east coast. Cassiope is mentioned by PorsiLp
(1920) as the heath-plant, which after Empetrum is most important on
Disko. He further says: “The southern limit is about 64° where the plant
only occurs in alpine inland stations. Already in the fjords between
66° and 67° scarcer on the sunny slopes than on the northern; observed,
however, locally down to the shore.” One might call Cassiope a con-
tinental-arctic species, but for further particulars the reader is referred to
the subsequent chapter, where the types of distribution will be discussed.

The conditions on the west coast which should prove a boundary
line of a similar kind as the one on the east coast, must in the first place
be a similar floristic decline, as associated with the cessation of certain
of the same important communities. In order to form an idea of this
problem, I have made some preliminary calculations based upon OsTEN-
FELD’s lists of plants from the various districts. As my starting point
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I naturally choose Scoresby Sound and Angmagssalik. By counting up
the species which these two areas have in common, and then subtracting
this value from the total number of species in the areas, one learns how
many species are lost in the intermediary area. This quantity, given in
percentages of numbers of species, is comparable with corresponding
quantities from the west coast, seeing that OsTENFELD has chosen to
make the west and east coast districts rather uniform in extent
and situation. Between Scoresby Sound and Angmagssalik the decline
from north to south is 31 per cent, from south to north 36 per cent.
Between Godthaab and Jacobshavn-Disko, which distance on the west
coast nearly corresponds with the distance between Angmagssalik and
Scoresby Sound, the decline from north to south is 21 per cent, from north
to south 22 per cent. When adding up these figures it appears that the
total decline on the west coast is 43 per cent as against 67 per cent on
the east coast. Between Disko-Jacobshavn (V) and the most northerly
district (VI) there is only a smaller floristic difference, and it is worth
noticing that there are no southern boundaries between these
districts. If, on the other hand, we compare Disko-Jacobshavn with
district VII (Thule), we find a decline of 55 per cent in a northerly and of
10 per cent in a southerly direction, that is, a total decline of 65 per cent,
a quantity which amounts to the same as that between Scoresby Sound
and Angmagssalik, but cannot be compared directly with the latter, as
on the west coast it is particularly a decline in a northerly
direction. This again shows that many higharctic species are often
able to live comparatively farther south on the west coast than on the
east coast. Nevertheless the boundary between regio arctica I and II
must be looked for north of Disko on the west coast. RosExvingE (1896)
touches this problem (p. 110) when finding a greater difference between
the real high-arctic regions, with ericaceous heath and herb-field as
the highest forms of vegetation and Central Greenland with its willow-
copse, than between Central Greenland and the southern coast land with
its birch-copse. He writes: “There will, therefore, be every reason to
distinguish between the arctic region proper and the willow-region
(WAnLENBERG; WaARMING) or with DrupE between a high and a low-
arctic mountain region — —”’. ROSENVINGE is of the opinion that the
boundary is at the Nugssuak peninsula between 70° and 71° “where there
is also a pronounced floristic boundary”. There are, however, southern
species which are able to live some distance farther north than the
actual copses extend, and it would be natural to put the boundary where
the greatest floristic decline takes places, in which manner many limits
of areas will coincide with the former. The floristic decline can thus also
be applied on the west coast; on the other hand, it proved that one could
not make a direct comparison between the floristic decline of the west
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coast and that of the east coast, so that it might be a matter of doubt,
whether the two boundaries had any connection with each other. It
must, therefore, be admitted that only the floristic decline, which is
conditioned by the same climatic factor — in this case the heat — can
be used when looking for the further course of such boundaries. This
floristic decline will then principally consist of northern boundaries. It
will be the distribution of the southern species (boundaries of areas) as
well as the boundaries of the southern communities which are the decisive
factor. Such a boundary — determined in this manner — must follow
isotherms and biochores. An agreement between the individual points
of investigation of such boundaries can naturally only be approxi-
mate, seeing that the climate is never the same in two different localities;
thus, one would beyond a doubt find great differences in the different
places, if one tried to follow and establish the limit of forest. It is then
of importance to have so many elements as possible for comparing the
individual places. What isotherms and biochores and limits of the areas
of species show in rough features, the investigation of the floristic decline
will be able to supply in detail.

RoseExvinge demonstrated the clearly defined floristic boundary,
which divides the land of the south coast from the remaining parts of
Greenland (from 61° on the west coast to 60°30" on the east coast);
further, a couple of less clearly defined boundaries at 63° and 64°. It is
natural that a number of boundaries of areas coincide in this place,
seeing that in this very locality, for instance in point of precipitation,
we reach the same altitude, which on the east coast seems to cause the
disappearance of a number of high-arctic species. In this very latitude
(64°) falls the southern boundary of Cassiope tetragona and Arnica alpina.

Trore Fries writes that the material at hand is now sufficient to
determine whether one ought to divide regio alpina II into an upper and
a lower region, and he adds: “Prilimindr mochte ich als Arbeitshypothese
innerhalb der r. a. Il zwei von einander mehr oder weniger scharf ge-
schiedene Abteilungen aufstellen: a) einen unteren Teil mit mehr ge-
schlossener Vegetationsdecke, und b) einen oberen, fast sterilen, charak-
terisiert durch Block- und Scherbenmeere, wo Steinflechten, Moose,
kleinere inselférmige Flecke mit Phanerogamenvegetation oder einzelne
Phanerogamen vorkommen kénnen, oder wo jede Vegetation fehlt.”
Compare pu Rierz 1925, 1930 (previous quotation p. 36). .

In North Greenland OsTENFELD (WULFF) 1923 found that there was
almost exclusively fell-field. Here there is an ecological difference in
the direction of the country situated to the south, which it may perhaps
have its value to emphasize, but there is presumably no sharp floristic
boundary determined by the floristic decline.

The flora of Greenland, which is conditioned by the great difference
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in climate on the different parts of the coast of Greenland, consists of
different elements. Just as there are different climatic areas, in the same
manner there are different phytogeographic areas which are limited
towards one another by the limits of the areas of certain species and
communities, the boundary being drawn where the floristic decline is
greatest. The climatic provinces are in particular these four: the inland-
ice; the area north of the 4—5° July isotherm (the central-arctic area);
the area south of this isotherm (the north-atlantic polar province) and
finally a subarctic province in the interior of the south coast land, where
the mean temperature in July reaches 10° C. Also, it will be possible
inside the coast area to distinguish between an inner and an outer land,
corresponding with the fact that the isotherms do not pass right across
Greenland, but bend upwards in the warmer inland (compare: GUNNAR
ANDERssON, 1902). The most important phytographic areas would then
be associated with these provinces.

We are still lacking a detailed description of the distribution of all
the Greenland species along the lines followed in the preparation of the
results of the topographical-botanical investigation of Denmark (Knxup
JEssEN, 1931). In this manner one would realize the different types of
distribution in Greenland. The most important of these types would
then, according to the preceding, be the following:

1. High-arctic species. Associated with the central-arctic climate
and with regio arctica (alpina) II. Examples: Saxifraga fla-
gellaris, Pleuropon Sabiner (Fig. 13.)

2. High-arctic-continental species. Associated with r.a Il, but
besides towards the south with continental regions in the
inland or in the coast land, when the precipitation does not
become too strong (West Greenland). Examples: Cassiope
tetragona, Arnica alpina (Fig. 11 and 12.)

3. Widely distributed species within the arctic area. Compare
PorsiLp and OSTENFELD. Examples: Luzula arcuata, Tri-
setum spicatum, Saxifraga cernua. Both in r.a. I and II.

4. Subarctic species associated with r.a. I and the land of the
south coast. Besides in the warm inland of Scoresby Sound.
Examples: Botrychium Lunaria, Alchemilla glomerulans, Pin-
guicula vulgaris, Scirpus caespitosus, Bartschia alpina (Figs. 8,
9 and 10.)

5. Subarctic species associated with the land of the south coast,
and perhaps occurring, in particularly favorable localities,
in r. a. I. Examples: Lycopodium clavatum, Drosera rotundi-
folia, Parnassia Kotzebui (Fig. 13.)
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Fig. 8. The distribution within Greenland of Bartschia alpina.
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Fig. 9. The distribution within Greenland of Secirpus cespitosus var. austriaca.
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Fig. 10. The distribution within Greenland of Alchemilla glomerulans.
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Fig. 11. The distribution within Greenland of Arnica alpina.
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Fig. 12. The distribution within Greenland of Cassiope tetragona.
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Fig. 13. The distribution within Greenland of Saxifraga flagellaris (@)
and Parnassia Kotzebui (0).
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1 and 2 correspond with OSTENFELD’s A, 3 with A, and 4 and 5 with
S. Besides these types there must be species which are associated with
the interior or the coast land within regio arctica I or II.

Round the boundary between regio artica 1 and II species of the
groups 1, 2 and 4 should have their distribution, group 2, however, only
on the east coast. The maps (Figs. 8—13)!) show some particularly
important examples of such distributions.

Bartschia alpina, Scirpus caespitosus var. and Alchemilla glomerulans
are all associated with r. a. I; the area boundary of Bartschia alpina is
almost as I imagine the boundary between r. a. I and I1. That Alchemilla
glomerulans does not occur farther north than Disko on the west coast,
is beyond a doubt rather due to historical reasons (immigration from
Iceland) than to a possible lower degree of atmospheric moisture in a
northerly direction. Cassiope tetragona and Arnica alpina are two typical
examples of high-arctic species, which are associated with a continental
climate and, therefore, towards the south prefer the dry inland. Sazifraga
flagellaris seems entirely associated with r. a. 11 and Parnassia Kotzebuu
with the subarctic area in the land of the south coast. There are naturally
a number of species which it is difficult to place in such groups — chiefly
species which are restricted to one or more districts — but the thing which
is of importance in this connection is to indicate the most important
types of distribution. Further, I refer to the existing divisions of the
arctic flora, viz. PorsiLp 1920, OsTeNreELD 1926, MoLroLm Hansen 1930,
p. 19. See also STEFFEN 1924.

By many scientists the arctic zone is regarded as a phytogeogra-
phical-climatical unity. Thus Koépren (1901, 1931) speaks of an “arctic
tundra climate”, where the vegetation consists of ,,Moos- und Flechten-
tundren, mit Oasen von Bliitenpflanzen”. Compare also Rixrr 1913.
As early as in 1878 KrLINGGRAFF showed that the European polar zone
might be divided into two sub-zones. He writes: “Bei der Armuth und
Einférmigkeit der hochnordischen Flora pflegt man fiir ihr ganzes Gebiet
nur eine Zone, die arktische, anzunehmen. Doch lassen sich, wenigstens
in ihrem européischen Antheil, zwei Unterzonen unterscheiden — —
Wollte man ein umfassendes, anschauliches Naturgemilde der arktischen
Zone Europas liefern, so kionnten die beiden Unterzonen nur gesondert
geschildert werden.” Klinggrift’s classification is adapted by ENcGLER
(1879), who characterizes the lower southermost zone in the following
manner: “Das arkto-tertiire Element tritt mehr hervor.” For Greenland
WarMmiNG attempts a special classification when he writes: “We may
roughly distinguish between the following. forms of vegetation which,

1) The maps are prepared after an examination of the arctic herbarium in the
Botanical Museum at Copenhagen. I am greatly indebted to the Museum for the kind
permission to use the collections, as also for the printing of the maps for this purpose.

4*
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partly by the order in which they are mentioned, indicate a gradually
decreasing strength in accordance with the climate, and which must
further be classed as sub-departments of the alpine region. 1. Willow-
copse-zone. 2. Ericaceous heath zone. 3. Fell-field zone. A
somewhat similar classification is made by Gun~NArR ANDERssoON (1902)
who has two zones, viz. a tundra-zone and a fell-field zone; he writes:
“Meines Wissens besitzen die arktischen Lander zwei grosse Gruppen von
klimatischen Pflanzenvereinen” (Compare ScHIMPER). A division into
two zones is also used by the geographers, see the climatic chapter.
What is new in my investigations is then only the demonstration of the
fact that by investigating the floristic decline and the distribution of
communities in arctic regions it may prove possible to fix the boundary
between regio arctica I and 11, the existence of which was known to
earlier scientists, and further that this transition between the zones
mentioned does not always take place gradually.

An entirely new point of view in phytogeography was set up by
Ravnkizr, who showed that it was possible to draw biochores through-
out the whole of the circumpolar area, biochores being lines which con-
nected places having the same biological spectrum with one another.
Raunkizr (1908) elected to follow the biochores 10, 20 and 30 per cent
Ch. According to the course of the latter he divided the geographical
area, in the same manner as the geographers divide it by the 10° and 5°
July isotherm. It is now clear that a biochore, which nearly coincides
with the boundary between regio arctica I and 11, would have a great
practical and theoretical significance, seeing that it might be used
as a guide in a division between these two zones. For this purpose
it might be desirable to choose the expedient of computing the spectrum
north and south of the boundary 68°43'—68°48’. However, RAUNKIER
(1911) shows that small areas are apt to have too high a Ch percentage,
and this being the case with the two areas in question (Raux-
KIER 1908), it is natural to compute the spectra for the coast land of
Angmagssalik plus the adjoining coastal zone to the north as far as the
boundary, and for the Scoresby Sound coast land plus the coast situated
towards the south as far as the boundary, thus computing the spectra
of floristic-ecologically uniform stretches of land. Table VI shows that
north of the boundary there are 30 per cent chamaephytes, as against
25 per cent to the south of it.

Table VI.

!‘Ch‘H\GlﬂH Th

\ 1 ;
The coast 72° to 68°43'——48'..................!! 30 58 8 2 2
The coast 68°43'—48 to 65'................... 25
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Between these two Ch per cent biochores the boundary must then
be looked for. It is consequently interesting to see that district VI and
VII on the west coast (MoLroLm Hansex 1930) has 30 and 31 per cent
Ch, while Disko (V) has 25 per cent. It was north of Disko that the
boundary should be drawn, if one considered the floristic decline. On
Novaia Zemlia it also proves that in the place, where the floristic decline
is greatest, the Ch percentage rises to 25 and 30. In this context I should
like to quote part of one of RaunkizRr’s tables (1908).

Table VII.
‘ | |
. . 1 number
Novaia Zemlia N Ch H 3 G HH Th }ofspecies
|
H—T6° .. ... 0 31 69 .. .. .. ” 16
T4—T5% 2 25 63 10 .. . 49
B4 |2 22 62 | 11 2 1 128
72—18% 2 20 60 12 3 3 130
=72 ... 3 20 64 l 11 2 130

In a vertical direction the zones, which here are apt to divide, also
seem to be bounded by a biochore lying about 25—30 per cent Ch.
Thus, MoLaoLM HANSEN (1930) on Iceland could establish a lowland zone
with less than 20 per cent Ch., a lower highland zone between 20 and
25 Ch, an upper highland zone from 25 to 40 per cent Ch and, finally,
a nival zone with 40—50 per cent Ch.

Unfortunately the various authors rather disagree as to the per-
centages of N, Ch and H.

SUMMARY

By the work done in the course of the expedition the number of
known species in OsTENFELD’s district IV east was increased from about
115 to 150 known species.

These species are distributed within the area in question, in such a
manner that by computing the floristic decline in a northerly and
southerly direction, one arrives at the result that there is a pronounced
floristic boundary on Blosseville’s Coast in about 68°43'—68°48'".

In this computation regard was only had to the coast land, it being
proved that a floristic decline also took place at a right angle with the
coast in Scoresby Sound and Kangerdlugssuak.

The distribution of the communities of plants, as well as the evidence
supplied by zoogeography and climatology, agrees with the conditions
found.
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It proved by comparing the investigations made with the literature
on the subject that the boundary found was a boundary between a
high- and a low-arctic zone, corresponding with two different climatic
areas. Vertically it corresponds with the boundary between regio alpina
I and IT (THorE FriEs). The two zones were, therefore, called regio arctica
I and II.

Then the further possible course of the boundary was mentioned,
regard being had to the literature on the subject. On the west coast it
will presumably lie in about 71°. In this manner a preliminary review
of the phytogeographical division of Greenland was arrived at, and the
most important types of distribution were made subject to discussion.

Finally it was made probable that a biochore situated between the
25 and 30 per cent Ch-biochore would be of special importance, as coin-
ciding with the boundary mentioned.

To conclude I beg to thank the leader of the expedition, Capt.
Esnar MikkeLSEN, for his great help, both on the expedition itself and
later in the preparation of this article. I am also greatly indebted to my
comrades on the expedition for assistance rendered on numerous occasions.

Mrs. EvisaBetH ExkMaN has been so kind as to determine my
collections of Draba, for which I take this opportunity to express my
sincere thanks. Further I owe a great debt of gratitude to Professor
Kxup Jessen, Dr. sc. and Jous. GrRonNTvED M. sc. for much valuable
information and assistance, as well as for the loan of literature on the
subject.
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