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Eleocharis R, Br.

By Sven-Olov Strandhede and Rolf Dahlgren’

Institute of Systemalic Bolany

Universily of Lund, Sweden

Eleocharis multicaulis (Sx.0 5,

[ seirpus multicoeliz Sy, 5. pedogteis Lo sensu ampl. pop. |

The species treated earlier (Fase. | and 1) belong o ser. Eleocharis
isyn. Palustriformes SveENs., subser. Fleocharis [syn. Pofusires (G B
CLARKE) SVENS,| and have bifid stvles and biconvex achenes, The
species treated here, . malficondiz, belongs to ser. Mullicoules SVENS,
with trifid styvles and trigonous achenes,

fhizonws stowd with cetremely shoed fnternodes and noamerons side
shaoly giving cuespitose plants with the bosal perts closely embedded
i apithered ofd shoots aned adoentitious rooftz. Basal shealths of the
culms pale brownish 1o yvellowish or greonish owith minute red spols,
rarely reddish, al least near the base: orifice obligue, often with a
marked lip,

Culms about 1 mm in dismeter, olten bowbent, 10—>a50 cm: collen-
chyma slrands rather stout and numerous, normally 1—3 epidermal
cell rows beltween Them: normally bwo palisade layvers and lwo or
more¢ parenchyma layers in lhe interspaces between Lhe vascular

I][HHHI'N, |'I_"H|_|I|il|",: ill il-}lrli, I'|I'H'|-|rll]'.‘ﬁll,l:l.'l'll.l1 'E'Hlﬂtl“]ll.l"‘r' Ilii'l"t‘ :'_:l‘l'l'll 0nr
+ yellowish-green ¢ulms, Cell walls rather thick; slomatal guard cells
longer than the subsidiary cells (though not protroding as in . momif-
Iate), resulting in convex short ends of the stomata: stomatal length
35—R0 p,

Spikes of aboul the same length and shape as in £, aniglomis, though
less variable (6—14 mum). Basal glumes of the spike amplexicaul, less

' STRANDHEDE i» responsible for the lext and Figo 1, Dapneres for the deaw-
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than helf the length of the spike [length (2—) 2.5—3 (—3.5) mm, widlh
(1.5—) 2—25 (—3) mm]|, with o broad green mideib and o brood
hyaline margin commonly splil in the roanded fip, 1(—2) sterile.
Fertile glumes 3.8—4.6 mm, rounded and brownish (sometimes black-
ish) with & £ broad greenish, or laler vellowish midrib and & hrown-
ish hyvaline marging, sometimes split in the tip as in the case of the
sterile basal ghome, Total number of flowers frequently 20300 (—36) ¢
receplacle density 25—36 fruils per em of the rachis.

A shoot, developed from an adeventitous bud, often found in the aiil
af the basal gfume of the spike (folse piviparyg ). These adventitons
shools often reaching the water or groond becanse of the frequently
bowbenl eulms, developing occasionally into spike-producing planls
while still in the mother spike (see [igure),

Thecae vellow, 1.8—2.5 (—2.8] mm long. Pollen grains sector- or
sac-shaped; length 45—H0 p. widlh 30—40 p.

Achene shape angularly trigonouws, pyriform lo obovale in outline;
length (1.3—)1.4—1.8 mm. width .7—01.0 mm; colour greenish o
blackish-brown; surface rather smooth, Stgles trifid. Style bases pro-
minently developed, somewhat necked or almost sessile: shape angu-
larfy trigonows, pyramidal: length 0406 mm, width 0.3—0.4 mm.
Bristles 3, well developed and sometimes 1—3 £ rudimentary; barbs
short, adpressed,

Chromosone number 2n=20 (Fig. 1) (heteroploid chromasome pum-
bers occur),

E. nmulticaulis prefers shallow, stognant, oligelrophic walers with
muclidy bottoms, {ts distribution in Evrope (s £ allantic; in Scandinavia
it oecurs from Bergen in W, Norway south- and eastwards below Hhe
mountains and in the somthwestern parts of Sweden. Though lack-
ing in eulrophic, ealeareons areas, il is collecled in pure ealeareons
mud (“kalkbleke™|, poor in nutriment, at Boda, Gland, In Denmark
it occupies wel siles in the oligolrophic weslern parls of Julland, It is
also reporled from the Paeroes

Onlside Seandinavia, it oeears in the British 1sles and West Europe
through the western parts of Germany, France, NW. Spain and Por-
tugal, East of this area, il is known only in small, isolated populations
in Easl Germany, Poland, Trieste, Liguria, Corsica, Sardinia, and Ara-
mon, I is also known in Moroeco.

Bob. Nettsar, vol, 190, 198
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Fig, 1. A—B: Eleochoris mutticanliz. Ar Bn=20 in a rool mitosis (plant no,
GRS froon Swoden, Bohinslin, Dddevialla, |{I'|:||n.\j|'§u|-. B: "n=10 in 0 firsl ]||r|.|4~|4
milosis: (plant no, 050504 from Sweden, Skiine, Orkened, 50 Smesjin, e
Eooquingueflora (plant oo 0G0601 from Skine, Skandr, Skandrs. ljung) Lor TG
bivalents in o first metaphose. ¥ n—00 in a firsl pollen milosis

E. quingqueflora (FF. X, Hawgrs) O, Scuwanz

[ Seirpus quingueflorns Fo X, Harts., 5 peaciflorus Licurr., I, pauci-
flora (L1GHTE.) LINK]

This species and E. pareafo, trealed in Bol, Notiser 121 (4). belong 1o
ser, Pancifforae SVENS., characterized by their fritid styles and skvle
bases. which are confluent wilh the apex of The achenes.

Rhizames slesder and monopadial for abonl 3—5 nedes mith 223
cm Tong internodes, then producing an assimilating culmye surrounded
|:_",' fwo hasal shealhs t'tu‘l'L-Hi:uu:“ng {0 those of The ol ler \1!1*:"u'.~i, The
next shool generalion, developed in the axil of the first basal sheath
of the culm, may continue the rhizome, bul more often the following
frternodes are extremely short, and o cluster of assimilating shoofs or,
in autumn, o . 1 cm high and brood bud is prodeced and serpes os
a resting organ, From this bud new generations of assimilaling shools
and rhizomes are developed next wear. Basal sheaths of the culms

Ras, Xanlzer, vol. 121, 1THS



DRAWINGS OF SCANDINAVIAN PLANTS 13—1 o

OUINOUVEFLORA

ELEDCHARIS

Il Xotiser, val, 121, 1068



a10 SVEN-OLOV STRANDHEDE AND ROLF DAHLGREN

green to pale reddish-brown, often with reddish bases, orifice straighi
or somewhal obligue, often wilh a dark margin,

Culms thin (0.3—0.5 mm in diameler), {3—) 7—20 (—30) cm high:
collenchyma strands strong and numerouns, usually less than 5 epider-
mal cell rows between them: eommonly one well developed palisade
layer and 2—3 T parenchymatous lavers in the inlerspaces belween

the vascular bundles, resulting in dark. noo-translucent, © pure 1o
grevish-green culms, Cell walls thick and markedly pndofaled, espect-
ally along the collenchyma strands, (Though more markedly in E,
guingue flora, as shown in a figure, all taxa have a = undulated patlern
of the cell walls because of the pits between adjacent cells: this pattern
is nol drawn in the figures of the stomata.) Stomatal guard eells longer
than Hie ht1|1.~<i1ﬁ;l|‘}' cells, resulling in convex but pol protruding shorl
ends of the stomala: stomatal lenglh (50— 55—70 (—75) .

Spikes shorler than 1 cm: basal glemes omplecicom!, reacling te
hatf the fengih of the spike or more (length 2.5—5 mun, width 1.5—3
miumn |, commonly brown with a marked = broad. greenish, later brown-
ish midrib, normally with a flower in its axil. Fertile glumes 3.5—4.5
I—6) mm, somewhal oblose o geote, commonly brown (o blackish-red.
with a + keeled midrib and = hrownish hyaline margins during pre-
floral and floral stages, when older increasingly hrownish and mem-
branaceous. The total numbrer of flowers fewr, up to cight: receplacle
densily 22—37 fruits per em of the rachis. (The exaciness of this
value is low as the racheae are shorter than 4 mm.)

Theeae pale yvellow and 1.5—2.5 nmim. Pollen grains sector- or sac-
Hli.'{pf"l,l; 'E'l!'l”(!lh length 36—50 u, width 30—40 u,

Achene shape angularly trigonous and pyriform o obovale in outling,
with a pretruding apex; length 1.7—2.3 mm, width 1.0—01.3 mum: coloar
+ lustrousty grey because of o white, epidermal reticalafion corre-
sponding to the radial cell walls an the Blaek Backgronnd of the interior
cells; surfuce smaoonth. Stifles teifid, Style beges al e il e af the achenes
black and confluemt with the fper, Bristles (0—) & {—8), as long as
the achenes or shorter than them jor rudimentary), offen unequally
developed; barbs rather shorl, retrorse,

Chromosome number n=060 [Fig. 1), n=467 in different plants; and
n=H and G7 in different first pollen mitoses of The same anther?

2 The chromosome mumbers 2n =132 and 20134 in H. WeEnanek: Skines Flora
(P and N HVLANDER: Nordisk Karlvitflora 1 (1966) bolh cefer to my delerminn-
fions of haploid chromosome numbers in meictic melaphase | and ficst pellen mitosis,

B, Notmer, val 121, T8
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E. quingueflora prefers eutrophie Toealities, It iz most conunon in
wel meadows along the coust, but also occurs in rich fens in the low-
fands as well as in the Seendinovion mountains,

It is to be found in large parts of Lurope, northwards to Teeland
and Kola Peninsula, soulhwards to the Balkans, and through Asia lo
the Far East; il nlso oceurs in North America.

beot. XNotiser, vol, 121, 106



A New Species of Lonchostoma (Bruniaceae)

By Arne Strid

Institute of Systemaliec Bolany

U'nmiversily of Lund, Sweden

ABSTRACT

The wew specics Lonclosfomer esterfageenioe STRID i8 deseribed from River-
sonderend Mountains (Caledon Dive), Cape Prov., South Africa. The four pee-
viously known species of the genns are all restricted to the 3SW Cape Provinee,
ranging from the Palmiet Hiver Yalley to the Ceres and Clanwillinm Divisions.
L. esterhugseniae seems to be most closely related o Lo peafondrnm (Thoesn,)
Drece. which is vecorded from a few localibies i the Cores and Clanwilliam
Diivisiomns.

Lonchostoma esterhuyseniae STHRID sp. oy,

Frutex dense ramaosus, foliis imbrieatis villosis, capitulis paneiflorss termi
nalibus. Corolla rubra, lubo angosto, segmentis obovalis,

Original  collection: Cape Provimee, Coledon Dive: Riversonderend  Mis.,
lavge, vertical rocks facing 5, ca. 1 mile W top of Pillaackep, 1440 m s,
DamrcreEs amd STrio no. 2283, 17011965  (holatbype NBG; dsofvpes BOL,
K, LI},

Shrob vigorous, much branched, 50-— 1000 em hizh, rather dense and
wide, Branehlets villous, subereel 1o ascending, elosely lealy towards
the tip, lower down defoliated, glabeate. and muarked with leal sears:
l'ili"li',\i H’ri‘;\'i.“\]'l I‘In!"”'\‘l.'!l. !,I'-"Jrl‘ﬂ".’{ Il.‘if"l.'“.lﬁ”:H |[I jllll}l'{'.‘ihl'lj. i“ll.!l'il."]lll'. '1 T
mm long, 2—3 mm broad. elliptie, acule, with @ short black muero,
concave and Slabrons beneath,. convex and villous above, becoming
vlabrate when old or retaining hairs at the margins, Floweers in the
axils of very shlightly reduced leaves, sessile; with bwo bracteoles,
in 4—7-fMowered terminal heads. Bracteoles 2.5-—155 mm long, 1—1.5
mm broad, lanceolale, acuminale, with g black mucro. navicalar. mem
branous, villous on the upper half of the dorsal face. ciliale, Cafgr
submembranous. red; calyx-tube obeonie, 5—6 mm long, glabrous:
calyx-lobes 5, 2—25 mm long, lanceolate. acuminale, with black

Had, Nati=er, val, 121, 196k
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Fig. 2. Lonchostome esterhupsemiae; DAHLGRENY & STin no. 4233, — A: Branchlet.
B: Bract. — G Broacteole, - 1) Calys opened; seen from inside. — E: Gorolla
Gz Pistil. — H: Map indieating

with tolw opencd; seen from inside, — F: Stamon.
the fype locality. — (A =25 B—E =6 F—G > 18].

Bat, Notieer, val. 121, 18
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mueros, villows on the back, ciliale, Corolla glabrous, red; corolla-tube
T—10 mun long, narcow, obeonic, free from the ovary, with an external
fringe of hyaline hairs al the base; corolla-segments 3, 4.5—6 mm long,
d3—4 mm broad. obovate, Anthers 5, subsessile, glabrous, inserted in the
moulh of the corolla-tube, ca. 2 mm long, lanceolate, sagittate al the
base, dehiscent before the Mlower opens. Ceary superior. oblong, 1.5—
2 mm long, .57 mm broad. glabrous, with indistinet ribs, imper-
fectly bilocular, 10—1b6-ovulale; styles 2, free, slender, 2—2.5 mm long:
stigmas minufe,

L. esterhnyseniae is only known from a single locality, It was found
in crevices on rather wel rocks with temporarily sillering water. When
Mowering, the subglobose, densely branched shrubs are visible from a
long distance by Lheir intensely red colour. Only a few individuals
were found. bul the species might well ocouwr on additional localities
i the rather inpecessable part of the Riversonderend Mountain range
Iving west of Pillaarkop.

It is o pleasure to name this handsome species after the eminent
collector Miss L8 ESTERHUYSEN ol the Bolus Herbarium, Cape Town,
w i Ijuini:ii the ¢limb on which il was found,

The genus Lonehogtoma WIKSTR. is 0 small one. containing five spe-
cies (including L. esterhgsenioe], all confined 1o the soulh-weslern part
ol the Cape Province like the majority of species in the Family Bro-
airceae, The Comily, which is endemie in South Africa, was revised by
Pieeans (1947 ). According to PHiLLes (19510 there are twelve feneri
with aboul 73 species. which are mainly confined o the south-
western districts of the Cape Provinee, The genus Lonehostomer is char-
aclerized by baving vnusually large flowers with the pelals connale
into o lube, The species are virgale shrubs with closely packed, sessile
leaves, and flowers o leeminal leafy heads, A drawing and descriplion
of L. monogynom (VauL] PILLANS was published in The flowering
plants of South Afriea 5 (1923, plate 118, This species differs from the
others in having the styles firmly connale throughout, L, esterfioygsenioe
i 4 distinel Hlli‘t'il'h: il seems Lo e maost closely similar 1o L, pf'nfrm:f-
rum (Tresg.) Druce, which is recorded feom o few localities in the
Ceres and Clanwilliam Divisions, and differs from L. esterhugseniae,
Lesin having more dense-flowered heads and globose, villous and partly
inferior ovary,

Bat. Natiser, val 120, 108
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A Note on the Chemical Strains of the

Lichen Ramalina subfarinacea

By 1. L. Hawksworth

Bodanical Laboralories, School of Biology

University of Leicester. England

ABSTRACT

The lichen Roameliner subfarinacen (NvL, ex CroMe,) Nyi,ois distingoished
fram the K. farinaeca (L) AcH, eomplex by the presence of depsidones of
the f-oreinol group with o luetol linkage, The laxenomic trealmenl of
chemical races in lichens is disewssed, and, in this instance, it is conebded
that the status of varietas is most appropriate for the chemical rvaces ol [ sub-
farinacew. Three varieties are recognised within R subfarineces on the hasis
ol the depsidones present in the medulln: var, subfarinacen (norstictie acid)
which is restricted o marilime rocks: var, reogens (B nE Lesp) Hawksw:
comnb. nova  (norsticlie and salazinie acids) whieh oceurs on both feees and
siliceous rocks; and var, salezinicr Hawksw, var, nova (salazinic acid) which

has ondy vet been Found on deciduous trees,

A recenl revision of the Rumeding farinacea complex in Europe (CUL-
BERSON 1966 recognised live species — R, farinocen (L) AcH. wilh
pratocetrarie acid, K. hgpeprelocelrarica CULB. wilh hy poprolocetrarie
acid, B, subfoarinaeen (NYL ex CrRoMBE ) NyYL. with norstictie acid. K. rea-
geng (L pE LeEsp) Cone, with both norstictic and salazinie aeids, and
R. pollinaric (WEsTR.) Act. with evernie acid. Wilh the exceplion of
. recgens and R subfarineces the species can be distingnished by a
combination of morphological characters and spol lesls on the medulla
using polassivm hvdroxide (K} and paca-phenylenediamine (PD) (Go.
BERSON op, cil.: Wapg 1961 Lavxpox 1963).

i subfoarinocena s, str, and K. reagens, however, appear 1o he morphao-
logically identieal and cannol be distinguished conelusively by spol
tests (medulla K+-yellow turning red and PD -+ yellow loening orange
or red in bolh cases) or by microcrystalline lests (as usnoic acid, or the
oecurrence of norstictic and salazinie acids together, may interfere)
and so musl be determined chromalographically, In order (o delermine
a specimen of B subforinacen s lal, from the Sidlaw Hills. Perthshire,
Scolland. an acelone exiract of the washed plant was examined by

Fat, Xatieers visl, 131, 15968
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paper chromatography fusing Whalman No. 1 chromalography paper
and a solvent system of n-bulancl, 4 : ethanol, 1 : water, 5 (upper phase)
al 20°C). From the result it appeared to contain only salazinic acid
and this was later confirmed by co-chromatography with aothentic
samples of salazinic (RF=0.52:; PDA4orange yellow) and norstictic
(RI=063: PD+lemon yellow) acids. [t was also found that if spe-
cimens of this group containing only salazinic or only norstictic acid
were exlvacted wilth benzene (to remove maost of the usnie acid) and
then re-extracted with acetone, both these acids gave characleristic
reddish crystals in KK-solution (equal parts of 5 % aqueons KOH and
20 % Kati0y: CULBERSON 1967 ),

Ramalina subfarinaeca (Nvin, ex Crosoe) Xyve, Bull, Soc Linn, Normand.
ser. 2, 7: 2358 (1872}, — K. scopulornm var. spbfarinoeea NyL. ex CHOMEB,
Journ, Bot, (London) 10: 74 (1872},

var. subfarinneea. Lectolype: Scotland, eoast of Kineardineshive. Leg,
CrosMBie (H). Designaled by CripeRsox (1966 p. 849). Conlains only norslictic
acid in the medulla.

var. reagens (B, e Lesng Hawksw, comb. mov, — R, farinaees var, reda-
geng B, pE LEsn, Bull, Soc. Bol. Franee 67: 217 (1920), Holotype: probably
destroyved in World War 1T (CoLpEnsox 1066 . 8471, Conlains hoth noestictic
and salazinie acid m the medolla,

var. salaginica Hawksw, var, novy, Planta ut in &, sebfarinaeea (NyL, ex
Cromb.) Nyv, var, subforingceda sed materin chemicn medollae differt; meduallas
et soralin KOH -+ Maveseens se verlens rubescens et PDH luteseens se vertens
auranbiaean: acidum salazinicum (non aeidum porsticticom) solum eontinens.
Apothecia et pyenidin ignota,

Holotypus: Seatia, Perthshive, Fingask proxima Hait, Sidlaw Hills, ad cor-
lieem Frorini ercelsioris, BV 1968, Leg. 1, B, TopuaM, s n. (BM). Contains
only salazinic acid in the medulla.

R. subfarinacea, as understood here, is an entily within the R. fori-
nacea comples distinguished by depsidones of the f-oreinol group with
a lactol linkage. Structurally salazinic and norstictic acids are wery
similar (Fig, 1), differing in a single hydroxyl group, and so, if the
production  of  lichen  depsidones s genolypically  controlled, may
ited number of genes or linkage
groups belween the three varieties recognised above,

indicate a difference of only a very I

Habitat preferences of different chemical races in Vthe R, siliquosa
complex have been demonstrated by CvnpersoN & CULBERSON (1967),
and habital differences are also indicated in the R, subfarinacea com-
plex. i subfarinacer var, subfacinacen appears 1o be confined to mari-

Pt Motizer, val. 121, 1968
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CH, CH,R

Coo

: : s HO o
Fig. 1. Chemical structure of norsliclic
iH® i and =alazinie (R OH) acids, CHO OH-CH—O

time rocks, while var. solazinica has only yel been foand on lrees,
. subrfarinacen var. reagens has a wider ecological amplitude than
either of the two other varieties, occurring both on trees, o whicle it
was previously thought o be confined (CULBERSON 1966: LAUNDON
1965, and on rocks (eg gramte: Ronas Hill, Shetland, 22 V111966, Teg,
13, L. HawrsworTH na, 542 sandstone: Boarhills, Fife, 122,V 1968, leg,
I* 3. TorHAM).

The taxonomic treatment of chemical races in lichens is still a matter
of debate (of, Lavmp 1968), but it seems undesivable to recognise [hese
al the specific level when they only differ in a single chavactler, The use
of the term “chemical strain® has much recommend to it (Lame 1951 ;
AvsBonrn 1965) bul it has nol been aecepled by the International Code
of Rotanical Nomenelalure (Lasjovw et oal. 19661, “Chemovar.” was
proposed as the solution by TETENy (1958) and intraduced inlo leheno-
logy by Tance & Lamsizvoxn (1965), Lasaouvw (1958) considered thal
such races should be accommodaled inlo the normal bexonomic cale-

EOrIes,

. subforinacea var, subforinocea, var. reagens, and var, salazinica,
appear o behave in a manner parallel to the ecolyvpes of angiosperm
laxonomists, bul, in the absence of any evidence for gene-exchange,
the status of “varietas” appears to be the maost appropriate. In this case
chemical races cannot be treated as subspecies since the geographical
ranges are unknown and no intermedinles have been Tound,

it subfarinecec has previously been reporled as containing only
salwzinic acid by Zoer (1907) and GaLoy & LaviEe (1966}, The spe-
cimens studied by GaLuy & LAVEE, from basalt rocks, at Har Admon,
Ras el Ahmar, Galilee, Israel. were, however, only examined by micro-
crystalline tests and not by chromatography. and so may belong 1o var.
reagens (under which they were pliced by CrLBERSON [966) and not
var, salazinica,

ot Notiser, val. T21; 1WE
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L am indebted to De, 5 Hoseck (Thoarandt, Dresden, Germany| For the gil
of a pure sample of salazinie acid, Lo De. D AL Moore |[Leicester| Tor his help
in the preparation of the manoseript, and o Professor W, L. CULRERSON
(Darham, North Careling, LS. A for his helpful correspondenee on the faxo-
nomic treatment of ehemical steains in lichens,
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An Ecological Approach 1o the Lead Problem

By Ake Riihling and Germund Tyler

Departuent of Planl Eeology

Umiversity of Luned, Sweden

ARSTRACT

A vonsiderable accommulation of lewd was measured both o plails ancd il
wilhiin o distance of S0—100 m Crom large roads. However, the aeeumulalion
of lead in this bell wos only equal lo the quanbibies spread by the cars on
these roads during 7—153 maonths, Messes proved to seeamulide gic-horme Lead
toan exeeptional extent. To get o measare of the regional lead pollution,
samples of three connmon woodland  mosses were collected far away  from
roagds in southern amd central Seandinavia, A distinel XE—5W gradient was
revealed with the deereise towards the NE. The lead concentration of the
mosses  incereased with precipitation and with decreasing  distance o large
popudation centres. At least in southwestern Golnland o consideralde part of
the lead which is brovghl down by the rain will orviginate from areas oulside
Sweden, Analvsis were alse performed on simples collected o Skine 1860—
1968, From svalues of o0 20 ppm in the years THG0—IT8TH the concentration of
lewd was more than doubled between 1875 and 19900, During the first half of
the 200h century no measurnble changes were observed, bobafter abouat 3850
there was a new shrong inerease o o present average of e, 80—890 ppo. Very
low Desd concentrations wore measured in samples from northern Seandinavia,
indicating that the “natural” amounts of lead in mosses are very small anid
that the concentrations measured in this regional and historical study, prin-
eipally reflect an influenee of human activity,

INTHODUCTHON

Pollution of owr enviconment with lead has become the object of in-
ereasing interest during the Last Tew years, The present study was per-
formed 1o establish how (his pollulion can be traced in the planl cover
as an inereased concentration of lead.

Local investigations in The United States and Germany have shown
il vegelation in the vicinity of roads containsg more lead han vegeta-
tiom growing al o greater distonce from the roads (Casxon & BowLes
162 ol Gernarpsson 19661, There is little doubl thal the source of
this local aceumulation aleng the roads is the telrethy ] and letramethyl

3 | Poe, Nodizer, vol, 121, 1908
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lead, added to the petrol. In order to measure what level this aceonmula-
tion of lead has attained in Sweden the concentration ol lead in planis
and soil was determined in Ieansects aeross three large rosds. Separale
sumples of various vascular plants were collected. both along anmd fare
away from roads, and analyzed for lead, Two common species, Tri-
foliem repens and Festueo ovinee, were enltivaled in oo greenhouse in
soils, collected at the sides of the highways as well as far from roads,
They were also grown in soils supplicd with varyving amounts of lead
as PhO) In this way the uplake of lend by the rools was stodied,

Mosses collected in the highway transects proved to contain eon-
siderably more lead than vascular plants on the same sampling siles.
Bul even lar sway from the roads the concentration ol lead in the
mosses under consideration was substanlial. As mosses chielly collect
their minerals from precipitation and through sedimentation of dust,
they might serve as good indicalors of the local and regional supply of
lead from (he air. To measure the amounts of lead in mosses before the
lead petrol came into use, samples of three common species, collected
in Sliine 18601968, were apalyzed. An investigation was also per-
formed intending 1o establish whether any actoal regional gradiend
might be traced in sowthert and cenlral Sweden.

LABORATORY METHODS

SOML. Samples of top-soil (depth 0—35 em}, taken with @ sieel tube, were
freated fn o sieve (meshes 2 mm) and the fine earth collected for the Tollowing
analyses:

pH, electrometrically after extraction for 5 hours with 0.2 M KCE (weight
ratio 1 soil @ 2 KU,

HAc-extractabde lead (Ph, exty,,). after extraction for & hoors with 1 M
acelic acid (weight ralio as aboyvie|,

Total lead with HF-HCHeehnigue (Pawioe 19670 an ignited saomples,

PLANTS. Yascular phunts as well as mosses from he rood lranseets were

washed in distiled water for ¢, 1 minole. Aler deving o constanl weight al
e A7 0, digestion was performed with NGOy +=TICH (4 010 Lead concentra-
tions are cxpressed as ppm dry weight,

Peat from one sample poind was deied and digested as plants,

ANALYSIS OF LEAD. Lead was pnalyzed on a Perkin-Elmer Aomic Absorp
lion Specirophotometer Mod, 303, equipped with an air @ acetvlene Boling
burper, al the wavelength 2850 nm with a shit widlh of 07 nm. A hollow
cathode lamp, working with a molten cathode and operated al 30 mA, was
nsed,

The wavelength 21740 nm has a greater sensilivity, botl is also more sensitive
to changes i the composition of the flame, caused by slight varations in the

Bk Matiser, vol, 121, 1968
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ratio air facetvlene nnd the supply of other elements from the sample solu-
tion. Measurable interferences by oller melals have oot been fownd at the
wavelength 2830 om with the concentrations of metal dons present o the
sample solulions,

THE ROAD TEANSECTS

During spring and early summer Y968 the concentralion of lead was
determined in plants and soil in transecls across thiree lirge roads: road
124k -at Stavsii between Norrkdping and Nyvkiiping, road 15 al Oskirs-
b, and road 15 (motor road) sl Uppakea belween Malmé and Lond,

Fropsect f, Stavsjn, Sddermunlands o 32 km W Nvkdping, road E 4
Orientaticn of the lransec] NW—5E, Contferous woodland on eoarse moraine.
Bottom Layer densely elosed, composed of mosses, mostly Pleuroziom selire-
heriz fiekl layver ehiefly Vaceininm myretitfos and Vo pitis-fdova, soame grosses
and herbs, mostly Lazwde pilose. The collected soil snmples consisted of mor
with variable, mostly small contents of sandy mineeal soil. pi 2.9—3.8, close to
the roadside, where the sond eontents was higher, 4.1—5.2. Owing (o the varia-
lions in the amounts of mineral soil, 2 ealenlation of the lead concentralions
an the loss on ignition was considered most adeguate. Divenal braffic flow
(188 o, 3000 dn the smmmer oo 73000 Sampling date 15 V109658 | plants),
2N 1068 (soil),

Transecd 2, Oskarshamn, Lilla Mack., Kalmar Hin, road 15, Orientation of
the fransect NW-—51, only drawn southeast of the road. Pinc-wood with g
field laver of Desehompaia flerpaze or Voceiniom oibis=fdoea aond VL mgetitiug
iin patches. Botlom laver, not continuous, mostly with Plegrezinm  sehreberi
und Hylocominm splendens. Top-soil o thin mor with varvinble contents of
mineral soil. Lead coneentration of the soil samples caleolated on loss an jgni-
tiom. pH 229—36. Diurnal traffic flow (1968) e 31500 in the summer ¢ 4600,
Sampling date 55,1968,

Transee! 3, Uppakro, 4 Em 55W Liud, Malmiohus Lin, road 15 (molor road),
Crrtentation of the ranseel NW-—5E, along the sides of o ditch, ermssed by the
vod amd covered with a luxoriant sward ol grasses and herbs, The area,
otherwise completely cultivated, developed on Baltie morgine elay. The lop-
soil o clayvey grass mull, rather poor in organic matier (loss on ignilion 4.8
100 ") with large contents of Ca, partly as CaCOy pll very uniform, 7.01—7.5.
iurnal traffic Oow (1968] . 18300, Sampling date 251V, 1968,

It is evident from Figs. 1—3 thal a considerable accomulation of
lead is found bolh in plants and soil in the vicinily of these large roads,
Wilh increasing distance from the roadsides there is a rapid decrease
in the concenlralion of lead and 30—100 m from the roads the con-
centrations are stabilized onoa basic level, characteristic of each bype of
malerial.

Bot, Xotiser, vol, 121, 1968
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Fig. 1, Lead gradients in the rood Iesnsesd ol Stavsjo, Plants: Plearozim scheeber.
Lazeelo pilose, Voccindem eftis-ioleen, aml Picen abies (needles).

The mosses acenmulate air-borne lead o an exceptional extenl, con-
taining lead concentrations of 300500 ppm along the sides of these
roads, Coneentrations amounting even o 700 ppm have been recorded
wlong a molor road in central Sweden jof. Tab. 1), Vascular plants
exhibit considerable differences. The largest uptake of lead by vascealar
plants in the transecls was measured in Luzida pilosa with more han

Baot, Notiser, vol. 121, 1S
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Fig. 4 Laawl grmdiends in the o dransect ol Ckskarshomo. Plants: Lezofo pilos,
Freschompsin flecuosn, and Vaccoininm oftis-ideee,

L) ppm close Lo Lhe poad al Stavs i and the cueve of Uhis species allains
a horizonlal trend on o basie level, higher than those of Vaccininm
vitis-iefiea and sproce needles (Fig, 1), Lozule pilosn conlains more
lesed than both Deschegnpaio flecenasa and Vaeeiniom vitis-idaea also
in the ransect from Oskarshamn (Fig, 20, A Uppakea, Mopecoros
pradensis usually s vicher in lead than Anfhrisens silvestris,

et Natiser, val, 121, 1068
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That the basic level is ralher characlerislic of each spescies is also
evident o Tab, 1. Leaves of Amthriseus siloestris on non-roadside
localilies in the :\:Lll'l'kﬁil ng aren had Ir:II!I\' h—6 [, lesves of Achillen
millefolivm 1019 ppo The average concenlrations from the roadside
localities are for both species about three times These values,

As a preparation for the present study a number of  samples of
various species were collected and analyzed for lead during early spring
1968 in southwestern Skane. in the sureoundings of Oskarshamn and
in northeastern Ostergétland. Some remarkably high eoncentealions
were mensired. Al the heavily frequented intersection of Hornsgalan!

Stockholmsviigen in Malmd, 950 ppm was Pound in young shools of
fiactylis glomerate and 510 ppm in leaves ol Achilea millefolfum (cf.
Tal. 1), In contrast 1o these findings it may be stated thal Towers of
Tussilevgor foor fora from Bjilebo. o0 20 km WNW Oskarshamn, contained
only 1 ppm lead and several samples of Vaecininm pitis-icheea and Picea
abies (needles) from other non-roadside localities 3—46 ppu.

The amounts of tetal and HAc-extractable lead in the soil were olso
determined in the road fransects. Also in the soil lhere 35 o rapid

decrease in the concentration of lead with inereasing distanee from the
roadsides with more or less constanl values already beyond ¢ 300 m.
In the two woodland transect on mor (Stavsjiy, Oskarshamn) the con-
centration is stabilized at about the same level Caleulated on volume,
the following basic levels are obtained (myg Ph/dm?):

Stavsji Oskarshamn Lipyrikra
PhiAetal e v e B 10 W
5 1 o (Lt ih5 B

The Figoures are rather rough approximalions, A corresponding con
version lo mg/dm® of the largest values in coch lransect gives the Tol-
lowing figures:

Slivsji Cskarshamn Tyrpsikra

Divrnal traffic flow (0968} ... .....v. SUHH) S50 1500
D A o fih 35 185
L N e G R 4 1 25

As conld be expected @ clear correlalion seems Lo exisl belween fratl-
fie flow and the amount of lead o lhe soil close Lo The roads.

The ralio tolal : exly,. is considerably larger in the mor lransects
125 35) than in the lransect on clayvey mull al Uppakra (. 9], The

ol Natiser, val E2]. 1isiE
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Table 1. The concentration of lend (ppm) in samples of various plants, collected in
April 18, Figares in brackels refer 1o samples of rools,

Distanee Trom Average dinrmal
voodafile, traffic flow
metres venr | SUMTET
Nean-rowdside localities
Ostergiitlands Lin:
A T Shannm YanD . i rerasrien trrrsives - -
AL 2 Evillinge, Gelid . ... ..o iiiaiiaiiiin = = e
A B POl eiees —
A4 !I,uﬁdslﬂmmﬂ.r. I] (Ba ) i) | R - —_ -
v 0 Krokek, Mormorbreakel ... ... o000 oan ==
A 6 Kvillinge, Malmilamdel ..o iiiian - -
Ranlimar Kin:
A 7 Oskarshamn, Rolbergn . .. ..., ...
A B Daderhult. Fredroiksfors: oo .ooco oo
A O Krishdadna, Bjfilebo . ... o Cioa il Ul — —
A 10 Draclerhbualt, Lagmaniskyar cooivaivinans - = —
Rond sidde Toealifies
Ostergitlands 1in:
B 1 Norckioping, SsMingen oo o000 2 —
B 2 Krokek, Oskarshall ... .o ninans —5 Ta0 -
B 3 0l i S e D s Hal 1300
B 4 Evillinge Morrviken .. ... ..civienreunrs 3 LM —
B O Kvillinge, &by & covivan. et AR U G—10 M 13200
B 6  Norekdping, Himme |'~ll|]l|:lll| R A i RETENE —
Srlermantands Tin:
A 5 L S e T —a UL T
Kulmar Lin:
B 8 Oskarshamn, Nvods . o+ ... ...o0., o ] G 11000
B9 fskarshamn, Hillarna . oo 000 ieianeine 2 JLA ELILUR]

Malmdhus lin:

B 10 Lund, Dalbvkarusellen - ... .. == MM

e a4—35
B 11 Lunidd, Staffansterpskarusellen ..., .. .5, 0 == 20004
B 12 Malmié. Hornsgalan/ Stockholmsyiagen . o = 300040 —
Locality ppm Locality  ppm
Achiffea miftefolipm, Teaves . oo 0. ... . | i1} B -2 Bh
Al 5] B 3 24
A4 14 B 4 106
A h 1 B 5 a0
A G | 5] B 7 47
. § 1 B 10 FRONC1HI
A B 11 B 1 230 (250
Iz a0

Emt. Xoticer, val. 121, 1968



ECOLOGICAL APPROACH TO LEAD PROBLEM 4240

Loealily  ppm Locality  ppm
Anthriscus silvestris, leaves ©......00000 & 1 ] B 1 i
A3 6 B 2 Ih
A4 i B 4 13
A D a B 5 i
AR [ B G a8
B 7 18
B R 73
B B 31
Hellis perennis, leaves o.oiiiieieains AT 18 B2 260
Dactylis glemerata, young shoots _ ...... A & i B & L
AT 16 Ik & 42
B 10 8
B i1 4]
812 HATH]
Festuewr rubeg, voung shools, .. ..., A 10 5] B & i
I 1 {1
Luzale pilosa, young shoots ... A& 2 18 B 2 32
LI &
Mutricevie (nodord, [aves ..o 4 3 o o1 & 11]
B & 24
B 160 ()
B 11 1660 (29)
Picea abifes, needles . ooooion o oians A 2 3 B 7
A D (i
Plegrosiit dehreberl- ..o chvininnsanane A1l 57 B 2 224
| il B & T
A B 41
A A
khytidiodelpius squarrosis ... ... ... Al 4y B 2 il
A d bLI5 B 5 GR0
A 4 22
A B 42
AN L
Prifolimm:spp.; eaves: . oy oo e ivieeas Al ] B 27
A B 11 B & 33
A 4 17 B3 42
A S t B & Ky
A6 ] B & 13
AT 11 B 7 ¥
A H 15 B & 87
Fussibago farfare, TOWeTS 0 .00y nean A 4 1i B 3 11
A B B 5 !
] 1 B i
B W 28
Vaeeiniam mygetilles, shools ., on oo oo A2 i B 2 14
B 7 fid
Vaeeindam pitis-rdaea, shools ... .. A X B UL 13
A9 1 B 7 b
AN a
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relatively smaller amounts of HAc-extractable lead in the mor may be
due to the low pH of these soils, The least stable fractions of lead may
already have been removed from the system,

The maximum concentrations of lead in the complete transects | Stav-
sjio und Uppakra) were measured on the northwestern side of the roads,
This is in accordance with the probable distribution of local. air-borne
lewd with the prevailing winds.

A calealation of tolal lead in soil and plant biomass, 1o o distanee of
M om from the roads. shows thal the accomulation of lead in this bell
by no means corresponds bo Uhe gquantities of lead which are hiberated on
the com bustion of lead petrol. Total lead in the top-sail (0—3 cm) within
3 m on both sides of the motor road Malmi—Lund is only equal to
the quantilies of lead which are spread by the ears during 7—8 months
wilh the present teaffie flow and average lead concentralion of Uhe

|]|rtl'u|. If 30 P is sublracled as an :Iijllr‘:uirt'l:llll hasie valoe, nol

referable to local pollution, the corresponding figure is aboul 4 months.
In comparison wille the lead of the soil. the amounts of the phiamnt Lies-
miass are almosl negligible in this treeless area,

Total lead in the top-soil (3 em mor) along road E 4 al Stavsji and
road 15 al Oskarshamn, both running throogh coniferous woodland,
is equivalent to the quantities of lead which are liberated by the cars
on these roads during 13—15 months. The planl binmass as well as Lhe
load of e |ﬂ:=|II| cover is also more considerable:; mosses and dwarfl
shrubs in the transecl al H!;H'.\ijr"r conlribute o about T onth, In addi-
fion there is the lead of The bree I'.l:'ll'l'r' that cannal be estimaled for the
presend,

Even though the woodland ecosystems will accumulale larger quan-
lities of lead, originating from the combustion of petrol, than open
agricullural areas, the following conclusion muast be dreawn: onfy o
minor pert of the teadd, which is liberated by the cars oon the eambiis-
tion of fead petral, il setfle aned ocenmlate in the picinity of the
roviels

A GHEENHOUSE EXPERIMENT

The way of uptake and accumulation of Tead by vascular planls is
of primary interest to the discussion ol the lead problem, In oo green-
house experiment Trifolivm repens and Festuen oving were culliviled
[rom seeds in soils with different conlents of lead, collected on road-
sides as well as far from roads (el Tab. 21, The shoots were cul 3

Bat, Natieer, vol, 121, &3
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Falle 2, The coneenlration of lead in Prifolivm repens and Festeed oo, enlbivated

i different soils From Malméhos o wader equal eondilions, as. well as botal and

HAc-extraciabhle lead of these soils. All Figares calealmled as ppm dey weeighl, Soil

I—d ponsroadside, 5—7 roadside loealifies, Left figure |plants) =1st harvest, li.gl!ﬂ
figuee =2ml harvesl.

Soil Species

S = Trifaliwm Festuen

| Total Extiae Sepen g
1. Hackebergn SE Skoggaid .0 0000 15 (11 aal 14 1.8 5.7
2. Nypidrd, 4 km SW Genarp Lo 1 (4 =T 10 2.8/ 64
e R HOTRNEI v wvt b e iminons al 1. WY e 4.8
4. Lund. Bot -Garden. ..o oivo .. 12 L RE] AL TR | T ]
3. Lumdd, Staflanstorpskarusellen . .. 154 15 5.2/10.4 £ T4
G, Lumd, Dalbvkarusellen . .....0..0 (B 53 Th [, T B B I B |
T Mualmdi, Hormsg Slockholosy, .. 4500 97 72090 a8 h2
Lasadl, moledesel s 1Pl o <ol e 4 1] b4 TR Sk B
b - 1.1 104 185,150

2100 145 kg

(L4 SO0 1 140 230205

weeks ulter the sowing and a second time after another 5 weeks, The
concentration of lead proved to be small in all samples; usually amount-
ing to 5—10 ppm. Any elear differenee between the soils conld hardly
be measured; even the plants grown in soils from the sides of heavily
frequented roads usually contained less than 10 ppn. This will be com-
pared with the much larger concentralions (68 4950 ppm) in leaves
and voung shoots of dilferent weeds, actually growing on the same
roadsides. (o, B 10-—12, Tahb. 1),

On the basis of Ihis experiment it seems most probable that even
vascular plants. growing on roadsides. collect air-borne lead chiefly
wilh Wheir shools and thal uptake by the rools is of minor importance.
The very large concentration of lead, measured in young, developing

parts of percnnial weeds, growing on roadsides, mighl be duoe o a
retransport of lead stored in the roots or other sublerrancan parts
during the winter bul collected during previous growing seasons, How-
ever, a slow bul continuous uptake by The rools may also be of im-
portance. Further studies are necessary o explain the problem. Thal
the coneentration of lead in the second harvest, when the plants were
aboul 10 weelks of nge, wilh only few exceplions was larger than in the
first harvest after 5 weeks, may be explained on the basis ol a slow
bul conlinuous uplake will inereasing age, That rool uptake of sub-
stanlinl amounts of lead, supplied as PhO to o garden soil, aclually is
possible, is demonstrated by a simullaneous experiment. also recorded
in Tab. 2 {lower part).

Bad, Notiser, vol, 121, 10064
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Table 3. The concentration of lead (ppm dry weighty in samples o Hplocomiom
apfendens, Mewrozinm scheeteri and Hypanm copressijorme, collected in May and
June 1HER. Distance o rosds :||“'||_1.'-. al least 30 melres

Ee | B2 | 22 | gx
] ) i R
£5 | SE8E| 8% | &&¢
== == % o= =2
ZF | =] TR [ 2cS
Sebdermnandnd s lan
Strandstuviken, ¥ km S Nykoping ... . 5 e 2 -
ﬁxh-rulj”unrfx Iitre
o T o Rt I T e A AU KA L0 54 0k 15 an
Nt e e B AR e e s 57 14 i+ Ay
Torskiint, 9K W Norrk -2 o i e e a6 ol al 4
Gettorp, 10 ko W Skiielilacka ,...... M LMD 5 a7 BT fiih
B B AW MORRIn. e e e e L e e e M 7 17 10
Malmidi, 8 km NE Norrkoping ... ...._.. 45 4 A8 aly
{, senby, 20 KBV E NOPFK. oo e csns cvessnsia 5 a2 24 14
Varsten, 3 km SE Siderk. (.. oo .. i I 14 i2
Tordn, 2 km NE S:1 Anna . 5 fai 13 e ]
Yxnii, | K1l 26 a7 g2
O ke NW Valden is Y | 5] 15
8 kin NW Hmkm:l.................____.______ 33 26 25 it |
1 km E Mjéalby .. 53 3 7 57
Slava, T3 hm 554 f'llrlulu.-;_ 1] H a2 15
g il 3 L S e R e e 1] 24 an hilh
diinkagings fan
Lidhult. & km SE Jonkdping . ............ (8] Bl 24 18
4 km ESE Bolln :'rl! ....... 0l L] (] et i
& kin NNW Hok . T S Tl 47 W -—
T km XW HII[ILLH']J Rl ST S i 17 T 57
Horje, @ km N Virnmmo oo viiinsi i 87 it fhii hz
O km E- Smdlandsstenar ..o . 0o ii o iina s 113 S 79 6
F k5 Landeryd . cvevieriarines T il s a2 14
Kronoherys: Fin
SHEABsITi syl s e amiaa a7 O o 4
taed Pl B o (0 1T ] (S e e e e 39 A5 13 By
R P O T e e o s o Ny 1l a2 +7 i
2 koS MEleekEp- s D S Fe L e 113 77 75 45
RS TRaBRl o fvrr mensetinane ominsmss bosinn = as LH i A i
Kalmr ldn
Blekbem, & Ko S Gamleby oo venioe i oo +1 i i 40
Ko Eaoill 19 km' KW Vimimerba L., ool il H 10 43
L b B VAIOMe Ty i evnsg st e N A8 40 A LT
BT e T T o R e R i af H fill
A ke WO Oskarshamii - ..oy rie e aecn e i1 5 14 07
AR R R T R | T e e K e o R L E ] 0 il -
1k -SW Hbpsrom eh. _ . oo .., .- 15 42 30
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MEASUREMENTS OF A REGIONAL LEAD GHADMENT

The rather large concentralions of lead measured in mosses growing
Far awiy from roads and the stabilication of the curves of Plearozinm
and Bractgptheeinm in the road transects onoa basic level Tar above those
of viscular plants gave rise to the (ollowing regional stody,

Three common woodland mosses, fglocominm splendens, Plegrozam
schreberi and Hypnom capressifornie, were collected doving May and
June 1968 in different parts of southern and central Sweden. bul also
from Denmark and Norway a limited number of samples were oblained.
The vicinily of roads was avoided lo exclode the possibility of local
pollution; no sample was collected less than 300 m from o road.

Bat, Notiser. vol, 1210 1068
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Fig. 4. Lead concenlration of Hylecominvm spleadens: (segment 1),

The samples were reated as in the road Iransects bul were ool
washed hefore drying, To reduce the possible influence of differences
in the rate of decomposition and general lurnover between different
localities, segment 1 ithe voungest Tully developed segment and the
new developing segment) of Hyglocominm splendens was also lreated
and analyvzed separately (ef, TaMar 1953).

The results have been compiled in Tab, 3 and Figs. +—6. A distincl
NE-—SW gradient is revealed with all three species. As an average the
samples from Malmbdhus lin are aboul twice as rvich in lead as the
samples from Ostergotlands Lin, with inlermediate figures for Jon-
kitpings and Kronobergs lan, A comparison between the concenlralion

Bae. Notizer, vol, 121 1908
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Flg, o Lead concentration ol Mearosium schireberi.

of lead and the mean annunl precipitation (Atlas Gver Sverige, BL 32)
Shows a rather close relationship. The largest lead concentrations have
been mensured in samples from Linderddsasen and Stderasen in Skine
and from the very humid Torop—Landeryd area on the southwestern
slopes of Sydsvenska Hoglondel, In central Sweden the samples (rom
Rilshergen and ils slopes lowards Lake Vioern diverge through con-
siderable contents of lead, al least partly coinciding with a rather
large mean annual precipitation. In northeastern Gitaland, where the
mean annual precipitation never exeeeds 600w, The lead concenlra-
Hion of the samples is never large,

Fut, Sotizer, vol, 181, 1
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MBI CUPREESIFTRMY

|:"'|H_ G, Lol eonseentralion of H;”Jn"ru r.up.l‘r'.vﬂf;uhrli'.

There is little doabt that o real correlatlion exists belween precipita-
tiom and lead eomeentration of maosses. Bul the NE—SW gradient in lead
cancentration is considerably slronger than the corresponding gradient
in precipilation. Consequently, o ealeulation of the lead concentralion
ds ppmd U mm mean annual precipitation (Fig, 7) stll exhibils a clear
NE—5W gradient. The densely populaled Oresund area is oulstanding.
but as o whole the mosses in the southwestern half of Giltaland conlain
significantly more lead than mosses of the same species in the north-
casiern half, even on this particular hasis of calenlation,

Twa distinel aberrations. difficull o explain, are found in the maps,
On Gotland and particularly in the area east of Lake Vinern the lead

22 Hot, ¥odiser, vol, 121, 198
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Fig. 7. Lead voncentration (averages of Hglocominm sptendens, Plearozinm schreberi
and Hgpowre cepressiforme), caleulated g5 ppo per 1000 mm mean annual precipita-
fiomn lm.n.p.l,

concentrations are greater than could be expected. The explanations
for these aberrations from the otherwise distinet lrend are at present
unknown 1o the authors,

The measured NE--SW gradient in ppm/ 100 nom precipitalion ean
hardly be explained by some climatical gradient. The ralio conveelive -
evelonal precipitation is usually somewhat larger in Lhe interior of the
counley than along the coasts, Even as 1o the precipilation of snow in
pereent of total annual precipitation (ef. Atlas dver Sverige, Bl 31)
there is chielly a coasl-—inland gradient with the maximum in the
interior of Svdsvenska Haglandel.

On the basis of available inlormation. recorded in Tab, 3 and Figs,
4—7. the Following conclusions are deawn: The leod concentrafion of
the mosses inereases with precipitation and with decreasing distanee lo

Rot, Notizer, vol, 121, 1964
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fervgpe popaiation centres. The considerable dilference in ppomd 1000 numn
precipitation belween Ostergiitlands Bin and southwestern Soialand/
Halland s not connecled with any corresponding dilference in Lhe
number of people inhabiling these areas. I seems most probable that o
considerable part of the lead. which is brought down by the ain, al
least in southweslern Gilaland eriginafes from oreas oalside Sweden,
especially the large population centres of Western Eorope. But in the
high lgures, particalacly for Sgpnom coapressiforme, in the densely
inhabited Oresund area a large component of Tocal lead ean hardly he
excluded. A study of the distribution of lead in the mosses of the more
isolated Stockhobm darea would be ol greal inferest, as well as, Tor
example. of western aud inlerior Jylland i Denmark. to s more acea-
ibe understanding of this problem.

MEASUREMENT OF A HISTORICAL LEAD GHADIENT

To measure the development during the last cenlury of Hhe lead con-
certtration in mosses, analyses were performed on samples of The same
specics | Hylocomiam splendens, Plearozivm schreeberd, and Hypnon
cipressiforme) as in the regional study, collected in Skine and pre-
served in the Botanical Museum of Lond. The resull, ilustrated in Fig.
&, shows an interesting and unexpected trend. From values of o, 20 ppm
in the vears 18601875 the concentration of lead is more than doubled
between 1875 and 1900, During the first hall of the 20th century there
are little or po changes; though the range is rather large the averages
are bebween 40 and 50 ppm. Bul after 1950 there is a new strong in-
erease lo the present average of 80— ppim in 1968,

The first rise in the lead concentralion will be explained by some
industrial factor of pollution. possibly the inereased use of coal [ef,
GERHARDSSON 1967 p. 21}, The second rise coineides well with the rapid
inerease in he combustion of lead ]]vlrui i Western and Northern
Europe.

The conclusions must be thal the increase in the fead concentriotion
ol the mosses rom Skane is restricted to hoo distinet periods: o [irst
inereese totwwrds the end of the nineleenth century, o second inecrease
during e last luo decades, Whether the factor of pollution causing
the first increase is stll of any grealer imporlance is uncerlain, That
the recent inerease is caosed by the combustion of lead petrol is more
than probable.

Bot. Natlser, vl 121, 108
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The historical aspects of the lead problem have also been studied as
the vertical lead gradient in a column of weakly humified peat (H 1—2,
avcording o the scale of v, POST & GRANLUND (19260 from Nabbele
Mosse al Virnamo in western Smialand. sampled in May 18965, Down
to o depth of aboul 25 ¢m the concentralion of lead was almost uniform,
amounting lo e, 45 ppm both in the living Sphagnum magellanicam
on the surface and in the peat beneath, Below 23 cm lhere was a rapid
decrease 1o 26 ppm ab 35 cm, 12 ppm al 45 cm, 8 ppm al 55 cm and
G ppmoat G5 em sampling depth, But the interpretation of this gradient
is difficult, A time-scale cannot be drawn in this oewly deposited peat
and a certain release and diffusion of lead ions cannot be precluded
in these very acid environments. Fresh moss samples, extracted for
9 hours in 0,001 M HCl (pH after exiraclion 3.21) lost practically no
lead, whereds with 0.01 M HCL (pH 2.03) <. 40 b and with 0.1 M HC1
. 90 Y of their original contents of lead (e, B0 ppm) was released
during 9 hours.

THE USE OF MOSSES AS INDICATORS OF LEAD POLLUTION

How reliable are mosses as indicators of lead pollution by human
activity? Or more precisely what is the basic, “natural” lead concentra-
lion of the mosses included in this stody?

The historical diagram indicales thal ¢, 200 ppm was an average for
Skane about one hundred years ngo. But there is little reason to helieve
that 20 ppm would be this “natural” concentration. Samples from
euarlier days are 'Fjl‘llll;lhl:l.' unoliainable,

A few determinalions were performed on old samples of Hylocomicm
.prr';Hfr':m from areans oulside Skane: Torehoda in Vistergotland ( 1909)
17 ppm, Lomseggene in central Norway (1858) 14 ppm, Vassitjopkko in
Torne Lappmark (1902} 11 ppm, amd Teeland (1993) 6 ppm. But two
samples from isolated fjord bottoms in western Norway, collected in
1968, contained only 7 and 12 ppm and Pleprozivm rom the same
localities 11 ppm (el Tab, 3). Five samples-of Sphogoum ffndbergii and
three  of Sphoegruom robuelm from the Tornetrisk area of north-
western Lappland, collecled in 1965, measured ¢ 7 (5b—12) ppm,
whereas the lead concentration of three samples of Sphagoum negel-
leamicoe and Sph. popillosum (uppermost part) from the Akhull mire

in central Smaland, collected in 1937, was 19—36 ppm and in Sphag-
nune magellanicen uppermost parl) in three samples from Nobbele
Mosse, western Smaland. collected in 1968, 42—44 ppm.,

Rot. Notiser, vol, 181, 15&
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Fig, & Lead coneentration in samples of Hglocemimm splemdens, Plegrozinm sclire-
bert and Hypnom cupresgiforme, collected in Skine TRM0-—18965,

These examples indicale, that He “nedarel™ amounds of lead (0 aroes-
sew ore pery sl and that the concentrofions measared to Hhis regionad
rnd histerical study principatly refleet aninfluence of fienvin activity,
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Straligl'aphii'a] and Chemical Studiez on Two

Peatlands in Scania, South Sweden

By Tore Mirnsji
Irepartment of Plant Eealogy

University of Lund. Sweden

ABSTRACT

In connection with stoudies on the botanieal character of different kKinds of
preat in profiles from two peatlands determinations of pH, ash content, (otal
contents of Na, K, Mg, Ga, Mo, Fe, Al and insoluble residue I'Hi{!.:} have been
carriezd oul on samples through the profiles. The vesull of the investigation
shows thal there are significant differences in the contend of ash, Ca, Mo,
Fe and Al as well as in the molar ratio Ca/Mg Dbetween mineroteophic and
aombrotrophic mire peal, In the ombrotrophic mire peal some devialions {rom
the general pottern are demonsieated, “They moay due (o secondarily supplied
mincrals breowght aboul partly by homan setivities and partly by oan eleva-
tion of the subsoil water level or disloeations of the peal bed,

INTROIMICTLON

The aim of this investigalion has been o stody relations belween
peat stratigraphy and changes in the mineral eompaosition in profiles
including minerolrophic mire peal and ombrotrophic mire peal. Par-
Hieulurly  emphasized are certain deviations found in the mineral
composilion of ombrotraphic mire peal assignable 1o secondary in-
Muences of various kinds. The investigations have been carried oul
on lwo peatlands, Fjallmossen and Skogeardsiingar, Fjallmossen s
an indact mire illustrating well the difference in mineral composition
between mineral soil waler conditioned peat formation (minerotrophie
mire peal) and porely rain-water conditioned peal formation (ombro-
trophic mire peat, bog peat). Skoggardsingar has been subjected fo
mtense human influence theongh peal-catling and ierigation, The che-
mical changes in the bog peat brought about by inundation of the
grommnd will be demonstiraled. — A comprehensive description of the
present vegebalion. habitat conditions and development of Skoggards-
dngar will be given in o later publication. in the present paper referred
Lo s MORNsSI} (in preg.).

lBot, Notiser, val, 121, 1108
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Coneerning the lerminology of the coneepl mire and its subdivisions
current usage in Swedish plant ecologieal lileralure has been followed
(see e, Do Rierz 1954, Mavser 1965, and Sa0rs 1965), The peals
are elassified after their bolanical composition,

The field and luboratory works were carried oul during October 1966,

DESCRIPTION OF THE SITES
F jlillmossen

Fjillmossen is & large mire area aboul 2 siq. km situated on the
southwestern part of the ridge Linderodsdsen in the parishes of Langa-
rivd and Huardd, Linderddsasen, the largest conlinuons upland of
Scania. has an altitude of 175 to 195 m. The annual precipitation is
about 800 mm. The hedrock consisting of gneisses s covered by
archacan moraine usually with fine sand as the main component. Heath
forests (mainly Fagus sgleatica) prevail in the area. Colfuna healths
occar here and there and among mire types bogs and poor fens are
the most common ones. In the vieinily of Fjillimossen there is con
siderable arable land.

Fiillmossen is a good example of a bog mire, e, a8 mire complex
comprising mainly bog areas (Du Rierz 1959). 1L consisls of two large
concentrically domed bog areas. Both of these are surrounded by nar-
row lagg Tens. The main part of the laller has been cullivated; now-
adays they are used as pasture. Only in the soulhernmost part of the
bog mire does the lagg fen appear in its natural state (Fig. 1). Both of
the bogs have a similar appesrence. The following deseriplion refers 1o
the soulhern one, Irom which the investigated profils hus bheen taken,
The bog vegelalion is differentiated from the margin towards the
cenlre as follows: s marginal stripe of bog vegelation wooded by birch
(Betula pebeseens) which in turn is followed by an epen bog plain.
The atter s differentialed inlo o marginal Callune oalgaris - Ereico
tetraliz stagnation complex and a very extensive central part with well
differentiated hommock and hollow vegelalion. The vegelation of the
stagnation complex as well as the vegetation of the feld and hotlom
lavers in the wooded bog area consists of the following commuon
species: Calluna valgarfz, Empetrom pigeam, reiee fetraliz, Ruboas
chomaemorns, Eriophoram voginatum, lichenes (mostly Cladonie rongi-
ferina, €. sploatice coll, and €, pyafdata) and bryophyles such as
Sphagrom anagellanicam, S, rabellum, Levcobrpam gloacuam and, Dut
rarely, Rhacomitrinm fannginosum, The species mentioned also form

Hit. Notiser, vol, §21, 156G
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Fig, 1. Fiillpnossen, View of the bog plain of the southern bog mire, [nthe fore

aropml the laog fen dominated by Coeer rosirato and Sphogninn vt
I, Mimnssd pholo, Sepl, 12, 150

he hummock vegetation in the central part. Here Sphagnum imbri
ctlum becomes frequent and seallered spols of 5. fusenm are 1o be
found, Further, Trichophorum eaespitosam is common. The hollow
vegelation is usually composed of Rhynehospora alba, Drosera longi-
folic, D). intermedia and Sphagnumt cuspidatum, Sphagnum tenellum
hias been noted, loo,

The bog vegetation of Fjillmossen is characteristic of the western
type of bog vegetation in Seandinavia, which has been called the
Komasse type or Rubellion (Dv Rierz 1949). The predomis
birch in the wooded bog vegetation in Fjillmossen is significant of

pance ol

hogs Iving wilhin “the southern deciduous Forest region”. In some

B . fal o]

?li!l."".‘\ il]ﬂ]]" ”'II-..' |li-'lE"ri|| ik ”It" h”" }E'-'ll-l'l.l.”ii!l." ﬁ:ur' 'hl' Illli'll1l't'\ ll-“l'l'lf‘
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requircments has laken place, Usually only The most superficial parl
of the peal deposits has been exploiled. The peal-cubling and drainage
dilches dug in connection with this have obviously nol influenced Uhe
vegelation cover of the rest of the bog.

As 1o the stratigeaphy and developmental hislory of the southern bog
the reader is referred o Nipssox (1935 p. 11 for the nomenclature
of periods used below see NiLssox 19610, He shows that the central
parl of the bog mire is developed upon sediments of an ancient ake
and further that the ultimate overgrowih of the lake basin by Cladinm
and Cerer swamps in the centre ook place at the end of the Boreal
lime. He also states that birch and pine grew far out on the bog during
its earlier developmental stige and that these trees have disappeared
later on, The greatesl Formaltion of hog peal look place during the
Sub-Boreal lime,

The profile investigaled has been sampled al o poinl on Lhe southern
bog plain aboul 400 m from the mire marging, I was seleeted al a place
where the peal bed resls dircelly on moraine ground close to the sedi-
ment limit, Thus the profile represents o peat bed which has not been
subjected to dislocalions. At the surface of the profile the vegetalion
cover consists o Colluna mudgaris, Erica tetraliv. Ervioplhoram poging-
fom and Sphagmem magellaniennm.

Skoggardsiingar

Skoggardsiingar is siluated in the parish of Genarp westward o
and quile near the lake Hickeberg
region usually called “the South Scanian hill districl wesl of Romele-
asen”. The altitude of this region is about 50 to 70 m amd the annual
precipilation abouat 5530 mm. The soil cover is shale- archaean moraine
wilh clu

on within the geomorphological

ey moraine sand as the most common bype of soil. The
indigenons vegelalion is dominated by Fogoes syloalica. Bolle heath

and meadow Forest bypes are represented. However, todoay the main
part of the region is arable land, Peatlands, wsually very small ones,
are frequent, Nearly all of them have been exploited chielly For peal-
culting,

In the present paper the northwestern part of Skogoardsiingar only
is laken into consideration, ie.. that part of the peatland to which the
steatigraphical section in Fig. 3 refers.

The peatland has been developed in the basin ol an ancient lake. The
ultimale overgrowth by swamps and fens look place during the middle

Bl Novser. volo 121, 1His
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Flg. 2. shoggardsingur. YView of the northwestern Paerl ol Skogodrdsiinger. The aren
has been ‘|II|‘:|J|.'1'h-|| o peat-culling and artificial clevation  of the water lovel
Nowndovs Corer elaba aml Carer .frrxl'rr:'rrrlnrr swamps cover the bog peal grounnd
The straligraphy of the area is shown in Fig. 3. — T, Minssi oo, Aug, (966

of the Atlantic time. Then ils development in the central prart wis
linked into formation of a bog. Through transformation of [hose peal
Kinds visible in the upper half of the stratigraphical section into cor-
responding peal genous siles lhe following zonal differentiation was
realized. In the centre thore was a concenlrically domed bog area dif -
ferentiated inlo an open bog plain and a marginal bog area wooded Ly

birch. Towards the mineral ground there was o narrow lage made L1

ol alder carrs. So far this bog mire is quile
with in Fjillmossen.

similar to thal actually mel

The surface layer of the bog has been heavily destroved by peal-
cutting, that probably took place before the beginning of this cenlury.,
Along the stratigraphical section peat-hags cul down to various levels
are visible. In the middle part there are low peal ridges, the level of
which is the top level of the former bog surface,

Wil Notisor, val. 121, 608
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For a long lime Skoggardsingar has been used for storing of waler
in g water-regulation system connected with the lake Hickebergasjon,
Since the beginning of the 19530-decade the whole peatland is converled
into g shallow pond. On the stratigraphieal seclion the present waler
level in the area is marked. The presenl vegelalion cover of the former
bog s developed under the regime of mimeral soil water, In the peal-hags
there is a swamp vegetation dominated by Corex efada, €. lesioeor po and
Cladivm mariscas. The peal ridges are covered by parvocariceta of
vich fen type. Those peats copping the bog peat bed ure formed by
this vegetation Lthal has been secondarily inlroduced. There is no spol
left of the former bog vegetalion.

The profile is taken on a peat ridge aboul 200 m eastward of lhe
middle poinl of the stealigraphieal seclion.

METHGDS

All samples were collecled by means of a Hiller peat borer. At each sile
two sampling profiles close o each other were bhoved, In the one of them
determinabion of peat kinds and the degeee of humification was performed
(10 grace seale of v. PosT). Samples for close examination of plant remains
were eollected, Furthermore, in this sampling profile samples were laken al
1 em interval for determination of pH and ash content, In the other samp-
ling profile samples were collected Tor determination of mineral constitients.
Fach sample was collected wilhin 10 cm of the peat core, according o the
ash content of the lormer profile.

The plant remains were determined by means of microscopic studies. (n
the asis of lists of plant remains ecarded from individual peat Kinds (he
pent genous vegelation wes inlerpreted and elassified,

The pll was delermined with o glass clectrode, together with the relerence
clectrode inserted diccetly inle the pent and gyttjo samples,

Ash contentl was determined by means of heating material dried of 105G
in g muffle furnacee al about G507,

The analyses of mineral constituents were carried outl using the method
deseribed by Mavyer & Sidns (1955 p.o 494, Alter haviong deied (he material
to constant weight at 10570, it was carefully crushed and miged, Twa groms
of the material were then digested and evaporated with NGO, amd HCIO
The residue was dissolved o diluted HCL The isoluble residue is regarded
as Si0 I the solutions total amounts of the following ions were determined:
Na, K, Mg Ca, Mn. Fe and Al The determination was performed by atomic
absorption | Perkin—Elmer Atomic Absorption Spectrophotometer Moo, 3053)
In the determination of Ca lanlane waos added,

Buoit. Notizer, vol, 121, 19635
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RESULTS
The profile from I jEllmossen.

The resulls are given in Fig, 4. In the Alans peal (H 8—9) resting
upon moraine ground remains of alder and scallered graminide radi
cells are the only plant remains observed. T interpret the peat as having
been formed by alder care. The Corex-Spliggnuem peat (H6) contains
radicells of ecarices imainly Carer roglrata type| logether with leayves
and stems of Sphageum apicalatum and/or 5. angustifolivm, s peal
genoons vegetation ought to be classified as poor Fen vegelation. The
Sphagmim peals can be divided inlo Splvegnum foscnmieabellan peal
(H &—6} occurring belween 4.1—1.7 m and Sphagnum magellanicuin
peat (H 4 oceurring {rom 1.7 m up (o the surface; There is a large
amount of ericoid plant remains and fibres ol Eriophorom eaginotam.
No remains of fen plants have been observed anywhere in these peats,
The Sphuegnom peals can be interpreled as bog peals. Thus the hota-
nical delermination of the peal lavers clearly indicales a division of
the profile inlo two parts: one hasal Jrarl formed by nlilli']'ull'upllir e
vegelalion earr and fen peals)  and one conlinnons wilth the surface
formed by ombrotrophic mire vegelalion, bog vegelation (hog peais).

The pH s highest in the care peat, then it Falls throagh the Ten peat.

The lowest figures are Found in the upper hall of The bog peat with o
rather irregular variation. Sinee not all aspecks of the acid-base condi-
tions have been studied il s difficull to evaloate the signilicanee of pH
in relation 1o geobotanical limils, Importan! changes may have occarred
since he time of the formation of the peal affecting the pHl, for exam-
ple, in the redoxpotential, Concerning acid-base conditions in hog pro-
files the reader is referred to MATTSON & KOUTLER-ANDERSSON 1954
ppe 344 el sedq.

From the ash ecurve and (he distribution of mineral consliluenls
through the p]‘n!'ih' il is evidenl thal more or less well indicaled changes
appear in relation o the SeIpUenee and kinds of strata,

In the carr peal the ash content is high, excepl in the upper parl
where a decrease is noled, There is o slrong correlalion belween
the ash curve and the conlents of Si0: in samples 25—21. The high
conlents of Stk Ca, Fe as well as the high Ca/Mg ratio reflect o
steong influence of mineral soil waler during the formation of he carr
peal,

Fig. 4. The profile from  Fjiallmossen. For explanation of the steatigraphical
symbols see Fig. 3.

b, Notizer, vol, 121, 1
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Marrsox, SasppErG & TeEnsixa (19} bhave disenssed  the ose of the
exchangeable ratio Ca/dMyg to distingmish peats formed under minerotrophic
15 from peats formed under ombroteophic conditions, They  fomd
Mg ratios are > 1 in minerolrophic mire peal and <1 in ombro-
mire peal. MaTrsoy & Kovrier-Axperssoxn (1954 p. 334 point ool
that the Ca/Mg ratio can be altered in ombrotrophic mire peat doe o changes
in the hydrology in the bog since the time of formation of the bog peat,
Records about the exchangealde ratio Co/Mg in various Kinds of mire peals
are to be found in, for example, Macser & Silws (1950, Ovavssox (1957,
Saiimrs (1961) and Coapsiay (19841, In the present paper (he Ca/Mg ratios
are caleulated on lotal amounts, Thus in Figs, 4 and 5 Ca/Mg means the
molar ratio of total Ca to tatal Mg, This obviously does not invalidate the
figures as an indicalor of the sitnations mentioned above,  As Lo bog peat
fombrotrophic mive peal] and probably also as to peal Tormed i poor minero-
lrophic mire sites the (olal contents of Caosd Mg oeeur in the exehangealle
state: (see MAaLMER & SJ0RS op. cit. p. 67,

In the Ffen peal the mineral composition is distinetly different. The
ash conlenl is around 2 per cent, corresponding lo a decrease in 510,
Ca, Fe and Al in samples 20 and 19, The Ca/Mg ralios are 9.0 and 6.8
respeclively, All these figures indicale thal the waler of the peal genous
site of this fen peat was poorer in minerals than thal of the carr peat,

The mineral composition ol these peal Ivpes displays an onmistak-
ably minerolrophic pattern, which among other things is characlerized
by Ca/Mg ratios much greater than 1.

In the middle part of the bog peal bed, say from samples 4 o 14,
there is an even distribution of the mineral constituents which is very
striking, The ash content is very low, only about | per cenl. The con
lents of Ca, Mn, Fe and less signilicantly — those of 5i0: and Al
are low compared with the amownts o the carr and len peats. The
Ca'Myg ratios are low, often 0.5, Al these dala together make up w
chemical pattern indicative of pure ombrotrophic condilions. Similar
comditions have been demonstrated by MacviEr (1962) when dealing
wilth surface peat and its importance as plant substrate,

In the basal part of the bog peal bed ap lo aboul 3 m below the
surface there is a chemical pattern intermedinte between that found
in the bog peal above and thatl found in the fen peal below. The geo-
chemical boundary between the minerolirophic and ombrotrophic pal-
terns lies at a level belween the samples 15 and 14, where the Ca/Mg
ratio changes from 1.2 to 0.6, There is simoltaneously also a change in
the Ca/Na ratio. However, the botanical boundary belween minero-
frophic mire peal and ombrotrophic mire peal lies immediately above
sample 189, The mosl probable explanalion o this incompalibilily is

Biod. Notiser, vol, 121, 1068
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that the peat must have been affected by disturbances of secondary
iature, My opinion is that the lowest meter of he bog peat bed has
been subject to inflillration of mineral soil water since (he lime of

formation of that peal layer. The path of inflow may have been the

laver of Corec-Sphagnum peal as this has o rather loose lexture, As the
disturbance appears over an interval of aboutl 1w it implies thal greal
changes in the hydrological svstem of the basin have taken place,
Evidence thal o least bwo greal changes in the precipitation climale in
the wren have ocecurred can be given, both of them prabably resulling
i an elevalion of the subsoil water level, One change look ir].'u't' wlien
the wooded bog became replaced by an unwooded stage during the
Atlantic time, the other when strong formation of bog peal was initialed
during the Sub-Boreal lime (cf, NiLssox 1935 p 411,

In the upper 0.5 moof the peat profile there is another discrepancy
in the mineral composition compared with that found in subjacent
strata, The ash conten! shows very high valoes, up to around 7 per cent
in the uppermost layer. Among the mineral constituents there is a
distine! inerease in the amounts of Sit, Fe and Al through the sample
series 4 Lo 1 has been demonstraled earlier thal the mineral composi-
tion of the peat shows such a pallern in the top layer of bogs (sec e.g.
v. Post 1920, MarTson & KOUTLER-ANDERSSON 1954 po J63, ASSARSSON
1961 p. 19 and Coapman (8964). — It has been interpreted partly as
an effeet of the mineral salt uptake ol the planl cover and partly as
an effect of the deposition of wir-borne mineral particles from arable
lianad. It is worth nolicing that the uppermost samples may conlain
somie living rootlets and other living malerial even il those visible
to the niaked eye have been sorted away, Il is likely that the high
amounl of K in these samples is bound in the (raction of living male-
rial. MaLMER (1958 po 283 see also MALMER & SJO0RS 1955 p. 2806)
concludes that the total K involved in the biogeochemical cvele is
stored to a greal extent in the living material. However, it is likely that
Lhe inerease of Sitds, Fe and Al in the three uppermost samples onght
to be due to deposition of air-borne mineral particles. Microscopic
examination carried oul on small portions separaled from the peat
samples down lo 1 m has shown (hal mineral particles are present in
Lhe upper (.5 m only, These particles may have originaled from (he
intense reclamation of the land area in Scania during the last five
centuries,

Throughout the bog peal there is only a small variation in the lotal
amount of Ca and Mg, With the exceplion of the three uppermos!

2.3 Fhirt, Nothser, vol. 121, 168
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samples the proportion belween these two elements is aboul the same,
too, varving about 0.2 to 0.3, The corresponding ratios in samples 1 1o 3
are L5 to 10, I depends on gradoally increasing figures for Ca and
decreasing ligures For Mg These condilions may he explained through
an inereasing supply of Ca from arable land, According to the Donnan
|11|lriEiljri11|||, such an inereasing Htl|1;:|_~,‘ of Ca may resull in inereasing
||~,'u']]i||g of "'rl;.{ Thus il is el NECEeSSAry fhal here has been a decrease
in the supply of this clement even if there is o decrease in the contents
in peal,

The profile from Skoggardsiingar.

The results are given in Fig. 5. The bottom layer of this profile in-
cludes sediments of the ancient lake, The Coree-Brygales peal (H 4) over-
I_\'illr.: the g.{:l.'ltju i% 1_'{|.;|1||Jf;u:~.l_'t_| of radicells of tall xi'llf_{rﬂ, m:||i|1|lﬂ.' e
frsioceerper, and remains of Drepanoctodus aduncas coll,, upwards re-
placed by Meesio iriguetre, There is no intermingling of detritus in the
peat., The Corer-Sphagmem peat (H 4) is composed of radicells of
Carexr losiocarpa and remains of Sphagnum feres in addition 1o seat-
lered leaves of Awlacomninm polustre. The peal genous vegetation of
bolh the peal kinds menlioned ought 1o be classified as rich fen vegeta-
tion and consequently the corresponding peal genous site is rich fen,
Above the Carec-Sphagnun peal there is a layer of Sphagiam peal
up to lhe surface. In its basal part il is sharply delimited from the
subjacent fen peal layer. The Sphoagnum peat is composed of Splwg-
nuwm fuscam and S, robellum in addition to remains of ericoid plants
and fibres of Erioplormm voginatum. The peal genous vegelalion of
this peat ought to be classilied as bog vegetalion, Consequently Lhe
Sphagnum peat is lermed bog peal. There is a shifl in lhe degree of
humification in the bog peat; H 3—4 in the lower part of the layer
and H 6—7 in the upper half. — At the lop of the profile rools from
the vegetation cover penelrate down to about 0.2 m.

There is o rather uniform distribution of most of the mineral
constituents in the gytija and overlving fen peats. The decrease in S5i0,
through the gyvtlja reflects the decreasing supply ol inorganic malerial
as o consequence of the incipient overgrowth of the aneient lake. As has
been stated before the contact line between gyviijan and peal is very
sharp, Chemically il ean be characlerized by a distinel change in 5i0k,

Fig. 5 The profile from Skosgardsingar, — For explanation of the strabgraphical
symbals see Fig &
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which oceurs in very Llow amounts in the peal, This Tacl also supports
the interpreladion thal the overgrowlh of the ancienl lake ook place
by lloaling carpets, The peal genous vegelation of the Carex-Brygeles
peat ought 1o have been developed within the regime of the ancient
lake waler. It has been classified as rich fen vegelation. I is nodeworthy
Hat the mineral composition in this peat resembles that in the lop
laver of the profile, which actually is the site of rich fen vegetation
today.

The f_{{"{ﬂml:llbiq':il |m||lui:qu1..' byl s tnilli'r‘q’:!:rnp]:l:it' miire |:_Il",1| el
ombrotrophic mire peat lies at the level 3.7 m below Lhe sureface, In the
chemical pattern there is no well-delimited  geochemical boundary
indicating a change from mineral soil waler regime to ombrogenous
cuter regime, In none of the sanples collected from the bog peat do
there appear such pronounced ombrotrophic chemical conditions as in
the bog peal of Fjillmossen. Unly in the interval below 1.2 m o somewhal
more than 2 m below the surface does the chemieal pattern .'Il'l]]l'i"l:-ll‘ll
rather closely that characterizing ombrolrophic condilions, Here the
conlent of ash is around 1—1.5 per cent and the Ca'Mg ratio is 0.8 al
the Towest. Most figures are, however, higher than in the corresponding

part of the profile from Fiillmossen. The chemical patlern of the bog
peal below this interval is clearly indicative of the infloence of mineral
soil waler. Particeularly significant are the high Ca/Mg ratios and the
high content of Ca oceurring in the sample series 12 to 8, — The
similar disturbance appearing in the basal parl of Lthe bog peat bed in
Fiiillmossen was staled (o b secondarily introduced, condilioned by an
elevation of the subsoil water level, Also as 1o the present profile il
secims most likely thal the basal hall of the bog peal bed has been
disturbed by mineral soil waler secondarily introdvoced., Here the dis-
turbinee seems o be associated with dislocations of the peat bed. The

curvalure of Hhe sie:

graphical lines jef, The slealigeaphical seclion

FFig, 4} in the basin is a consequence ol a secondary CONMPreSsinn ol
the sedimenl lavers by the heaviness of the bog peal bed., Al the Hime
of incipient bog development the surface of the mire ought 1o have had
il Limil
approximatively indicates the paleohydrological lmit of mineral soil
witter levell. The sediment limit lies about 1.8 m below the top level of
the peatland. The dislocation of the bog peal bed can be estimated to
about 2 m. This means that the lowest 2 m ool the bog peat bed have

a position somewhal above the sedinent limil (the sedi

been displaced 1o o region where mineral soil waler is retained in the

surronnding deposils, On an examinalion of the peal profile one nolices

Fal, Notiser, val, 121, 1WS8
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Table 1. Chemical properties of wiler Trom Skoggiardsdingar,

Coeenira lions an I|I|I|lu| litre
Sample phl w Tl ® SRR
Na | K | Mg | Ca | Mn | Fe
R T oL R i 120 SE L] 14 afh e ] LIRS 2
. S o 0] i 47 ] 12 e

Somple A waler from a pit deg pear the investigatad profile, Sanple B open waler
im o peat-lieg, The samples were colleeted oo Oeto 12, 19660 The clements  ard
determined by atomic ||]n|||.‘||-l||1:ll

* the specific comdoctivily al a7 I|||J|.1LII'||gll B 10% s withe the comluclivity dig
t the hvidrogen jons sabiracied,

that it is in particular the lowest 2 m of the bog peat which show a
disturbed chemical pattern.

In the uppermosl meter of the profile there is a chemieal stratifica-
tion which obyviously is conditioned by (he artificial waler covering of
the peatland. The chemistry of water aclually oceurring close (o the
profile is shown in Tab. 1. — Down to about 0.6 m the chemical pat-
tern is strongly minerolrophie as shown by the high content of ash as
well as S8i0p, Ci, Mo and Fe and high Ca/Mg ratios. The highest figores
for K are found in the uppermost bwo samples. 11 is likely that the hog
peat bed has been percolaled by the mineral soil water down to this
depth. The high wvalues of Si0: mel with in the samples 1 1o 3 are in
parl assignable (o mineral particles. This fraction has been found o
be rather great in the lop laver. Below the depth of 006 m the influence
decreases Though it is still ohservable down to about 1.2 mindicated by
the Ca/Mg ralio 2.7 (sample 5], Here il seems more probable (hat the
influence is broughl aboul by diffusion of ions, With increasing Ca
contenl there are in the lop layer decreasing lgures Tor Mg as in the
profile from Fiillmossen,

IMSCUSSION

In the |!|'1‘||'i]l'-. from bolh the peatlands studied the distinel differenee
belween he chemical |H||1IH of minerotrophic mire peal and thal of
ombrotrophic mire peal is clearly demonstraded. Compared with the
ombrotrophic mire peal the minerotrophic mire peat exhibits higzher
vilues of pH, higher content of ash and Si0s as well as higher content
of Ca, Mun. Feand AL The Ca/Mg ratios are well above 1 in The minero-
trophic mire peal. whereas in the ombrotrophic mire peat the ralios are
I't'l.'Ll.“ki-:“_'l.' [ower, often 002 to 0.3, In holh prrrﬁh'h Fhe conlents of My

Bot Natlser, vol, 121, 1148
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are considerable higher in (he middle part of the bog peal bed than in
the olher parts, These high figures coincide with the lowes| figures of

Ca. Compared with these differences the variation in contents of Na

and K are rather small and withoat significance [or characlerizing the
main types of peat. In the main these general relationships are in
agecordanee with those found when studying the peat substrale of cor-
responding recend planl communilies,

In the minerotrophic mire peat there are certain differences in the
chemical pattern that are characteristio of the stratigraphy and botani-
il character of the peats, for example, between peat derived from
carr vegelation and peal derived from poor fen vegelation, This is seen
in the profile from Fjallmossen. The chemical differences belween
minerolrophic mire peat from Fjillmossen and corresponding peat
from Skoggardsiingar seem to be of minor importance. In this ease a
comparison is somewhal difficull as the vegetalional suceessions of the
sites are different.

As the ombrotrophic mire peat ought to have received all ils minerals
from precipitation great similarities in the mineral composiltion would
be expected in this case bolh between the (wo peatlands investigated
and between the different stratigraphic layers. In the profile [rom
I"jallmossen the series of bog peat samples, exeept those from the basal
part and those from the top layer, exhibil such a purely rain-waler
conditioned mineral composition, In most of these samples the Ca/Mg
satios are low, close to that in sea water, 0,2, They are also largely in
accordance with those found by MaTrson & KOUTLER-ANDERSS0N
(14954, Tab. 1 p. 330) in the profile from Ramna hog in northwestern
Scania. No bog peal samples collected from Skoggardsingar show such
low figures for most minerals as the samples from Fjillmossen al
corresponding levels. The lowest Ca/Mg ratio Tound in Skoggirdsingar
is 0.8, 1t is impossible to decide whether these deviations depend on
differences in the environmen! duoring the formation of the bog or
whether they are due to secondarily disturbances.

In both profiles the basal parl of the bog peal bed shows o chemical
pattern devialing from the general patlern eharacterizing pure ombro-
trophic conditions, The paltern found here is of minerotrophic appea-
rance, more or less pronounced, This deviation is probably due o
influence of mineral soil water since the time of the formation of the
bog peal. As to the situation in Fjillmossen such o secondary influence
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mizy have been brought aboul by an elevation of the subsoil water level
in the surroundings, The corresponding deviation in the profile from
Skogoardsingar is uin.‘i.ﬂll.&]_\' gssocialed wilh dislocalions in the [H‘Jll
bed resulling in a sinking of the peatl lavers 1o o level influenced by
mineral soil waler,

The uppermost peal layver in both profiles exhibits a1 mineral com-
position devialing from that found al a deeper level. The rather high
amounts of K found in the top layer may due o the importance of this
element for living plants, The mineral particles found in the uppermost
sumples as well as the higher fipures for Ca, Moo Fe, Al and 5i0s ought
to be duoe to mereased cultivation of the land area during the lasi
centuries, as o Skoggardsingar essentinlly due to supply of mineral
soil water, In the case of Fjillmossen this inere

ased supply of minerals
is due to air-borne drift anly and thus is on a minor scale. This supply
lias probably nol affected the pH and acid-base conditions nor the
composition of the vegetalion, By inundation of the peat ground in
Skoggardsiingar the bog peat has received a great supply of minerals
from the surrounding mineral soil, This great supply has broonght about
considerable changes in the mineral composition as well as in pH and
acid-base condilions of the bog peal. As a consequence of this great
environmental change the composition of the vegetation has changed
[Ponm o pre-existent bog vegelation to thal rich minerolrophic fen vege-
tation aclually growing on the bog peal ground.
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Contributions to the Flora of Rhodesia X1'
Preridophyta

By E. A. C. L. E. Schelpe
Tiolus Herbarium

Universily of Cape Town, South Afries

ABSTRACT

The fifty five laxa of Preridophite collected by the Frigs, NoRLsDH ol
WEmnARCE expedition in the eastern districts of Rhodesia are treated sysle
matieally, Cheifantlhes teaehii Scaecre is newly recorded for Rhodesia, The
distribution of each baxon in Afriea is given and distribution maps of Elapho-
glossum hybridom (Borv) Brack., Gletchenia nmbroaculifera [KUNZE) MOORE,
Hipirenophygfiom tanbeidgense (Lo Sme, Pellpea goadotid (Koxzgg) G CHR., Pleris
eretice L., and Xiphopteris flabelliformis (Pom.) Morrox in Africa arve given,

LYCOPOIMACEAE

Lycopodinom cernuum 1., Sp. PL 2, 1733, 1103. — Lepidotis cernua (L)
BEavv., Prod. Aetl. 1805, 101, — Lycopoditnn borganam A, TcHs Sert. Astrol,
1834, 42 — Lgcopodicnm feeschii K. Mugnn. in Bot, Zeit,, 19, 1861, 164, -

Lgeopodinm secamndum K, MueLn, i Bol Zeil,, 19, 1861, 164,
Inyvanga: Pongwe infra dejectaom fluminis in silvala sl rivolom, ¢
T e some, 18 Dec. 195850 — 588,

Distribution: Cosmopolilan in the lropies and sublropics.

Lyeopodium clavatum L. var. inflexam (Beaov ) Semisa, Monogr. Lyeospod.
L. 1842, 90, — Lepidotis inflexa: BEAUY., Prod. Aeth., 1805, 108, — Lpeopo-
din fnflexim (BEAUY.) Sw., Sy Fil, 1806, 179 Lycopodinm clavatum
var. netfalense NESSEL in Fedde Rep. Spe Nov, 36, 1934, 191, Lycapracdivng
aberdaricoam Chov, in Lav. 1l Bot. Univ, Modena 6. 1935, 147,

lnyanga: Prope dejectum fluminis Pungwe in proelisitabe, e 1800 m
s, B Nov, 1930 2679 Inyangani c. 3 km ocecidentem versus a monte, il
civalum, o, 2000 m san., G Dec, 1930 — 3455; Pungwe supra dejechuom fluminis
in silvula ad rivalom, e, 1700 m s, 18 Dee, 1930 d8ah0,

Distribuontion: Cape Provinee, Orange Free State, Lesotho,  Natal
swagiland, Transvaal, Rhodesia, Mozambigue, Malawl, Tanganvika, Kenyva.
Ethiopia, Uganda, Congoe, Sudan  (Imatong Mtns). Cameroons, Sio Tomdé
Madagasenr, Maurilius, Réunion.

Plssued by T Noseison and Ho WEIMARCK cas s eonlinuadion of their series
“Beilrige zur Kenntnis der Flora von Sid-Bhodesia® of which nos, 1—X have been
pulitishisd in Tolaniska Noliser 1952— 1058,

Bot. Notksor, vol, 121, 19468
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Lycopodium carolinfanum L. var, grandifolivm Sewsc in Mém. Acad, K.
Brux, 24, 1848—50, 46, — Lyeapodium sarcocamlon WELW, & A, Br. ex
kumx, Fil. Afr. 1868 200,

Inyangar Inyangani, ¢. 3 km occidentem versus o monbe in paldude, fre-
quens, o 20000 mosm,, 6 Dhee, TR0 — 3470,

Distribution: Natal, Rhodesia, Mozambigue, Malawi, Zombia, Angola,

SELAGINELLACEAE

Selaginella abyssiniea SpmixG in Meém. Acad. B Belg. 24, 1850, 94,
Sefuginefta Kirkii Bak. in Journ., Bot 23, 1833, 176, — Sefoginella goefzei
Hremos. in Bol, Jahrl., 30, 1801, 265 ¢l in ExoL, & PranTti, Nal. Pfllanzenfam,
B4 1901, 688, — Selaginella achytel HiEroN, in ExcL, & Prasre., Nal, PHan-
zenfane. 1:4, 1901, 6897, — Selaginelfa preopssil HIERON. opo cit 1901, 686, —
Sefagginelia bueensiz HiErox, in Hedwigia 423, 1904, 20,

Invanga: C 8 kmin seplentriones a pago in elivis ad rivolum, ¢, 1750 m
5.7, 24 Jan. 1951 4578,

Distribution: Rhodesia, Mozambigue, Malawi, Zambia, Tangansika,
Kenwa, Ethiopin, Uganda, Sudan (Imalong Mins,|, Congo, Cameroons, Nigeria,
Ghana, Fernando Po.

Sclaginells kraunsiana (Kuxze) A, Br., Ind, Sem. Horl. Berol. 1880, App.,
L Lycopodinm Eropssinnem KUNZE in Linnaea 18, 1844, 114,

Ionyvamga: Pungwe infra dejectum fluminis in praccipitio madido monfis,
e 1400m sam., 8 Dec. 193 — 3827,

DVistribotiom E Cipe Provinee, Natal, Swaziland, Transvaal, Rhode-
sigy Mogambigque, Malawi, Tanganyvika, Kenya. Uganda, Ethiopia. Sudan (Ima-
long Mins.), Congo, Camercons, Fernando Poo Madeira, Azores,

EQUISETACEAE

Equisetum ramosissimum Desy, FLOAant, 20 17948, 3498, Hippochocie
ramosissimum (DesF.) Boery., FL Deotsche Volk, 1912, 252, Loutsetii
eampanulafonr Pom, i Last, Encyel. Méth, Bot, 5, 1804, 614, E. ranosin
Lase. & DC. Syn. PLFL Gallies, 1806; 118, — F. elongetum WiLin. Sp.
PL. ed. IV, 5. 1810, 8 — &, pepnonictmny Keraas: in Winen., Sp. PL
eil. 1V, a0 18510, 6, — K, thonbergii WiksTi, in K. Vel. Acad, Handl, Stockh,
3121, 4, — L borchellii Yaven, Monogr, Préles 1821, 875, — E. multiforme
Vauven., op, eil. 375 E. fncanum Vavch., op. il 332 E. wzoricum

GeAN e, i Hull, Sec, Bot: France, 66, 1920, 304,
Inyanga: Prope pagum ad rivalum, e, 1700 m sam., 30 Ocl. 1930
2464 prope pagum Cheshire in alveo exsiceato, e 1300 m s, 15 Jan. 1931
4541: in palade in proclivitate monlis prope pagum Cheshire. oo 1500 m
sy 4 Feb, 18931 — 4817,
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Distribution: E Gape Provinee, Orange Free Stale, Lesotho, Naltal,
Transvanl, Rhodesin, Mozambigque, Malawi, Zambia, Angola, Ethiopia, Soma-
lin. Ervitrea, Sudan., Morocen, Tunisia, €. Sahara, Cape Yerde 1s., Canary 1s.,
Madagascar, Mauritins, Kéunion. Alse temperale Eurepe threugh Asia Minor
and Asia to the |"|:':li|rpj|11: Is. amd MNew Guinea.

OPHIOGLOSSACEAR
Ophioglossum retieulatam L. 50 PLoed. 11 2, 17603, 10635,

[nvangn: Prope villam Invangn Down in palode, e 2000 m sm., 29 Jan.
1431 4665 ad montem Invangani in solo hoovido ad civalom, oo 20000 m
s 14 Feh, 18951 HIIHTIN

Distribulion: E Cape Provinee, Nalal, Rhodesia, Zambia, Mozam-
bigue, Angols, Congo, Uganda, Zanzibar, Tanganyika, Kenya, Sudan., Came-
rovns, MNigeria, Ghana, Liberia, Cape Yerde Is,, Sierra Leone, Sio Tomeé, Fer-
naclo Po, Madagasear, Mauritins,

MARATTIACEAE

Maratlia Fraxinea Sx. ex Guel. var. salieifolia (Scurang G0 Cere in PER-
kIER, Cal PL Madag., 1932, 67 — M. solicifolin Scaran, in Gitl, Gel. Anz..
1818, 920, — M, neataleasis PRESL, Suppl, Tent, Plerid,, 1845, 9. — M, dregeari
Presy, op. eil, 8

lovanga: Pungwe infra dejectum fluminis in silvala ad eivolom, 15000 in
s, 18 Dl B0 — 38491,

Distribution: &8 and E: Cape Provinee, Natal, Swaziland, Transvaal
Rhodesia, Mozambique, Malawi, Zambia, Tanganvika, Congo, Sudan, Renva,
Madagascar, Mauritius,

OSMUNDACEAE

Osmundn regalis L., sp. PLO2, 1753, 1065 Crsanunddn capensis. PRESL,
Suppl Tent. Plerik, 1846, 63 (non L. 1771 — Stratfdopteris regelis (L)
Benxi. in Schrad., Jowrn, Bob, 18000 (2, 18010, 126, — Osoaenda pegerdis var.

capensis (PREsL) Mior, Fil. Europ., TB&T, 179,

I[nyanga: Prope pagum ad rivolom, ¢ 1700 m some 31 Ocke 1980 — 2496:
Pangwe supra dejectom Tominis ad litorem, o 1700 m s.m. 17 Dec. 1940
FHHS.

Distribution: 5 and E. Cape Provinee, Lesotho, Nalal, Transvaal,
Rhodesia, Mozambigue, Malawi, Zamhbia, Tanganyika, Kenya, Uganda, Sudan,
Congo, Angola, Cameroons, Nigeris, Libevin, Sierra Leone. Fernando Po.
Mudagascar, Mauritius.

Bad. Natiser, vol. 124, 168
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GLEICHENIACEAE

Gleichenia ymbracalifera (Kusze| Moope, lud, 1990, 1862, 384, — Mertensin
wmhracalifern KUSZE in Linnaea 18, 1844, 144 Sticherns mmbroculiferis
(Kumze! CHixG in Sunyatsenia 5, 19440, 283,

Invanga: Ad radices montis Dnvangani in convalle rivali, e 20080 m
s, 6 e, 1930 322 inler pagnm Invanga ¢l dejectum fluminis. Pungwe,
¢, 7 km a Pungwe in valle vivali, oo 1800 mesm,. 16 Dee, 1930 — 3764 supra
dejectum fluminis Pungwe, in solo hoamido, o 1700 m sam., 18 Tee, 1930 -
841 ad villam [ovangs Down, in ovalle fluminis Tsunga, e 1850 m sm.,
A0 Jan. 1931 47485,

Distribution E Cape Provinee, Nalal, Swazilond, Transvanl, Hho
desi. Map, Fig, 1.

SCHIZAEACEAE

Anemia simil Tanpier emend. Avstox in Contr. Conhee. FL Mozamls, 2,
1954, B, 1 36, — A eimii Tarpiey in Not. Svsl 14, 1952, 308 pro parte, exel.
spise. Angolenses

Belingwe: Ad pagum Mnene in saxosis in silva, 26 Feb, 1031 alid,
Drstribution: Transvaal, Rhodesia, Mozambigue.

Mohria eaffroram (1.0 Desv, in Mdém, Soc, Linn Pores, 6, 1827, 105,
Polypodinm caffrornm L., Manl. PL, 1771, 307, — Adivatim eaffrorum (L)
L. [, Sappl. PL, 1981, 447, — Gl sueeginalis. Sav. in Las., Enevel
Méth, Bot,o 4, 1797, B35 Lonehitis coffrorum (Lo BErxd. in Schrad. Journ.
Bot, 1H00 (2}, 1801, 124, Chsmurrafer thrrifera 5w, in op. cit. 1801, 104,
Ohsnruneda thecffrage Bony, Voy. Qualee Prine, lles 1, 1804, 348, Malric
Hurrifragir (Bory ) 8w Svn. Fil, 1RO6. 15%. 385, 1. b Mufiria erenetn DESY,
in Mag. Ges, Natort. Becl, 5, 1811, 307, — Cheifanthes fuseatae BLosme, Enum.
Pl Jdav, 1828, 116, — Mahria achilleifolioc Lowe, New Ferns, [RB62, 1 42 15

Merherioe pestite Bak. in Trans, Linn. Soc, Lond.. Bol. 2 1887, 155, {lerlirae
ciffraram (L E. GEEEx in Ervihes 1, 1800, 2475, Mol eaffrorum var.
mnltisguanosig Bovar, Not. Ptevid. 4. 1917, 8a,

Invanga: Invangani, c. 4 km occidentern versas @ monte in clivis rivulis
e 2000 s, 6 Dec, 18930 3520; ad villam Inyvanga Down in palude, e
14950 m s, 29 Jan, 1931, 4664,

Distribuntiaon: Cape Provinee, Orange Free Stale. Lesotho,  Nalol,

Transvaal, Swaziland, Bhodesia, Mozambique, Malawi, Zambia, Tanganvikno.
Madagascar, Réunion,

CYATHEACEAE

Cyathea dregei KUNZE in Linnaea 1, 1846, 531, . bnrkei Hook., Sp.
Fil. 1, 1844, 23, 1. 17, L. (oangolensis WErw, ex Hoow., Svn. Fil., 1865, 22

Bot, Notiser, vol. 121, 'S
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Fig. 1. Distribulson of Glecehenie wmbracilifers (Krsze) Moope

[nyanga Prope dejectum fhuminis Pungwe frequens in villilus ad rivolos,
e 1750 mos.me, truneus 3—35 moaltus, 6 Nov, 1930 — 2734; Invangani e. 3 km
occidentem versus o monte in valle ad rivalom, o 2000 m sam., § Dec, 1930
— R63.

Rot, Xotiser, vol, 124, 1958
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Dislribution: E Cape Province, Malal, Swariland, Transvaal, Rho-
desia,  Mozsmbigue, Malawi, Zambia, Angola, Tanganyvika, Congo. Uganda,
Cameroons, Guinee, Sierra Leone, Madagascar,

HYMENOPHYLLACEAE

Hymenophyllum polyanthos Sw. var, kahndi (G0 Cow) SCHELPE in Bot, Soe.
Brod, ser. 2, 40, 1966, 156, — H. megeri Kvny in Phys, Abh, Ko Acad, Berl, 2,
$4 el in Excren, Hochgebirgspfl, Trop, Afr, 15892, 65 (non PRESL 1843),
H, kahnit C, Can., Ind, Fil. 1905, 363 H, henkelii S5m0 in 5 Alr. Joworn.
Sci: 20, 1943, 309, b4 Mecodinm Lofinii (G, CHu,) CopreL, in Philipp.
Journ. Sci. BT, 1938, 19,

Inyanga: Pungwe, ad dejectum fluminis in rimis saxosis, o 1700 m
s.m., 18 Dec, 1930 — 3817,

This specimen is o xeromorph with the segments typically overlapping bul
with the laminae only aboul 2 em long and 1 em hroad.

Hymenophyllum tonbridgense (L.} Ss. in Sowekey, Eogl. Bol, 17948, 1 1682,

Trivhomanes hnbridgense L., Sp. PL 2. 1753, 1098 H. dregeamim P'RESDL,
Hymenophyll, 1843, 32, 52, — H. thomasseltfi C. H. WRIGHT in Kew Bull.
PG, 170,

Invanga: In latere montis Invangani in saxis ad rivalom, oo 2300 m s,
T Dec, 1930 — 3684,

Distribution: Cape Provinee, Nalal, Swaziland, Transvaal, Rhodesia,
Mozambigque (Gorengosa), Malawi (Mlanje), Tanganvika (Ulugurus and Kili-
m jare ), Kenva (MU Kenva), Madagasear, Madeira, W. and 5 Eurvope. Map.
Fig. 2.

DENNSTAEDTIACEAE

Plevidinm aquilinom (L) Kvay in v, DECE, Beisen Os1, Afe did), 1879, 11
— Pteris aiurifing Lo, Sp. PLO2,0 1753, 1053, — Asplenfnm aguilimes (L)
BERSH. in Schrad, Jonrn. Boto 1, 1799, 310, Pteris capensis Touss,, Prodr,
Pl Cap., 1800, 174, — Pleris lanugfaoss Bogy ex Wion, Sp. Pl ed,
IV, &, 1810, 403. AMogorus acquilimes (L. Presy, Tentl, Plerid., 1836, 153,

Aftasorus fannginasies (BoRy ex Wiiomn) Prese, Tent, Plerid., 1836, 154,

Preris coriifolin RUNZE in Linnaea. 18, 1844, 1240, Pteris agerifing var,
lnneginesa (Honry ex WinLn) Hook, Sp. Fil, 20 [BSH, 196, Allersorus capen-
six (Toowe.) Parre & Rawson, Svn, Fil Afr, Ausity., 1868, 33, Allisorns
coriifolin (KUNZE] Parre & Rawsox, op, cil. 31 Poresinn aquiting (L) Kevs,
IPol. Cyath. Herb. Bung.. 1873, 22. Cincinalis aguiling (L.) GLED, ex TREV,
in Al Soc, Hal. Sci. Nal, 17, 1874, 25%. — (Ornithopteris aguifing (L) 1. Sy,
Hist. Fil. 1875, 298, — Pleridionm capense (THusm) Knassen in Ann, Hofmus,
Wien 15, 1900, 6. — Pleridinm agquilinnm subsp, eapense (Tnese) O CHR,
Ind. Fil., 1908, 591

Iinvanga: Ad pedes montis Invangani in campo graminoso, o 2000 m
s, 8 Dec. 1930 — 85671; ad pedes montis Invangant in camm graminos,
e, 1900 m s.m., 15 Febh, 1931 — 5094,

Bot, Notiser, vol. 121, 19G8
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Fig, 2. Istribulion of fpmenophyffam tanbeldgense (L) 5w, i Africa.

Distribution: Cape Provinee, Orange Free Stale, Lesotho, Nalal,
Swaziland, Transvaal, Rhodesian, Mozambigoe, Zambia, Angola. Tanganvika.
Kenya, Ethiopia, Uganda, Sodan, Congo, Cameroons, Nigeria, Ghana, Liberia,
Sierrg Leone, 5ae Tomé, Fernando Po, Zanzibar, Madagascar, Comore s,
Mauritins.

Bot. Natiser, vol. 121, 1
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ADIANTACEAE

Adiantum poiretii Wiksti. in K. Vel Akad. Handl Steckle, 1825, 1826,
345 — Adiantpm thaelict roides WiLLD, ex ScnLrecHTExN D, Adumbre, PL 5, (832,
ol A epeleides ZENEER, P Ind,, 18385, 11, A pellucidum. ManT, &
Gareorr. in Mém. Aecad. R Brox. Bh, 1842, 72, L 19,

Inyvanga: G 3 km in seplentriones a pago in spelunealis montis ad
Chemen, ¢ TRO0 ny som.,. 24 Jan, 1931 1554,

Distribhutiom E. Cape Province, Natal, Lesotho, Orange Free State,
Trunsvaonl, Bhodesin, Mozambigque, Malawi, Zambia, Tanganvika, Kenya,
Ethiopia, Sudan, Ugands, Congo, Angola, Cameroons, Nigerin, Madagascar,
Comaors Is, Also in Tristan da Conhea, India, Mexieo, 5. Americo.

Aspidoelis schimperi (Kvszr] Pre. Sy, in Weblaa 7, 1950, 326, — Cheilan-
Hheg sehimpert Kusen, Farnke, 1, 1840, 52, 1 26, Hypolepis selimperi
(Kunze) Hook., Spo Fil. 2, 1852, 70

fnyanga In proclivitate prope flomen Niarerue, o, 1700 mosan,, 22 Jan,
1931 — 4532 versus Chemes in proclivitate ad vivalum, e, 1750 m sm., 26
Jan. 1931 4532

Distribution: Hhodesia, Malawi, Zambia, Tanganyika. Ethiopia, Sudan,
Uganada, N, Nigeria,

Pteris cretiea L., Manl Pl, 1767, 130, — Pteris semiserrato Ponsg, L
Aegypl,-Arab, 1775, 186, P nervosa THURE., FL Jap., 1784, 332 — P ger-
rerin Sw. in Schrad, Jounrn. Bot, 1800 (2), 1801, 65. — P. pentaphylle Wiien,,
Spe P edo IV, 5, 1810, 362, — Pyenaedoria erefice (1. SManl, Ferns Florida,
1432, W1,

Inyvanga: Prope pagum Invanga in silvala ad rvivalom, o 1750 m s
4 Nov, 1930 — 2586; ad rivelom Niarerue in proclivitate, o 1700 m s.m..
T Nowv, 1830 — 2947 ad pedes montis Tovangani in silvala ad rivaluom, e
UM mosame, 15 Feb, 1931 M7

Distribution: S and E. Cape Provinee, Lesothe, Natal, Orange Frov
Stale, Transvaal, Bhodesia, Malawi, Zambia, Tanzanin, Congo, Angola, Uganda,
Ascension [s. SE Helena, Madagasear, Maoritivs, Réanion, and from 8. Eorope
vastwards tirough Asia to Japan, Map. Fig. &,

Pteris dentata Forsk, csp. flabellata (Touse ) Rosesaek in Bol, Noliser, 115,
T8, 1490, Lonchitis adscensionis FORST, in Comm. soc. Heg, Gatt, 9. 17849

T2, — Pleris flafreilata "Tuvse., Prodr. PL Cap. 1800, 172, — P, adscensionis
Sw,, in Schrad, Jowen. Bot. 18000 (21, 1801, 67, — Aspleafum adacensionis
(5w, BEgxn. in Schr., Akad, Erfurl 1802, |4 Pleris semiserratao ROXE, in
Bears, 5. Helena 1816, 319 non Forsk, 1775) Pooargute var, flabellata

(Touse, ) METT, in huns, Filo Afr. 1868, 76,

Inyanga: Prope pagum Invanga in silvala ad vivalom, s 1730 m s,
4 Now, 1930 — 2591,

Distribuntion: Cape Provinee, Lesotho, Notal, Transvasl, Rhodesia,
Malawi, Tanganvika, Kenyva, Ethiopia, Uganda, Congo, Fernandn Po, Ascen-
siom Is., S Helena, Mauritins, Madagascar, Kodrigues,

Bat, Notmer, vol 121, TS
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=

Fig. & Distribuation of Pteeis eretica L. in central and soothern Afries.

Preris friesii Hienox, in Frigs, Wiss, Evgebn, Schwed, Bhod.-Rongo Exped. 1,
1915; 5. Pteris abralvmii HIERON, in Bol. Jahrb, 53, 1915, 400,

Inyvanga: Prope pagum Inyvanga in silvala ad rivaham. ¢ 1750 m s.m.,
4 Nov. 1930 — 2587,

24 Bot. Notlzer, vol. 121, 19068
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Disteibution: Swaziland, Transvanl, Hhodesio, Mozambigue, Malawi:
Laombin, Angola.

Doryopteris concolor (Lasosn, & Fiscr) Koas var, kivkil (Hook | Fries,
Wiss. Ergebin, Schwed, Rhod.-Kongo Exped, 1, 1914, 4, Uheilanthes Kirkii
Hook,, Sec. Cent, Ferns, 1861, t. 81. — Dorgopterie Eiekil (Hoog ] ALSTON in
I3, Boe. Brot, ser. 2, 30, 1956, 14.

Makoni: €9 km a pago Rusapi versus “The Springs” in rimis monlis;
co 1O meosam., 30 Nov, 1930 S,

Distribution: South West Afriea, L. Cape Province, Orange Free
State, Natal, Swaziland, Transvaal, Botswana, Bhodesin, Mosambione, Malawi,
Zambin, Angola. Tanganyvika, Kenya, Sudan, Congo, Uganda, Nigeria, Ghana,
Guinée. Also Madagascar. Indin, Cevlon.

Cheilanthes multifida (Sw.) Sw_, Svn. Fil,, 1806, 128, 334, — Adiantam
multificdwm Sw. in Schrad. Joorn, Bob, 18000 (2}, 1801, 85 — Adiantum ogla-
frrtiem Ponee, Encvel. Méthe Hol,, Suppl. 1, 181k 144, — Cheileod s olnusii
Bag. in Hoor., Le. PL, 1886, £ 1636,

Inyanga: G 30 km meridiem versus o pago in saxosis, oo 1900 m sm.,

19 Nowv. 1930 — 3045, prope Nianoli in rinnis ambrosis siceis roinae, e, 17000 m
s, 200 Now. 1930 — 3135: Invangani in vertice montis in rimis saxorom,
co 2500 m som., 7 Dee. 1930 3590; Invanga in saxosis, o 1800 me 5w

22 Jan. 1931 45200

Distribution: South West Africa, Cape Province, Natal, Transvaal,
Rhodesia, Mozambique, Malawi, Zambia, Tanganyika, Kenya, St Helena,

Chellanthes hivta Sw., Sy Fil, 1806, 128, 329, — Adionfiem caffrormm
Sw.in Schrad, Journ, Bot., 1800 (2}, 1801, 85 (non L, £ 1781), — Adiantun
Birtum (Sw.) Pome, Encyel. Méth, Bot, Suppl. 1, 1810, 142, Nl helaenco
vapensis SPREXG, Tenl, Suppl. Syst. Veg, 1824, 33, L heilonthies Rivla var,
intermedin KUNZE in Linnaoea 10, 1836, 539 Chetfethes hirta var, loee
RUNZE op. cit. 540. Nothaolaenae ffrta (Sw,) J. SM, in Journ: Bot, 4, 1541,
i, .\.furr'nlrairn's fnteraredin (Kusee) FEE, Mdém. Fam, Foug., & 1852, 1449,

Chietlanther glenduloss Parpr & Bawson, Syn, Fil, Afr. Auste, 1HBE, 35
fmon 5w, 1817).

Inyanga: € 8 km in seplentriones a page in proclivitate ad rvivalum
preape Chemen, e, 1800 m s.am,, 26 Jan, 1931 4618,

Makoni: €20 km a pago Rusapi versus Inyvanga in saxosis, e, 1500 m
s, 2 Dee, 1930 — 3425,

IVistributinn: South Wesk Afriea. Cape Provines, Orange Free Shote,
Lesotho, Natal, Transvaal, Botswana, Angola. Rhodesin, Mozambigue, Kenya,
Madagasear, Réunion,

The two specimens cited here are of the narrow fronded Torm o which
the name O fieta var, contracta has previoosly: been misapydiced.

Bt Naliser, vol. 121, 1'S8
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Cheilanthes leachii (SCHELPE) SCHELPE in Bol. Soe. Brot, ser. 2, 41, 1967,

— Notholoena leaehdi SCHELPE in Journ. 5, Afr. Bot., 30. 1984, 185, 1.1, g, a.

Makoni: Ad viam Rusapi, The Springs e. 9 km occidentem versas o
page Rusapi in rimis in proclivitate monfium, c. 1500 m sam., 30 Nov, 19350
— b4,

RDistribution: Rhodesia, Mozambigue, Malowi, Zambin, Tanganvika.

This specimen constitutes the Cirst record of this species Trom Bhodesia,

Cheilanthes innequalis (Kesze) Merr, in Abhandl, Seockenb. Nal, Ges, 3,

1859, 68, remmpr, in MeETT.. Farngatl. Cheil., 1859, 24, — Notholaetir foveneepriiilis
Ruxzge, Farnkr, 1, 1844, 146, — N. Irfefiofepis Bak., in Journ. Bot., 21, 1583,
240 N. hipinnata S, Ferns 8, Afr., 1915, 224, pro parte, excl, t. 10%,

fig. 2 inon LiEss. 1849},

[nvanga Inproclivitate humida montis, oo 1800 mos.on, 22 Jan, 1851
4323,

Distribution: Natal, Transvaal, Rhodesia, Malawi, Zambia, Angola,
Sudan, Congo, Cameroons, Guinée, Nigeria.

Cheilanthes inacqualis var, buchananii |Bag.) Scueces in Bol. Soc. Hrol.,
siér. 2, 41, 1967, Notlioloena buehoaranii Bak., Svn, Fil., 1865, 273,

[nvanga Pungwe supra dejeclum fluminis in rimis saxosis ad Hlorem,
e 1700 me s.m., 18 Dee. 1930 — 3815,

Distributlion: Natal, Transvaal, Rhodesia, Mozambigque, Zambia,

Pellaea dura (Winen ) Bag, in Journ. Bol, 18, 1880, 327, Pleris dura
WieLp., Sp, PL, ed. TV, 5, 1810, 376, AHasoris dirns (WILLD.) PRESL. Tent.
Pterid., 1856, 15338 Litobrochia doare (WikLn) Moowe, ITnd, Fil, 1857, 44,

— Plerfs burkeain Hook.. Sp. Fil 20 1868, 215, — Peifaea borkeana (HOOR, )
Bak., Svn. Fil., 1867, 1538, — Pellacopsis barkeana (Hook,) J. Ss., Histe Fil.,
1875, 290, — PreridelNa diord (Winin,) Kuax, v. DiEck., Reisen, Bol. 3 (3],
18749, 14

Invanga: Ad psgum lonyangani in eonvalle vivali Niaveroe, 31 Nov,
19350 — 2504,

Makoni: Ad viam Ruosapi, The Springs, o. 4 km occidenlem versas o
paga Rusapi in vimis in proclivitale montis, ¢ 1300 mosme, 30 Nov, 19730
dadah.

Distribution: XNalal, Transvaal. Rhodesin, Malawi, Mozambigue.
Lamhbin, Angols, Tanzanin, Madagasear, Comoro Is, Maorilios, Réunion.

Pellaea calomelanos (Sw.) Lixk: Filo Spe ot Berol., 1541, 31, Preris
colonelanos SW.oan Schrad. Journ, Bol., (8000 (2], 1801, 70, Allasorus calo-
raelanos (Sw.) Presy, Tenl, Plerid.,. 1836, 153, .f’.rrrf{ffur“u eetlomefoeno
IH'W.-I T, 8. I'|| Curtis Baol. :'ilﬂ,‘,:. 72 {I.I'J'I'I'I'lll.. 1846, 21, — Nathalaene calomelanos

(5W.] KEYs., Pol. Gyvath. Herh, Bung.. 1873, 21,

|.|LI\' anga: Ad pagum Inyvanga in convalle rivoli Niarerue in rimis, o
1700 m some 31 Oel 1930 — 2300; prope paguom Invanga in saxosis, oo 1600 m
s.m., 24 Nowv, 1950 — J187.

Fiod, Motieor, wal. 121, R
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Makaoni: Ad villam Maidstone in saxosis, ¢ 1600 m s 4 Jan. 1931
— 5.0,

Distribution; Scouth West Africa, Cape Provinees, Orange Free Stale,
Lesotho, Natal, Swaziland, Transvaal, Botswana, Rhodesia, Malawi, Angola.
Mopambigue, Tanganvika, Kenva, Madagascar,

Pellaca quadreipinnata (Fopsk, ) Praste in Bob Jdaheb. 5, 1882, 420,
Pleris qrerdriptnnato Forse., FL Aegypl-Arah., 1775, 186, Affogorus qaaadei-
pinnetux (Forsg. ) PreEst, Tent, Plevid., 1836, 154 Pleris congobring KUNZE
in Linnaca 10, 1836, 520, — Cheifand fies rfongala KUSZE in Linoaea 10, 18386,
i, Cheitanthes atherstonel Hook., Sp. Fil, 2, 1852, 107, — Cheifanthves
fiewwr Moonre in Jouwrn. Bol. 5. 15853, 225. L. lpearis MOORE, op. cit, 226,
— Pellaca consobring (Kusze) Hoow, Sp. Fil. 2. 1858, 145. — Alfesorus
consairine: (KUNZE] ParpE & Bawsox. Svie Filo Afr. Austr., 1858, 51
Cheitanthes gradripinnate (Fowsk,) Konx. Fil, Afr. 1808, T4 — Pleridefln
queadripienala (Forsk| METT, ex Ko, v, DEcK., Reisen, Bot 3 (3, 1879, 16,

Invanga: Prope monbtem Tovangani, ad rivalom, e 1950 mosom., 8 Dee.
1950 #3657 ad rivum Tsanga, prope villam Invanga Downs, oo 1850 m s.m.,
B0 Jan. 1931 — 4720 supra villem Cheshive in eompo moentane, c. 1200 m
som, — 4831,

Pallaea viridis (Forsk. | PRANTL var, glanea (51d) S, Feros, 50 Afr, 1915,
a4, Pellaea furstata var, gplmrea Siv, Kaffrarian Ferns, 18891, 30, 1. 19,

Makoni: C. 8 km o pago Bosapi versus villam “The Springs”, e, 1450 m
s, S0 Nowv. 1980 — 3367,

Distribution: E Cape Provinee, Nalal Transvaal, Botswana, Angola,
Bhodesia, Mozambigue, Malawi, Congo, Uganda, Ethiopia, Madagasear, Mau-
ritins.

Artinfopteris dimorpha 1o Sers. in Webbio, 17, 1962, 18, 1 2, figs, a—.
Maokaoni: €9 km p pago Rusapi sersus villam “The Springs” in rimis
montinm, . 1500 m sm., 30 Nov. 1930 — §335.
Distreibution: Rhodesia, Malowe, Mogsambigoe, Zambia, Tanganyika,
Maodagnsear, Mascarene [s

GHRAMMITIDACEAE

Xiphopleris flabelliformis (Pong) Scnecee in Bol. Soe. Brol, sér. 2, 41,
1967, 217. — Polgpodivm flobelfiforme Poir in Last, Enevel, Méth., Bol, 3,
[804. 514 Polypoditnm  rigescens: Bory ex. Winen, Spe PL ed, 1V, 3
(810, 184, — Clepopteris rigescens (BORY ex Winen,) 1. Su. Hist Fil, 1875;
L84, — Xiphopteriz rigescens [Bony ex Winen. Avstox in Bol. Soc. Brot.,
str. 2, 30, 1956, 26, — Grogundis fabelliformis (Poms) Mostos in Contril,
L5 Naol. Herl., 38, 1987, 57,

Haolt, Notiser. vol. 121, 104
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|

Fig. 4 Disteibmtion of Pelltaen goudolii (Kuses) (0 e aospecies nol collected by
the FRIES, NORLINDH & WEIMARCE expodition.

Inyanga: Invangan in saxosis in muscis, 7 Decs 1930 — 3593 Invangani
in saxis; oo 2450 m sm;, 14 Feb, 1831 — 4995,

Distribultion: Natal (Drakensherg), Khodesia (Chimanimani and Iny-
angani|, Mozambigque, Malawi (Luchenya and Nvika Plateaux), Ti|.1|gm'lyikﬂ.
Kenya, Uganda, Congo, Cameroons, Fernando Po, Madagasear, Réunion and

tropical America. Map, Fig, 5. ot Kotlser, vol. 31, 1008
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POLYPODIACEARE

Pleapeltis exeavata (Bory ex Wintn Scence in Boll. Breito Muas: Nat. Hist.
2, 1960, 138, — Polypodivm simplex Sw, in Schrad. Journ. Bol, 1800 (2},

1801, 19 (non Buss. LTO8). Polgpedinm erecapafum Bosy  ex WinLm
Sp. PL, ed, IV, 5. 1810, 158, Phymotades evervata (BORY ex Wiolen,)
Presr, Tenl. Plorid., 1836, 196, — Phymalodes simpler (Sw.) PRESL, op. cit,
186, — Dregmaria excapata (Bony ex Winen) FEE, Mém. Fam. Foug, 5, 1852,
270. Pleapettis simpler (8w.) BEnnose, Handb, Ferns Brit, India, 1583,
47,

Invanga Pungwe supra dejectum (ominis in silvola ad rivalum in
trunce arboris. ¢, 1700 m san, 6 Nove 1930 — 2908: in monle Invangani in
saxosis, oo 24000 m s, 7 Deco 1930 — 3585 Tnvangani, in monte in bruneo
arboris, . 2400 m sam., 7 Dee. 1031 E5ay prope villame Invanga Down
in snxis in eampo gramineso, o 1950 m sw., 29 Jan. 1931 4715,

Distribution: ‘Transvaal, Rhodesia, Mozambique, Malawi, Zambia,
'rllrIH-[lrll\'il\.Eh Ethiopia, Swudan, Uganda, Congo, Cameroons, :\'igﬂ'iu, Kicrra
Leone, Libera, Fernando Po, Madagasear, Mauribus, Réanion,

The distribution range given here applies to the whaole P, excosatum com-
plex in which the rhizome scales vary considerably. among different popula-
tions throughout the continent and 1o o lesser extent in the degree 1o which
the sori are sunken and i the fregquency of scales on the midrl,

Pleapeltis macrocavpa (Howy cx Wintn) Kavee in Berl Jaheb, Pharm.,
21, 1820, 41. Polgpodinem fanceolation Lo, Spe PLL 2, 1733, 1082, — Poly-
it macrocarpoany Fowy ex Wieen, Spe PR oedo IV, 80 18U 127, —
Polgpoditun marginale Bogy ex Wieen, lom, cit 14%, — Polgpodiam odsper-
sm ScHRan. i Gotl, Gel, Anz, [H18, 915, Fleopeltis ensifolin CanM, ox
HOoK., Exot. Fi. 1, 183 t b2 Pleapeltis marginaliz (BOry ex WL
KavLr. in Berl. Jahrb. Pharm. 21, 1820, 41. Pleapeltis lanceafila KAULE.,
Enum. Fil. 1824, 245, Polypodinm fepidotam WILLDE, ¢x SCHLECHTEND.,
Adumbr., 1825, 17, L 8. Pleapeitis tepidate (WILLD, ex SCHLECHTEND, |
Presr, Tent. Pterid. 1TH3G, 193, Pleapeltis banl fogsionag PrREsy, Tenl. Plerid.
LH36, 193, — Drgnocic macrocargee (BORY ex WD) FEE, Méim. Fam. Foug.
& 1892, 2T, Degnerin fepidote (WILLD, ex ScnLEcHTEND, | FEE, loe. cil,

Invangu: Pungwe supren dejectum flomings in silvala ad rivalum, ¢
1700 mos.on, 18 Dec. 1930 BhELE

Distribution: Cape Provinee, Orange Free Shate,  Lesotho, Naial,
Swazilind, Transvaal, Rhodesin, Mozambique, Malewi, Tanganyika, Kenva,
Ethiopia, Uganda, Cowogo, Angols, Cameroons, Nigeria, Sierra Leone, Per-
minde Poy 5t Helenn, Madagascar, Réunion, Also in tropical Ameriea.

DAVALLIACEAL

Arthropteris orientalis (GyeELx) Postuvavs in Ree, Trav, Hol, Néerl, 21,
1924, 218, — Polgpodivi ordeatode GMELIX, Syste Nal, ed, XHL 20 1791,
1512, — Polygpadinm pectinabmm Forsg,, FL Aegypt-Arabe, 1775, 183 (non

Fot. Motiser, vol, 121, 108
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Fig, & Distribution of Xiphopteris Habedliformiz (Poig) SCHELPE in Africa.

L. 1753) — Aspidioom  albopuanctefuor Bosy  ex Winnn, Sp P, oed. IV,
5, 1810, 242, Nephrodinm afbopunctatnm (Bony ex Winen,) DSy, in
Mém. Soe. Linn. Pavis, 6, 1927, 255, — Aspidinm Henningii ScHus. in K
Danske Vid, Selsk, Nat. & Math, Afh., 4, 1829, 229, — Aspicdium lencosticton
KUsze in Linnaea, 23, 1850, 227, 301, — Dryopteriz orfenfafis (GmEeELIN) G,
Ciege, Ind, il 1805, 281, Bot. ¥otiser, val. 121, 1065
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Inyanga Ad pagum Inyanga in froticetis. e 1700 m sim., 22 Jan, 1931
— 528,

Distribotion: Bhodesia, Mogambigque, Malawi, Zambia, Aongola. Tanga-
nyika, Kenya, Sudan, Ethiopia. Yemen, Uganda, Congo, Cameroons, Nigeria,
Libserin, Sierra Leone, Fernando Po, Si0 Tomé, Annobon, Madagascar, Co-
moro 1s., Maoritius, Réunion.

ASPLENIACKEAE

Agplenium anisophylom Kosze in Linoaea, WL TRAG, 311, A geppii

CaRR., Cat. Afr. PL Welw, 2 (2}, 1901, 269,
Inyvanga: Supra dejeclum {luminis Pungwe in silva, e 1700 m s,

17 Dee. 1930 ARAL.

Distribution: Cape Provinee, Natal, Swaziland, Transvaal. Bhodesia,
Mozambigue, Malawi, Tanganyika, Angola, Uganda, Madagasear.

Asplenium friesforum C, Cun, in Nedizbl, Bob Garl, Beelo 8, 1924, 151,
Ao gerra var, nalafense Bak., Svo. Fil, ed. 11, 18E3, U85, — . peendaserra Doy
in Preslia, 8 1929, 6. — A monilisorom DoMiN, tom. cil., 7. — Tarachin frie-
sforum (G, CHE.) MosMosg in Journ, Jap, Bot, §3, 1960, 34.

Inyanga: Supra dejechum fluminis Pongwe in silva, oo 1700 m s,
T6 Do, 1930 — 34742 supra dejectum fluminis Pungwe in silvola, e 1700 m
.. 18 Dec. 1930 dTH6.

Distribution: Natal, Trmsvaal, Rhodesia, f"-lu.r:imltiqlw. Malaswi,
Zambia, Tanganvika, Kenya, Sudan, Uganda, Congo, Cameroons, Nigeria,

Asplenium aethiopicum (Brars.) Becneren in Candollea, 6, 1935, 22 —
Trichomanes aelhiopicum Bons,, FL Cap. Prodr. in FL Ind. 1768, 28
tsplenium adiantoides Las., Encyel. Méth, Bol. 2, 1786, 309 [non, (L) . CaE,

140a]. A, falsiny ReEve., Obs. Bol 6, 1791, 38 A, Jurealuem Tuvsn,,
Prode. L Cap., 1800, 173, Tarachic fureala (Touxe.| PreEst, Epim. Bot.
1831, 80, Asplenivm gueinzionom Merr, ex khuns, Filo Afr., 1868, 104,

Inyange: Ad pagum Invanga in rinds, e 1700 m san., 26 Nov, 100
3258 supra dejeclum Numinis Pungwe in silva, e 1700 m son, 16 Dee. 1930

7905 supra dejectum fluminis Pongwe in silvala, o 1700 m sar, 18 Dec,
1980 — 37497,

Makoni: G B km a pago Rusapi prope villam “The Springs” in rimis,
co 1450 mosam., 30 Now, 1930 — 3352,

Disiribution: Cape Provinee, Lesotho, Orange Free State. Naial,
Transvaal, Swaziland, Rhodesin, Mozambique, Malawi, Angola, Tanganyika,
Kenwa, Ethiopia. Somalia, Yemen, Uganda, Congo, Cameroons: Nigeria, Sierrn
Leone, Fernando Po, Madagascar, Comoro Is.

Aspleninm sandersonii Hook,, Sp. Fil, G, 1860, 147, — A pagons Bag., Svi
Fil,, 1867, 195 Ao debile MeTT, ex Kunx, Filo Afr, 1868, 101 inon FEE

B, Nonser, volo 121, 1068
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18G3), — A, mellerf METT. ¢x Kupx, op. cit., 106, — A, punctafom METT. ex
Kves, op. eil, 114, A, hanninglonii Bak, in Jowrn, Bot. 21, 1883, 245, -
A eomarense o Cone, Ind. Filo 1906, 1056,

Inyanga: Pungwe infra dejectum fluminis in truncis arborum in sil-
vila ad rivalum, 18 Dee. 1930 SO60,

Distribution: I Cape Provinee, Natal, Transvaal, Khodesia, Mozam-
bigque, Malawi, Tanganyika, Kenya, Ethiopia, Sudan {Imatong Mins. ). Uganda,
Congo, Aogala, 5o Tomé, Madagasear, Comoro Is, Mauritius,

Aspleninm theeiferum (1LE ) Merr, var. coneinnum (Scunan.| ScHELPE
in Bol. 5o, Brol, ser. 2, 41, VU967, — Daeallio concinna Scmean. in Gotl. Gel.
Ang., 1818, 918, — Davallice complopters KUNZE in Linnaea 10, 1836, 544, —
Larascaphe concinnuwm  (ScHis) Moosg in Journ. Bot, 5, 18533, 227, —
Lsplenfum concinnum (ScHRAD.) Konw, Fil Afr, 1868, 99 — Lorcoascaple Hhie
ciferinm var. coneinnem (SCHRAD, ) . Con, in Dansk Bol. Arkiv, 7, 1932, 104,

lonyanga: Inyvangani ad pedemn montis in silva ad civulom, oo 2100w
s.m., 14 Dee. 1931 a1,

Distribution: E. Cape Provinee, Natal, Transvaal, Bhodesia, Mozam-
lrigque, Malawi, Zambia.

Ceterach eovdatum (Taose,) DESy, in Mém. Soc., Linn, Paris, 6, 1827, 225,
Aerasticham cordatum Tuvse., Pradre. Pl Cap,, 1800, 171, Aspleninm cor-
et (Touse.) 5w, in Schrad. Journ, Bot. 1ROO (2], 1801, 54. Geranmilis
cordoata CTHURR) Sw., Syn. ik, 1806, 23. 217, Cincinalis cordata [THUNE.)
DEsy, in Mag, Ges. Naturf. Fr. Berlin 5, 1811, 311. — Notholeena cordala
(Tuvss.) Desv. in Journ. Bol, (Paris), App. 1, 1813, 92, — Celerach ercnoeda
kaver, Enam, Fil. 1824, 85, nom. illegit. — Gymnogramma cordeta [THUNR.)
SCHLECHTEND., Adambr., 1825, 16 Gymiagrenung  capengis  SPRENG.:
Kaver: in Einnaen 6 1831, 183, nom. nud, Leterncht copense KUNZE in
Linnaea 10, [8IG, 496, — Grammitis capensis |(Kusze| Moore, Ind. Fil., 1857,
A9,

Makoni: € % km occidentem versus a pago Busapi in rimis montis. ¢
1500 m s.m., 30 Nov. 18530 — 3351,

Distribution: South West Afriea, Cape Provinee, Orange Free Stale,
Lesotho, Natal, Transvaal, Botswana, Bhodesia, Tanganyvika (Musoma - distr.).
Kenya (Lukema, Nyeri),

THELYPTERIDACEAE

Thelypteris eonfluens (Tovse.| Mortox in Coentrib. US. Nal. Herh., 38,
1967, 71. Pteris confliens THUSE, Prodre. PL Cap., 1800, 171. — Aspidium
Hhelypteris var, sguamigerum SCHEECHTEND., Adumbr., 1825, 23, £ 11.
Lustrea squomaloesa Prest, Tent, Prerid., 1836, 76, nom. nod, Neplirodin
sipuanlosum Hoow, £, FL N Zeal., 20 1855, 39, — Aspidivm squarnfgerion
(ScHLECHTEND.] FEE, Mém, Fam. Foug., B, 1857, 104, — Lastréa thelypleris
VAT, Sqiedmigeriem  (SCHEECHTEND.,) BEppoMe, Handb, Ferns Brit.  India,

Bot. Notlser, val. 121, 1958
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Suppl., 1892, 54, Dryoapteriz thelppleris var. squamigera (SCHLECHTEND.)
o Car, Ind, Fil, 1905, 297, Thely pteris  sguamulosa [Hook. £ Cmxa
in Bull. Fan Mem. Insl. Biol. Bol, 6, %36, 5, 4249

luvanga: Prope pagum Invanga im silvala ad rivalom, e 1750 m sn.,
4 Nowv. 1930 2592 prope pagum Inwanga in solo humido ad vivoluom, o
1700 m s, 20 Jan, 1931 — 44633,

Makoni: Ad willam Maidstone in eampo graminoso, solo homide, o
1450 m o san., 5 Jan, 1931 — 4113,

Distribution: Soath West Africa, Cape Provinee, Lesotho, Natal,
Swariland, Transvaal, Rhodesia, Mozambague, Malawi, Zambia, Angola, Tanga
nvika, Kenva, Uganda, Sodan, Congo. Alse o in Australin and New Zealand.

Thelypleris berglana [ScnpeenTexn, ) o in Bull Fan Mem, Inst. Biol,
Bot, 10, 1941, 251, — Polypodium berginhem SCHLECHTEXD, Adumbr, 1825,
241, 1, 9. — Lostrea berglone (SCHLECHTEND) Moorg. Ind. Fil, 18538, 56, -
Nephrodivm bergionuem (SCHLEGHTEND, | BAK., Svn. Fil,, 1867, 269, — Nepfiro-

ditim geweflii Bak. in Journ. Linn, See. Lond,, 15, 1876, 418, Nephirodinm
anateinophfebivm Bak., op. eitt 16 1877, 202 —  Dryopteris. Derginna
[SCHLECHTERD ) O, KUNTZE, Rev. Gen, Pl. 2, 1891, 812, — Aspiedicom mnearon-
griense THERox, in ExGLER, Pllanzenw., Ust-Afr, C, 1885 B3, — Dryopteris
anateinophlebic (Bak.) C. Can, Ind. Fil., 1905, 252, I maranguensis
(Hierox,| G Chan, ope eil,, 276. — I, sewellii (BAk.) G, Cun, op, eil, 202,
— frgopteris pabmid G, Coe. i Arkiv Bot. 14, 1916, 1. — Lasfren maran-

gueensis (HiEroy,| Coper., Gen, Fil, 14847, 139,

Tovanga: Ad pedes monbis Invangani ad @valuim, ¢, 2000 m s, B Phee.
1t - S0AG.

Bistribution: Cape Province, Natal, Swariland, Transvaal, Rhodesia,
Malawi, Zambin, Tanganyvika, Ethiopia, Ugands, Congo, Swdan, Cameroons,
Ferpando o,

Thelypleris sleigosa (WiLLn,) Tavrneet in HesisenT, KL Madag., Polvpod..
Lo 1958, 274, — Aspidivm  sfrigosimm Winen, Spe Pl oede IV, 5, 81O,
244, Aspielivem podefirmom Bony ex WiLLn,, op cit, 233, — Nephroditom
shrigesim (Winep, Desv. in Mém. Soc, Linn, Paris, 6, TR2T, 256, Nepliro
dinm prlehirnm (Bory ex Winnn) DEsv, loe, ¢if,, 2506 Faxsteear &lpigose
(WiILLD.) PrESL, Tenl, Plerid., 1836, 75. Lastren pulelira (BORY ox WiLLn, )
PPrEsSL, log, cil., . irgopeteris shrigese (WikLn G Gus., Do Fil, 906G, 295,

[nvanga: Ad radices monlis Inyvanga inosilvala ad rivalum, ¢ 2000 m
s, 13 Feb. 18931 T,

The fronds in this collection are onusoally large, with stipes 16 cm long,
the ablapcealate—elliptie lamimae 855 17 em and the pinnae op o 851 cm.

Distribution: Rhodesia, Madagasear, Mauritius.

Thelypleris gueinziana (MeTr) SeHeELee in Journ. 50 Alfre Bot, 31, 1965,
262, eer. “gneintriona’. Agpidinm gueinziomrm METT., Farngatt, Pheg, w.
Asp.. 1858, 835, err. “gueind fiuna”, Larstren quieinziona (MeTT) Moose. Ind,

Bab. Notjser, val J21, [Rhs
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Fig. 6, Disteibulion of Eliphoglosseni hybridese (Bowy | BRACK. in Adrica.

Fil., 18H8. 93, — Neplirodiom gouevuziooum (METT.) HIEROX, in Bot. Jahrh.
98, 1900, 341,

Inyvangua: Infra dejectum fluminds Pungwe in valle fluminis, c. 1400 m
sz 27 Dee, 1930 — 3906,

ot Notiger, vol. 120, 1=
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Bistribution Cape Provinee, Nolal, Swoeiland, RBhodesin, Mozam-
L.

Thelypteris chaseana SCHELPE in Jourm. S Afe. Bot, GE 19650 2635,

Inyangn Prope pagum lnvanga in silvala ad civalum, e 1750 m s.m.,
4 Mo 1930 — 25923,

Distribbution: South West Afvica, Bhodesia: Malawi, Zambda, Tangan-
yika, Angola,

ATHYRIACEAE

Athyrium sehimperi Movc, ex FEE., Mim. Fom., Foug, 5, 18532, 187.
Aspleniune selitmperi (MouG. ex FEE] A BK. In SCHwWEINE., Beitr, FL Acth. 1,
1867, 224,

Inyanga: Ad flomen Tsanga prope villam Invanga Down, e T80 m som.,
a0 Jam, 1931 — 4728,

PDistribution: E Cape Provinee, Lesotho, Natal, Transvaal, Rhodesia,
Lambia. Tanganyikn, Ethiopia, Uganda. Sodan (Imatong Mins). Cameroons,
Nigerin, (hana.

LOMARIOPSIDACEAL

Elaphoglossum hybridum (Bony) Boack., U5, Expl, Exped. 16, 18534, 6%, —
Aerastichin hgbridoem RBory, Yoy, Quatre Prine: [es 3, TRO4, 95, {oring-
fichem cilinre CARM. in Trans, Linn. Soc. Lond, 12, 1818, 310, (non THOUARS
1804, — Acrosfichnm cilictnm Desv, in Mag, Ges. Naturf, Berl. b 1511,
$10. — Ofersia hybride (Bomy) PreEsL, Tent. Plerid., 1836, 235, — Avros-
tiehum tricholepis Bak, in Journ. Hob, 1891, &. Elapheglossnm trichole pis
[BAR, ) G CaHR, Tod. FFil, 1905, 317,

Inyanga: In monte Invangani in saxis ad rivalun, e 2830 mosm,, 7 Dec,
RUR{] a6,

Distribution: E Cape Provinee, Natal, Rhodesin, Mozambique, Ma-
lawi, Tanganyvikn, Kenva, Madagascar, Comora 1s, Mauritins, Béunion. Also
Tristan edu Cunha, Gough Ts, and tropical Amerien, Map, Fig. 6.

ASPIDIACEAE

Dieyoplerds inaequalis (Scuiecnresn) O, Kustee, Rev, Gen, P12 1801, 8135,

Aspidinm inoequele ScHLECHTESD, Adumbr. 1823, 23, 1 12, — Lastrea
tnaegunlis (SCHLECHTEND.) Prest, Tent. Plerid.. 1836, 77. Lastrea penia-
gord Moore in Journ, Bol. b, 1823, 227, — Neptradinm inoeguele (SCHLEGH-
TEND ) Hook., Sp. Fil 4, 1862, 125 (non Scanan, 1824). Pedgatichum fnoe-
guale (ScurEcnTesn) Keys, Pol. Ceath. Herb. Bung., 1873, 44. Neplira-
divn pepthiers KRASSER in Ann. Hofmus. Wien, 130 1900, 5. firgapteris
pentliers (Knassgr) O, CHR., Ind. Fik, 1905, 284,

Hov Motiser, vol. 13, 104
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Invanga: Ad pagumn Inyvangs in silvola ad rivalom, . 1750 m s,
22 Jan, 19341 — $548.

Distribution: Cape Province, Orange Pree State, Lesotho, Natal,
Swagiland, Transvaal, Rhodesia, Mozambigue, Tanganyvika, Kenva, Cameroons,
Fernando Po, Madagascar, Maoritios, Comorn s,

Dryopleris athamantiea (Kvxze) OO Koseze, Rev: Gen. PL 2 1891, 812, —

Aspidivem athaomantictom KUNZEE in Linnaea 18, 1844, 123, — Losfrea olfin-
mantice  (Kuxzg] Moore in Journ. Bot, 5 1853, 311, Lostrea  plontii
Moone, op. cit. 227, ."u'r'p.hrmh':ml atenmanticem (Kosee) Hook., sp, Fil. 4,
1826, 125, — Nephrodivm carglepione A, PETER in Fedde Rep. Spo Nov,, Reih.

40, 1929, 57,

Invanga: in silva ad rivolom, ¢ 1700 m s.am., 19 Nowv, 18300 — 3015,
Inyongani e, 4 km oceidentem versus o monte, e 2000 m s.m., §& Dec, 1930
302 Invangani e, 3 km occidentem versus a monte ad eivalom e 2000 m sm.,
& Dec. 1930 d6ifi] : Pungwe supra dejeclum (Muminis in campo graminoeso
oo TEM mosane 16 Dhees 1830 — 37300 Pungwe supra dejectim fluminis in
campo graminoso e 1700 m sm., 18 Dee. 18930 AR prope villam Invanga
Down in eampo graminoso oo 195300 m s, 30 Jan, 19351 1761

[Fistribution: I Cape Provinee, Orange Free Stale, Lesotho, Natal,
Swaziland, Transvaal, Rhodesia, Mozambigue, Malawi, Zambin, Congo, Ugan-
da, Sudan. Angola, Comeroons, Nigeria, Ghana, Guinde, Sierra Leomnie,

Polystichum zambesizenm SCHELPE in Bol. Soe. Breol, cer 2, 41, 1967,

Tuvanga: Ad dejectum Tlominis Pungwe in margine silvuolae, ¢, 170 m
s, 1B Dee. 1930 3795,

Distribution: Hhodesia, 5 Mozambigue,

This distinetive species with very markedly attenuate pinnae has previ-
ously been erronecusly referrved te P amaifelinm (Poir.) G Cap P zambe-

sivenm is only known from the forests of the Invanga and Umtali districts of
Bhedesia and From Gorengosa Mouwitam in soonthern Mozambigue,

Teetarin gemmifera (FEE| ArsTox in Journ, Bot, 77, 1939, 228 — Sogenin
geminijera FEE, Mém., Fam. Foug., 5, 1852, #13. Aspidinm  coaefinmlinm
var, gemumiferum (FEE) METT, ex koax, il Afr., 1868, 128, Aspiivirn

geavmifernm (FEE) GG i Bull, Fan Mem, Inst. Hiol, Bob, 10, 1941, 337,

Inyvanga: Pungwe infra dejectum flaminis inovalle, co 1400 m sm., 18
P, TR — 34907,

Distributiou: Transvaal, Rhodesia, Mozambigue, Malawi, Tonganyika,
Comgo, Angala, Uganda, Sudan, Ethiopia,

BLECHNACEAE

Blechnum attenuatum (5w, METT. var, giganteum (KavLE | Boxap, in Sa-
RASIN & Rovx, Nova Caledonis, 1, 1914, 43. — Lomarin gigantea KAULE,,
Enum. Fil.. 1824, 160, — Lamaria heterophplla DEsy, in Mag, Ges. Natorf,

Bt MNotiser, volo 121, 1068
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Berl, 5. 1811, 3360. Lomarta homede Kavir., Eoom. Fil, 1824, 1540,
Mleehmum gigarderm (KavLr | SCHLEENTEND., Adumbr. 1827, 36 — Rlech-
fiemn feteraphglium (DESY.) SCHLECHTEND., Adumbr., 1827, 37, — Lomarin

decipiens Papre & Rawsox, Syn. Fil, Afr. Ausir., 1838, 29,

Inyvanga: Pungwe in valle infra dejectum [ominis, ¢ 1400 mo s, 18
Dee, 1830 SHIE,

Distribution: Cape Provinee, Natal, Swazilund., Transvanl, Rhodesia,
Mozambique, Malawi, Zumbia,

The varicly giganieam differs from the Masearene lvpe in having much
longer tufted (ronds borne on a mueh more massive chizome and s nearly
always lerrestrial,

Blechnum tabulare (Tuuxse) Kopsw, Filo Afr, 1HG6H, B4 Preris tabinduaris
Tooxe, Prodre. PL Cap., 1800, 171, — Lomoria coriceea SCHman,, in Gotl,
Gel. Anz., 1818 916, — Lomaria greinzii Mova, ex FEE. Mém, Fam. Foug. 5,
1832, 68, — FLomaoria dalgeirnsios PAarrE & Rawsox, Svn. Filo Afr. Auslr.,
18548, 27, Lomarie cpeadoldes Parre & Bawsox, tom, cit, 28, — Rlechmam
cycadeides (Parpe & Rawson| Komx, Filo Alr, 1868, 91, Blechnm dnal-
guairnsine  (Papre & Rawsox) Kupw. tom. eil, 92 Lomaria tabuloris

{Trese ) METT. 6x Bak., FL Brasil, 1 (2], 1870, 418.

ITnyanga: Ad villam Invanga Down in campo graminose, ¢, 1950 m s.m..
o Jan, 1831 — AGRT.

Distribution: Cape Provinee, Natal, Sworiland, Transvaal, Rhodesia,
Mozambigue, Malawi, Zambia, Angoela, Congo, Uganda, Camervons, Nigeria.

Baot, Notizer, vol, 121, 1908



Embryology and Systematic Position of

Morina longifolia Wall.

By M. R. Vijayaraghavan and (. S, Sarveshwari

Beparvtment of Hotany, University of Delhi

[3elhi 7. Inelia

ABSTRACT

The morphology amd embryology of Morina longifodio WarLL, have been ine
vestigaled and an atlempl has been made (o asceriain its svstemalic ]mmmu.

The flowers are borne in clusters in the axil of long, upeurving, spiny in-
volucels, Flowers are bracteate, avgomorphie and bisexoal, The ealyx is two
lobed and the corolln consists of five petals fused to a greater part of their
length by form the corolla tube. There are two epipetalous stamens and stami-
nodes. The ovary s inferior, uniloeular and bears a single ovule. There are
numerons unicellular haivs present on the bract, calyx, eorella and periearp.
Multicellular glands are present only on the corolla. Both the haies and glands
develop from epidermal initinds, The mature gland has g head made up of
variable number of cells on an elongated stalk,

The ontogeny of the anther wall conforms (o the Dieslvledonous tvpe, The
middle layver is persistent ond the tapetom is of the seeretory vpe. Mierospore
telrads are either letrahedral or isobilateral. Pollen grains are triporate and
are shed at the two-celled stage.

The staminoede is an irregularly four lohed strocture, There is mo differentia-
tion of the sporogenous and parietal eells. However, the vasculature s well
developed and differentialion of xylem and phloem oceurs.

The evule is analropous, unitegmic, tenuinueellar with long narrow micropyle,
There is a well developed hypostase, The archesporial cell Tunctions directly
as the megaspore mather cell and metosis results in o lincar telead of mego-
spores, The chalaznl megnspore 15 functionnl and the development of e
embryo sae conforms (o the Polyvgonum bype. Double fertilization occurs. —
The endosperm is ab initio Cellular. The division of the primary endosperm
nuclens is followed by either o transverse or an obligue wall, The growth of
the endosperm consumes the entire seed coat except for the ooler epidermis
and its surface is almost in direct contact with the inner zone of the periearp.
The endosperm in the mature seed is ruminate.

The seed coat is 8—10 lavered al the megaspore mother cell stage but
hecomes 253 lavered during the post fectilization stages, The inner epidermis
forms o prominent endotheliom. In the mature froit, excepl for the flimsy
ouler epidermis all the other layers are erushed.

On embryological grounds the genus Morina i removed from the Dipsaeao-

Bod. Matisar. val. 121, 108
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come tooa family of ifs own, Morinoeeeoe sinee il differs in many imporiani
fealures such as persistent middle laver in the anther, sceretory anther tBapetnm,
poullen grains shed ot the two-celled stage, absence of inlergumentary voscular
bundles. persistent pollen tobe, rominate endosperm, rnnsverse division of the
avaote and Solanad type of embryogeny.

INTRODUCTION

Hipsucaceae, an Old World laxon, conprises cight genera and approx-
imtely 150 species (Winnrs 19665, The family is a natoral Laxon
excepl for the genus Moripg which many suggested should be raised 1o
a family of its own, SCHNarr (1951) and Davis (1966] have reviewed
the emabryvological literatlure of the family. PODDUBNATA-ARNOLDE {TH33)
has deseribied the male gamelophyle in Seabivsa parparea and observed
Ihal the |n’:||.w| are shed ol (he 3-celled stape. RaZl & SUBRAMANYAM
(1952 noled periplasmaodial anther lapetum and Polvgonom lvpe of
{'I]I}Ii':\'l] s di_‘\'l‘[l:lpml.‘lll i) I".'r!,lfz-rffrrrfﬂ etrthrosioldes, H:']rmm.-”.g lesehe-
meaftii and Seabioso cowension. SOUBGES (1957, 1963 a, b, ¢f described
the embryogeny of Secbiosa columbario, Dipsacus syfoestris, Ceplo-
daric tatarice and Knoutio areensis and reported the division of the
gygole lo be oblique. Erpryaan (1952) concluded that the exine pattern
in the pollen grains of Moring differs from other genera of the Dipsaco-
cere, The presenl work deals with the embryology and systematic posi-
tion of Morfne longifolin WaLL,

MATEHRIAL AND METHODS

Buds, flowers and froits of Morine longifelio were collecled at an altitnde
of 2400 metres from Gulmarg, Kashmic, India, The material was fixed in
FAA (formalin, 5 ml; glaecial acetic neid, 5 ml; 30 per cent ethy! aleohol, 90 ml)
s subseguently preservid dn 70 per eent ethanol, Debydeation and elearing
was done in aleohol-svlel series, Froils were Irinvmed on bolh sides for proper
infilteation and processed in the usual way, For easy sectioning, the embedided
flowers and fruits were partially exposed by slicing o portion ol the material,
aml were sonked in Gifford's salution (Greronn 1950) for 3—7 davs, Secfions
were eul hetween 5 and 16 meicrons. Safranin, ervstal violet and orange G oy
Hepdenhain’s iron-alum haematosylio with o counterslain of fast green or
crvihrosin were used for staining.

E"iH. 1. Merfna Irrh:lfr'_f'r.nrl'rr. — A: Portion of twig wilth inflorescence. — I3 An Aioming
:-luu*:l i||“ur4~u'|'|11'|-. - = An i1|\'||-!||4'|'|. — |}. |':: !-r-114|‘.-:~ afl flowers in the ||1i::| al
mvadueel, F—L: Flower buds al various stages of development, — Mature

flower. — N, O Epipetalous stamens and  stominodes, — Po A ol enlaeged.
. H: Young froits, — 5, T: Mature fruits. — A <4 B =T =M <14, N O =35
P—R 14 5 T =35

Hat, Xatiser; vol. 121, 1168
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OBSERVATIONS

External Morphology

Moarine longifolic, a herbaceous perennial, rarely exceeding one melre
in height, grows al an allitude of 2000— 4500 metres and  extencds
from  Kashmie o Bhatan, It (lowers doring Toaly and Augost. The
Mowers are borne in clusters (Mg 113 ) in the axils of the upper
leaves (Fig, 1 AL In the vounger stages the inflorescence is enclosed by
elongaled, upeurving, funnel shaped, spiny involueel (Fig, 1 B, C). Each
Mower is bracteale (Fig, 1 P), evgomorphic and bisexual (FFig. 1 F—H).
The sepals are bwo and bilobed (Fig. 1., K. The corolla consists of
five petals. adnate to a greater part of their length forming a narrow
corolla tube (Fig. 1 L}: The pelals are unequal and spread ool in an
open Mower (Fig. 1 M. There are wo stamens and two staminodes
inserted in the corolla tube. Anther lobes are [our and unegual, The
lilament is short (Fig. 1 N). The staminodes are anlerior in posilion
and are situaled below the level of the stamens (Fig, 10}, The ovary
is inferior. unilocular with a single ovule. The fruit is an achene with
persistent hracl and calvx (Fig. L Q. Rl. Al malurilty the pericarp is
hard, brown and has an nneven rogose surlface (Fig, 1 5. T),

Mirrosporanginm

The young anther is four lobed and delimited by o well developed
epidermis. The cells in the central region are smaller than the sur-
rounding cells and form Lhe fulure vascular trace of lhe conneclive.
In each Iobe of the anther. one or two archesporial cells divide peri-

Fig. 2, Marioa fomegi fodia (endd, endothecimg epe, epidecmis; oel, midedle laver; moome,
microspore mother eell: pe, procombiom: ped primary pariclsl loyers sply, parietal
laver 1: aple. parietil laver 2 spor, sporosgenons cells; £ npelom), A—C: Transeo-
loms of anthers al varions stages of doevelopomen] 11 Enlarged view of the porion
marhked o in A showing developing wall layers, 5. F: Magnifisd view of the areas
|'|'||1rll,l"'lii [ [III‘I I ill E{ Tas '\"III‘:N-I ] 'l\'il'l ]II}'I'F“- llllli Ill'illl:lr.\' ﬁIFIFTIFHI"II'lr.l‘! 1"|'.”"|. c:.

r.1|||.H'|h|~¢'|in|1 of 4 seclor of The aunlher |||.J|g|'|i|'i|-|| Biv by |||ir|‘|u|r|rh' mialber colls.

H: Portion marked b in G enlorged to show the elongited tapetal eells atl (he micro-

spore betrad stage. — T, 0 Transeclion of mature anthers. K Magnified view of
portion marked & in | fo show multinueleate tapetum al uninueleate pollen grains
st — L: Portion of the conmective of the malare aplher in 1 !Ilnilf.tlliﬁt"li lion shiow
the stellale ecaleium oxalote crvstals, — A Porlion marked m in 1 lo show Fibroos
tickenings in the endathecium and 1he persistent middle laver, N—H: Tapetal
cells with polyploid muaelei. 5 T Tetrwhedrsl and isobilateral fefrads, — U, V:

Ome- and twao-celled pollen grains. A B aah Ooxgs, D—H =hbl, L 1 =239,
K- x99, [.—T =abl, U,V « 9945
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clinally 1o form an ouler primary parvielal cell and an inner sporo.
genons cell (Fig 2 A, D). The primary sporogenous cell undergoes o
few mitodic divisions in various planes to form the sporogenons lissue
(Fig. 24). The cells ol the primary parietal layer divide perielinally
resulting in secondary parietal cells (Sply and Sple; Fig, 213, The
inner of the two parietal cells develops inle lapetum whereas the ouler
one (Spll segments  pericl

to form the endothecivm and the
middle layer (Fig. 2B, E. ). Thus, four layers are organized (Fig,
21. K).

The following charl summarizes the development ol anther wall:

Uit ferentinted anther

epidermis archesporial
| cell
| R
. |
primary parictal primary
eell SPOLTHEENONS
| cell
!’ii"i'"llil:l I'_'\' NE'E'HHTI:II'}' !"-M"JH'HI":L‘
parietal parietal S[OTOEETONS
celly cell cells
epidermis endothecium mielelli lapetum mieresore
laver maother cells

Fig. 3. Morina fongifolic (an, anther; e, calys: co, corolla; or, 1‘r}'.‘~ltll: i'j.*r'. I:[Ii(ll‘l'rl'l.jh:
p. phloem: pe, procambiomg s, stnminode; sfp, sivle; o, sylem), — A: Diagrammatic
veprescntalion of the feansverse seclion of the Clower showing the anterior position
af e staminode. B: Troapsverse section of an yvoung staminode; the central
smuller cells are the fulure vascular bundles, — C—E: Transections of staminodes
al various stapes of developmenl. — Fi Porlion marked [ in G enlarged o show
the lohing in the staminode. — G Magnified view of the portion marked g in D to
sthuvw fully differentiated vascular bunmdble and a few cells which ecomtain calcium
oxalale crystals, — H; Enlargement of the portieon marked L in IS to show the cells
of the slaminode al a later stage; mosl of the cells are highly vacuolaied.
A 0, B =582, (—E F—H <502
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The vascular strand of the conneclive shows a well developed sylem
and phloem. Some of the cells of the connectlive have slellale erystals
(Fig. 2 L}, The endothecium al maturity eonsists ol large cells with
thickenings on their radial walls (Ifg. 2.0, M}, The middle Iaver is
persistent (Fig, 2 M). The lapelal cells enlarge considerably and attain
maximum development during microsporogenesis (Fig. 20, H). The
tapetal cells are al firsl uninueleate but later become multinocleate
(Fig. 2 N-—R}. These nuclei subsequently fuse and become polyploid
(Fig. 2R). The tapetal cells degenerate al the 2-celled slage ol the
pollen grains and is of the seerctory Iype.

Microsporogenesis and Male Gametophy e

The microspore mother cells undergo meiosis and the microspore
etrads are either letrahedral or isobilateral (Fig, 25, T). The pollen
grains are triporate with thick exine and thin intine (Fig. 2 K, Uj. The
nuelens of the microspore divides (o form a large vegelative cell and a
small generative cell. The pollen grains are shed al the 2-celled stage
iFig. 2V).

Staminade

The staminodes are aplerior in position (Fig, 3 A) and epipetalous,
In transverse section. the young staminode comprises 2 mass of cells
surrounded by an epidermis. In slightly older stages o smaller group
af eells in the middle region develops into the vascular trace (Fig, 3 B).
An inleresting Feature in the ontogeny of the staminode is the lack of
differentiation of the usual hypodermal archesporial cell and parietal
laver of the anther wall (Fig. 3 C, DL F, Gl Al maturity. the irregularly
o lohed staminode eonsists of vacuolate thin walled cells with scanly
cvtoplasm. Many of the cells contain stellate, ealeinm oxalate erystals
(Fig. 301, During further stages, the vascular bundle completely de-
venerales {Fig. 3 E, Hl.

Megasporangium amd Hypostase

There is a single, pendulous. anatropous, unitegmic and tenuinu-
cellar ovule. 11 develops as a small protuberanee on the placenta, curves
and eventually becomes anatropous. The inlegument is massive and the
micropyle is long and narrow. The ovular vasculature is leehly de-
vieloped,

Biof, Nogiser, vol, 120, 1968



EMBRYOLOGY AND POSITION OF MORINA 391

Fig, 4. Merina Flulw'fr-ﬁn priredl, archesparial eelly dmg degenerating megaspore; fo,

Pumelionnl mmegaspors; meoe, megospore molher cell), — A, B Longitudinal seclions of

bhe mucellus showing: archesporiol cells. — Co e Longiloding] section of ovales ot

wegaspore. mother cell stapes. — 1 Dvad, — F—U: Telrads: the chalazal mega-

spore iy lunctional, — [ Longisection of fhe ovule showing two-nuacleale embryo
sac and degencrating micropylar megaspore, — A—1 581,

Bot, Xotteur, vol, 121, 19568
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At aboul the Fonr- or eight-nueleate stage of the embryo sac. the cells
of the nucellus lyving immedialely below the gametophyte elongate.
become densely extoplasmie and show prominent nuclei. These cells
comprise Lhe hyvpostase, After Terlilization. divisions in the cells of the
hypostase resull in o globular mass which protrudes lowards the em-
bryo sae, During the globular stage of the proembryo, the cells gel
highly strelched and become vacuolate, Ullimalely, the hypostiase cells
degenerale due to the growth of the endosperm,

Megasporogenesis and Female Gametophyte

A single hypodermal archesporial cell (Fig. 4 A, B) elongales con-
siderably und funelions directly as the megaspore mother cell (192,
1 C D) First meiotic division of the mother cell resulls in o dyvad ol
which the micropylar cell is comparatively smaller than the elalazal one
(Fig. 4 I}, Both the cells of the dyad divide Iransversely forming
linear etrad (Fig. 4 F}, The chalazal megaspore is large and fonclional
{Fig. 4 F—H]|. Figure 4 H shows early degeneralion of the second
e Ore.

The nuclens of the funetional megaspore undergoes three suceessive
milotie divisions to produce an eight nucleate embryo sac (Fig, 5 A—1)).
One of the degenerated micropylor megaspores is persisten! in the lorm
of dark band at the two nueleale embryo sac stage (Fig, 4 1), The vight
nucled organize inlo an egg, two synergids, two polar and three anti-
. 2 E).
The 1wo polar nuelei fuse to form the seeondary nuclens (Fig, 5 6G),
The development of the embryo sac conforms Lo the Polvgonom type.

pudal cells (Fig. 5 Fl. The chalazal quartel organizes earlier (Fi

Fertilization

The entry of the pollen tube is porogamaouns (17ig. 6 A—4), One of the
male puclei foses with the secondary nuclens (Fig, 2 H). The other
meale nuclens was nol discernible doe to The acenmulation of densely
staining bodies which surround the egg The pollen tube is persislend
(Fig. 6:A— 1),

Endspeim

The primary endosperm nuelens  divides before 1he zygote  (Fig.
6B AL The division s Followed h:,' the Formalion of cither a transyerse
or an oblique wall resulting in micropylar and chalazal chambers (Fig.

Faot, Xotiser, val, 121, 198
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Fig. & Moriea lengifota ent, antipodal cells; e, egyi. A, B Two amd foor-
nueleales embiryo saes, G—E: S-pueleate unorganized embryvo saes; in B the
chalaeal quartel has orgamized carlier, F, G: Mature embrvo sacs; lhe two polar

nueled have nol fosed in Fowhereas in 6 (e andipodal cells” are degenerated
: Embryvo sae showing teiple fusion. A=—H 66

G R, C). The division of the nuelei in both the chambers is longitudinal
and lakes place simullanconsly (Fig, 6 D} bul further divisions are in
varicus planes and & mass of endosperm is produced (Fig. 6 E, F).
The development of the endosperm is rapid and al about the dicolyle-
donous stage of the embryo, the entire seed coat is consumed except

P, Naotiser, vol, 121, 1063
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for the outermost (lmsy epidermis, The endosperm in the malure seed
is ruminate (Fig. 6 J). The cells of the endosperm are polygonal, uni-
nucleale at globular embryo stage (Fig, GG H) and at the dicolyle-
donous stage of the embryvo, are packed with fat globules (Fig. 61},

Embryvogeny

The zyvgole (Fig, 7 A) segments transversely resulling in a small ter-
minal cell ¢o and a large basal cell b (Fig, 7 B). O these lwo cells,

the terminal eell divides II".;II:l.N\.'l"‘\iI:'l.I‘.' resulling in Iwo h'l.'tEH!l"'ll:thll colls
I and I iFig. 7 G}, Yertical divisions in [ and i give rise o [El.l.'ull'.'tlﬂ
(Fig. 7 D. El. Another verlical division in each of these Hers resulls in
an oclant (Fig, 7 Fl. Periclinal division now sets in demarcating (he
protoderm which eovers a linear row of meristemalic cells (Fig, 7 (),
Anticlinal divisions occur in the protoderm, while both anticlinal and
periclingl  divisions oceur in the cenlral cells. Thus the proembryo
becomes large and globular in shape (Fig. 7 H—J). The behaviour ol
the hasal cell does nol I:_‘lll‘r"f‘.‘ilrt]lli’_] to thal of the terminal cell. Iﬂ"lli::”:o.'
il segments transversely Lo form m and eof (Fig. 7 E} bul further divi-
sions oceur i all planes forming a short massive suspensor (Fig, 7
I—=). The mature embryo s dicotyledonons and Here is o single teace

entering each colvledon, The wvenation is reticulate (Fig. 7 L. The
embryogeny follows the Solanad lvpe (Mangsuwari 1950,

Secd Coal

Al aboul the megaspore mother cell stage, the inlegument consisls of
0 layers of thin walled cells (Fig. 8 A, D). Al the 8-nucleate embeyo
sae slage the testa becomes 14—16 1:1:\'4:!'1'{1 :I'\i;_,’, 4B, E|l. Three or
four layers of the cells al the micropylar region and seven to len layvers
at the chalazal region surrounding the embryo sic becomes densely

Fig, . Moeioe dengifolin (emby embeyo; gen, primary codosperm nueleos; pf, pollen
ks re, Fuminite surface; =, zvgobe, Ar Embrvo sae showing evgole and primary
enelosperm nuelews: the pollen tube is persisent. — B—I1 Two-celled endosperm;
the wall is oblique in B whereas il is Iransverse in G — E, F@oSix and many eelled
endaspermy, — G Longitudinal section of the embryo sac at globwlar stage of the
proembeve; the pollen tubse is persisient. Hi Muognificd view of the porlion
marked froin Goto show endosperme cells, — 1 A few cells of the endosperm al The
ticatyledonons embrvoe stage enlarged to show the colls packed with fal globules. -

40 Dissection of the endosperm at the dicotyledonous embryo stage showing rominste

surface, — A—F =080, G =80, H. | =388, J =453

Lol Naotiser, vol, [21, ik
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eyloplasmic and have very prominent nuelei, The inner epidermis lies
adjacent o the embryo sac, elongales radially and forms prominent
endothelium (Fig. 8 E. F), After fertilization. al the globular stage of
the embryo, the testa becomes 20—25 lavered (Fig. 8 G0 F). At the
dicotyledonous stage of the embryvo, the testa comprises only the ouier
epidermis which consists of Thin walled, vacuolale, and tangentially com-
pressed ecells (Fig, 8 G).

Hairs and Glands

Numerous nnicellular hairs are presenl on the bracl, ealyx, corolla
md ovary wall, The hair develops from an epidermal cell, which is
more densely evloplasmic Lhan the adjoining cells (Fig. 8 H), The
initial protrudes and elongales further o form the hair (Fig. 8 [—LJ.
Multicellular glands are confined to the corolln. Any epidermal cell
with dense evioplasm and prominent nuclei acts as the gland initial,
This cell elongales and profrudes oul in the Form ol a papillate inilial,
Il then divides Lransversely forming a smaller outer and a larger inner
cell (Fig. BM). The lower cell does nol divide further bul elongales o
Form the slalk (Fig., 8 Nj. The upper cell undergoes tramsverse divi-
sioms o form an uniseriale row of cells (Fig. 8 0). Two vertical divi-
siens in these cells form the head (Fig, 8 P, Q).

DISCUSSION

MICROSPORANGIUM., MICROSPOROGENESIS AND MALE GA.
METOPHYTE., The young microsporanginm  wall comprises  four
lavers. Onlogenelic studies have shown that the endotheciom and the
midele laver are dervived from the secondary parietal lnver 1, whereas
the tapetum is derived from the secondary parietal laver 20 Thus, the
development of The anther wall conforms to the Diealyledonous type
fsee Davis 1966), Although Bazi & Suskamasyanm (1952 do not elaim
such a mode of development of anther wall in Ceplidaria cmbrosioides,
Dipsacus leschenoaultii and Scabiosa capcasicn, Davis (66 concludes
that in these species also The same patlern exists. The middle Tayer in
M. langifolin is persistenl al matority unlike in other genera ol this

Fig. 7. Maoring fongifolia leof, colvledon: sox, suspensor). Ar Zygole. B: Two-

celled procimbeyvo (-~ Ef Quadranl stage of the proembryo. — Fr Octant stage.

G: Young globular proembryo. — H=—K: Globular embryos at varions stages of
development. — L Dicotyledonous embryoe. A—1L 627,

P, Natizer, val, 1#1, FHE
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Family where il is ephemeral, Furlher, the anther tapelum in M. Toag-
folin contains polyploid, multinucleate cells and is of the secrelory
Ivpe. whereas in all olher members of his family so far investigated,
the tapelum is sensu slricto periplasmodial. The pollen grains are shed
at the Iwo-celled stage in conlrast 1o the three-celled condition in other
members of this family (Razi & SuBRAMANYAM 1952 PODDUBNAJA-
ABRNOLDT THES).

MEGASPORANGIUM, MEGASPOROGENESIS AND FEMALE GA.
METOPHYTE. The ovule is anatropous, unilegmic and tenuinucellar
as in olher genera of the family, Razi & SUBRAMANYAM (14952) reported
thal the vascular trace lraverses the inlegument right up o the micro
pylar end in the ovule of Cephalirio ambrosioides, hall way up in the
integument of Hpsacas lesehenaudfii and terminales near the chalazal
end of the ovule in Scabiosa cowcesion, In Mocinee tongifolfa | present
investigalion} he inlegumentary vaseular bundles are absenl and (he
ovular vasculature is feebly developed. Dowble megaspores and dyads
are reported in Cephalarin ambrosiofides and Seabiosa copeasica (Razl
& SuBRAMANYAM 1952, However, in Morine longifolin no such fealures
were observed. The sequence of 1]1-;_11'[u_-ruiinr| ol :!I'tt‘l"up:n'l.'lt' megaspores
varied in Morfnn, In some instances, the third megaspore degeneraled
carlicr than the resl In Cephaloria ambrosioides, the third megaspore
divided to form 2-nucleate embryo sac while the chalazal megaspore
wis slill uninucleate (Razr & SveraMaxyvam 1952}, The development
of the embryo sac in all genera studied (including M. longifolio) follows
the Polygonum type, The entry of the pollen tube is porogamons and
the pollen tube is persistent, Persislent pollen tube has nol been re-
ported for other gencra of Dipsacaceae, In Morinag langifolin the three
antipodal cells are uninueleale and degenerate belore Pertilizalion. How-
ever. in Ceplalario cmbrosioides the anlipodal cells hecome binueleate
and are persistent (Razt & Svsgamanyvast 1952, Banika-Iwasowska
(18649, quoted in COULTER & CHAMBERLAIN 18G3) reported secondary
multiplication in antipodal cells of Wering longifolic. Contrary (o his,

Fig. 8. Morina longifedia (end, endosperm; ie, inner epideriiis; ee, onler epidermis;

. pollen tube), — A—( Longiseclions of ovales ot megaspore mother eell, mature
cmbryn sae and globular stage of the embryo. — 13 Portion marked  in A to
show the prominent endolhecinm and the adjacenl densely evioplasmic eells; the
l."ri-:]vﬂ::li::ﬂ in IF oeonsistys of iJup'rIl_:rlu,- e lls, (5 Portion of the seed eoal al the dico-
tvledonous skage of the embrvo to show the suter epidermis and degeneested rem-
nants of other lavers, — H—0; Stages in the development of hairs amd glands, —

A My B, G 03 -Dir—0) x GO8,

Bl Notises, vol: 121, VEiE
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our observations on this genus showed only three antipodal eells which
degenerale before Terlilizalion and no secondary multiplication oceurs,
lnlerestingly. u prominent hypostase develops after Tertilization which
profrudes towards the embryvo sae in the form of o globular mass. 1o
ol [ maedian sections, these cells simulate the multiple antipodal complex,

ENDOSPEEM AND EMBRYOD. The developmenl of the endosperm
is Cellular in Dipsoacacene, The presenl inveshigalion on Morinag lonegi-
folia confirms this. The frst wall is either transverse or obligue. The
prowlh of the endosperm is rapid after the proembryo attains the glo-
bular stage and when the embryo is dicolyledonous, the endosperm
completely lills the seed. All layvers excepl the outer flimsy epidermis
of the testa are consumed and the endosperm is almosl adjacent to the
pericarp.

The zyvgote divides invariably by an oblique wall in Scabiosa suceisa,
ephalario tedaricn, Dipsacus syloestris and Koaotia areensis (SOUEGES
149587, 1963 0, b, ¢). JoHANSEN (1480) included Scabiosa succisa as a
varintion under Piperad type. According lo SOUBGES (1963 a. b, o)
though the division of the zygote is vertical. the cell lincages are nol
similar in the above genera, CRETE (1963) described the embryogeny
of Dipsicaeear as an irregular type. In eontrast 1o this, in M, lengifolia
the zygote divides transversely, and the embryogeny conforms lo the
Solanad type.

SYSTEMATIC POSITION

The inclusion of the genus Moring in the family Dipsoacaceae has
been questioned by WaceNiTz (19641, FERGUsOoN (195 and WiLnis
(1966). The following table summarizes the important embryological
characters of M. longifolie and Dipsaeoeeas (for literalure see CRETE
1963; Davis 1966: JonanseN 1950: LavaiLie 1925 MAnESHWARL 1950
PoppuBsada-ArNoLpD 1H33: Razt & SUBRAMANYAM 1052, SCHNARF
14931 SouviEces 1957, 163 a, b, ¢f.

Maring tongifolin Dipsacaceae
Anther wall Iheotyledomous bype Dicotyledonous typse
FEndothecium Filicous Fibrous
Middle Tayer Porsiatenl Eptiemeral
Tapeetimn Secrelory Periplasmuodial
Microspore {etrad Telraledral or isobilaleral Tetrahedral
Shedding stage of Twir celled Three velled

Hie pallemn

Enl, Notizer, val, 121, 1558
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Murireee Tongifolin

T proeae cine

Slawinocdes
Uwule

Lnlegumentary
visseulur bundles
Hypastase

Embryo sac
Antipodal cell
]':||;||n]r|_'|'|||
Pollen fube
Evpale

Embryvogeny
Tesin

Present

Angtropous, unilegmie and
tenuinuesllar

Abisent

FPresenl, but no cavilies
livramed

l'l‘:]“.’uhlun Ly pra

Three, uminueloate
Coellular, raminaice
FPersistent

Divides by transverse wall

Solanad 1ype
Only the outer epidermis

Alsent

Anabropows, undtegmie aned
tenuinues lar

'resenl

Present, cavities presend
which contain yvellow Tiguid
Polyvgomnum Lyps

Three, uni- or hinucleate
Cellular, non-ruminale

Nol persistent

Divides invariably by verlical
wall

Piperad Ly

Nol known

persists as a flimsy laver

Maorin fongifolic resembles Dipgacoceae only in a few embryological
features such as dicolyledonous type of anther wall development, ana-
trapous ovule, Polvgonum type of cmbryo sac, and Cellular endosperm,
However, it differs from Dipsacoceae in many other characters such as
persistent middle layver in the anther, seerelory anther tapetum, pollen
grains shed al two-celled stage, absence of integumentary wvascular
bundles, persistent pollen tube, ephemeral uninueleate anlipodal cells,
riminate endaosperm, transyverse division of zygole and Solanad type ol
cmbryogeny.

Henee, the totality of embryvological features suggesl thal M. longi-
folice should be separated from the Dipsacaceae to o family of its own,
Morinaceae,
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Chromosome Numbers in the Flora
of Ogotoruk Creek, N.W. Alaska

By A. W. fohnson and J. . Packer
Deparitment of Biological Setences, San [Hego
Statis f'.-:||||'f_';t'. Sam Diepin, Califormia, 1R85 A, and
Prepartment of Botany, The Universily of
AMberto, FEdmontor, Allwrta, Canadia, rl."1'|.l1'1'ti"|'l'|'r'

ABSTRACT

Chromosome numbers determined from local material are veportesd Tor o
npmber of species occurring in the Ogoloruk Creek Vallew, Taxomnomie ool
phytogeographical commients Tor selected species ave presented incloding one
nomenclatural change.

INTRODUCTION

Two papers by the present anthors, Jouxsos and Packer (1965, 18967,
dealing with eylological aspects of the Ogoloruk Creek Flora, have
been published, The ficst of these reported the frequency ol diploids
and polyploids in the flors and demonstrated a gradient of increasing
polyploidy eorrelated with certain edaphic geadients. These data were
nsed to draw conclusions aboul the history of the arclie ora prior o
anid during the Pleistocene period. In the second paper the gquestion of
the history of the arctic flora was approached in o different way,
cmploying the method of Favarcieg (19611 in which ebservations are
based on the frequency ol polypleids in differenl age groups. 1L was
fonnd that different elements in the Opotoruk Creek flora have dif-
lerent polyploid spectra. most probably reflecting differences in their
historical development. OF the wo major elements in the (lora il was
suggested that the ‘arclic element’ has mainly  evolved in situ, by
changes in components of the pre-existing Arclo-Terlinry  Flora,
whereas o mujor part of the “arctic-montane’ element has most likely
migrited into the Arclic from more southerly mountain ranges, The
view expressed in these Iwo papers is thal the arelic flora existed al
the beginning of the Pleistlocene period much as it does today as re-
gards species composition, but that the distribotion of most species

Bat, Xotiser, vol. 82, 1065
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his Dbeen profoundly affected by the glaciations which major dis-
turbance was also imporlanl in the Formalion and survival of many
neopolvploid Gixa,

I“ H:'I.i.‘\ I]‘:Ii]‘t']' ||'II‘ l'l'll'l_!tl'l[_l.'iff]lll" ||.||||'||:1I'|:'ﬁ qnl 'l.'\'hi[' |.1 1|||:"?ﬂ‘.' ililﬂli"f_{h Were
ted. Aparl from the ase already made of these counls
they have significance in thal they contribute to our knowledge of the
cvlological condilions existing in northern taxa. The imporiance of
such information in laxonomy, ecology, phylogeography and in fael all

baised are prese

studies directed towird an understanding of The evolution and rela.
lionships of this flora is well known: chromosome counls, whelher they
confirm earlier reports or deviale from them are cqually important in
building up our knowledge of the flora and we nrke inereisi
[hese dati in all our investigations,

¢ ouse of

The northern flora is better known cvtologically than any other {lora
and the fuet that the compilation produced by LOVE and Lave (1961 A)
certainly could not be made, even now, for any other part of the world
testifies to this, In the meanlime however, several papers reporting
chromosome mumbers in arclic species have appeared, covering several
antly to
our knowledge of this flora. Because of this we feel a useful purpose
would be served by including in this paper. in addition {o the chromo-
some numbers for species oceurring in the Ogotoruk Creek flora, the
previously published numbers listed by Léve and LOVE and for publi-
cations sinee thal dale hoth chromosome number and loeality, By doing

different geographical regions and these have added signil

this, additional perspective may be oblained with regard o variation in
chromosome numbers in arehe HIJL"I_'ii‘n and e ;t'i}grziph]l'ltl distribu-
tion of the chromosome races, 11 could also be helpful in pointing to
those arclic species mosl likely (o reward detailed laxonomic investi-
gation. There is good reason o deaw allention to those arctic species
mast urgently in need of investigation. Cytological dala are acemmu:
lating rapidly, bul they raise laxonomic problems that form an ever
increasing backlog, a situalion aboul which we should not be compla-
cent. If we are Lo derive the opltimum benefil from extological invesli-
gations these have o be accompanicd by broadly based taxonomic
studies, [t is only these thal can provide the precise distribulional
informalion of taxa in the northern flora that are a cornerstone for the
nnderstanding of its origin and evolution.

This is nod an academic question bul a practical problem with which
the authors have had experience, In their cecent paper. JOENSON and
PackER (1967) were unable 1o wlilise cviological data obtained for

Lot Waotisar, vel, 121, 1968
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Fig. 1. Maps showing loculion of chromosome counlds,
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A7 species in the Ogoloruk Ureck Mora beeanse bwo or more chromosomee
numbers were known o oceur in them and distributional information
aboul the diflTerenl chromosome races was for the most part lotally
lcking. It might be added that i this study were being made today
an even higher number of taxa would have to be excluded from con-
sideration {or this reason. The compilation of distribulion maps of
chromosome races From published cylological dalta is hardly possible
ab presen!: counts are insulficient in number and mostly Fail 1o adequa-
tely cover the geographical distribulion of the laxon, The maps in
Fig. 1 are instruclive in this respect.

With regard to Suaxifraga oppoesitifolin and  Eutrema edwardsii,
Fig. 1n & b, though both have been counled from ten or more loca-
lities, the distribution of the chronmosome races presents no meaning-
ful paltern, In the ease ol Astragalus alpines, Fig. | e there 15 geo-
graphical separation of the diploid and tetraploid, which inviles specu-
lalion, though in the absence of counls from vast expanses of Asia thal
is [he mosl il ean be, Only when the chromoesome numbers are corre-
lated with other taxonomic characters, that would allow analysis of
a much larger sample, will the distribution of the chromosome races
bie known wilh any cerlainty, Roenuewlus gmelinii. Fig. 1d. is typical of
mosl arclic species in which chromosome races oceur; counted from
so few localities that virlually nothing can be said regarding the distri-
bution of the chromosome rices,

We reiterate thal cyvlological data is o supremely valuable tool lor
the taxonomist and phytogeographer but it is nol o subslitute Tor taxo-
nomic studies. Many arctic species in which two or more chromosome
numbers are known are in need of modern revision, Invaluable o the
phytogeographer in any such underlaking would be the exploration of
a possible polylopic origin for the polyploids, We suspeet thal this is
fed =suel an '|||I1'H|Ll|'n| IJIiI‘IHHIH‘HIH'I bl i1 is one thal could lead 1o
Faulty  phytogeographical conclusions if polyploid laxn are always
assumed o have originaled onee; in one place and al one Hme,
Jounsox et al. (19651,

THE 0GOTORUK CREER VALLEY

The Ogotoruk Creek Valley is localed on (he N, coast of Alaska at
BE 06" N.: 165746° W.; has a southwestern aspect: occupies an area of
above 110 sk, and supports about 300 vascular plant species, The
valley is characterised by extensive tundra flals and low hills up 1o

Bat, Nistisvnr, vel, 131, 1968
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slightly more than 325 m, Muadstone, sandstone, dolomile, limestone,
chert and argillile of Mississippinn o Crelaceous age are the most
common hedrocks. The aren was unglaciated, bul unconsolidated qua-
termary sediments 618 m thick eover some 50 percent of the areq,
WEICHOLD [1962),

The climake is quite Lypical for arelic Alaska: winler lemperalures

reach lows of 4070 and o mean summer maximum of over 1070
occurs only in July. Precipitalion is slight, aboul 20 em, peeurring
most in the summer, Snowlall is light and invariably redistribuled inlo
extensive beds by the winter winds that average 35 km/hr, summer
velocitios being some 14 km/he. lower on average. Permafrost is a fea
bure of the area and penctrates to depths of 300 m with the apper limil
Iyving close to the soil surlace.

Temperalure and precipitation are relatively constant hroughoul the
vallew and the distribution of plants is correlated primarily  with
edaphic factors, Soil texture varies from the lowlands, where fine
grained mineral fractions and organic materials predominale to the
slopes and ridge ops where 20—40 percent of the soil mass consists
of coarse angular roek fragments, Other soil characteristics are corre-
lated with these lopographic differences: soil moisture is high in low-
Linds and low on the slopes and upland are:

: permafrost comes closer
lo the surface in lowlands (less than Y2 m) compared with 1—2 m in
the uplands. For o comprehensive consideralion of edaphic conditions
in the OQealoruk area. see HOLOWAYCHUE ebal, | 1966), WEIGCHOLD (1162},
ALLEN and WEEDFALL (1966), Jouxson and PACKER (1965).

The Flora and vegelation of the Ogoloruk Creek area have been de-
seribed in delail by Jonxsox ek al. (1966), They recognise three major

viegelation Lypes which dominate the varlley, accounling for about 85
percent of the lolal cover, and a nomber of smaller more restricted
Ivpes thal depend for their presence on local environmental condilions,

Erinphoram Carer Wei Meadow

The wel meadow vegelalion covers aboul 1h percenl of the valley,
peeupying the lowest and wettest, non-agquatic sites, The dominanl
species ol Corex agueiilis and Eriophoram angustifolinm. Apart from
a few other cvperaceons specics only Saliz arbutifolin, Betofa nono
and Pediewtaris pennedlii ocenre with any frequency, o ridged  wel
mendow, o sublype of wel meadow distinguished by Jonyson et al

(b, the ridges support o somewhal richer Cora, including Salie retica-
late, Viaceinium ganltherioides, Veceiminm vitis-tdeea and herbaceous

Bat, Notiser, vol. 121, 1954
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species such as Ewtreme ediardsii, Aconitum delphinifolivm, Corgdolis
i flore, and Velerieme cojilalo,

Eriophornm Tussocks

The most important specics component of this vegelation Iyvpe, which
covers aboul 40 percent of the land surface in the Ogotoruk Creek aren,
is Erfophorum veginatum, A few species, for example. Ledum palusire
sspo decumbens, Betrdae nona, Salic pufchea, and Vaceinfum wifis-idaca
are normally found growing on or around the lussocks, but this vegela:
tion is not floristically rich. Tussock vegetalion presenls an aspecl of
monsfonous uniformily in areas of low reliel where the low-hamic
gley soils are wel and cold, hul variation does exisl especially in con-
neclion with frosl sears, The microenvironment of frost sears is soch
thal frequently species oceur lhat are enlirely absent from the sor
rounding tussock vegelation, for example, Lozole nivalis, Juncus biglu-
mis, Descliampsia coespilosa, and Pelasites frigidos,

Dryay Feil-field, Dryas Steps and Stripes, Tolue ond Scree Slopes

Dryas fell-fields oceur on the upland areas bordering both sides of
the valley and on dry ridges and bedrock exposures in the valley itsell.
These aress are charnclerised by coarse soils which exhibit a profile
typical of arctic brown soils. The soils are well drained, relalively
warm and much more stable than the more fros! affecled soils of the
alley bottom, Aboul 30 percent of the valley is oceupicd by the Dryges
fell-field type of vegelalion. Apart from Dryas ectopefoln commonly
occurring species include Qagtropis pigrescens, Oxglropis  pygmeaea,
Stlene ecaulis, Sualic arctice, Saxifroga exchscholizii, and Hierochlof
mlping. On certain well-drained slopes the tepical Brgas fell-field pal-
tern of vegetation becomes modified, by Irost action and down slope
movement, into aliernaling bands of vegelulion and bare rock, which,
depending on the angle of slope may run verlically (stripes| or horizon-
tally (steps). This is one of the minor vegelalion bypes recognised by
Jouxson el al, (Le. The siripes and steps are floristically richer than
any other association in the valley, somelimes exceeding 600 species fo
the acre. The species found here include, Phfox sibirica, Erifrichom
chamissonis, Aslragulus nmbellotus, Oxgtropis magdetliona, Pedicnloaris
capitatn, Diapensin lapponica ssp, obovola, Myosofis ol pestre. Carer
mirdine, and Coarex seirpoides. Where slopes on the valley sides are
steep or precipitous the acenmulabion of fallen rock has led o the
Formalion of lalus and scree, sometimes of considerable dimensions.

Fot, Notizer, vol, 121, 10k
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Species oceurring in these habitats, which may merge wilh Orgos fell-
field in less precipitous areas, include Leaconthemuan integrifolivm,
Smelopskin colgeing, and Draba caesin,

Of the olher minor vegelalion tvpes considered by Jounsox el al
(Le) mention should be made here of the Following,

Saline Mearsh

An allovial area at the mouth of Ogotoruk Creek, supporling species
such as Dupontic peilosant in, Puccinellie longeana, Puecinellioe phrggo-
moeles, Stellarvio humvifose, and Legeanthenvnm hadtenii,

The Coastal Strand

Here are Tound the widespread species lypical of the habilal, in
cluding Honckenga  peploides, Mertensin meritimoa, Elyomas  mollis,
Senecio psendoarica, and Lathygros joponicos.

Grranel Bars and Benches

On gravel bars and benches along Ogotorak Creek a characleristie
Mora exists, including species sneh as Arabiz Igrata ssp. bamitschedien,
Stellaria mananthe, Festouco rabra, Festuea oivipara, Salie polehea,
and Eptlobivm latifolinm,

Snomr-hed Communities

Snow-bed communities whose species composition varies with the
Ioeal environmental conditions develop where winler snow is drifted
intoe hollows and  gullies. Taken collectively snow-bed  communities
include such as Cassiope (efragana, Orthilin secunda, Cordamine bellidi-
folin, Hamunenlus pygoveens, and Seecifraga by perbarea,

Aguatic Asgocialions

Scaltered throughout the Ogotoruk Creek Valley are shallow pools,
in which are found Hippuris oulgaris, Banunealos pellosi, Comaram
prdustre, Ramencoelus gmeling among olher species,

METHODS

Chromosome nomber determinalions were mostly made from root
lips prepared according to the method of Tao and LEvas (1950). Rool
lips were collecled in the field, pretreated with 8-hvdroxyquinoline and

Hait, Nostiser, vol, 121, 100



410 AW JOHNSON AND I, G. PACKER

processed the same day in a leld Taboratory, In some cases ool lps
were fixed in Karpechenko's fixalive for laler processing. These werpe
eventually sectioned and stained with crystal violet using standard
technigques, Determinations from PMCs alone (Mower buds collected in
the field and fixed in scetic.aleohol) account for a relalively small
number of species bul were emploved in many cases to confirm somalic

mls. Living material of a lew species was collected for cullivalion
from the root tips of which counts were eventually obtained, Koot tips
Irom germinating seeds were also employed (o obliin counls or con-
lirm them in a few species. Voucher specimens for the chromasome
number delerminations presenied in this paper are deposiled in the
University of Alberta herbariom, ALTA,

CHROMOSOME NUMBERS AND COMMENTS

The chromosome numbers delermined for species in the Ogolorok
Creek area are listed in Table 1. A subslantial number of these were
included in an unpublished progress report, Joussox and PAcker (1963)

not readily available though occasional relerence to il appears in the
literature, Taxonomically we have adopted a rather conservalive app-
roach, proper to a flora thal is far from well known. This is reflected
in our nomenclalure which broadly follows HULTEN ([ 1841—1950).
Where a recenl revision hus been published thal resolves former laxo-
nomic confusion we have H{-nurull:.' 1||.‘i'|.*]]||_‘l_l the faxonomic views of
the author, for example Livve (1960}, Live and Boscair (1966]. In
sclecting species for discussion we have mainly chosen Those in which
the chromosome counls from Ogotoruk Creek in conjunction with those
published for other localilies illuminale some laxonomic or phylo-
geographic problem,

Desehampsia eaespitosa (1.0 Beaoy, s

As reported by Jonxsox el al (1966) materinl of 0L enespitosa from e
Ogotoruk Creek Valley ds eloser Lo vars glaceo than any of the other inla-
specific nxs recognized by HuvreEs (1942) as ocourring in Alaska. Cviological
examination of . eacspitosa al Ogotoruk Creek shows thal bwo chiromosome
races are presenl. one with 2n=206 and the other with 2Zn=c. 52, According
lo Rawaxo (1964} the populations with higher chromosome numbers are
muosily worthern, while the 2n- 26 populations are more  widespread. Al
Ogotoruk Creek, the population with 20 =26 securs in stable habitats along
thie ereck, while the teteaploid planis grow very commenly on active Cros)
sears, Whether the Zn=c. 32 material can be equated with L. ol pire is nol

B, Motiser, valo 121, L8
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clear, HEnuera (1958) has suggested that 0 efping has arsen polylopically
from the widespread N, caespitosa sinee the last glociation and we regard this
as a definite possibility

Poa brachyanthera oo,

The relationship of this diploid Alaskan endemic o the diploid (£Hvkoya
1ta 1) Asiatic-IE berian endemic P, paendoabbeeeiota necds 1o be investi
gited, Material of P, brachganthera examined vevealed many points of simi-
larity with the description of P preadoabbrepialo. A ecomparison of material
of the two species may <how them to be identical. Inoour opinion it wouokld
b something ol o eoincidence i two diploid Poa species, rather similar in
their morpliclogy, were both limited in their disteibution by the Bering Sleail.

Puceinellin phryganodes (Trix, | Scrins, & Mere. <1,

Puaceinetlin plregganades is o circompolae species inowhich four races hove
been recognized, SosessEN (19535, These are a "Beringian” race found In the
Arctic of western N America, o “Greenland™ race, found in the Arvctic of
eastorn N Americn, o "Spitebergen” race found in Spitebergen pnd Novaya
Fomlova, and n "Seandinavian” race foond in Seandinavia and Siberin. Apart
from differences in morplwdogy and geogeaphical disteibution, evtological
investigntions by various workers, ef, LOVE and Live (1961 A, have revealed
that the fatler bwo caces ave tefraploid while the Greenlond raee is a0 sterile
Iriplisicl.

Irea recent nomenchatural revision of this species LOVE and LOvEe (14061 15)
have recognized two species, P phrggonedes comprising e “Beringinn” and
“Greenland”™ races and P, pilfoides made up to the “Spitzbergen™ and “Scandi-
navian® races, In eareving ouwl this revision Liwe amd Live (Le) have
assumed that the “Beringian” race, which is sterile, is like the Greentand”™
race In being triploid. The authors speculate on the parentage of the “Be
ringian” and “Greenland” races and suggest, on the basis of morphological
similarity that the “Spitzbergen” race is the tetraploid parent of the “He-
ringisn” 1 aned e “Seandinavian™ fefraploid moy be the tetraploid parent
of the “Greenland ™ triploid.

Ouar imvestigations reveal that the *Bevingian™ vace of P, phrygganodes is o
tetraploid with 2n =28, and (his is confirmed by Zncgova (1966) in material
[rom Wrangel s, A somewhal differentl origin Tor the “Beringion” race of
. phrggenades, to that proposed by LOvE and Love (Leo) would appear to
e indicsted. Examination of PMCs in the “Beringion” malerial cevenled
meiobie abnovmalities that oo doubt aceount Tor its sterility,

Arenaria chamissonis Maciine

This species Is rather poorly. known amd it was only recently, FUrTes
(14, that ils froiting amd floral charpeteristies became sulficiently well
konown o allow precise elassification, Huores (Le), who vecognises Minnartin
amd Areporin as separate genera, fuenished with the knowledge that in this
species the eapsule teeth ore (wice as moany as the stvles, published o new

lab. Notisar, val, 121, 1008
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= Table 1. Chromosome numbers in the Ogotoruk Creek flora,
- Pre-
£ Ogotoruk|  viously e i 1
£ B ; Localities for previously : ,
-:_: Species DT;;:LIIL‘ D:tﬂ::i’fﬂ pubsbished i-:nurns Heferences Vear
i 5 (2n}
o
g Selaginellocene
Selaginelfa stbirica (Mmpe] Hignox, 20
(s eeifriinee
f 3 ] F lEDnERG 1967
Aoptchrus ipiis 1. £, Sumit. > 100 105— m?:::htu mr“nlm : ik LT Lome & Love :::ﬂa
: 5 3 R G R B e e Sl e e Liywe & Liive i
Arctagrostis latifolin (R.Bn) Gms. 5 o6 .Eingpﬁtll:mmplrun & il Sl 1068
Wrangel Is. ZHUKOVA 15467
Chiikehi Mis. (R, Ruek vun)
Chukehi (Peveek)
6L Sowthamplon Js, HEDRERG 1967
B i ke e e Lilve & Liwg ll::“
Are i 4 z PR, 42 Ml e T s B Live & Liive ]
Arctophife fuloa (TmN) Ruea Southamplon T, LOVE & RITCHE 1S
Vicloria Is. HeppERG 1067
Anyuyskiy Mis. (Rilibino) EI[III&LWL :::E-;
SCRIBN, 28 Chukehi Mts, (R. Kuekvin) CHUKGVA
Bromus pumpellionus Scrimy - A [ Mivcams 1087
N. America Ervior 10459
Mackenzie Distriel (Ft. Smith) Bownes 1560
Central  Alaska WiLToN 1965
Wrangel 1. Envkova 1o67
Anyuyskiy Mis. (Bilibino)
Alaska Mrrenern 17
Clamagrostiv  camadensis (Murenx.)
BE&U:I-H selorfii (LiNk) Imsean 28 - R R R PRt el Litve & Live Iila
Tk ang Kancha bk SOKOLOVAEATA 1963
42 Knmchatka SOKOLOVEKAIA 1653
L P B S veo LOVE & LOVE 1M 1n
Kamehaika SOROLOVEKAIA
o ———— —— S = = Y o = STl LTl
Calamagrostin fapponica {Wami,) . 4 S i 3
HArTM. 140 ..., N A R e sevans LbWE R Liwe 1iMiln
112 e 112 &, Norway Bena 1965
Calamagrostis stricia (Tisvm,) Koger. 28 et e L I o 196 1a
S8p. slrieta 42 % Quebec HenrER: 1947
ssp, borealfs (Laest.) Love &
Liive 28 a8 LOYE & Live 196 1a
Calamagrostis purpuraseens . En. b 28 N, America Bownes 1964)
42 Anvuyskiy Mis, [ Bilibino) LHUROVA 1947
M. America Bownen 1M
Alberta (Jasper Nt Pk, | Tavion & Brockuax TEMGH
057 N America (various localities) Nvonex 15
B Alaska Bowpen 1040
Lresehem pain enespitosa (L.) Beaoy, 5., 26 1 el e e veis  LOVE & Lbve 15l q
Finland Sonsa 1962
North lemperate zone [(varlous
loealities) Kawas 1964
West Chukchi (Apapel'khino) ZHUEOVA 1067
Anyuvskiv Mis. {Bilibino)
Kolymskoe Mis, [(Karambken)
Alberta (Jasper NI, Pk.) TavLor & Brocksman 19656
M+IF  North temperature zone (varions
localities) Kawaxo 144
27 T Liivve & Liwe 1961a
28 § ke R TR o s Live & Liwe 161
Chukehi (Providence Bay)| LHUROVA 18k
Norway |Easi Finnmark) Laane 15h5H3
o, 5 a2 Lilve & Liive Ifiia
Chukehi Mis, EHURDVA 167
Wrange] 1s.
Quebes (Fi, Chima) HEDBERG 19467
by o N P A i AT L e Lilve & Liwg 19415
Dupontio psifosantha Rups, 42 Wrangel Is. LNUKOVA 100G
& W. Chukehi (Apapel'khino)
# “ . L S Il Love & Love 19861
:“ Sﬂuthﬂmptlln Is, Lilve & Rrrewie (R0
§ Elgmus mellis Trix, N | A A g e L Liive & Litvg ETHEY
] Kamehatlka SOROLOVEKATA 14963
2 Manitoha {Churchill) Livwwe & Rrrome 196
= Quebec (Gt Whale River) HEpBERG 159687
i Baffin Ts.
5 ; Adaska {Anchorsge
g Festuca aftaica T, 28 25 Altni SOKOLOVSKAIA & STRELEOVA 1948

YHEVIY “M°N 40 VHO'IA dAHL NI SHAHIWNON AWOEONOHHD

B3



o
®
-
2
&
g
=
=

m[ ']ﬁ[ 'II;I\.\. "Jei'! ilis 10g

Pre-
Ogoloruk viously alitin H
Species counts | puhblished I‘m'uz:::l';ih';"":f Eiﬁ:&uﬂy References Year
{2n) counis P
2m)
Festuea aftaicn Tmx, (eonl.) 28 a8 Alnskn Bownes 110
Mackenzie Mis.
Alaska [Arctic Slope) HOLMES 134
Wrangel Is. ANUKOVA 1965
Chukchi (Val'kumey) HFHUKOVA 1967
Festuea baffinensis Pou., a8 L1 N L e S S Live & Liwve 196 1a
Alaska ([Arctic Slopet Honmes 1434
Wrangel Is. LHUKOVA 1650
Ellesmere 1s. Mosguiy & Haveey 1
Yictoria Is, HEDBERG 1T
Festiea beaehigplipila SCHULTES a8 Melville Is. Mosguin & Haviey 1966
42 42 P e R e aerar LOYE R TAWVE 161
Alaska (Aretic Slope) HoLmEN 1944
N Chukehi (Providence Bay] FHUROVA 19650
Wrangel Is. LHUKOVA mﬁ.-yr
Bafiin 1s. HEDBERG 1967
v 42 Melville 1Is. Mosguis & Haveey 15Mit
Festuea ovine 1. ssp. alwsbenim
HoLMEN 14 14 Alaska |Arctic Slope) HoLMES 1404
Fegtuea rubra L, &1, {incl, F. eryo-
phila) BRI o i o A R Live & Liive 19612
43 42 Alaska {Arctic Slope) HOLMEN I
Alaska (Keiai) HeDRERG 1967
Korway (Troms, Norland) KNABEN & ExNGELSKIGN 1967
Chukehi Mis, (K. Koek"vun) LAHUKOVA 15067
BT e v m s e S R ke Liéive & Liwic R B
; e ; ; b Wrangel Is, LHUKOVA 1A
Festaea vivipara (L.} S 21 Norway (Dovree M) KExvaneN & ExGELSHIGN 1957
G BE AN e e e Live & Live 1tM31a
63 Alaska (Arclic Slope) HiLMEN 114
Hierochlo# alpine (Sw.) Roewm, &
SCHULTES ok BB e R R S B S s LoveE & Live
Kamehatka SOROLOVERAJA
Southampion [s, Liéiwve & Rimoune
'm'lrfraﬂmilil.h :
n. ot 3 -
e Ny s -
Tl petiors e e
Kaclerta astpétca Do e o o
Chatnskovn G ;
Phippsin aigida (SoL.) H.ER. 28 - N e R i R P Livwe & Liiwe
Wrangel Is. ERUROVA
Melville Is. Mosguin & HAvLEY
Baflin 1s. Henner:
Cornwallis Is.
Ellef Ringnes Is.
Norway [(Norland) KNAREN & ENGELSHION 1967
Poa alping L. B s i B a4 B, 1 A S A Liwe & Ltive 1960
) o 3—# Southampton s HEDRERG 1967
42 Manitoba (Churchill) Liwe & Rrrome 1M
Alberta (Jasper Nb Pk Tavion & BrocEsan 1666
Poa brachyanthern HuvT. 4
Poa leplocoma TR, @ 12 Kamehatka SOKOLOVIEAIA 189453
Puccinelliv  longeane  [(BERL.) TwH.
S, 14 14 (zreenlund JorGENSEN ef nl 1058
Puecinellic  phripganodes  (TRIN.)
Scpipx, & Merm. sl Bl SR SRERERNE S e LiwvE & LOVE 1l n
I8 . o A B o b Live & Lilve 1081
Melville 1s. Mosguis & HaAYLEY 1G5
Wrangel s, Znukova 1967
Paccinellin paginety (LGE.) FERN. £ :
& WeEATH. Ja B West Chukehi [{Apapel khino LHUROVA 1967
Southamplon Is, HEDBERG 1967
Rocgneria borealis (TURcE) NEVSKL 4 T e e LivE & LivE T#ila
Anvuvskiy Mis. (Bilibino) ZHUKDVA 1967
Chukehi Mts, (K. Kuek'vun|
Prisetum sibiricmn Buen, 14 14 Kamehatka SOEGLOVEEATA 1043
Primorye 'l‘l!rritur:: KOKOLOVAKAJA N R
Chukehi Mts, (Apapelkhino) AHUEOVA 1567
Japan TaTEDRA 1967
Prisetum spicatum (L) Hicwr, 28 BB i e m g AL Lisve & Love 151 0
Chukehi (Providence Bay) FAHUROYA 10435
Wrangel [s. FHUROVA 1965
Ellesmere Is, Mosguiy & Haviey 1 (i
Melville Is.
Chukehi Mis, (R, Kuck'vun) AHURDVA 1967
Kolymskoe Mis, (Karamken)
Baffin [s. HEDRERG 1987
Southamplon Is,
Central Norway KNABREN & ENGELSEIIN 15967
Jupan TATEGEA 19407
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Pre-
Ogotoruk viously S .
. o Localities for previously . .
Specivs counts ublished ; i Heferenves Year
o tan) Pmu"m published counts
{2m}
i peracens
Cnrer aqualilis Wi, ssp. wlens
(DrEL) HULT. . T ——— Ve ar e g e g LoveE & Live 16061
i, Hl Livwe & Hiroure 146G
Carer afrofused SCHEUHE. B ey s BT B R LivE & LOVE 1551
a8 a8 R i SO R T LAvE & LivE 14961
Manitoba (Churchill) LovE & RrTtcHIE 1965
Norwny {Dhovre Mis.) Kaapex & ENGRLSEIGN 1967
424  Baffin [s. {Frohisher Bay) HEDBERG 1967
Carer bigelowii Tore. sl o e O LT Livve & LOVE 1651
70 New Humpsh:mlldl Washinglon)  Live & Lbve 1A
Ti—76
Carex capilloris L. c. 0 Bl e SR R Lisve & Live 1961
Carer glarease WAHL, 1T B ieesderianavas R —— Litve & LOVE 190061
Carex maritima GUNN, 0y B0 G aiEiead e SR e e LivE & LOVE 1631
Manitoba {Churehill) LivE & RITCHIE 1456
Norway (Dovre Mis:) Emanes & ENGELEKIGN 1967
Carex membranacea HOOL, Th—8&0
Carer misandro 8 Bw, an Bl e e e Liwe & LiGVE 1441
'\Inrwu\r (Dovre 1v.'II-.] KraBeEy & Encrrsgalis 1967
Vigtoria 1= HEDRERG 19967
Cornwallis
{0+ Sowthampton 14
Carer nording FRIES (i ] ot b e e Litwwe & Libve 101
8+ Baffin Is HEDBERG 1867
| KR Live & LIWE 1961
Carer phypseearpa PrESL i Manitoba |(Churchill) Liove & Rrrcme 1060
. 80
{larer podecarpa BB e 32
Carex rupesiris ALL. 11 | I R R ettt PR P i Live & LovE 166 1a
PR | IR e U B B BB A Live & LIWVE IGiln
e, bl 62 PR Live & Live 4
Norway (Doves Mis, Voalidres)
a - = AR L - -
Carer weirpoiden Micix. c. 8% P R Lo st ¢ 7 L
New Hinmpshiee (ML Wa shinglon) m ﬂi' LW
Manitoba (Churehill) Live & Rrrome
i British Colombin (Penticton) Moone & CaLpeEnr 19054
Carer subspathocen WORMSEL. c 18 1 - T T T R Love & LOVE 1961a
BO iy i b dee Ao e N Liwe & Live 1061a
Eriophorum angustifolium Hoxck, ] BH. . careiive et b e e e LOVE & LIWE 1l a
Manituba (G hur':hlll_l Liwe & Hereme 1466
c, GH Finland SORsA LI
Erinphorem rasseolwm FRIES B aeews P i B Liwve & LOvE 1Mila
B2
Eriophorum schewchzeri Hovpk ] . S e Liive & Live 1iila
Manitohba (Churchill) Livve & Rrrcme 113
Eriaphorim vaginalim 1 OR [ e e e e T N T i LivE & LUOVE 196 La
New ]lampﬁhim(Hl,“’nshinmulli Live & lL4vE 1965
. O Finland SOEsSA 1903
i d  Southamplon Is HEDRERG 1917
Kobresin hyperborea Pons, M
Kohresio mposiroides (VILL) Fuort
& PaoL. | L S T PRE X Litve & Live 1tHila
Kobrestn  simplisinsenia (WAL}
Mack. L O R s T Litve & Live 196ila
72—74 Pl Norway rllnvrp Mis.) KEunanex & ENcELSEHN 1967
Juncaceae
Juneas biglemis L. 0 Norway |Troms) KxaREN & ENGELSEION 1967
> 100 =100 Wrangel Is, FHUKOVA 1967
i SRR R e Sy N T R LiVE & LOYVE 1tHila
130t Melville Is Mosguiv & Haviey 1 bl
Luzutn confuse Lisn. sl R L R i e e o LOvE & LOVE 196
Albertn (Rocky Mis.) PACKER 1964
Melville s Mosguin & HAYLEY T4
Wrangel s FHUKOVA 19467
Cenlenl Norway EyaneEN & EXGELSEIN 197
§0 el RSERT e e LiwE & Live 161 a
18
Luzufe nivalizs (LAEST.) BEURL. 24 24 Melville 1s. Mosguin & Haviey 1
Luzule wahlenbergii RUr. o4 [ o s A M PR e LiwvE & LivE 19061a
Chukehi (Cape Schmidt) ZHUROVA 1967
Baffin Ts. HEDBERG 17
Southamplon Is.
Northern Norway KnapEn & ExcELsSHION 1007

Alaska [While Mis.)
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i Pre- s
; Species Rgiorgk vigusly Losealities | ozl i
Z ’ oy blished .oealilies Tor previously .
B %) ]“:_.m::“:: pubdished counts References Year
- i2n)
f:* ) Lilieceas
e Alliwm schoenopraswm L. var, sibi-
§ ricem (L) HARTM, 6 106 S
............................ = LOVE LUYE
I-:Inmn:immn S-:mumvs:c:jn ::mu
Yukon (Richardson Mis. PACKER 1964 r
Chukehi (Egvekinot) LHUKOVA 166 =
Liogdia terotina (L. Rcus. - Britishk Columbia |Fawgicer) Tavron & BROCEMAN 15056 b
| 2 T L T .. LOVE & LOvE 16la =
Colorado Wiess & HALLECH ey o
- Chukehi (Egvekinot) LHUROYA 19646 5
Tofieldia coccinen Ricm. i i Ramchatla SO ROV IRA LA 106 %
a2 H.H.H.Hhr:‘?ilmi Bay) SOKOLOVSEAJA & STRELEOVA t'.-}ﬁhﬂ E
Tofieldin pusilla (Micax.) PERS, . FE?I::;I& yi Mis, |Bilibing| Eg::r\rh 11;@7 é
0 T N S ety o L LOVE & LiVE o6ta ©
Southampton s, Livie & Rrrcme i =
S:llsuthar!iplml Is. HEDBERG 1967 :'I:l
Zygadenus elegons PURSH, 42 32 ;,Iu:;::ritinhl ﬁ:ﬂﬁ;:‘ﬁ :::?“E F‘
iy it ; =
Sl Yukon (Richardson Mis) PAtKER 1064 i
Salfr alarensis (AnpeErss.) .
Salix arbutifotia Pnl.Llﬁ] CovILLE -_'J;E 3% Chukehi Mis. (B Kuek'vun) LUUKOVA 14967
Selix gretica PALL. =8 - .
‘e eraegeear e e eiiian AR AWE 19614
(‘ i"gn Melville Is. Mosguiy & Haveey 15W58
Suh‘:; DR K i s B -, R e B NN SRR ERERS Livwe & Live 19610
efadn (Hyn) Ancus - A Manitoba (Churchill] ARGUS 1965
Seli e
i el Ko 4 £. 70 749, 81, 85 Manitoba {Churchill) ARGus 16055
102, 115 o
Saliz phlch LB T vy wvsm by e Live & Lbve
aliz phichophytin ANpERs. 15 Wrangel 1. ?.uu:'{:-m LivEe :ugg;ﬂ
Salix pulchra Ciam. o T8 Chukehi (Peveek)
- Safie ovalifelie TRAUTY. 58
Sealic rotundifolic TRAUTY, 38 -1, S P e e e I Live & Liwe Abila
Chubechl ENUROYA 1967
Betulnceae
Betule nana L. ssp. cxilis SUEATCH. 28
42
Polygonacens _
Keenigin islandien L. 28 1, S S s ALY Liwe & LiVE 106la o
Clhakehi (Providence Bay) FHUKOYA 1905 g
Wrangel Is. LHUKOYA 1967 =
Norway (Troms) Kxanex & ENGELSKION 1967 o
eyeyrin diggna (L) HILL 14 ;IR e v B RSP SRR Litwe & Lidve 19610 E
Finland SOMSA 15 =
Alberta (Rocky Mis) PACKER 1064 m
Melville s LHUROVA 14 &
Chukehi (Lorino Mosguis & HAYLEY 14 E
Abertn (Rocky Mis) TAYLOR & BROGEMAN LT =]
Polygonum bistorio L. ssp. plumia- 24 Laucasus SOROLOVSKAIN & STRELEOVA 1848 m
st (SaanL) Huonr, (incl ssp. =
ellipticant) Al Wrangel Is. EHUKOVA 147 b
[ F
Polygentm vipiperam L. (BS-BE)—IBE . onanamrraniaei i i LivE & LOVE 1Mila o
> 100 10t Melville Is, Mosguin & HAYLEY 116 =
1400 Wrangel s FHURDYA 1967 _!
120 Alberta, Banft Live & LOVE 184 -
Manitoba [Churchill) Livwe & Riroue (£11T
New Hampshive | ML Washington} LOvE & LOVE 15 E
Rumer acelose Lo ssp. alpestris -
(Scop) LOvE 14, 15 L1 TR |- S O e LivE & LivE 1061 =
Rumex arcticas TRAUTY. e 170 e, 200 Liwwe & LUvE 196la .
=i Chukehi (Providence HBay) ZHUEOVA 1985 2
= Portalacacere E
" Clagtenin ocatifolic PArL, sl an—52  Kamchotkn S0R0LOVARATA TiHEE
£ Chukchi (Cope Sehmidl] FNMUROVA wes 2
E ssp. graminifolin Hour, (=€, esch- ) n
a2 seholfrii) 1 Kolymskoe Mis, (Karamken FHUROVA R ;
2 A2
T Clogtonio fubrerasa PALL. cx WiILLD, 16
i Montio lomprospernn GHAM. . A e L LivE & LOVE LU
= ) 0 -
§ Wesl Chukehd [Apapel’khino) LHUROYA 1066 =
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Pre.
= Ogotoruk viously i ;
Species cikisal Llished Loealities for previously ]
Comis | published Lo oY | Reterepes
(2}
Cargophyilacene
Arenarin chamizzonis Macuine 26
Cerastim beeringionum CHAM, &
SCHLECHT. 78 50 Yuk b : i 5
enthus repens WiLLD, I el RRLLIER S
i £l West Chulichi (Shelagski FHLT
Honckenga peploides (L) Ennu, s, it i e e g Jr:l ..... iﬁb:n: Ai.th'z }?mﬁ?u
Podand ‘Gﬂ-ﬂ'-ﬂﬂﬁll. Gdall.'ik:l SEALINEREA 1964
Chukchi (Loring) AHUKOVA 1M
W g e
.Hr’;;ﬂﬁfrfurn affine |1 Vamnr) s AT i
ARTAL 5 j; USSR, (Tiksi Bay) SORGLOVEEAJA 1960
v 202 LivE & Live 19610
:_:It'“:“]l_:’ iLorino FHUROVA 1065
thukehi Mis, (R, Alvar - )
Melandrivm apetalum (L)) Fewzn 24 - e e 1:-'mnmgt:.'n] Iﬂ;::tg*LUW mfu
Wrangel 1s. LHUROVA 149t
{.‘nulhumpll;n I, HEDBERG 1967
Eaes i Norway (Dovre ML, Troms) KnABEN & ExcrLseild H
Merckin phipsedes (DG Frsco, el Chukehi Mis, (K. Alvarmagivn)  Ziukova z :s:":;
- - : = 72 Chukehi Mis, (R, Kuek'von) FHUKOVA LR
Minuartin arctica (STev) Ascuer, e 52
Minuarti macreearpa (PURSH)
OSTENF. H Wrangel s, FATTIE T 1960
A 45 Chukehi Mis, (K. Alyarmagiyn)  Znurkova 1967
i ) ) Anyuyskiv Mis, (Bilibino)
Mimwartia roszii (R.BR.) GRAEEN, 5], 30 Yukon (Richardson Mis.) PACKER 15654
Alberta (Rocky Mis.) PACKER Hﬂﬁﬁ
i bit Wrangel Is: FHUROVA 1536
Minuartio rubella (W) Higrs o Bl T e e e i per e ren +  Live & Live 19610
Lnnq:l:i FAVARGER 1459
I i 1967
B Wrangel Is. aavn b LOE 1oa1
Silene acanliz L. =1 24 b - S e L B R R e Liwe & Lbve 106ta
Colorado (Rocky Mis.) Wikng & HaLLeEcxw 1042
Fimlansd SOnEA 10
Alberta |Rocky Mis) PACKER 1964
Nuorthern Norway LaAXE 1065
Chukehi (Cape Chapling) EHUROVA {55]
Ellesmere Is. Maosguix & Haviey 1505
Poland (Tatra) SEALINSEA & PPOGAN 1966
MNew Hampshire (ML Washington) LOVE & LiwvE 1966
Cuebee HepsERG 1967
Stellariio .FFI"HIT"JH RoTTR. 26 W e aida AR R T EETERE i. AWE & Live 191a
West Chukchi |Apapel'khinog) EHUKOVA 1966
Southamplon s, HEDRERG 18G7
e 2 Melville Ts. MosQuik & Haviey 15436
Stelfarin monantha VLT, 42 Ellesmere Is. Mosguin & Haveey 1066
L] Melville Is. MosQuiN & HAVLEY 15004
104 104 NW. Greenland Bicuer & Larses 150540
N.W. Greenland JOnGENSEN el al. 190#
Stellaria fongipes GOLDIE B e s e R i gy Live & Live 196810
c. 14 10
105+ Alaska (Umial] HEDHERG ILH3T
06+ Quebee (Fi, Chimo)|
Sagina infermedin FENZL a6
B i e RS R LveE & Live 151
RKemuneuloeeone
Aconitum delphinifolivm D, 32 Kamch;ftk:l !_"-:JHUL::'.-'\HMA LN
Chukehi Mits, (R, Kuek'vun) LHUROVA 1506546
spp. paradecan (Roas.) Hoor, 1t
Anemaorne mullicepe  |[GREENE)
STANDLEY 16
Anemane norcissiflorn L, sl 14 T e e R e S T R LAvE & LAVE 15Mila
DB e e e e e LiveE & Live 1961
.55, (Tiksi Bay) SOROLOVIEATA 1558
LS8R, (Tiksi Bay) SOKOLOVSKAJA & STRELEOVA 19
West Chukehi (Peveek) ZHUKOVA 1066
Anemaone parpiflora MICHX, 14 Alaska (Arclic slope) BorMaNs & BEATTY 15450
16 16 Manitoba [Churehill) HEIMBURGER 19549
Alberta (Clearwaler)
Alberta (Rocky Mis,) PACKER 1L
Chukchi (Senvaving LHUKOVA 1065
British Columbia (Yo Ho N PE) TavLor & BROCEMAN 14
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Qgotaruk vhously Localities for previously
Species counts prulilished ! published E“un“ i References Year
19nij counts
12}
Anemaone richordsonti Hook, 14 H Alaska {Arclie slope) BoRrsMaNs & BeaTTy 185
Alaska |Anchorage) HEmsBURGER 1654
Chukchi Mis, (R, Kunek'vunj LHUKOVA 1403
Calthe palusteiz 1., sl aR Finland KORsA 1062
a2 32 e L R eSS EONE 1M L
Sakhalin SOKOLOVEEAJA RRLIL
Alberin PACKER 1
Europe imany loecalities) SaIT 1567
BBl e b o g oo BT e Liwve & Live 156 12
a—T70 i Kamchatka SOKOLOVERAJA 1M}
Git. Britain Koorrim-Sanwu 198k
Norway (Tromsh, Dovree Mis,) KuapEy & ENGELSKION 1967
Europe (many localities) S 14967
0% Victoria [s. HEDBERG 14067
150} Melville s, Mosguiy & HAYLEY 1AMk
e 7 Kamaohatkn SOROLOVERAJA 18
Delphininm  brachgeenfrum  LEDER. 1] i3 Kamchatka LABGLET 1962
Kamchalka SOROLOVERAJA 159653
Oeggraphis glociolis  (Fisci)
Busie 16 16 RSOEOLOVEKAIAL & STRELEOVA UMK
SH. (Tiksi Bay) SOROLOVEKAJA 1958
rangel 1s: ENUEOVA 1400
Hanunewlus affine K.BEn, sl b | S S Liwve & Liwe 19461a
Wrangel Is. LHUKOVA 150
Chukehi Mis, (Umkrevnnel)
48 B i A ree s RVE TV 150 1a
Southamplon Is. HEDBERG 1967
Hanuncalus gmelinfi DG, 16 Kamchathka SOKOLOVERAIA 1963
Cueher (FI, Chimo) HEDBERG 1967
Manitoba (Macheide Loke) Léve & Ryrreome 19305
3z a2 AR R e R A i S 1461
Wrangel s, ZHUROVA 1564
Ranuwnculus hyperboress Rorrs, L . Liivie & Litve TEi 1
Kamchatka SOROLOYSKAJA 15
Melville Is. Mosguin & HAYLEY T
Chukehl {Cape Selmidi, :
Norway (Dovre Mis) Kaabes & ExcEiscaiy 1T
Alazka (White Mis
GCornwallis Ls, }iﬁ!js“f:ul{ 11{“%1
i [ TR e P M T AIVE ANWE 0
Ranunculay fapponicus L. e : Maniloba  (Macheide Lalke) Liwe & Rrrcme 1166
Anyuyskiv Mus, (Bililino) E.F,ullnnv.tl A :‘i:;;
PR~ i Wi o A e TR RN e P AWE & LAWE La
fonneulns pollosii SCHLECHT. b Anyuyshiy Mis, (Bilibino) 1,|lrm,“] 5 Eﬂi
Wy " | e e B o R AR Live & LOVE 8
Ranunculus pygmacus We. Fichacdacn. Mk, PACKER 1964
Wrangel Is. AUUEOYA 1050
Southampton [s HeprERG L047
Morway (Dovre Mis,) Exanex & EXGELSKION 1967
i I i I 14 1 A ek el e o e ieae LiWE & LOWVE Liiia
Thalictewm al pinnm L, Finland SOHES A 116K
Kamehatka SOKROLOVARAIA 11063
Ogoloruk Creek Jonxson & PACKER in ;
MooNeEY & JoHNSON 15
Weangel Is LHUKOYA 1966
Norway {Troms, Dovre Mis) Kxanex & "3'3“"“'--““.“" 1967
3 uh Croe Jouwsox & PACKER in
9l &l g ot Grem MooNEY & JOHNSON 1165
Papaneractoe
+ wnii GREENE 28 ;
‘:‘:;:r:':’: ;.ril?;;:*:::: !Kh‘na. 42 12 Alasks (Coppermine River) KNaBpEN 10565
Fumarinceane
.' i ueiflora (STEPrn) PERS | [ i
fwﬁ;ﬁ’l‘ﬁurj&n] L ) 10 16 U558 R, (Tiksi Bay) _ ?mclm.uv.-suu.-. & STHELEOVA }m
Chukehi Mis. (R Kovel) LHURDVA
{rueiferoe
Aranbiz Typreata 1 Ir 16 R A R R P — Liive & Live I'ﬂ‘ﬁ-'!u
i 4 ) Spskatchewan (Prince Albert) MuLLIGan (R H
32 British Columbin (Belln Coola,
YVancouver Is.)
Yukon {(Mter Lake)
' ; TSCIT.
?;E:;jj-mmm i : 165 16 Alasgka (Aretic slope, Kurupa R RoLans FELEH
i Bz Alaska (Kuskokwim Mis)
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Pre-
T Ogotoruk viowsly 2 ;
Species counts | published Localities for previously
i2n) R published eounts References Yoiir
2}
HFHHU purpnrascens (R.Bn) Busce 5
i { | Busae i Al o on e R LiveE & Lbve 1061a
> HESTMERS- 15, MULLIGA
Ah}ska (Bonnelly) Heh 1906
British Columbis (Summit Lake)
Wrangel 1s, y = AHUKOVA 13
Cardamine bellidifoliv 1., 16 T Spitzbergen, . & W. Greenland  Bocuen 1966
............................ Liive & LiAvE 19614
Alherta (Rocky Mis) PACKER 1084
Chukehi [Arakamechechen Is.) FHUEOW A 1065
;";E“gd [’I'- LUKV A 1066
lesmere 15, MULLiG
Vancouyer 1s, kit 1966
Cardumine digitata Ricy, - New Hampshire My Washington]  Live & Live 1465
32 I
Cardaming purpiren GHAM, & % Alaska {1Tmiat) RoLLixs 15064
SCHLECHT, ai
Coehleari T 2
clifearin groenfandica 1., s.], 14 14 R e e s LBvE & LEvE 1061a
(.!Iu!’.l!hl JI'Euvid::m'c Bay) THUKOYA 1965
:,\.:fl':'i'ﬂ“‘h"‘h“"fh"|| L-iit't-'. & Rirenie 1064
Mely " Mos x L
Prince Patrick T, osguy & HavLey 16446
Prince Charles Is, HoLLING 1966
Dirala hirta L., 4 Cornwallis Is. :’it::I}HEItGI 1967
it B R R R LR R S R AWE & Liwe 1961
80 86 Wiangel Is. ATHIT 19’4!?“
" A R e N S LiWVE ;
= Norway (Dovre Mts) K i h‘jFE_ : 1961a
Draba pivalis LiLiesn. I8 I NanEn & ENGELSEIN 1067
e L T T R R CR Liwe & [4WvE 1961n
El'mﬂi.{ul l'];-l i it ZHUROVA 1645
2 », ' sorway  (Jolunbeimen Mis)) : 23 NGELS -
Euntrema edwardsli 11Bn, 15 Alaska  (North .-1I::];-u ﬁfﬂuks KxABEN & ENGELsEaIN L1M7
25 ug Hange) RoOLLINS 1966
5 Eih:-umcre Il;t ------------------- LOvE & Live 19614
. Wrangel Is, Bl a0t
— = . =  Bautbeassigbed —— i
a2 e e st e [ Witia
Baffin Is. PACKER 1l
Yuken (Richardson Bis)
Axel Heiberg ls. MULLIGAN Lo
Parrge nudicaulis (L.) REcEL 14  Cornwallis s HEDRERG 1987
25 28 Chukehi (Cape Chaplino) ANUEOVA )
Smelowskio calyeine (STEPIL) C.A.
MEYER 12 Colorada Drvny & RoLLiNs 1952
Wyoming
Ltah
22 Alberta (Mountain Pk PackeR 1068
var, infegrifolin (SEem.) ROLLINS e
Forrpeessineeae
Pornasstan bofzebuel Ciiam, &
SCHLECHT. 18 18 Yukon (Richardson Mis) PACKER 146l
Chukchi Mis, (R, Koek'vun) LAUURDVA 105
Quebee (FL Chimao) HEDBERG 1967
56 Manitoba (Churchilly Livwwe & Hircme 1066
Parnessio palustris L. sl 18 TR i et D e T S e a0 At EEWH & LiWE :.;.?g;u
Finland SoRSA
Kamchatka SOROLOVSEAIA b
Kolymskoe Mis. (Chukehi) FHUROVA RELT
sweden [Jimitkand) HEDBERG 1964
Manitoba (Cliurchill) Liwe & RITCHIE ;w
Haolland Krienurs el ol )
MNorwny (Kongsherg) KNABEN & ENGELSEJON 147
CQuebee (FL Chimo, Gl Whale
River) I Ir:n-m:r-.:ii :Eg:
[ Ol i R LS e LivE & LOve fila
Hollmnd Kripiiing el al 1965
Norway (E. Finnmark) LAANE ) 1‘:'!1.”
Norway {Troms, Norland) KHABEN & ENGELSENIN 19367
Saxifrogocoae
Bogkinia richardsonii HOOK, &4
Chrysosplenivm felrandrnm [LUuND) : ;
FriEs 24 - SIS CF ey BURY oS- e Ry LOYE & LivE 1961
Western & Arclic N, Ameriea
jseveral localities) PackER 1863
Wrangel Is. AAUROVA 1M
Ny
HERBERG 1967

Southamplon [s.
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Pre.

e

-

Sestie "Ef:::;:k x]Itill:;:Ll Localities for previously T —— Yo
mpectes l., i T'“,“ pubdished vounts plerees s
{2n) counls
[Zm}
Chrgsosplenium rrightil Frascn, &
SAv, il 3 24 Ogotoruk Creek Jonxzsox & PACKER mn
Packen 1963
Wrangel Is. AHUKOVA T
Sarifroga bronehimiz Lo sap. fon-
stonii [Smary) Hovr, o e, 104 Yukon (Richardson Mis,) PACKER 150034
Seewifraga caespitosa L. sl . TR el el e ey e Al e M e LOVE & LAwvE 19610
e Bl ¢, Bl Melville 1=, Mosguiv & Haviey 180036
Soxifraga cermua L. izt | | I R e e o LOvE & LiWVE 1961 a
¢ 50 . Bl Novway [Dovree MiUsj KuankEn & Excepswilis 1987
[ | Cornwallis 1s, HEDBERL 190657
72 Melville Is. Mosguis & HAVLEY 150540
Sarifraga davorica Winen, ssp.
grandipetale (ENGL. & [RMSCHER)
Hurw, 52
Sarifroga eschscholl i STERNE, 12 12 Opotoruk Creek JonxNsoN & Packen 1967
Chukehi [Cape Schmidt) FHUKOVA 1T
Anyuyskiy (Bilibino)
Saxifrage flagellrrts WILLD. 16 if Yukon (Hichardson MEs) PACKER 15054
| =ssp. flagelleris sensu PorsiLn) 18 (Fi6) Cauvcasus SOKOLOVERAIA & STRELEOvA 1048
Soexifrago foficlosa B Bg, ol il L A e R -iv-+ LUYE & LOVE 1910
Melville 1s, Mosgury & HAVLEY 16054}
Wrangel ls. AHUROVA LEHGT
Norway | Nordland) KNAREN & ENGELSKION § 1l
Saxifraga hieracifolia Warpst. &
KrT. =100 2100 Wrangel Ts LHUROVA 11H35
B L Live & Live 10451
o, 112
112 Southiern Norway K¥arEn & EXGELSEMIN 16457
110120 Northern MNorway
2120 Yukon (Richardsom Mis) PACKER 1964
Saxifragn hireolus L. sl 16 Ly = i ) N N i Live & Live 14k 1a
Melville s, Mosguin & HavLEY 190
Vietoria s HEpRERE 1967
Southamplon s
Cornwallis 1s,
Alasku (Burier 1s., Loke Polors,
. s Is .
e o AN e e
Yukon (Wichardson Mis.) PAGKER ik
TRyl e R, 2tk 26 b R A VE WE
Sarifraoga hyperborea R Albertn [Rocky Mis.) PACKER 14004
New Hampshire ML Washinglon) Livwe & Liwve 14H6i
i g 13, Thom [sensu
R"":.{'[g;""r:::iff o { 98 Vukon (Richardson Mis) PackER ;:ﬂ
, . b Kamehiatka SOROLOVEEAJA .
o 70 USSR, (Tiksi Bav) SUKCLOVALAJA 1455
B - SOROLOVSKAJA & STRELKOVA 1960
e. 34
: I 5 " i HEDRERG 1867
Kamchatka SOEOLOVSHAIA R
Norway (Nordland, Finwmark) Kxaney & ExGELSKIGN 140857
e 60 ¢ B0 Melville Is, Mosguis & HAvLEY 1008
Secifrage oppositifolio L, - T L I Aok LiWwe & LiOVE LtHila
‘ Alberla Bocky Mis, PaciE 1044
Malville s, MosQuiy & Haviey (RLH
Norway (Dovre ."lull!l-.1 Valdres) ExareEN & ENGELSKAGN 1967
3 NI Greenlaml JoRGENSEN el al, 1458a
a2 BRE e i b R A Liwe & Libve l‘ﬂﬁ'I'u
.52 Wrangel 1s. AHUKOYA 18437
Southamplon Is HEDBERG LOiT
Soxifrago radimla SMALL a2 g
Hﬂ.zi'}ru::u refleen Hoow. 20 20 'r'rukgni‘Micllmra!mn Mis.) ELA&.::I; o Lanses iﬁ
Saxifragn tricaspidata ROTTE. 26 2 NW. Greenlan HaRMsEN in Joncexses el al, 1958
Alberta (Rocky M1z I'ACKER 1964
Melville Ts. Mosguin & HAvLEY 1966
Southamplon s, HEDBERG 1947
Rusmeenic
: 1 .| AT Jo ol Py O Sl i L LiWwE & LOYE 1961a
flomarum pealustee L, 42 f_j ek Liwe & Liwe 1%1a
Kamchatka SOROLOVEEAIA 1363
Maniteba (Churchill) LiwE & RITCHIE 15
Chukehi | Bilibing) ZHUKOVA 1967
Worway  (Troms,  Oslo,  Dovree
Alts. Kxaniy & ExceLskniin 1967
el N RN R S Liwe & Lilve 1iMila
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Pre-
Ogotoruk |  viously i o
Species counls | published I'UEuh]'_";ZS] r":;- |3Illl;lll?sl}" Relerenees Year
12]11 CONNS prukshished connls
{4
Irryies octepetala L. sl 18 1B i e e e LOVE & Live 1Mila
Alberta [Rocky Mis.) PACEER 1434
Greendand ELEINGTON 14005
Chukehi (Providence Bav) ZHUKOVA 19650
Wrangel Is. LHUEOVA 1 Wit
Norway (Langesund, Dovre Mis) ENABEN & ENGELSEIN 107
Norway [East Finnmark) LLAANE 16457
Y. B e e e LiveE & LOVE Ll a
Geam glucimle ADAMS 28 R USSH. (Tiksi Bay) SOROLOVEKATA & STRELEOVA 10460
Chukehi (Cape Schmidl) FHUROVA 15466
Chukehi | Bilibino) ERUREOVA 14067
Potentilla biftora WiLLD. ox
SCHLECHT. 14
Potentillo egedii WoRrMmsk1, sl 28 B a4 A S e Liive & Livie 196 1La
Kamchatha SOKOLOVEREALA 1965
West Chukehi [Apapel'khino) FHUKOVA 10
Manitoba [Churchill} LivE & BHITcHIE 156G
Potentitfa fruticose L. sl 14 | LA A e e e T Live & Live 1061 n
Chukehi Mis. [B. Koek'vun) FATII TR 14665
25 e s s i a e s seasssvas,  LOYE & EOYE 19612
Potentilfe hypaorctica MALTE 42 EE. A e e Lo T SRt Lilve & Liwve 1961a
Chukehi (Providence Bay) ZHUKOVA 1906350
Wrangel Is. LHUROVA 1966
Chukehi (B, Kuek'vun|
Melville 1s. Mosguiy & HAYLEY 1466
Baffin Is. HEpBERG 1067
T P Live & Lilve 19la
Potentilfa hookeriana LER, 25
Riibig arcticus L. 14 e R AP Livwe & Liive 196 1a
21
Rubus chamaemorns 1. O T B Live & Lilve 1961n
Munitoba (Churchill) LivE & RivcHie Itk
Sunguisorba officinalis L. 1 Wrangel Is. FHUKOVA 1965
28 L N e e A o AR Ak AR Liive & Liwvgk 1Gia
Weslern  Europe  (many  loca:  NoRDEORG 1E
litiesh
LRSS R, (Holn Peninsobs, ¥isdi-
worskiok)
Wrangel 1s. LHURDY A 1
o Western BEurope [(many loca-
lities} NORDBORG 1965
c. 7 Kamchatka SOROLOVEKAIA 1963
Papilionaceae
Astrogalus efpings L, M s R e A Live & Liwve 19614
Finland SORSA 150538
Sweden  (Jiimtland) HEDRERS 16054
Norway Laamiz 154655
Norway (Nordland, Dovre Mis)) KNABEY & ENGELSKION 1967
a2 SF: T R A Liive & Liwve 1861
Swilzerland FAVARGER 15960
Kamchatka SOKOLOVSKAIA 1963
West Chukehi (Apapel’khino) ANUROVA TG
Chukehi Mis. (R, Kuek'vun)
Werangel Is.
Melville Is, Mosguiy & HavLey 149665
Prince Palrick Is.
Victorin Is, HEDRERG 1847
Baffin Is.
Ouebee (Ft. Chima)
Alaska (Limial)
Astragalus australizs (1] Lam. 1 switzerland FAvARGER 1965
a2 Switzerlond FAVARGER 1960
Alaska |Liberator Lake) HoLMEN 1962
Alaska {Umial) HEDRERG 15967
48 Swilzerland FAVARGER 1965
Astrogaing umbelfotes Bunce 16 16 U.S.8R. (Tiksi Bay) SOKOLOVERAIA & STRELROVA 1060
Alaska (Liberator Lake) HoLmEs 1iHs2
Wrangel Is ZNUEOVA ALY
Hedgsaram alpimim 1., s 14 £ L s e Lilve & Livg 101
Saskatchewan (Hegina, Redvers)  LEDNGHAM R
Alaskn (Peter's Lake) HoLsMEN 1062
Suskatchewan |(Cypress Hills) TavLon & BROCEMAN i
Cuebes |Bie| MULLIGAN 1967
Alberta (Rocky Mis.) PACKER 1EH8
Yukon |[Richardson Mis,)
16 Alaska (Beeiles) HenRERG
28
Hedysornm mackenzii Rico. 1 16 Saskalehewsn (Langhom) LEDINGHAM 1060
iy
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Sprecies counts puldished [‘[mﬂlllul'.'stl?:' preu;msly Relerences Yeor
|.2I'l| enunts Iru o g
i2n)
Lethygrus  japonicas WiILLD,  var.
wlewlics (GREENE] FERN, 14 14 Sakhalin SOKOLOVAKAJA 1WA
Kamechatka SOEDLOVEEAJA 1963
Chukehi { Apapel'khing) LHUKOVA 190645
Lupinus arcticus 5. WaTs, 48 48 Alaska (Umiat) HoLMEN 162
Alaska |Anchorage) HeEpBERG 1967
M6 Yokon (Whitehorse PonsiLn et al. 19467
Chegtropis glfinose Po#s. . 48 48 Aluska (Peler's Lake) HoLMEN 1162
Oeylropis gracilis (A, NELS.)
K. SCHUM. == 0l
fhrytropis magdellione TRAUTY. i 1 Alaska [Liberalor Lakes) H L aEN 142
West Chukchi LHUKOYA Tib6
Clrygtropis mertensiong TURCE, 16 16 USSR (Tiksi Bay) SOROLOVAKAJA & STRELEOVA 1960
Alaska |Feniak Lake| Honsmes 132
Chukehi (Senyavim) FHUKOVA 15065
Oeylropis pigrescens (PaLn.) Fisch, i Alaska (Feniak Lakel HobMES 1962
a2 42 Chuokehi (Loring) ZHUKOVA 1M
Wieangel Is. ZNUROVA 1150
Oxylropis pygmaca (PalL.) Fers, 16
Violaceae
Vieda epipsiln LEDEB,
ssp. repens (Turcz.) HECKER 24 R B 113 - e Lilve & Liwe 19610
Chukehi Mts, (Umkryonnet] AHUKOVA 1967
Hippuridacene
Hippuris velgeris L, a2 M R R Live & Live 1tMila
Eamchalln SOKOLOVERAIA 1402
Finblunil SORsA 1965
Manitoba (Churchill) Lilve & RircHie 14K
West Chukchi (Apapel’khino| AUUKOVA 11364
48 West Chukehi (Apapel’khino) FNUKOVA TEmid
Gpagracears
Epilotimm ancgallidifolinm L, A a6 SR e e R Br e TR P [ Ty o e B e
Gl Britain Raviex & Moo .
Alberta (Rocky Mis.) ‘AckEr
Poland [Talrs SRALINSRA 2
Haorwiny muwlu Mis) ExAREN & %JE]‘I?:LBK
Epilobiam angustifolivm L. ssir. an b1 L e T e ey e e Liwve & Liwe
Gt Brilain Raves & Moore
Norway LAANE
North temperate zone (many
lovcalities) Mosguis 1966
N ) e 3 Finland SiRSA 1962
Epilobium latifolium 1., a6 36 Melville Is, Mosguiy & HavLey 1436
it | Melville 1s.
TR e e e e e Live & Live 18510
Epilobivm pafustre 1., A L T S O L e E SR IPE S e LilveE & LOVE 1561 a
Umbelliferas
Angelica fucida 1., 29
Bupleurnm americanum CouLt, &
Rosk 14
9812  Alberta [Waterton NbL Pk.) PackeERr (unpublished)
Conioselinmm enidiifoliam [Turce.)
IPoms. 22
Pyrolaceas
Pyrolu grondiflors Ran, A6 T R IO T L e et ) e s V=i Livwwve & Lilve 19610
Manitoba, Churchill Live & Rircme 149660
Baffin Is. HEDRER 14W57
Oethilia secandn (1.} House a8 Y R e, - verss  LivwE & LOvE 1961n
o 38 Findmnad SORSA 199652
Ericacens
Andromeda polifolin L. L I e e L S ol e S o Lisve & Live 13l a
. 48 c. 48 Finland SORsSA 1963
Arctous alpinug (L) NIEDENZU 2h M i R s e aE s TR e 1961a
New Hompshire | M1 Washinglon| Livwe & Live 14056
Kolymskor Mts, (Karamken) AHUROYA 1 £Hii
Raffin s, HEDRERE 1967
Crasiope tetragomn (L) Do Dox bl Ay ey PN £ 1,y Jl o | 15Wila
¢, Melville Is, Mosguin & HavLeEy 1456
Ledum palustre 1. 5.1, b
v A S T LOVE & LivE 15Wila
¢, 52 Finlan SOnRSA 1982
Vacciniuvm  gaaltherivides BIGEL. 24 24 R e e e e sepe LRl LN 1961
New Hampshirve (Mt Washington) Livve & Live 150635
Wrangel Is, FHUKDVA TS0
Baffin Is. HenneR: 16057
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Pre-
Ogotoruk viously LR ;
Species counts | published I‘“ﬁr:lt:!‘-l:hﬂlf I:;"::::;mh" References Year
[2n]) counts
{2n)
Vacefminm  eitis-fdaen L.
ssp. mimate |Looo) Mo, e} .2 e e P e P Live & Live 1961
Sweden  (Jimtlaod, Lule Lapp- Heppera & HEDpERG 144
mark|
Norway Laani 135
New Hompshire (ML Washington) LiweE & Lilve (HLH
Emipelraceas
Empetriom enmesii FERY. & WIEG.
ssp. hermaphrodifum (HAGERUP]
I, LiwEe a2 B v e e e b e e LAwE & LiWE 116 1a
Swilzerland FAVARGER 1962
Sweden  (Jimbland, Lule Lapp-
mark) HeprErG & HEDRERG 19454
New Hampshive (M. Washington) Livve & Live 1066
Dhinpensincens
Dinpensin fapponicn L.
sap. abaveta (ScHsinr) Heer, 12
Primulocear
Andrasace chamaejosme HosT,
ssp. lefumannionn  (SPRENG.)
Hurr, 20 20 Alberta (Rocky Mis.) PAckER 1964
Amdrosace septentricnalis L. i D i E e R verresr  LOVE & LUVE 1Gia
Alberla (Rocky Mis) PACKER 15054
Mackenzie Dist, (Inuvik)
West Chukehi LHUROVA 1906k6
Amdrosace scholensis WiLLD, A8
A0 Wrangel Is, AHUKOVA 14135
Chukehi Mis, (Umkrynnet) ZAUKOVA 1967
Chukehi (Cape Schimidi) AHUROVA 17
Dodecatheon frigidum CHAM, &
SCHLECHT. 44 44 Alnskn [Noluk Lake) THOMPEON
Primula borealis Duwy 15 Alnska (Pt Lay) TiosMas
; : . , e 3 Love & Love
Primula egefiksensis WORMSES [ e+ < l.k'ﬁr Sibna) ,!:
: _ 1% Kamchatka SOKOLOVERAIA
Frimafa techukizchornm KIRLLM i @ Chukehi (Cape Schmidt) THUKOVA
Plumbaginaceds
Armerin marifimn (M) WiILLD, i .
. wibiri TuRcz.) LAWER. 15 15 Kolguev Is, SOKOLOVSEAIA & STRELROVA 1960
ssp. sibirica | | Wrangel Is, ZHUEOYA 1
West Chukehi (Peveck)
Crepdinmnicene 1963
endi *ALL. 24 2 Kamehstkn SOKOLOVSEATLL i
Gentiana glaica PAl Alberta (Roeky Mis. PACKER 904
Chukehi (R, Koekvun) FHUKDVA ;:E
renti AENEE pili] Peru InERS a
e SO VR R BT R R LOVE & LovE 1901
‘g i ROTTH. 10 T . Live & Liwe L
frentionn fenefin To West Chukehi, Apapelkhino FHUEDYA LMt
Polemoniaeeae 6o
Phlor zibiriea L. 14 - 1F 14 Chukchi [(Bilibino) AHUROYA 3 Ay
.'*r;.f:.'::rrunfqlrrl acutifloriume WiLLD, 15 18 Kolgusy s SOKOLOVEEATA & STRELKOVA 1060
Finland SOnsAa 1063
Yukon (Richardson Mis.) PACKER 1644
Wrangel Is, FZHUROVA 116
Norway (Torne Lappmark, Finn-
minrk) Exanen & EXGELSHIGN lﬂﬂg
118 Norway Il—aﬂ--w-& o :ﬁ
] i i e 18 1B e R AR Y AWE JAWE a
Polemaniuwm hareale Anass Wesngel 1a il e 1 965h
Yukulia (Nyail) FHURDVA 15
Norway (B, Finnmark| LAANE 19665
Boraginocene
Eritrichum chamizszonis DO, ig
Eritrichum splendens KEARNEY ; ’
dind ( (L] 5. F. Gray 2 B e R RN LOvE & LOVE 1l
Mertensia maritima (L) 5. F. Gray Wrangel 15, FHTEDVA 1066
Myesotix ol pesteis ScHMIDT ) )
oy, e oy a4 Alini LSOROLOVSEAIA & STRELkova 1948
ss[p, asiatice VESTERGE, Wiangel Ls, FZHUKOYA 16565
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; Pre- &
g o e Ogoloruk | vieusly Localities f Lkl =
g apecies counls rublished o les 1or previous ¥ ; .
i ) I oits published counts Reforenees Yoor
] (2n)
T , -
E Scrophufarincene
% f.lﬂ'sﬁﬂrf.r; 1'!r_rlfn".t OSTENF, ©x
MaLTe ay “ b v ;
Castillejo camdita (PESNELL) i Tyresgek 1, “EIHROYA 10
Jousson & Packen 1 =
Lagotis glomes GagrTy, 23 o 1 ]
Pedicularis capitata Abams £ ﬁ ihaf"r’;fhﬁ“i: h!JEUI.ﬂ:\-‘HHH.&. 1963 2
Pediculnris fnbradorica WIRsING E 1 “r“‘n!gnn:l" ZHUKDYA TEMGt .
Pedicnlariz lenofa Cnan, & BOCHER 1967 g
SCHLECHT. [ 6 :
Pedicelaris Tangadorlii Riscn Greenland Biicikg 157 E
&x STEv. 5 “
1 16 Wrangel s, AHUEOVA LG
Melville Is, Mosguiy & Haviey 1966 o
Pedicularis vederf Vamn =
: 16 16 S e LOVE & Live 19610 &
Pedicularis penneltii HuLr. 16 .ukehi Mis, (R, Kuvet) ZHUROYA 1967 o
Pedivuloris sudaticn. We s, 16 Chulehi (Cape Selmidt) ZHUKOYA 1467 .
ssp. albalabicia Mo, 16 >
ssp. inferior HULT. 16 2 s 'z
Pedicularis verticillata 1., 2 e L vivi.  LOve & LOVE 1961a &
Wrangel Is ZHUROVA 15W3l3 =
Rubinceas
fiefinm septentrionale RoEsm, & ;
sy m B o SRR veers  LUVE & Love 1954
Chukchi [ﬂlllhtll:’l!l . Ziugova 1967
T hnukalrhf‘mn {Fleming) Taviom & BROCKMAN 1§bEu
Kamechatka SOROLOVEEATA LRUERS
Advracene
Adoxro maose hatelling 1., 3 i) R e veves  LOVE & LiVE
tF,rmh"“I SORsA
SS5R, (Primorye Terrilor SORGLOVSEATA
Chukchi (Bilibino) ) -
I —_ Al (Hemntein P =
-d Vierlerimncede
= Velerfarms enpitate PALL, ex Lisk Bl e B e e | L o i Y
Weangel Is. LnuKova
o, 00
BT i I L Liwe & Lilve
Companolacene
Companula Tastocarpa GHam, + M Kamchatkn SOROLOVEKATA
Compoannla uniflora 1. M a4 e e e .. Live & Live
Wrangel 1s. ZHUEOVA 156 -
e porsilone Z
Anternaria aloskana MaLte Hi4-2—3F E
Arnica lessingii GREENE 76 e T Kuamchatka SOROLOVERAA Lkt 5 =
Afmica loniserna Farn E
ssp. frigide (MEYER}) MAGUIRE e 70 ¢, 67 Albertn Orsperr el al 1967 o
Artemisia arctice LESS. 14 Chukehi (Providence Bay) EHukova 1964 =
L55H, (Kirovsk B0 KRawarast & CnNo 15k &=
H M Kamehatha SOROLOVERAJA 14063 Z
Japan Kawatasi & Ouxo e
ssp. comain HULT. b i1 =
Artemizin horealis PaLL. s .o e R N e et i Livwe & Liwve 1981a 0=
Kamehatka SOROLOVSEALA ooy B
W. Germany (Hostock B.(GG) KAWATANI & [HNO 19454 5
Alberin [(Rocky Mis,) Packenr (wnpulblished|
36 i W. Germany |Rostock B KAWATANL & (MIND 1M :
Chulkehi (Providence Bay) LHUROVA LT =
Artemizia globularia Bess. 18 -
a6 U.S5R. (Leningrad B.G.) KAwWATANI & Ouxo 1984 E
Chukehi (Providence Bay) ANUKOVA 15965 =
Artemisin glomerata LEDER, 18 15 Chukchi | Lorino) LAHURKOWA 1965a =
6 U.5.5.H, {Leningrad B.G.) Kawarami & Ouxo 1064 o
ol dapan, U.S.58.R, (Leningrad B.G) KAWATANI & OHNO 15954 ]
Artemisia tilesif LEDER, 18 U5 5K (Tiksi Bay) SOROLOVEKAJA & STRELKOVA 1060 w
” U.5.5H. (Kirovsk B.G.) KawaTasi & Onxo RELiT =
- Chukehi [Providence Bay) LHUROVA iMida
.4 Wrangel s, ZHUROVA 1L =
£ Anyuvskiv Mts. [(Bilibino) EHUROVA 1067 e
x 54 Alaska Crauses ef al, 1040 W
- sap. elalior Torr. & Gray 18 ;=.
2 Artemisia frifurcota STEPIL ex
X SPRENG. 18  Japam Kawaran & Onno 1044
= K11 Japan, U.S5H. (Rirovsk B.G)
= 5l Japan ;
£ o
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Pre-
Ogatoruk|  viously Localitias £ ol
Species counis pukslished iy 'Ilﬁﬁ.hr: |':I'l!'|.'luu5 ¥ References Year
I:'-"H:l counts published counts
(2n)
Agter sibiricus L. 18 15 Chukehi (R, Koek'vun| LHURGYA 1EMi
Alaska (Wild Lake} HEDBERG 149637
Crepis nana RiCH. 14 14 Alaskn Bascook 1938
Wrangel Is. AHUROVA 15045
Albserta [Rocky Mis) Tavron & BROCEMAN 10056
Alaska  (Umiatl) HepnERG 1967
Leweanthemum  imtegrifolinm
(Rica.) IdE. 18 i8 Chukehi (Providence Bay) ZHUEOVA 145a
British Columbia (Summit Lake) FACKER 1458
Lewcanthemam  hoaltendi Live &
Liive 18 1 BT T Ty TR O I o, B0 i 1 1) 191
= Chrgsent hemum arcticom L. West Chukehi (Apapelkhino) ZHUKOVA [
ssp. poloris HULT.
Erigeron humilis Grau. 6 B e A S e A LOvE & LivE 196 1a
Yukon |Richardson Mis,) PACKER 1EMG4
Chukehi (Providemce Bay) LHUROVA 15M30
Chukehi (B, Alvarmagivn) LHUEOVA 1IH:T
Southamplon Is, HEDBERG 1507
Erigeron hyperborens GREENE 18
Muatricaria ambigus  |LEDER.]
Knyroy 15 15 : E SRR AR LAOVE & LAYE 196 L
Petasites frigidus (L) Fries £l Py Live & Live 19612
Washinglon, King Co. ORNDUFE el al, 15005
Wrangel Is. ZHUKOVA 10655
British Colwmbia (Yo Ho N, Pk} Taveor & Brocksas 154365
. Gl Arakaomehechen s ZHUEOVA TEMiG
Melville Is. Mosguiy & Haviey 14605
Saunssurea amgustifoline (WiLLn,) DG, o6
52 Yukon (Richardson Mis) PaokrR 10054
Senecio atropurparcus (LEDEDR)
FEDTSCH. 28 Chukehi [Lorino) FHUROVA 1535
48 e. 48 Tiksi Bay SOKOLOVEREASA & STRELEOVA 19460
Seaecio congeatus (RBr.) DG 48 B i e e L&VE & LOVE
Wesl Chiukehi {Apapel'khino) ZHUKOVA
Melville I, Mosguan & Haviey
“"“’“"“’ e ottty i b —-)
Seneein contermfnes Gy, A <100 Albarts [Wateeion Nt PK) PACKER k::p‘{hﬂ'ﬁh#ﬂ'l !
Senecio Juscafus HAVER A—iH 46 Wyambing ?ﬂuu:ufijﬁ \:-F il
Senecio integrifofins (L) CLAIRY. 48 48 R A L At el ST ™ g hneenn 1067
Renecto logens Ricu. it Alaska (Peters Lake) R | blished)
. 80 o, Bi Alberta Rocky Mts, ]Iar.u?nﬁvtt:&[:: ishied) ot
B . r s ; | L
Senecio paendowrnicn LESS. j“ﬁm l‘fﬂﬂ:ﬁ'" ;:.::mmfslm-'t 1060
10 40 Quebec DNSDURRRLEL . i 1088
Senecio residifolins Less, o 46 Allbai SOROLOVERATA. & PTREL
sl iradiata Arr, (inel . .
L'-.--hél‘ﬂg::m;:::{:;;mhnl| A, | 18 Califoriia Cravses et al, :E;g
o Quebee (Mont Albert) BEAUDRY 165
b1 G Chukehi (Providence Bay) AHUROVA . 14065
British Columbia (Yo Ho NLPR)  Tavrnor & BHOCEMAN 1967
Alberta (Rocky Mis.) PACKER thes
Trlrﬂ.?lr:rum cerofophorum |LEDER.] o a4 [ Liive & LivE 196 1a
T 32
T, : T i ‘
“":F_”::-':::;. phymatecary - 04 Pearyland Hm:,-m:.ha P IHwﬁﬁ
Ellcsmera 1s, Mosguin & HavLney 1045
: i Mosguin & HAYLEY 1966
2 Melville Is. 9 ;
18 Melville Ts, MosQuin & Haviey LG
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448 A, W, JOHNSON AND 1, . PACKER

combination, Arenoria dicraneides (CHAM, & SCHLECAT.] HurTeEs, hased on
the original description under Cherferia. Apart from HUnTes, this combination
has been used by o number of authors, AvpErsoy ([946), Wisass and Toosas
(19621, bul unforlunately s name is invalid, being o later homonym
previously used for a South American species. As o species of Areaerio this
taxon must bear the epithet of MAacuige (1951 ).

As Huptes (Led has obhserved the (Moral structure of this species is very
similar to that of Mingaretéio sedoides, in that both are apetalons and hove o
comparable development of bilobed glands and the similarvity in floral steue-
ture extends also to the habil aod habitals of e two species. IU 18 hardly
surprising that they have at times been placed togetler in the genos Cherlerin.
This would scem 1o e ancther cose of close parvallelism hetween species of
Minnariia and Areraria referved to by Macuirge (Le).

Coriousty enovgh the pavallels: between M. sedoidey and A ehamissonis
extend also o chromoesome number. Two chiromosome numbers oceor in the
former species, 2n==20, and Zn=531—542, Favancer (1962 the second of
these eonnts being o correction of the 2n =148, published for Seottish material
by Brackeves and Morrox (19570, In A, ehamizsonis a counl of 2n=20 was
abtained for oor material from Ogotorak Creek. The oceurrence of g hasic
nunsher of x=13 Is rather wnosual in Aremerie and o onr knoewledge the ondy
other case s in oL modesta also with 20=20, Favancen (e},

Minuartia macrocarpa (Pupsp) OsTENE,

In-a recent paper FAVARGER (1962 remarks that cyiological data genernlly
supports MarrrELn's (19220 elassification of the genus Minoerelio, though T
stales thal in some sections vevisions seem o be imlicated. Data ineluded i
the present paper confivm the view that (he relationships of eerfain speeies
require further  investigation,

M. meereearpe is elassified by Marreern (Le o the subsection Loricinoe
of the section Spectoliiles, Cytological dala s now as ailable lor represento-
tives of four of the five subseclions of This section. With the exeeption of he
FLaricinae {in which M. mecrocarpe is the only speeies so far counled) all
have n basic number of x= 14, Favagcer (1962}, LOVE and LOVE {1961 A};
in foel only M. crctica, Found in the present investigation o have o chromo
stome number of fu=re, 52, deviates from 2o=26, The chromosome nomlers
il e =44 and 2n =46 veported Tor Mo macrecarpa oveur in speeies of only
one other section, Sabalfon, Bracksues and Mosmox  (1957), FavapGen
(Lanh, They are evidently polyploid derivalives of taxa with x =11 and x - 12,
basie numbers which scenr in the section. On the basis of the known cyto-
logieal dala M, moeroacarpa is clearly separafed from olher members of the
section Spectabiles and it would be most interesting 0 oblain counts for
species such as M. facicing and M, fmbricota which are velated to M, macro-
carpie or al least elassified by Marreewn (Le in the same sobsection.

Minuartia rossii (B, B Graesx. s 1L

M. rossii is classified by MaTrreLD (1922) in the section Ustneot fie, the only
other species in this section being M. steficta, The lrasie ehromosome number

Rat, Notizer, vol, 121, WS



CHROMOSOME NUMBERS IN THE FLORA OF NW., ALASKRA 454

of M. roseii was Towd by PAacger (1964 (o be x=15 and this has been con
firmed in the present investigation: This number oceurs consistently in species
of wo sections of the genos, Somiamordin and Trgphone, Favancer (1962) bt
it dhiffers from the veported basic numbers of M, siricto, namely x =11 and
=13, ef. LilWwe and Live (1961 A),

With regard (o the chromosome nombers in W, rossi the count Trom
Ogolorulk Creck malevial, 2o=60, dilfers fcom the earclier count of 2n=3i
determined in material from the Richardson Mountains, Packer (19640, The
mptervial s however similor morphologically ond both are veferabile to the
subspecies dlegons, of Macvige (1958, who treals this species under Arenarin.
LZHUROVA (19660 has counted 2o=38 in material of M. rossii rom Wrangel
Is.. which she claims o e M. rossil s, ste. The identilication of (his material
with M. roasii s, stre s open o doult for according (o Macvme (Le) this
xon has an eastern disteibution in the N, Amevican Avetie, while ssp. elegans
i5 western in its distribution, the tyvpe Ioeality being St Lawrenee Bay, Chuk-
chi. It is evident that two chromosome races occur in this subspecies, 2n=30
il 2o =38—00 and forther investigation s requiced to cloeil’y ils laxonomy.
Matevial of the third subspecies recognised Ly Macvime (Led), sspo colombiann,
collected in the Rocky Mountains of Alherta has bheen Tound to have o chromao-
some mumbwr of 2n=30 (PACKER 1968,

Caltha palustris 1., 5.1

Coaltfur pofnsteis in Alaska is divided into two subspecies by HUucrexs (1944 ),
sap, eretioa and sspe asard fofia, Huntes (Le) distinguishes between the two
o morphological and geographical grounds, and in most recent treatments,
WiGeiss and Trosas (1962), the distinetion is maintained, Aceording to Hup-
TEXN (L) sspoasarifolin ocenrs only along the south eoast of Alaska and all
northern muterial is referred Lo sspe areficn, However, material refercable Lo
hath subspecies ocenrs ol Ogotorul Creck and the morphological differences
are aceompaniced by differences in chromosome nomber and ecology.

In a paper on the eviology of 0 polostris, BEESE (19541 divided popuala-
tions in weslern Europe into tetraploids (2n=82] and higher ploids, mostly
sevensploid (2n=2a61. Al least in some respects the two chromosome roces
can be relaled o the two solspecies recognised by Hoerex (Le). The most
abvians difference between the chromosome races 18 (he marked  rondicant
fendency of the higher ploids, absent in the tetraploids: o difference foond
also in the Ogotorulk Greek popolations. HULTENY uses this morphelogicn
charncteristic as one of the erviterin by which he separates the two subspecies
in Alaska.

Apart from this difference, the tetraploid in the Ogotornk Creek Valley
oncetpies midst gravelly habitats, especially in the aplands, whereas the higher
ploids, in this case 2n=2>536—70, are abundant in the wet (undra bottomlands,
Sarr (96T reports o comparabie situation in Dualeh popolotions, where the
higher ploid {(2n=2536] i found in disturbed boggy substrates and the lelra-
[loiel in more stable habitats, The resolls of a study of the physiological
eradogy of the two chromosome races of C. pefustris in the Ogotoruk Greek
Vallew have been presented elsewhere, Joussox (1967,
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A thorough study of € podostris needs o be undertaken. When it s, the
species will mnst profally e divided inlo fwo or more species, corresponding,
ab least in part to the distinetions made above

Oxvgraphis glacialis (Fiscn.) Busce

This s a comparatively recent addition to the flors of 5. America and 15 nod
included in the work of Wicciys and Trosmas published as vecently as 1962,
G placialis was first discovered in N Americs by HULTEN in the Barrow
area of  Alaska. The 1962 collection from Ogotoruk Creek, whers i1 is
extremely rarve, would seem (o be the second recorded for this continent bt
further records are to be expected. From o eonsideration ol the habitat ol
this species and the large size of (he achenes we are definitely of Lhe opinion
that ot least in the Ogotorul Creck area, (his species s nob a recent introduoce-
tion lrom ucross the Bering Strait, bul o reliel of a probably much larger
population thal beeame established al o lime when a Beringian land beidge
exishod.

Eutrema edwardsii K. Hx,

Until recently only ehromosome numbers of 2n =28 pmd 2n=42 have heen
found in this species. It will be seen from Fig, [ that so Far o Ficant dif-
ferences in the geographical distribution of these two races are nol apparent,
Nor hove morphological characteristies been fouwnd that allow the two roces
Lo be distinguished though it must be admitted that oo exhavstive study has
viel heen made,

An attempt to distinguish the chromosome races of £, edwardsii by chro-
matographic methods, wsing the tlechnigue of Arstox and Torxen (£961),
wits mide in an carly phase of lhe work on the Ogotoruk Creclk Hora. This
demonstrated the absence of any single chromatographic pattern characte-
ristic af the species or cither chromosome roee, Usually eoch population varied
from the rest, In one case identical chromatograms were oblained for (wo
populations: the Ogotoruk Creck malerial proved to be idenlienl with that
Fromm Tiksi Bay on the arcbic coast of castern Siberias, The ehromalograms were
el sulyjected to eritical sanalysis bot from observations made there conld e
said to exist geographical correlations in the varving chromatographic patterns,
Chromatography seems destined to become n lechnigue of vital importancee (o
the phvtogeagrapher. 10 should be possible, ol least in eortain enses, boo ascer-
tain the direction of migration, specify more precisely from which refogin
northern plants have colonised glacinted areas. amd allow  investigation of
cases where o polviopie origin of polyploids is suspeeted.

The recent count of 2n=18 lor E edwardsii published by Boriiss (1966
has to quete Rotoss (e Cintrodoced oo complication that 15 not at present
open bo resolation,” 11 is W be hoped that confirmation of this anes pecled
number will soon be obtained.

Parryva nudieanlis ([..) RBEcen

Until recently puldished reports of chromosome nombers for species o the
genus Porego were non-existent. In the past two vears however three papers
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have appeared thal inelude counts for Parege species, Mosguois and Havies
(1966) found 2n=14 and 2n=21 in P aretice (rom Prinee Patrick Is. in the
Canadian Avctic Archipelago, Tn the case of P, nudicondis, Znukova (1965
reported o counl of Zn=28 in malerial from Wrangel 1s. while HzpseRs
(1967 in muterial from Cornwallis Is, found 2n=14, We are, however; a little
suspicions regarding the identification of he mateeial from which Uhis latter
cound was obtained. In the Canadian Avetic Archipelage P aodicaniis is known
(rom one locality only; the south coast of Vietoria Is., Porsicp (1964, IF it
is present on Cornwallis Ts, it would represent a considerable extension of
vamge. [ s to be noted that P2 arctica oceurs on Cornwallis Ts ond HEpnera's
count of 2n=14 is that which Mosgmin and Hacey oblained lor this specios.

Mention might he made of count of 2n=42 [PACKER, unpiiblished| from
seec of 2 podicoutis collected in the Richardson Mts,, and aoreported for the
reason that it was based on s single cell and could not e confirmed. This
count suggests the existence ol a hexaploid taxen i addition o the eteaploid
and possible diplodd. As HULTES (1945) has remarked, P. nedicanlis is a highly
variahle species and it is guite ovidently in need ol a eritical analvsis

smelowskia ealyeina (STEPHAN) G A Mevenr var. Integeifolia (Sers.) RolLiss

While 5, calycing var, fntegrifofio is vestricted to nocthern and northwestern
Alaska the species itself, in which a bedal of five varieties are recognised
by ey aned Rovoss (0952) hos an amphi-beringian distribubon, 11 oceurs
in Siberia from esstern Turkestan to the Altai Mits. in Beringia (thoogh the
precise distribution in the Chukchi area is uncertaint and in the mounisins
of western N Amerien from southern Colorado, Ulal, to centeal Alberta and
British Columbin. There is o considerable gap bebween these latter loealitios
and those in Alaska and on the basis of the present distributional data a
survival of Smclomwsbio colgcing in the Roeky Mis, south of the glaciations
and in unglaciated Alaska scems highly probable, The morphological dif-
Ferences existing between Lhese disjunct populalions supporl such o view,
Thus we concur with Drery and Rovoiss (Leo in Their suggestion thal the
aceurrence of S celyeing conld very well be indicative of a velugial arcea.

Drury and Rovviss (Le)oalse suggest that the genos Smefomsfio originted
in the meountains of the northern Cordilleran region of N, Americn. ITn our
opinien the evidence is insufficient lo justily this observation. Phylogeogra-
pleers amd laxonomists have in the past and often il do assign conters of
origin for taxa with little regard to the dubions natuve of e erileria emploved
to establish these cenlers, Frequently a eriterion is selected that hest supports
the
ey and Borress (Le) show mare resteaint than many in their diseussion
of the center of origin.

The chromosome number of 8. ealgefne vare infegrifolin was Touad o be
2n=22 in the Ogoloruk Creek maler This wos somewhat surprising in
view of the fact thal var, americema had previously been reported by Dinvig
and Borrays (Le) to have a elivomosome number of 2n=12, In ander 1o
clavify the situation Albertan material of var, americans was examined and
prroved to have a chromosome number of 2n=22, The count of 2n=12 has

- preconecived views, It should be added that in oregard to Smelowsbice
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lwswever been confirmed in Colorado malecial (Packen, unpublished), and the
speeies s under Turther investigabions,

Saxifraga eschseholtzil Steexn.

S0 esclischofizii s oan amphi-beringian species of  restricted  distribation,
oceurring only in the Anadyr and Choakehi regions of N.E, Asin and the
Abska-Yokon area of N, Americn, These regions were lorgely unglacioled and
we would agree with HULTeEs (10370 that 5. eschseholfzii must have spreadd
into the Beringian area prior (o the masimom glaciation.

The chromosome number of 2n=12 found lo occur in S, esclischolizi, con
firmed by Zonvkova (0967) is interesting in thal it indicates a1 basic number
of x =6 not previously known in the genus. This hasiec number has previously
been postulated for Serifraga, sinee it is redsonable o assume Hat many of
the species of Sarifroge with x =138 are ancient polvploids hal arose (rom
crosses belween taxa with x =6 and x =7, It mightl he mentioned thal the latter
basie number is still onknown in the genus, though i is presumed (o have
existed From the frequent oceurrence of 2n=20 and 2n=1=28 in species of
Seerifroge, LOVE and Lisve (1961). It is not improbable that this number is
still extant in some Seowdfroge species of central Asio

ExGLER and Irmsciuen (191G) classify 5 eschschelizii in the series Hemi-
sphiuerica of the section Hireulus, The only other species in this series is
S hemisphaerica which closely resembles S eschecholt=i and which is known
from the subalpine amd alpine zones of the Himalovas, eg. sikkim, between
16—18000°, ExGren and Invscuer (Le), The taxonomic position of these two
species should be carefully considered o any Foture revision of the genus for
their relationship to other members of the section Hircolos seems to us rother
tenuons, The discovery of a chromosome number of 2n=12 and 1he facl thal
the chromosomes are smaller than those found in some other species of (he
section (the ehromosomes of 8. fircolus being in sur experience the larges]
ocenrring in any species of Swurifrega) we regoed as evidenee supporting
this view.

The fact that @ new, Iow hasic number ina species, confined mostly o the
stable, upland environments of an unglacinted area of arctic Alaska is most
significant in owr opinion, Joassoy and Packen (1963, 19671, 11 is lempting Lo
speculale with the information we bave al our disposal, thal 5. eschseholtzi
o some ancestral form arese in the moontains of central Asis (wheee 5. hemi-
spdrerica sUl ovcurs) anad that it subseguently miigeated into the Arctie, pers
laps i the later Tertiary.

In o recent note, CoasipiErs (1964 has commented on eertain morphological
andd eeological aspects of S, eselischolizii, Begarding the laller an explunalion
is mdvaneed to aceount For the fact thal &, eseliseholt=ii occurs al sea level al
Point Hope in XW, Alaska, To accommaodate the view expriessed by PorsiLn
(183481, Heerex (1945) and Wicarmss and Taosmas (1962) thal this spocies is
found only at higher elevabions, Choampers (Le) postulates that prolonged
human oceupaney of o sife on the coast mav create edaphie conditions sui-
table for cerlain caleiphitous species, mot adapted (o the surronnding tandra.
No such explanalion is required, The simple answer to this problem is thal
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the earlier reporls are incorvecl, S esclischolizil grows within 100" of sea
level in the Ogotoruk Creek aren on whal may be called willy precision, stalile
uplands. 1t has o be borae in mind that soeh o deseripiion is relative to the
ather terrain in the area. Furthee, this spee

niled to limestone sub
strades Tor in the Ogotoruk Creéek area it is found quilte commonly on the aeid
shales of the Televeruk Hills bovdering the eastern side of the valley,

The materind of 5. eschscholizii from Ogotoruk Creel exhibits the floral
dimorphism discussed by CHaMBeERS (Lo fHusirated by ExcrLEr amnd IRMSCHER
(el and commented on by Porvsis (1950}, Very (requently, but apparently
nor invariahly the sexes appear lo be on sepurate plants, Also noled in our
material was the corivus fael that the anthers of male (lowers very oflen
dehisee before (he flowers open. Petal color in this material was invoariabiy
hivaline o roseale which contrasts with the vellow mentiomed by CHaMpERS
(e, The dimensions of the seeds given by Wisaiss and Toosas (Leb
namely (L8— 10 mm, are somewhat exaggerated and we suspect thal Uhis may
he o misprint,

15 not L

Saxifeaga flagellaris Winin, (=ssp. Nagellaris sensu Ponsieng

Taken in the widest sense %, flagellaris is a circompolar arctic-montane
species in which the montane popualations are disjunel from those in the
Avctie. Variation in the speeies hos been variously treated by taxonomists,
some recognising a number of speeies, ToLsarcuey (19589), olhers, Ponsin
(1954, 1955), recopnising o somewhal lower npumber of suhspesies. We are
in no position o judge the overall merit of TOLMATCHEV s frealment bal we
concur with him in the recognition of S, fagefloris aned S, plotgsepola as
distinel species: Nol ouly are these taxn morphologically and geographically
distinet, Popsian (Leo) ot theve is o soond eviological basis for their recogni-
Hon as species, S, flagellaris hos o eliromosome nombor of 2n=108, 5 platy-
sepila hias Zn=342.

In commenting on (he exvtologion]l sspecls of 8, flagellaris PACKER (1964)
made the observation that matevial of S0 flageiforis from the Coameasus (Hhe
bype aresx) hod not vel been investigated eviologically. This is ineorrecl. The
connt of 2n= 18 by SOROLOVSEAIA and STHRELKOVA (1948 was overlooked as
it seems lo have been in most other discussions of these species, Though
this eount is et exoct and eonsequently some donbl must remain it would
appuear that at the eostern amd western exlremes of s disteibation, 5. flegels
fereis has o chromosome number of 20 =16, Also referred (o by Packenr (Led)
was the count of 2Zn=14 by WiExs and Hariecs (1962) for Colorado material
ol 5 flageftaris s This number 5 somew unes pected and may represent
=16 as suggesled by Tavion aod Brocisaxy (1966, However in Coloradoe

malerinl of this species vecently examined, Packen (uonpublished) las found
=32, Interesting in this connection is e facl thatl Porsied (Le.) inelades
the Colorade papulations in his subspecies pladyse pala for which this number
has invariably been recorded. Whether or nol two  chromosome numbers
oceur in the Colorado populations remains to be spen,
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Saxifeaga hireulus 1., &0,

Serifroge hirenfus is o circompalar
raspecifie

arclic-monlane species in which several
a have been recognised, Excien and Invscues (1006, Three
chromosome numbers are known fo ocenr in this spectes, 2= 16, 2n=24 and
n=32, The count of n=16 lor Ogotorok Creek material is in conformity
with counls by HEpRERG (1967) and Mosgus and Haviey (1966] lor collee-
tions froom the Canadian Arctic and Alaska. Significantly however the dipleid is
known alsa from the Pamirs, SorkoLovsEasa in LOve and LOve (1961 A) and
from the Rocky Movntains in Colorado. The connt of 2n=32 has invariably
heen fonnd in collections (rom the Xorth Atlantic aren, Greenlnmd, Spitzbergen.
Leelamd and Rolgoey, ul this number has been recorded alsocin material from
Wrangel Is, Znvxova (1967 and the Richardson Mountains, Packer (1964).
With regard to this latter count, while the author has no reason to doubl ils
accuracy, the fact that it is the only recorded tetraploid from conlinental
N. America suggests that confirmation of this connt as typical for populations
of the area would be desiralle;

At the present moment ihis extremely interesling specics is e subjeet of
a lxonomic investigalion by Heprers, of, Heprere (1967}, His lindings are
awailed with anticipation, nol only beeause they will no doubt show whether
or mol there is a close correlation belween e dilfferent chromosome numbers
and the previonsly deseribed infraspecific taxa, bul because significant ad-
vances in the elucidation of the evolution of the aretic flora ean only be
cxpected when detailed distributional data for chromosome races is available
from the total range of the species or species complex,

Saxifraga nelsoniana D Doy sensu aoel. ross. |

In o recenl nole WeERE {1964 has deawn attention Lo an earlier observation
that the Linnaean iype of Scxifragae punctalo bears litde resemblence to speci-
mens to which this name has enstomarily been applied. In view of this WERR
(Le.) proposed 8 nelsonione as the carliest valid name for the species and
S, weitivalis is luken 1o be o subspecies. In so doing WeERR is adopling an
extremely broad view of the species. Apart from the western 5. aeslivalis also
submerged in this species (actoally in the ssp. pefsomione) are the amphi-
Leringian 8. nefsondona, o species Wal Soviel botanists have recognised for
veurs  though for faxonemic rather than aemenelatoral  reasons amd the
K. Asiatie—N. Ameriean entity previously known as 5. prnctala, of which
& nelsontandg is o segregate:

It is unfortunale that Carpen and Saviee (19600 oanibled o check Lhe
Linnacan maferinl. IF i is not S punctata they would most certainly have
dealt with this additional problem in their revision, As it is the names of the
several N American subspecies of S punctale recognised by HULTEN (1945)
wipl AL and Savite (Le remain to be validated. In oo ease like this
however, with the species especially in the Asiatic parl of its range so evi-
dently in need of revision, taxonomists may be reluctant b risk adding 1o
the literatore new eombinations that could become redundant almost immedia-
telv. It might have been better if WeERR (l.e.) had merely diawn attenlion to
the problem and sceepled 8. aestivalis us n species for the purposes of "Flora
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Europoea,” A seemingly invalid name hoas been used unwiltingly for many
vears and the calcalated continuation of the peactice for a few more, pending
a revision, would do oo haroe,

In this paper we have adopted the view of Soviel laxonomists in recognising
& nelsontoied 0s o species distinet from S, paactofes I 15 to be noted that
when this is done the taxon eorrently referved to by Soviet laxonomists as
&, punetala is still withowt a valid name; that remains to be established.
In the absence of this information we shall Follow current practice and call
Lhis entity 5 punetate, The laxonomic confusion that eaisls in this complex
is well illusteated by the several different chromosome numbers thal have
been determined in both 8. nelsoniana and S, punclete. Those Tound i
&, nelsonfona are 1isted in Table U in S0 penclate the Tollowing chromaosomoe
numbers bave been determined from the localities indicated.

=28 Altxi SORGLOVERAIA & STRELEOVA 19037
In=28 Tiksi SOKOLOVEKAIA 1455
2n=c. 72 Alberta MopoRE in GALDER & SAVILE ReTtl
2n=q«, 76 Ramichatka SOEOLOVSEALA 145

As previously stated o taxonomic investigation of this whole complex is badly
necded and a nomenclotoral change thal necessitates all the above chromo-
some numbers being referred o one subspecies, that ranges over much of Asin
and X, Amerien, is not regarded as particularly helpfuol contribation.

Saxifraga oppositifolia L.

As more chromosome counts of this species are published the more in-
triguing it becomes, hoth taxonomically amd phvtegeogeaphically, The map
of these counts, Fig, 1, reveals no obvious correlations; certainly mone I'Ln];illg
diploids with the uwonglacialed areas of the northern b masses or leteaploids
with higher latitudes,

Twer Corms o this species have been vecognised, replons ool peelodnate.
ANDERSSON and FIESSELMAN (18900, and they may possibly coincide with (e
two chromosome races as was First suggested by Live (1831, The Ogoloruk
Creek malervial is of the ‘pulvinata’ form and the coant of 2n=>52 acecords
wilh other counts of this form mentioned by Liwe (Led. Howewer, Hopmes
(1937}, in material from Peary Land veports both Torms o have 2n=26. The
two (forms may well occar in both chromosene raees, cither as genolypic
maodificalion or as Wansisa (19048 suggests ‘modifications  occasioned by
circumstances pertaining o locolity. This species is in need of o complele
revision covering he whole of its distribution,

Hubus arcticus 1.,

This species is rarve in the Ogoloruk Creck Valleyv: several scattered papula-
tions acour, usually associaled with smoll stream dreainoges, fobos arclicus
is inleresting cviologically beeanse both diploid and triploid populationy secur
in the Cgotoruk Creek flora. The diploid population is fertile and matores
fruits, but the triploid s sterile and reproduces ondy vegetatively, Oaly one
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pospulation of the friplaid is knewn, and its origin is obseoree. Whether it arose
directly from diploid &, aechicns or is a relict hyvbeid popalation  formed
Between & arctfens and a now lecally extinet tetvaploid Robis speeies s nol
known, Hybrid populations between varions fuboag speeies are well known in
Alaska as elsewhere, and a hybrid origin for the eiploid ol Ogolorak Creek
cannot be diseounted.

Astragalus alpinus [, 5.0

This widely distributed species 15 obvionsly in need of a thoerough revision.
The distribution of the two chromosome races, 2n=106 aud 2n=32, Fig 1,
presents an interesting picture. The diploid appears to oceur ab lower latitndes
in No America amd al various laliludes in Europe while the tetraploid, absent
From Europe, accupics more northerdy latitudes in N, America, The distribu
tion of the diploid and teteaploid corvespond in no way with the subspecicos
ol pimrs anad areticns that have been recognised i this species, which is per-
haps not surprising since BapyNery (1964) gives ample evidence lor suspecting
their validity.

The complete absenee of A alpines from the more westerly parts of BEurope,
Teelamd and Greenland may fndicate n migeation of the aneesteal diploid both
cast amd west from a ecenter in Asin, Superimposcd on this ancient paltlern
is the tetraploid. This may have originated in Asin and might now be [ol-
lowing the path of the diploid, or it may have originated in X, Amer
which ense it is relracing (the original roule of the diploid migration hack
into Asin. A third possibilily is (hal the {etraploids are polylopic in origin,
It should Twe possilde using the tosls of modern laxonomic practice to learn
much more about the history of this species and which, if anv, ol the

sugdestions made above is most probahle,

Hedysarum alpinnm [

To date all reports of (he chromosome number in M. olpioom have been
Sn=14. Counls of popalations sampled at Ogotoruk Creek have eonfirmed
this number but have also revealeed the existence ol o tetraploid, with 2n =25,
The tetraploid is widespread al Ogotoruk Creek, oceurring on gravel bars and
benches and on frost sears al the upper edge of the wel meadow habital,
Dipleid M. alpingm ocears only on the well-drained aploned soils arvound the
valley, vither on lmestone or on sondstone soils, bol especially the former.
The two ehromosome races can be separaled morphookgically by the consislent
oceurrence of emarginate leaflets in the tetraploid. Plecbariom specimens of
H. alpinim taken feom a wide area of northern N, Ameriea Tailed to reveal
any populations with emarginate feaves. We theeefore conclude that tetra-
ploid M. alpimm is very loeal, possibly resteicted (o the Cape Thompson arei.
It seems probable that this entity is to be regarded as o distinet species,
though further investigation is required.

Meiosis in the tetraploid is somewhat irregulare in thal uncegual segregalion
is seen in about 50 percent of nll st divisions in PPMCs. Pollen fertility
i also about 30 percent, but the effect of this on seed production is not
koown. Tn any evenl the telraploid seprodoces most efficiently by chizomes,
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Buplenrum amerfeannm Coror, & Bose

This is the only species of o largely temperate genus of some 50 specices
that oceurs in N, Americi. I would seem veasonable (o suppose that B
plenrum is Old Waorld in origin and that its advenl inlo N, America is fairly
recent, No fossil material of the genos has been Towwd in N Ameriea (G

houvse in Ltk ). However, the entry of the genos certainly. predates the Iast

glacintion, lor the distribution, like thal of Smeloeskio cofygeing, suggesls
survival both north and sowil of the last ice sheel.

The chromosome number for B, amerfeanam, determined from Ogoborok
Creelk material differs from thatl found in material from Alberta, 2n=14 and
2n=328—d42 respectively. When more ovtological data are available or a taxo-
nomic revision |rl|i|-|'l'~]wd it will be interesting o sec if the present geogrn
phical relationships ol these numbers s maintained. The diplodd being Tound
m the Beringian ares where migrants first entered N, Ameriea with the teira-
ploid farthest from this point and being possibly the more active coloniser
ar migrimnt,

Ledum palustre [

Livve and Live (19630 in o recent consideration of the axonomy of Ledim
hnve econcluded that twao species only should be recognised in the  genus,
These are L. groenlandienm, o diploid with two subspecies, groenlandicom
amdd glandulosom and L potistre, notelvaploid with three subspecies, palistre,
decumbens and diversipifosiom. 1 wonld seem 1o us however, that whatever
the merit of this laxonimic treatment it 15 too early as vel o be certain of
the cytological aspeels of these tania. In thelr paper, Live and Live (Le
report an unconticmed eount of 2n =252 (or L. groenlandicam ssp. groenlondi-
cunt from Mt Washinglon which is ot variance with the presailing dipleid
cotulition in this taxon and which they are inclined to regord as alvpical.
This eerlainly may be the case in view of their subsequent discovery of
variation in chromosome number in individoal plants, Liwe and Live [(1966].
In the Ogotoruk Creek materiol of L. pedirstre the possibility of sach variation
wis ol exploved, bul the prevailing number was 2n=26, 11 is eviden! that
a detailed investigntion of Ledum would be o worthwhile anderinking.

Eritrichum splendens keEanyey

When Huevres (1949 prepared his aceount of this species if was known
Slatitudes in Aaska from the Boring
Strait to the Alaska—Yulkan border. The discovery ol B2 splendens at Ogotornk
Creek represents a nocthward extension of range in Beringin of sonwe 150
miles. It also has been found in e Bichardson Mis, on the Yokon—NWUT.
border, Packer (unpublished |, which 5 o considerable northeasterly exten-
sion of s range.

There is an interesting aspect o the karvology of this species. T'he chromo-
somes [all inlo two size classes, about 18 large chromosemes and aboul 18
small chromosomes appraximately one-fenth the size of the lorger. This size
difference is: nol found in the ather species of Ertrichiem investigaled. in
which all the chromosomes are smnll,

from only Five localitics oecupying mid

Bol. Nofizer, vol. 121, 18
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Castillefo elegans OsTENF. ¢x MALTE and Castilleja caudata (PESNELL)
Joussox & Packen

Costillejo paflida, laken in the broad sense of PEXNELL (1934] has a very
wide distribution in northern Asin and northern N, America, extending (rom
the Kola Peninsula to Hudson's Bay, To o considerable degree its distribution
covers arcas that woere ungliciated during the Pleistocens and there has been
only moderate post-glacial penctration of glacinled lerritory, PesxseLn (Le
However in species of northern latitudes the infloenee of the glacialions musl
be anticipated and the opportunity to study in apparently related faxa, Uhe
effects of the changing condifions during the Quaternaey, especially with
regard to polvploidy and disteibalion, makes this o pariiculacly interesting
assemhlage,

C. elegans and O ewneeata are both treated s subspecies of C. pedficla by
PEsxELL (Le.) who recognises o tolal of seven. Each sabspecies has a distine-
tive distribulion with soccafe and dahorica steictly Asiatic, and subspecics
pedlicly (PENSELL'S fypiea) lorgely so, The subspecies eondeato, anricome and
fertae are N Ameriean, with elegony essenbally so bul reaching northeast
Asia. Also of this group is €. ercbicn, nol ireated by PESNELL (Le.] which
oecurs inan area from the Kola Peninsula to the lower River Ob, HULTEN
{1945},

Cytological data have Dbeen published Tor three of these laxa; all Trom
Russinn sources. Material of €. arctica from Kolguev Island was found by
SOKOLOVERALA and STRELKROvA (19600 1o have a chromosome number of
2n=44, ]‘tL'l."(‘:II”I‘l.' SoroLovsEats (1963) has published o connt of 2n=46—A48
for matervial of €. pallide Tfom Kamichatka, which is most likely o be sub-
species saceafa, the only one oceurring in that sren, PENNELL (Led), ZHUEOYA
{1967) has published a count of 2n=24 in L elegans trom Wrangel s,

The Mora of Ogotornk Creek includes two of PEsNELL's subspecies both of
which we prefer to regard as species. O elegang has previoonsly been aceorded
spiecies stotus but ssp. eondate has not, we therelore propose the following
clinnge.

Castilleju caudala (Pesseis) Jonssoy & Packen stal. noy,
Lased on Castillefa pallida (L. Senexc, ssp. candata PesxeLn,
Proe, Acmd, Nal, Sci, Phil. 86: 524, 1934

L orandate is, ns stated by Porsien (19550, o rather distinetive element in
the C. paflide complex, endemic o Alaska amd Yukono Not only does it differ
in morphology and geographical distribution buot it also differs in chromo-
some muomber from all other members of this assemblage so far investigated.
As regards © elegans and €, candata in the Ogotoruk Creck area they differ
markedly in their ceology, . elegans generally being found in Deges Fell-ficld,
though never abundantly, while €. candate s found in somewhal moister
habitats, on gravel bars ete. and when §l does ocear in ecotonad Drpas sireas
it is as a snow-bed plant.

Bot: Wodiser, val. 121, 108
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Saussurea angustifolia (Wiiin) DO

Like Bupleurwm, Soaussdarea is oo genus overwhelmingly: Eurasiolic in ils
distribiation; over one hoandreed species are represented in the Flora of the
LSS R while in N. Ameriea anly o handiul of species ocenr. 8. angerstifolia
1= one of two amphi-beringion species amnd aceording to HUoLTexs (1830) it
extends in Asia [rom the Alden River to the Chukehi Peninsula and Wrangel
Is. while ifs distribution in N, America, recently mapped by Possiin (1966,
covers Alaska, Yukon and Corenalion Gull, eentral Keewalin soulh o Greal
Slave Lake. Prior (o the count of 2n=246 in OQgotorek Creek moaterial the only
previously reporled  chromosome number for this species was 2n=232 in
material from the Bichardson Mis., Packen (08964, 1t will be inleresting 1o
abserve, when more information 1= available, whether or not fhe  presend
geographieal relationship between the diploid and teteaploid is maintained.
AL the moment, as is the case in Buplevrum onericanum, the diploid is found
in Beringia, assumed (o e lhe entry poinl of these axa into N America
while the tetraploid occurs some distance from the assumed area of enlry,
Additional information For this species and Boplearom americannm eonld e
sigmificant in shedding hight on the relative abilities of diploids and fetraploids
to migrate and colonise new areas,

Senecin residifolius Less, and Seneecio conterminus GREEESNM,

Considerable confusion exisis regarding the lnxonomy of both (hese species
andd their relationship b Senecio fgperborealis GUEENM. Senecto cymbalorio-
des BUEK (5. sebmeizs DO, of American authors, of, BABKLEY, 19652 and Senecio
ooy, DREENMAN (19160) recognises all five species; he himsell being respon-
sible for deseribing two of them, & canferminos and 5, hygperborecliz, Boll
Hrerrex (1950) amnd Porsmn (1951, 1955, 1966) follow GrREENAMAX (Lo
recognising N,oresffifolins, 5. confermings and 5. hyperborealis bal HULTEN
[Le ) has some reservalions regarding the relationship of the Alaskan material
of 8, contermines to that from the southern Canadian Rocky Mis, not shared
by Pomsrin (Leld. Moss (1959) recognises &, residifolins and 5. eygmbalario-
des, bul includes holh 5. courferminns sl S, ovimes in 5, residi folius. BARKLEY
(1952 on the other hamd, while he recognises the two species dealt with by
Moss (Le.| and agrees with his disposition of 5. oofmes, includes S, confer
minus with 8 hgperborealis. Regarding the relotionship between S, residi-
folins and 5. cgmbofaricides, BAaRgLEY (Lo remarks that while these speeies
are ecologically distinet they may well be eonfused in the herbarium for there
are virtually no consistent morphological claraeters for separating the two
species.” Various alher views regarding these species have been published but
the foregoing is sufficient indieation of their confosed faxonon.

One of us (LGP is engaged in an investigntion of these aretic and alpine
Sepecio species, Preliminary studies indicate that at least some of the Alaskan
maderinl treated as S, conterminns is different from that in the Bocky Mits,
of Alberta (the type loeality | ; whether this applics tolally remains Lo be seen.
Our material of 3. eontermings from the Ogoloruk Creek aren was [ouned
{o have a chromosome number of 2n=46. In the Alberta material no exact
count has vet been made but in the several populations investigated o chromo-

28 Fat, Notiser, vol, 121, 1R
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some nwmber of 2Zn=>= 1600 has Dbeen abtained, These could o fact be
acloploids on the base number x=23, e 2= 184, some eounts having comee
close o this figure.

With regard to 5. residifoling the count of 2n=46, SOEOLOVEEATL (1938,
in nuterial from (he Allai region of central Asin is of interest beeause iis
number is ool in aecord with the counts of 2n=92 [or the Ogotoruk Creck
malerial. 11 is however the same s that found in several Alberla populstions
of the elosely similar 5. cymbafariofdes. 5. cpinus also has 2n=46 and shoulid
undoubtedly be included in S, egmbalaricides. A full report of the current
imveshgalions will be published in due course,
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Meddelanden

Korrespuniderande ledamiiter § Lunds Botaniska Firening

Far fortjanstiull verksamhet for Lunds Bolaniska Farening och den svenska
botaniken har foljande botanister vid sammanteade den 16 februari 1968 en-
hiilligt wvalts till korresponderande ledaomiter @ freningen: Professor Haxs
Lurnes, Helsingfors, Professor K. H, Recinxcer, Wien, och Professor Vivi
TRekuoLs, Kairo,

Hedersledamot § Lunds Botaniska Firening

Vid samrmanteiide med Lunds Botaniska Farening den 16 febroari 1968 har
professor ARNE MONTZING, Land, valts 1l hedersfedamol § Fireningen.

Genetikprofessuren i Luand
Professor ARE GUSTAFSSON har av Kongl, MajA otndmmnts all foom. den 1 juli
1968 vara prodessor § genetik vid Lunds Universitet.

Visputationer
I Lund

4.5 1968 INGEMAR BIOREQVIST: »Studies in Alisma L. Distribution, Varia-
tion, Germination, Chromoesome Studies, Crossing Experiments and Taxonemy,

9.5 196H: Axpenrs Jonsssos: o UndersGkningar av Hdsfakiorer i geotropiskn
och folotropiska reaklioner hos vaxter,

A1.a 1968 BERTIL NORDENSTAM: The Genus FEurvops, Morphology, Cylo-
logy and Taxonomy,»

I Uppsala

202 1907 Lena Jossern: Studies on Evysiphaceae with Speciol Regard 1o
thee Swedish Species.

153,12 1967 KENSTIN GEZELIUS: oStudies in the Ulleastructure, Growtl sod
Bicchemical Differentiation of Dictyostelium discoldeum Raper.

1812 1967 Onee Badnksax: Comparative Studies on Photosvothetic Pro-
prerties of Specics and HRoaces of Higher Plants from Ecologically  Diverse
Flaalbsitzls.

dob 1968 BENaT JoxsELL: sSludies in the North-West European Species of
Rorippa s str,

A5 196R: Jax PErssox: - BRiological Testing of Chemical Humus Analysis,

17.5 1968 Erik SKvE: »Lichens amnd Air Pollulion.

240 1868: Jivm LesnovisT: s Plant Cover and Environmen! of Steep Hillsides
i Pite Lappmark.

I Gilehorg

97.5 1968 Haxs Epsracor: sZar Okologie der marinen angelefteten Dia-

(G T
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Botanisk Litteratur
(Botanical Literature)

JEray, Al G & T, T G Biritish Sedges. A handbook o the species
of Cares Tound growing in the British Isles, RBotanical Society of the British
Isles (RSB, London, April 1968, 199 pp, 8460 ligs, Paperboack. Price 17/6

The large genus Corer contains about 2200 species in Europe. The species
often present identification prohlems to the non-specialist. Bul even for e
more skilled hotanists problems may arvise when trying o identifyv. e.g. vegeta-
live malerial or members of the orilical groups, The reason for these diffi-
culties may be partly that the Corex species are so numerons aned parily that
o does not alwavs know the best distingnishing characters, Some specics are
ulsn very varishle and in some groups hybrids secnr reguently.

This illustrated handbook of British sedges will certainly be of greal help
particularly (o amateur hotanists and ceologists, Butl also specialists will Tind
new inlormation within il The practical size and shape of the book makes
il very suitable in field work.

The boek contains deseriptions of 74 British Corex species. AL bt Four of
these veear o Seandinavia. In one of the introdwctory ehapters (p. 11 Hue
Carer plant is deseribed wilh particular attention 1o the dingnosticaliy im-
portant stractures. In this account as well as in the descriptions the vegelative
structures are stressed, This valuable informuation s chielfly based on Field
» A G JerMy. A key founded on
vegelative charneters of the Carer species and oller sedge-like species (po 42
i5 presenled, Last summer T have been able fo lest this Key several times and
it worked surprisingly relinhlv, | think that this key, ene of the few poblished
of this Iy, will e of much |||'||;| liv 1'1'||ir|gi.h[.w which afteén have 1o face the
problem of determing non-Troiling maolerial, A key to froiling specimensy 15
also presepted (p. 30).

ohservations made by one of the authors

coneise hul novertheless give mseh information on the
varittiom of the species. The deseriptions are all hoilt up aceording o a con
mm seheme which makes comparizons easy. The same conlormily s also
fonend in the illusteations. In the descriplivns one misses information on the
chraomosome numbers, The ecology of the differenl species is given, often in
detail. The distribution of the species on the British Isles is presented. ln-
formation on their distribulion outside this aren is loeking, howeyver, T oo
nection with the deseriptions there is in many cases 4 briefl discussion of

The descriptions
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species which can be confused with the species in gquestion. The hybrids arve
also mentioned ol ol deseribied.

The deawings aecompanying the descriptions are wsually good. In partie
[hiee detail drawings arve skillully made, However, in some cases they are some-
what over-simplified which is especially true of those ol stem and leaf tran-
seotions and the nutlets, When two species are illustraded in the same figure

one has o consull the Lexl in order o distinguish the partial figures,

The Latin mames wsed sometimes deviale from those in vse among Scandi-
wavian faxonomists: (el Hyveaxper, Nordisk kivlvixtflora [T, 19661, The
synenyms (mainly fronm English floras) are fonnd in the indes of Latin names
. 195 and in the contents. No synonyvms are given in connection with the
descriplitns.

The classilication of the genns has been treated only briefly, probably be-
cianse it falls outside the scope of this book. Two subgencra are recognised,
Coarer and Vignes, The former recognised subdenus Primocarer, conprising
species with a lerminal spike, is entively placed in subgenus Corer althoongh
the Primocarer is a heterogencous group. Thus one finds . dicica in sub-
genus Garer bl G0 cnrda (€ caneseens) in Vignea. Bul these Dwoo species
aften Form hyvbrids swhich may indicate a closer relationship {ef. HyLaxoeER
Fueh, b 43).

This beaok is sawd to be the fivsl in o sevies of handbooks sod 0L is oms
Liogie thatl the subsequent ones will be equally osefol and kKeep the same high
stundard.

(hnaan NiLssos

vax pER Pk, Lo & Dopsox, G He: Orehid Flowers, Their Pollina-
lion and Evolulion. University of Miami Press, Coral Gabiles, Florida, No
vember 1967, X214 ppe 48 full-eolour illustrations. 121 fips: Clothbound
Price # 12,50,

Orchids, pollination. evolulion there can hardly exist o more Tascinaling
subject to dewl with for o pollination ecologist, This book gives [ull evidence
thal the two authors have been as suitalde (or the task as they have cojoyved
il. Their joinl publieation also gives the reader great satisfaction in following
the thrilling and often intricate diversity of the orehid flowers god the naataal
adaptions between the fowers and their pollinaters, The exguisile layoual of
e ook, the narrative illustrations, and the deseriptions of the very comples
aml interesting phenomenn in orehid pollination are kepl inoa stvle appealing
e amateurs, orehid hobbyists and noturalists as well as o professional hin
logists and bolanists.

Professor emeritus VAX DER P has his main interest and activily direeted
Iy pollinalion ecelogy amd reproduction of tropieal Clowering plants. From
1948 1o 1954 he was Professor of Botany at the University of Java, Professor
Bonson has mainly worked on pollinalion ceology, evalution, and axonomy
of crehids in Tropieal Amerien. ITe is now Associale Professor of Holany al
the University of Mismi and Corator of Orchids ot the Foirchild Tropical
Lanrden.
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The first four chaplters in the book present lhe morhology of the orehid
flower with pacticnlar atfention 1o its function in the pollination svstem. The
next chapler presents the pollingtors and gives a general classification of
flower Wvpes adapled o different pollination agents, The inleresting “polli-
naloer-flower bonds™ are alse presented in this aceount. In the following six
chapters the cooperation between orchid (lower and ditferent groups of polli-
nators, eg., bees, bulterflies, birds, and Flies, is deseribed with many in-
teresting exomples. In these chaplers oone gets glimpses of the enormons
diversity in {Toral stroctures adspled to different pollinators which eonstitutes
the background in the subsequent diseussion on evolulion and specialion ol
the orchids, (One faces the question — what is the flower 1o the plant which
bears it, and what iz it to its pollinator. In chapter 11 the phepomenon of
psemdocopulation is deseribed, The last chapters deal with evolution and
speciation in orchids and the Functions of their flowers. Among the orehids the
harriers to gene exchange befween differenl taxo are inogeneral the same as
in other plant groups bul the imporlance af biological barrviers is perhaps
more progounced here. In speciation hybridisetion probably playvs o major
cile, The lack of endosperma in the seeds may be an importam factor o

allowing inlerspecific crosses, Ly the discussion on evoelution ope often meets
the statement (hat “orehids and inseets have sandered the paths of evolution
hand in hand™. The authors of this hook stress a somewhat diverging opinion,
viz., “thal orchids have been quile facile al adapting 1o advantageous charac-
teristies already present in exisling |m||1'|1ﬂiur'$“. They mean thal the evialo-
tion in orehids is rapid and of rather récenl origin and that the pollinators of
the orchids of today may have reached their particalar charneteristics “as
adaptions o olher much older plant groups”™.

In an appendix there is a Jrresentat ion of the taxonomy of the orchid family
il a list of orchids and their known pollinators. A glossary to osed lerms
is given as well az a useful biblisgraphy.

No other plant family exhibits such an enormous diversity in floral orga-
nisulion @s the orchids. Since long i1 has heen known that this diversity is
intimately connected with their pollination, The classic work of Coanies
Dapwix on this subject was published aboul one hundred vears ago. The
authors intend with their ook to honor the Centenary of DARWIN's book,
which has been a source of inspivalion ever sinee il was published, T wish o
express thal their intentions have been carvied through in an exeellent manner

Oinrax NiLssox

PIERRE BOURRELLY: Les Algues dean dooce Initintion & la Svstéma
ligue. Tome IF: Les Algoes jaunes et brunes, — Editions N, Boubée & Cie,
Paris L9GE. 438 pp. 114 planches, Prix 110 F.

Although D, BousRELLy is wellknown .as a productive phyeologist with o
barge number of important publications, his effectiveness 15 sl surprising.
The pgreen volume of his “Les algues d'eao dowce”, published in 1966, has
already been followed by the vellow volume. OF course, in both cases there
have been some previous preparatory publications. For the green volome,
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there was “loitintion pralique a la systémaltique des algues dean donee 1-—8",
ainel for the vellow one, the “Recherches sur les Chrvsophyedes”, The final
resull foreshadowed in these preparatory publicalions, and now seen in the
volumes published so far of “Les algues d'ean douee” s of high quality.

The latest volume is devoted to vellow and brown algae. The classes €y
sophyeeae, Dicdomophyceae, Xanthophyeeee, and Placophyeeae have heen
grouped ogether int the phvlom Chromophpta s ste, Thus BOURRELLY has
only aceepted the ideas expressed e, by CHADEFAUD (1960} and CHRISTEN
sEN (1962) 1o some extentl. e considers Pyrehophyta, Englenophyta, and o
phidoptgte as phyla of their own, an opinion which seems to be well-Founded,
However, il wonld have been moch hetter o replace the name Chronogligto,
a very bad one, by something more appropriate. Even Chrysophiplo s. ampl.
would Iive been betler,

The treatinent of Ghromoplegin has been carrvied oul wecording Lo the same
pattern as that already wsed for Chforophgte in the Tiest volume. 1L s charae-
terized by high gquality and elavily. The author has managed to be as up-lo-
date as possible in the text, so there must have been good co-operation with
the editor. In the deseription of each genus the approximate number of spe-
cies has been indicated, and this is o valuable guide, especiaily as most of e
Dandbooks available for idemtificalion are rather incomplete, Fog. il is alwavs
essenlinl to know that there are at least 120 species of Chromulineg to choose
betwern in making an identification, Pascuen (1913 has 18, HuBEn-PEsTA-
ol (18410 has 54, Marviesko (196G5) has 56, and Stanvacn (1968 has 70.

There are ol least 3500 freshwaler species of Chromophpba, apportioned
to 350 genera. The largest geoup is. of course, dintoms, with aboutl 2000 fresh-
water species grouped oo B6—67 genera. The descriptions of genera arve fol-
lowed by a large number of illustrations on 114 plates, and there are also
many figures in the text. They aree all of high quality, the only. exceplion
being two photomicrographs of diatoms, whieh have somewhal fuzzy details.
The yellow pages at the end of the velume eontain a useful key for the deter-
mination of the genera of the freshwater Clromopdgio,

This volume, like the firsl, is indispensable for every serions phycologist,

Kusg Tiosassox
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is ediled by the Lund Botanical Society in cooperation with the Institule
of Systemalic Bolany, University of Lund. I consists of larger treatises
issued al indefinile imes, Alter vol. 12 the series is published in separate
numbers, each with an individual price. The redoecd prices for mem-
bers of the Lund Botanical Society are indicated.
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1839 —1938 DPris fir medlemmar 100 kr.
Price for members 10 Sw. kr.

1939—1938 Pris for medlemmar 24 ke,
Price for members 24 Sw. kr.

Botaniska Notiser Supplement

utgjorde en faregingare Hll Opera Botanica, De tre utkomna volymerna finns
alltjimt tillgingliga till ett pris av 10 ke, per velym fir medlemmar,

Boteniska Notiser Supplement

was 8 predecessor 1o Opera Bolanica. The three volumes edited are still obtainable
ol o price of 10 Sw. kr. each for members,

Vol 1:1, 8 WarpseEm: Kleinmoosgesellschaften und Bodenverhiiltnisse in Scho-
nen. 147,
1:2, ¢, Avmpony: Distribution and Eecology of some South Seandinavian
Lichens, 1118,
Vol 2: 1. H. Hazemgvist: Studies on (he Floral Morphology and Phylogeny of the
Amenliferae. TS,
2:2 0, AspeErsson: Larger Fungi on Sandy Gross Heaths and Sand Duones
in Scandinnvin, 1850,
Do AL ALMESTRAND and AsTa LoxpH: Studies on the YVegetation and Hydro-
chemistry of Scanian Lakes. I—I1 1951,
Vol d:1. Asta Lusow: Studies on the Vegetation and Hydrochemisiey of Scanian
Lukes. 111, 1951,
#:2 Ovov Hepuen, e MArtessson, omd STEN Runserc: Botanical In
vestigalions in the Piltsa Begion of Northernmos! Sweden, 1952,
58 K. I, Becmseer Fins Monograph of the Geons Bumex in Africa. 1954

Forteckning over Nordens vixter

I Kirlvaxter, 4 utwidgade uppl. (1953}, wlarbetad ay Nics HOyLaspem -
Moddern och fullskindig lista dver omreadets kielviicter med poingvirden for arternas
farekomst. Innefattar dven forteekningar dver synonymer och fridlysia viigler.

Pris fir medlemmar 12 ke, {interfolierad 15 kr.)

List of the Plants of N.W. Evrope
(aweden. Norway, Denmark. Enst Fennoscandia, leeland, and the Facroes)

L Yuscular plants fourth enlorged edilion (1953), by NiLs HYLANDER. —
A maodern and complete Hst of the speeies with point values indicafing their ravenes
within the area. Lists of the synonyms and of (he protected species are also giver.
Price for members 12 Sw, kr. (interfoliate 15 5w, kr.)
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