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Rubns vcstitus Wi.uii: & Ni:i:s 1825 

[Rubus leucoslachys Sc.iii.r.iciiKH 1824) 

Stem arching, densely hairy, glands few or none: prickles <>—9 nun 
long, patent, subulate, base (»—10 nun long, narrow: leaves (3 l.i-lolio-
late. rather hairy above, shiny below from dense, rigid hairs, often 
also while-tomentose: terminal leaflet broadly obovate orbiculate with 
a broad, rather short lip; inflorescence long, leafy below, hardly nar­
rowed to a rather dense, abrupt apex, glandular: flowers about 2.5 cm 
across: sepals grey-lomenlose. glandular, sometimes equipped with scat­
tered prickles: petals pink—while, broadly obovate—orbicular: fila­
ments about 5 nun long. 

Normally, the stem is terete angled, rather strong, purple brown, 
and almost bristleless: the leaves are dark green: the terminal leaflet, 
except the lip. is twice as long as the petiolule: the peliolules of the 
upper pair of leaflets are about 1 cm long, while the peliolules of the 
lower pair are 0.25 ()..") cm: the prickles in the apex of the inflor­
escence are long and subulate, slightly recurved: the sepals are defli'xed. 
H. vestitus is one ol the relatively lew European blackberries that 
probably prefer calcareous ground. The species occurs in Sweden on 
the southern slope of Söderåsen in north-western Skåne; in Denmark 
the species is rather common in the south and also occurs in one local­
ity (Bangsbo) in northern-most Jylland. 

Kubus radula WEIHE 1824 

Stem arching, sparsely hairy, glandular; prickles ol Iwo kinds, one 
bristle-like with a rather strong base, the other C>—-\) nun long, falcate 
or patent, flat with a ."1—7 mm long base: leaves 5-foliolate, glabrescent 

1 4 Rot. Notiser, vol. 123. 1970 
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XXXVII 

If 
IM. XXXVII. Huhns vest Ulis WKIIIK & NKKS. liiniark: K refers lo a 5-foliolale leaf. 

GKNEKAL LEGEND FOK THE PLATES 

First-year growth (prlmocane): A. Stem with pricklos. 1 . 1 . - 15. Prickles, 
drawn from lin- side and from above. 1:1. — C Stem with prickles, glands, 
and hairs. 4: 1. — D. Leaves (without serration and petiole diameter shown!, 
l: )S. — E. Margin of a terminal leaflet with a petiolule. 1: 2. — Second-year 

Bot. Rotisor, vol. 123,1970 
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XXXVIII 

PL XXXVIII. Rubus iradula WEIHE. — Remarks: I). The leaves of the primocane are 
normally 5-foliolate. — I" refers io a •'> foiiolate leaf. 

growth [floricane] F. Inflorescences (without prickles, serration of the leaves, 
and axis diameters shown). 1:8. — G. llachis «ill> prickles, glands, and hairs. 
I: I. II. Floral bud with prickles. 1:1. — I. Petal (without hairs). 1:1. 
— .1 Flower (withtoul petals, glands, and hairs) 1:1. 

lint. Notiser, vol 123, 1970 
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above, pale green- grey-while felled beneath; terminal leaflet ovate, 
or elliptic rhombic, gradually acuminate; inflorescence pyramidal, 
large and leafy or short, dense, and leafless, glandular: flowers 2— 
2.5 cm across: sepals grey-tomentose, glandular, acuminate; petals 
pink—while, broadly elliptic; filaments about .» mm long. 

Normally, the slem is low-arching with a creeping tip. angled, rather 
strong, dark red; the prickles at the apex of the inflorescence are long, 
straight, patent, or slightly recurved: the sepals are deflexed and devoid 
of prickles. ft. radnla seems to prefer dry paslurclands on rather fer­
tile soils. The species occurs in Norway along the south-eastern coast 
only: in Sweden it is rare in Bohuslän. Halland, and Småland, but 
rather common in some parts of Skåne and Blekinge: in Denmark 
the species occurs over most of the country. 

Kubus laoiiiiinini LlNDEBKHC 1858 

[Rubus infestus auct. mull, non W E I H E 1824I 

Stem arching, hairy, glands few: prickles of two kinds, one fragile, 
up to 5 mm long, the other stronger, 5 —8 mm long, falcate or straight 
and recurved, flat with 5 8 mm long base: leaves 5-loliolate. glabres-
cenl above, green, hairy or greyish green, softly pubescent below; 
terminal leaflet elliptic—obovate. acuminate: inflorescence relatively 
small, leafy, branches widely spreading, glands present; flowers about 
2 cm across: sepals greyish green, tomentose. with a while-felted bor­
der, glands and prickles present; petals pink— white, broadly elliptic; 
filaments about 5 mm long. 

Normally, the slem is angled furrowed, dark red: both Kinds <>l 
prickles are rather numerous, the stronger ones (always present), except 
the pale tip, are dark red and hairy: the leaves are small and have 
sharply biserrate margins: Ihe apex of the terminal leaflet is long and 
oblique; Ihe petiohlle ot Ihe terminal leal lei is three times longer, or 
more, than Ihe peliolules of the upper pair of leaflets, while Ihe petio-
lules of the lower pair are 0.1 — 0.2 cm long; Ihe armament of the 
inflorescence is rather well developed, consisting partly of rather 
strong, flat, falcate, or hooked prickles, and partly of straight, smaller 
bristle-like prickles; the sepals are spreading. H. taeniarnm is known 
from several localities in Ihe Bohuslän archipelago soulh-wcsl of Udde­
valla on the Swedish west coast. 

FRIDEHK HSEN (1922) reports ft, inf est us WEIHE from four localities 

Rot. Notiser. Mil. IS». 1970 
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PI. XXXIX. Hubus taeniarum LINDEBERG. — Remarks: II. Tin- base of ibe upper 
prickle is loo large, especially as seen from above. - .1. The apices of |he sepals 

are unusually prolonged. 

in Denmark, hut he docs nol mention ft. taeniarum. WATSON (1958), as 
well as HESLOP-HARRISON (1968), reports both species as Danish, while 
FOCKK (1914) treats them as a single t axon. IIYLANDKR (1955) seems 
to share the view of FlUDERICHSEN (1914, 1922). I. myself, have nol 
been able lo reach a decision. 

Hubus fuscus WEIHE Ä NEES 182Ö 

Stem arching, densely hairy, glands scattered; prickles ."> 7 nun 
long, recurved and straight, hooked, or rei'lexed. from a ."? -5 mm long. 

Il.it. N o t i e r , v..I. l i ' l . I'.ITH 

http://Il.it
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l'l \ l Hulnis fascus W B I H B & N E E S . — Remark: E refers to a 5 foliolate leaf 
with a broad terminal leaflet thai lias an iiniiMiall\ short apex. 

flat base, abruptly subulate; leaves i3 iö-1'oliolate, glabrescent above, 
provided with sparse, slid' hairs below: terminal leaflet broadly ellip­
tic, acuminate; inflorescence, except a lew axillary branches below, 
leafless, relatively short, with one or a few flowers on each branch, 
pedicels long, glands rather numerous: flowers about 2.5 cm across: 
sepals grey-tomentose, glandular, prickles numerous, petals white. 

Hot. \"li-er. vol. 188, 1070 
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cuneate broadly elliptic wilh an elongate, na r row base; filaments 

5—(> nun long. 

Normally, the stem is low-arching o r p rocumben t , lere le—angled, 
greyish green o r p u r p l e — b r o w n ; Ihe pr ick les a re pale yellow, scat­
tered, bristle-like prickles few or none : Ihe leaves a re large, d a r k green . 
with coarsely serra te leaflets: Ihe petiolule of tin- te rmina l leaflet is 
twice as long as the peliolules of Ihe upper pai r of leaflets, whi le (hose 
of Ihe lower pai r a re about 0.4 cm long: Ihe prickles of the inflores­
cence are recurved—reflexed and s t ra ight : the hairs , as well as the 
s la lks of Ihe glands, are ra the r long both on Ihe stem and in Ihe inflores­
cence: Ihe sepals a re loi ig-acuminale , sp read ing or deflexed. H. flisens 

seems to prefer boggy areas associated wi lh forests. Ihe species is 
known from two small a reas in Scand inav ia : namely, in nor lh-eas le rn 
Smaland , between Ihe towns of Valdemarsvik and Vfistervik, w h e r e it 
g rows near the Baltic inlets and connect ing lakes, and on Ihe Danish 
island of Als. sou lh of - T h e Little Bell". 

The species was formerly named R. pallidas \V. & N. in Sweden. In 
Denmark , this species is k n o w n from Fyen and eastern Sonder jyl land. 

In Ihe next two papers , 1 intend lo t e rmina te my cur ren t con t r ibu t ion 
lo "Drawings of Scand inav ian P lan ts" wi lh lour laxa — namely , 
H. hartmanü, H. bellardii, It caesius, a n d the Corglifolii g roup, a key 
for thi' Ireated laxa, and a brief discussion. 
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Observations on the Taxonomy ami Ecology of the 

Epilitliic Crnstaceous Brown Algae in the SW Archi­

pelago of Finland (Seili Islands) 

By Orvokki Kavanko 
Department of Botany, 

University of Turku, Finland 

ABSTRACT 

KAVANKO, 0.: Observations on the Taxonomy and Kcology of the Kpililhie 
('.ruslaccous Brown Algae in the SW Archipelago i>f Finland -Seili Islands'. 
— Bot. Notiser 123:220—230, Lund. 

Hie i'pililliir hrnwn-algal iru-N thai Hencralh were referred lo Litho-
tlerma fatiscens ARESCHOUG in the inner pari of Ihe Baltic, but af ler 
WAKRN'S (1949, 19521 studies were lreate<l as three different species — 
viz., Petroderma ntaculiforme, IMhoderma subextensum, and /.. rosen-
I'imjii — have been studied. 

According to the observations on the development of the crusts Petro­
derma maculifotme IWOI.I.NY) KL'CKUCK seems to be a juvenile slage of 
IMhoderma subextensum WAKHN. The morphological Features considered 
in separate L. subextensum from /-. fatiscens ARESCHOUG and /.. fatiscens 
ARESCHOUG in Ihe sense of KUCKUCK are unstable and probably change 
readily under different environmental conditions. The characteristics of 
Lithoderma rosenvingii WAERN are believed lo represent abnormal devel­
opment; lims, /.. rosenvingii is conspecific with /.. fatiscens ARESCHOUG. 

Also the resemblance of a number of other taxa lo IMhoderma fati­
scens ARESCHOUG has been discussed. 

INTRODUCTION 

In 1949, W A E R N publ ished a p re l iminary report on I hi' c rns taceous 
brown algae thai occur nor th of the Baltic proper (ö r eg rund Archipe­
lago). T h r e e species were repor ted thai were new lo Sweden. T w o of 
them Lithoderma rosenvingii and L, subextensum — were described 
as new species. T h e third one. Petroderma moculiforme, was previously 
described, bill its dis t r ibut ion was nol known . Fur ther details of the 
brown-algal crus ts were t reated later by W A K H N (1952). 

Although more records now exist for Petroderma maculiforme, its 

Bol. Notiser, vol. 123. 1970 



KPII.IIHK, CRUSTACEOUS BROWN ALGAE IN S\V FINLAND 221 

dis t r ibut ion ( E D E L S T E I N & M C L A C H L A N 1969) is still poor ly known. 
Apparent ly , il has a wide dis t r ibut ion, having been reported, besides in 
Europe , from the Atlantic Coast of North America, from South Georgia 
and the Antarct ic (Kl)KLSTElN & M C L A C H L A N 19691, and as well from 
the Pacific Coast (WYNNE 1969). Roth Lithoderma sub ex I ens urn and 
/.. rosenvingii have been repor ted from the same areas according to 
W A K H N S publ icat ions isee. e.g., I.I'M) 1959 p. XI: RAVANKO 1968 pp. 
24 25] . 

Dur ing the llorislie s tudies from 19(51 lo 1966 (RAVANKO 1968), 
a t tent ion was given to the epili thic brown-algal crus ts that occur on 
the soulhwesl coast of F in land . My studies were limited in some cases 
in that 1 did not have an oppor tuni ty to study the crus ts in a living 
s tate nor to lollow the development of o ther crus ts th roughout the 
year . T h e studies were carr ied out generally between J u n e and Sep­
tember . Dur ing the s u m m e r of 1966, more a t tent ion was directed to the 
brown-a lga l c rus t s from May unti l the end of \ugus l . At this lime 
I'etroilcrmo maculifowie was observed to be fairly c o m m o n in the Seili 
Is lands seeming to favor shores with relatively high nutr i t ion I i.e.. 
somewhat polluted shores) . Th i s species was especially a b u n d a n t on 
pebbles near landings and on the shores facing the shipping lanes. 
O n o ther shores it was ra re , while Lithoderma subextensum was the 
domina t ing m e m b e r in the epil i thic crus taceous vegetation. No new-
records of L. rosenoingii could be made in 1966. 

MATERIALS AND METHODS 

During 1968 -1969 a detailed studv was made «if the brown-algal crusts. 
They were examined in the living slate and their development was followed 
through the entire year 

Material was collected from Hie same pebbles at different limes during the 
summer months for morphological and developmental studies. Young crusts 
were also laken into culture and their development «as followed in the labora­
tory. 

Erdschrelber's solution (prepared with brackish water from the Seili Islands) 
was used in the cultures. Relatively poor illumination and temperatures of 10 
to 13 C seemed to be the most favorable for growth. Accordingly, growth of 
blue-green algae could be controlled. About twentj pebbles with verv young 
crusts were taken into culture from Mav to September and the ei lists' develop­
ment were followed. The collections of epilithic crustaceous brown algae 
from the southwestern archipelago of Finland (mainlj the Seili Islands), and 
reported on in this paper, arc preserved in formaldehyde in (lie herbarium 
of the University of Turku (TUR) (box I. jar 53; box 8, jars too. (01, 104; 
box 17. jar 237; box 18, jars 239 241, 24-4—248: box 20. jars 267—269; 
box 2-1. jar 326; box 25. jars 339, 340). 

ISoi. .Notiser vol. I.M. 1970 
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Pig. I. — A: Young crustaceous brown algae that are either nionostromaiic or 
distromatic. - B: Young monostromatic crusts on a pebble. - C: C.rusls of various 
developmental stages on Hie same pebble. — 1): A Ihreelayered (tristromatic) crust. 

{All crusts were collected on 20.7.1968 in the SW side of Seili Island.) 

OBSERVATIONS ON THE MORPHOLOGY AND DEVELOPMENT 

The Dcwlopmrnl of Ihr Young Ernsts 

T h e algae under considerat ion were usually observed in shal low 
w a t e r (20 -30 cm) , where they formed irregular, r edd ish-brown mono­
s t romat ic crusts . The d iameter of the crus ts was usually a few milli­
met res (Fig. l l . whereas the f i laments ol the young c rus t s eoidd easily 
b e .separated. The te l ls in Ihe f i laments of the center of the crust soon 
s tar ted to divide and Ihe Ihallus became dis tromatic (Fig. 1 A ) . T h e 
second layer consisted of loosely joined filaments that somet imes ter­
mina ted in reproduct ive organs (Fig. 2 1, Ni . The space between the 
fi laments was muci laginous. T h e cells of the centermost f i laments 
divided more rapidly than the o thers , and thus some of the older c rus t s 
were mull i layered I Fig. I A. C—I)) . 

Bot. Notiser, vol. 12:1, 1970 
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Development proceeds in a similar way both in nature and in 
cull lire. 

The cells of the young inonostroiuntic basal pari have one large 
chloroplast, which often is more or less cup-shaped (Fig. 2 B ) ; more­
over, the chloroplasts in the cells of tlie erect filaments have a similar 
form (Fig. 2 A). This type of chloroplast characterizes the cells of the 
young crusts both in nature and in culture 

In young crusts with developing unilocular reproductive organs, the 
uppermost cells of I he erect threads are ollen observed to have several 
chloroplasts before the eyespots appear. Thus, most cells of the crust, 
when seen in surface view, appear to contain two to eight chloroplasts 
i Fig. 2 G, P). 

The filaments usually have a single terminal unilocular sporangium 
(Fig. 2 1. Mi. Rarely the filaments terminate in two sporangia (Fig. 
2 0 ) , and the walls of the old sporangium can be observed as husks on 
the side of the new iFig. 2 M. () | . This type ol sporangium may develop 
repeatedly in series - resulting in some of the filaments appearing to 
be clothed with hairs (Fig. 2M. ()). New cells may also arise in the old 
sporangium prior to the initiation of the new sporangium. 

In young cultures the sporangia do not differ from the sporangia 
that are observed in the natural habitats. 

Further 1 )<• \ ihipiii in I of the Tliallti.s 

The individual crusts "coalesce" in nature and maj cover the entire 
surface of the pebble. The mucilaginous spaces between the erect fila­
ments fill up with other substances (become encrusted) with the result 
thai it is not easy to separate the filaments as in younger plants. 

When young crusts were kept in culture for si\ to eight weeks, 
some cells in the erect filaments of the middle ol the thalli gave rise 
to very long and slender unbranched filaments iFig. 2 F ) . The fila­
ments were completely tree, unlike the shorter erect filaments of the 
young crusts, which were joined with a mucilaginous substance. In old 
cultures the cells in the upper part ol the short, loosely joined filaments 
divided vertically (Fig. 2Q, S). Sometimes, cell divisions look place 
in all directions, with the lops of the filaments becoming crowded and 
occasionally branched. Terminal hairs were observed occasionally. 
Short branches occurred on some of the long branches in the middle 
of the lhallus. 

Bot. Notiser, vol. 128 1970 
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In old crusts Ihc cliloroplasl may divide, bill this division is not 
accompanied by cell division. Consequently, several chloroplasts may 
he observed in I lie cells. Often the basal pari may have several chloro­
plasts, while the upper pari of the lhallus maj have only one or two 
in each cell (see also WAERN 1952 p. 142. Fig. 2H) . 

During a short period of culturing (2- 3 weeks), the chloroplasts 
did not change in appearance: and in most instances, each cell retained 
a single chloroplast over an extended period of lime. 

In old cultures (6 weeks or morel, the chloroplasts became very large 
and irregularly lobed -filling the cell (Fig. 2D) . In other cells, the 
cloroplasls divided and two or three bands were observed iFig. 2C). 

In approximately Iwo-month-old cultures, the cells of the crust gave 
rise lo a few long, initially unbranched filaments. The cells of these 
filaments had either one or two cup-shaped chloroplasts (Fig. 2E) , 
or more seldom irregularly divided ones. 

In old cultures the sporangia could be intercalary, with several spo­
rangia even occurring in tandem. The sporangia wen' then somewhal 
globoid in form (Fig. 2 U—Z). Sporangia were also occasionally dis­
posed laterally (Fig. 2 Z); and sometimes they occurred in crowded 
masses (Fig. 2 R. T) resembling the so-called sori of some brown-algal 

Fig. 2. — A: Ererl filaments of young crusts from nature i20.7. lfl(!8. S\V side of 
Seili Island .i. - - B: O i l s of the basal parls of the crusl in A 120.7. 1908). — <.: Cells 
of the crust in A (1.9. 11)081 after being grown in culture for one month. — D—F: 
Cells of long unbranched filaments of the crust m A 11.9. 19081. — G: Parts of a 
young crust from nature (55. 1909. s\V side of Seili Island) showing developing 
unilocular sporangia (surface view of the crust). — II: A crusl from nature (20.8. 
1908i with basal cells containing several chloroplasts and cells of the creel filaments 
willi only one cliloroplasl — I: Pari of a crusl from nature (10.9, 1908, K side of 
Seili Island) showing variation in the number of chloroplasts The central cells 
have several chloroplasts and the marginal cells have only one cliloroplasl. — 
J: Marginal pari of a crusl from nature (31 7. 1908, s\V side of Seili Island). -
K: A part of the crust in .1 (31.7. 19G8i. The cells are closer to Hie center than in J. 

- L: I nilocular sporangium on an creel filament of the crust in A. — M: Uni­
locular sporangium on a crust collected in Bromarv, Bromholmen, N side (24.5. 
1908i. — N: Two terminal unilocular sporangia on the erect filaments of crusts 
from the SW side of Seili Island (29.9, 19081, — O: Cells of the crust in N showing 
great numbers of sporangia! husks on the sides of an erect filament. — P: Cells of 
a crust from nature 129.9. 1908. SW side of Seili Island] showing developing uni­
locular sporangia, of which two are tripartite (surface view of Hie crusll . — Q: 
Erect filaments of the crust in A after culturing for more than two months. — 
li 7 Bred filaments of the crust in \ after culturing for more than one month 

Terminal, intercalary, and lateral sporangia are present, as well as peculiar sonis-
like structures iRi. 

Bot. Notiser, vol, 12:1. 1970 
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species—arising as a resull of cell divisions, which in old cultures 
occurred in several directions. 

TAXONOMIC ASPECTS 

A detailed study of brown-algal crusts of various sizes, forms, and 
ages both in nature and in culture — has shown that the young 
monoslromatic crusts can be referred to Pelrodrrmn maculiforme. The 
young llialli become fertile very early and both the cells and the chloro-
plasls divide very quickly; and as a result of this, each cell, conse­
quently, rarely lias more than one chloroplasl. 

A thorough study of the young crusts has confirmed that Sorapion 
simulans KUCKUCK, S. k jell mani (WILLE) ROSENVINGE, and Ralf sia 
ovala ROSENVINGE are very close to Petroderma maculiforme: al least 
they cannot be separated on morphological grounds. Such characters 
as the form and the disposition of the unilocular reproductive organs, 
and the number of free filaments between them, which have been 
considered taxonomieally important when separating the above-men­
tioned taxa. have been found to be highly variable both in the natural 
habilals of the plants and under cultural conditions. 

When the "Petroderma" crusts age, they can be referred to Litho-
derma subextensum, or lo L. rosenuingii if they have quadripartite 
unilocular reproductive organs. The form of these organs has been 
considered to be the basic difference distinguishing /.. subextensum and 
/.. rosenoingii. 

My studies have, however, shown that the quadripartite organs are 
very rare and that they can be present on plants that also possess the 
usual type of unilocular sporangia, as L. subextensum. Bipartite and 
tripartite sporangia (Fig. 2P) have been observed more often than 
quadripartite sporangia. 

In culture experiments the unilocular sporangia have been found 
lo be easily modifiable. The generally terminal sporangia may become 
intercalary or lateral (Fig. 2U Z). Chains of intercalary sporangia 
may also occur (Fig. 2U—Y) either in the vertical (Fig- -X—Yl or in 
the transverse (Fig. 21') direction. Cell divisions may lake place in 
several directions, and as a resull peculiar sori are formed I Fig. 2 R. T). 

II is a known fact thai cultures, and especially old ones, have a ten­
dency lo give rise lo morphological anomalies, but stable morpho­
logical characters tend also lo be fairly stable in cultures. Therefore. 
it is believed thai the easily modifiable unilocular sporangia might also 
Bot. Notiser, vol. 123, 1970 
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become modified under natural conditions, and thus il is quite likely 
that the quadripartite sporangia only are exceptions or abnormalities. 
Consequently, on this basis, Lithoderma rosenvingii cannot be retained 
as an independent species. 

The fact that two terminal sporangia (Fig. 2 N) have been observed 
many times in nature on the same filament, as well as the occurrence 
of branches in the upper parts of the erect filaments brings Lithodcrma 
fatiscens ARESCHOUG close lo /.. subextensum. The lateral plurilocular 
sporangia that have been considered lo characterize /.. fatiscens ARE-
SCHOUG are equivalent to the lateral branches that have been observed 
in h. subextensum. and which easily can be transformed to plurilocular 
sporangia, which always develop from normal vegetative cells. It was 
also possible lo induce L. subextensum lo form lateral unilocular spo­
rangia in culture (Fig. 2Z) . On the basis of LUND (1988), Hie lateral 
plurilocular sporangia was the only character that kept /-. fatiscens 
ARESCHOUG separate from /.. fatiscens ARESCHOUG emend. KUCKUCK. 

On the basis of the present studies, there is nothing that maintains 
L. subextensum, L. fatiscens ARESCHOUG, and />. fatiscens ARESCHOUG 

emend. KUCKUCK distinct. 

In Ihe present study. I'ctroderma has been observed to change into 
Lithoderma during the course of development, but in nature also single 
crusts can be seen that have both the characteristics of I'etrorfermu 
and Lithoderma (Fig. 2 1). The central part of the basal crust may 
have several small chloroplasts in each cell. Also I,UND (1959 p. 83) 
noticed a variation in the number of chloroplasts in the cells of /.. fati-

scens ARESCHOUG. 

Petroderma maculiforme has usually been reported to have only uni­
locular sporangia, but plurilocular sporangia were reported lo occur 
occasionally by EDELSTEIN and MCLACIILAN (1969), 

My observations have definitely established that the morphological 
characters, such as Ihe form and disposition of Ihe reproductive organs 
and Ihe number of chloroplasts, I hat have been considered lo separate 
the above-discussed taxa do not have taxonomic value for such a 
separation. Because no other characters exist for separating the taxa 
discussed. I am inclined lo believe that Lithoderma fatiscens ARE­
SCHOUG, /.. rosenoingii WAERN, L. fatiscens ARESCHOUG emend. KUC­

KUCK, /.. subextensum WAKHN. Sorapion k jell mani (WILLE) ROSEN­

VINGE, .S'. simulans KUCKUCK, Ralfsia ovata ROSENVINGE, and I'etro-
derma maculiforme IWOLI.NY) KUCKUCK belong to the same species, 
and will, until further deviating observations have been made other 
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than on a morphological basis, call them Lithoderma fatiscens ARE­
SCHOUG, which is Ihe First combination used. In case Ihe brown-algal 
crusts would represenl prostages or reduced stages of larger algae, the\ 
cannot be identified on a morphological basis. 

I also believe that HeribaudieUa flaviatilis (ARESCHOUG) SVEDELIUS 

is a form of L. fatiscens ARESCHOUG that inhabits fresh water. On Ihe 
basis of the present observations, L. fatiscens ARESCHOUG is quite in­
different lo fluctuations in salinity. It occurs often in abundance near 
landings and grows high up in Ihe geolilloral belt of the shore. L. fati­
scens AKESCIIOUG las L. subextensum) has also been reported from the 
northern part of the (hilf of Bothnia where the salinity is relatively 
low (JULIN & PEKKARI 19051. 

II is very likely that L. fatiscens ARESCHOUG is able to survive in 
fresh water, especially if the nutrient supply meets its requirements. 
The description ol HeribaudieUa fluviatilis in S V E D E L U S I 19301 indi­
cate that ils morphology is very similar lo the morphology of Ihe 
Lithoderma crusts thai have grown in culture. The chloroplasls tended 
to divide several times in the cells I Fig. '2 C, El. tall and sometimes 
branched filaments developed, and Ihe unilocular sporangia had a 
tendency to become intercalary Fig. 2U—Z); see also WYNNE (1969 
pi. 3). Similar sporangia were described by SVEDELIUS (1930 p. 900). 
but he called them plurilocular organs, paying, however, attention to 
their peculiar form and to their resemblance to unilocular sporangia. 
Raifsia lueida LUND (19071 from a heavily polluted area of Ihe Danish 
waters also has characteristics that are similar to Ihe features of Litho­
derma thai I have had in culture especially in Ihe development ol the 
unilocular sporangia. II is also probable that brown-algal crusts with 
slill oilier described taxa might belong to the same complex. 

ECOLOGICAL ASPECTS 

Young crusts are found early in Ihe spring growing frequently in the 
lower geoliltoral and the hydrolilloral bells of the shore. They form 
lighl to dark brown, small spots la few millimetres in diameter) on the 
surt ace of pebbles. 

Often Ihe crusts in the geoliltoral hell are destroyed in the spring 
during the low-water periods hut Ihe crusls that grow lower in the 
hydrolitloral bell increase in breadth and coalesce forming lew-eenti-
mclre-wide spots on stones under Cladophora glomerata. The crusls 
also become thicker, and many of Ihem assume a nodulated appear-
Bot. Notiser, »ol, 121, 1'iT" 
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ance. Old crus ts have also been observed dur ing the winter ( January 

February ) on stones in the hydrol i t toral bell under Monostroma, 

Pilayetta, and Ceramium (see RAVANKO 19(59 p. 229, Fig. 1). 

Kpililhic b r o w n algal c rus t s also occur in I lie upper par i of Ihe 

subl i l loral belt on stones unde r Pucus vesiculosa.* and often also in 

deeper water on stones and pebbles in Hie lower subl i l loral belt, where 

I hey somet imes form their own vegetation zone (observed by diving). 

At the end of s u m m e r and in the au tumn , and al cer ta in times of 

Hie year when the wa te r level is high, young brown-a lga l crusts colo­

nize stone surfaces near the water surface. When the f i lamentous 

b rown algae have d i sappea red from I he shores in late a u t u m n , the 

n u m b e r of young CTUStaceous b r o w n algae increase here. 

Th roughou t the year , y o u n g brown-algal crusts a re c o m m o n in 

somewhat polluted wa te r s near landings, where they may cover pebbles 

and pieces of glass, but I hey may also grow on objects const ructed of 

cement or wood, though less often than on pebbles and glass. 

ACKNOWLEDGEMENTS 

I wish to express my appreciation and gratitude lo Professor ANTKKO 
VAARAMA, Department of Botany, University of Turku, for his sustained interest 
and support of my work. 

For the linguistic revision and for valuable comments on the manuscript, 
I would like to thank Dr. CURT <i. CARLBOM. 

Finally. I am grateful to Mrs. ANJA HKIMO for completing the drawings. 

LITERATURE CITED 

EDELSTEIN, T. & MCLACHXAN, J. 1969. Petroderma maculiformc on ihe coast of 
Nova Scolia. - - Can. Journ. Bot 47:561—Ö63, 1!) figs., 1 pi. 

Jin.IN, E. & PEKKARI, S. 1965. The north-east corner. Ada Phytogeogr. Suec. 
50:205 214. 

LUND, S. 1938. On Lithoderma fatiscens Areschoug and I., fatiscens Kuckuck. -
Meddcl. Cronl. 11(> iäi: 1 I«. 7 figs. 

— 1859. The marine algae of cast Greenland 1. Ibid. 156 (1): 1—247, 42 figs. 
— 1967. Ralfsia Iucida, a new alga from Danish walers. liolaniste 1967:287-

295, 2 figs. 
UAVANKO, (). 1968. Macroscopic green, brown, and red algae in the southwestern 

archipelago of Finland. — Acta Bot. Fenn. 79: I—50, 7 figs.. 23 maps. 
- 1969. Observations on Ihe genus Monostroma in the northern Baltic Sea area 

i.Scili Islands, SW Archipelago of Finland). — Bot. Notiser 122:228- 232, 2 figs. 

SVEDF.I.IUS, N. 1930. Über die sogenannte Süsswasser-I.itbodeiinen. - Zeitschr. Bol. 
2:1:892—918, 13 figs. 

1 ,i I'.oi. Notiser, vol. 128. IHTfl 



230 ORVOKKI HAVANKO 

WAKBN, M. 1949. Hemarks on Swedish Lithoderma. — Svensk Bot. Tickkr. 13:633— 
070, 4 figs., 3 pis. 

— 1952. Rocky-shore algae in Hie öregrund archipelago. — Ada Phytogeogr, Suec. 
30: 1—208, 106 figs., 32 pis. 

WYNNE, M. 1060. Life history and systematic Studies of sonic Pacific Norlh Ameri­
can Phaeophyceae [brown algae). — Univ. Calif. Publ. Bot. 50: 1—62, 12 figs., 
24 pis. 

Bot. Notiser, vol. 123, 1970 



Spontaneous and Induced Variation in some Chemical 

Leaf Constituents in Hierochloe (Gramineae) 

By Gunnar Weimarck 
Department of Systematic Botany, 

University of I.und, Sweden. 

O. Vallgatan 20, S-22361 Lund 

ABSTRACT 

WEIMABCK, (i.: Spontaneous and Induced Variation in some Chemical Leaf 
Constituents in Hierochloe (Gramineae). — Bot. Notiser 123:2.'fl—268, 
Lund. 

The results of a chromatographic study of non-identified leaf sub­
stances in Hierochloe tiustrtilis. in tetra-, hexa- and ocloploid H. odorata, 
and in //, occidental/!, H. pauciflora, II. alpina, and / / . monticolu were 
subjected lo a modified analysis of variance and an analysis of correla­
tion between spots. The indices traditionally used in so-called "numerical 
chemolaxonomy" were avoided. 

The. effects of sampling season and different treatments durin;; cultiva­
tion were elucidated by a modification test, Some deviations could also 
IM- ascribed to differences in sampling and storing techniques. The ana­
lysis further permitted an estimation of the role played by chance, techni­
cal aberrations, co-occurrence of spots etc.. thus facilitating the evaluation 
of obtained results. 

The method used gave indications on breeding systems and population 
structures otherwise difficult lo obtain. 

Some collections of the tufled perennials //. inislriilis and //. al/tinn 
were found to be heterogeneous as to spot patterns. Collections of the 
rhizomatous perennial //. odornlu were homogeneous in all studied (uses. 
the plants being likely to form clones in each locality. 

Tetraploid and hexaploid //. odorata could not be distinguished by 
spot patterns, nor could with reasonable certainly //. alpina and //. nionti-
eola. Diagnostic spots or spot groups in other taxa nearly always per­
mitted a correct grouping in spite of the observed variability between 
collections within each taxon. 

The obtained knowledge on population structures and pattern affinities 
is lo be used in the current taxonomic work on the genus. 
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INTRODUCTION 

In my current taxonomic study of the grass genus Hierochloé R. BB. in 
the Northern hemisphere the following taxa are treated: 
/-/. australis (SCHRADEU) ROEMER & SCHULTES, 2n = 14 

//. odorata (L.) WAHJ.KNH., 2 n = 2 8 , 42, 56 
/ / . occidentalis BUCKL., 2n —42 
//. pauciflora R. BB., 2 n = 2 8 
/ / . alpina (SWARTZ) ROEMKK & SCHULTES, 2n=5C, 06 
/ / . monticola (BlGEl.Ow) LOVE & LOVE, "in = 63. 

Within this study some embryological problems are already treated ( W E I -
MAHC.K 1967 a, I), and unpubl.l. Studied plants of //. odorata 2 n = 2 8 set seed 
sexually. //. australis, II. odorata 2n 42 and 56, II. alpina and //. monticola 
sel seed by means of facultative or obligate apospory. One of the remaining 
problems is the taxonomic rank of the different cytotypes of //. odorata. 
which are only partly distinguishable by morphologic characters (WEIMARCK 
unpubl.i. The inlerrelationships between the morphologically rather similar 
//. alpina and //. monticola are to be elucidated. The affinities of //. australis, 
H. occidentalis and H. pauciflora are also to be explained. 

In the present paper an approach to the problems is made on the basis 
of a two-dimensional thin-layer chromatographic analysis of miscellaneous 
substances extraclable in IK'.l-methanol. giving additive characters. As yet I 
have made no attempt to identify the substances (probably mainly phenolic 
compounds) corresponding to the spots obtained on the chromatograius, which 
were deall with only as patterns. This and similar methods using identified or 
non-identified substances separated by paper-, thin-layer- or gas chromato­
graphy have been widely used to throw light upon problems involving poly­
ploidy and hybridily in plants. 

AIMS 

T h e a ims of my present invest igat ion were 

1. to choose a suitable chromatographic technique 
2. lo obtain a method of p resen t ing and t reat ing da ta 

3 . to es t imate the degree of repeatabi l i ty and consistency of resul ts 
4 . lo s tudy and obta in an es t imate of the possible modif icat ion of 

pa t t e rns due lo different l ight, t empera tu re , artificial m a n u r i n g , 
season of the year, s amp l ing technique and s tor ing of samples 

5 . to s tudy and obta in an es t imate of the variat ion within collect ions 
of the taxa concerned 

(>. to s tudy and obtain an es t imate of the var ia t ion between different 
collections of each single t axon 

7. to s tudy differences a n d s imi lar i t ies be tween c h r o m a t o g r a p h i c pat­
te rns of taxa ment ioned a n d search for spots o r spot g roups of 
diagnost ic value. 

Hol. Notiser, vol. I.':!, 1070 
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PLANT MATERIAL 

The material studied is mainly plants cultivated in 111*- Botanical Garden. 
I.und. and grown up from rhizomes collected in original sites. Each locality 
is designated by three capital letters and an individual plant of a collection 
by an arahic figure. Clone individuals of a single plant are designaled hy a 
small Idler. For more detailed information on localities, see separate list (WF.I-
MAKCK unpubl.). Voucher specimens are preserved at the Institute of Systema­
tic Botany. Lund (LD). 

The experimental part is reported on in Tables 2—6. Kor purposes 1 and 
5 (cf. p. 2321. a few collections of Hierochloe australis and //. odorata were 
chosen. The following variations were made (the number of plants available 
did not permit all possible combinations to be tested): 

/. plant in the experimental garden, in shadow under trees (original treat­
ment before start of experiment) 

2. as /, but with weekly addition of Supcrba fertilizer in water (17 % K as 
K20: I t */o N, equal parts as nitrate and ammonium; 7.1 ™/o P as PgOg; 
6.5 °/o S; 0.6 "/o Mg: and micro iiiitritientsl 

3. plant in the experimental garden, in full day-light 
4. plant in greenhouse, in deep shadow under tabic, fertilizer as in 2 
5. plant in greenhouse, in full day-light upon table, fertilizer as in 2 
6. plant from the locality A K I' in the original site (a pasture in Norra 

Nöbbelöv some kilometres N of the centre of I.und I. 

Samples were dried during 1967 in the traditional way between papers at 
room temperature («I May 2, {!>) June 14, (c'l July 5, and (d) August 9. The 
plants were moved from the original treatment / to the lest stations after the 
May sampling. 

In addition, parallel samples of chosen plants (treatment 1. occasion />i 
were dried as above and in a Ihermoconstanl cabinet in 50 C for 2 hours. 
The results were compared lo each other and to results from corresponding 
herbarium material. 

Plants from the collections involved in culture experiments are also re­
presented in the comparison. 

An account of the regional part is given in Tables 7—14. Tåldes 7 10 
contain results from selected collections of material in culture, treatment /, 
sampled in June 1067 and dried between papers. One plant (in H. auslralis 
in some cases morel from each locality was chosen. Tables 11 and 12 con­
tain dala from small samples taken from herbarium sheets. Tables 13 and 
14 consist of samples partly collected directly in the field, and partly collected 
in culture in the Arclic Greenhouse in Copenhagen in summer 1968. 

Regional subdivision within Fennoscandia and Denmark and abbreviations 
given in Tables 6—14 are made according to Hvi.ANDKR I 105.3. map towards 
p. 392). Other abbreviations of territories within Europe arc in accordance 
with TITLN et al. (1964, map towards p. 464). 
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CHROMATOGRAPHIC METHOD AN» TABULAR ARKAN'CEMKNT 

50 mg dry leaf tissue oi each sample were ground for 2 min. in a small 
glass homogenizer and extracted for at least 24 hours in 1 ml methanol, 
one drop of hydrochloric acid added. The extracts «ere stored overnight or 
a few days at -"-4 C before separation. 

By a spreading device according lo Nvnovi (l'Jfi.'i . having a c 350 u high 
slot, clean glass plates 12X16 cm were prepared 14—10 at a time with a 
suspension of 20 g cellnlo.se powder (Merck Avicell in 120 nil distilled water 
Two grooves in the cellulose layer restricted the run length lo 90 nun in 
direction 1 and 130 nun in direction II. Kl uliler of the extract were applied 
al the starting-point When in a few cases a smaller amount than 50 mg 
tissue had been available, a correspondingly larger amount of extract was 
applied, apparently giving a comparable result. 

A "multiple sandwich chamber" technique «as developed for the running 
ot chromatograms. 12 plates were stacked with small plastic pellets (c. 1.7 
nun thick) between and a blank plate on top as in the "chroinatostack" 
technique of NYBOM (1964}. The stack was surrounded on three sides by a 
frame padded with loam plastic and placed with the fourth side downwards 
in an open jar will» 2 °'o formic acid in distilled water for the short run (I). 
No time «as thus needed for equilibration, each space between l«o plates 
being a separate sandwich chamber with a constant and very small volume. 

The plates «ere dried after the first run and checked in L'V light. Approved 
plates were restacked and run in a mixture of amy] alcohol, glacial acetic 
acid and distilled water 22: 13: 11 (Hi. Each extract was run on al least two 
plates Running «as performed at room temperature. 

The plates «ere dried and examined in I'V light iFluolesI, 300 nml la) 
beloie spraying ibi aller spraving with 1 °/o AlClg in methanol and (c) after 
subsequent spraving with 1 °<o NaOIl in methanol Each spot was thus 
characterized by position and colour at three stages. Spot intensity was roughly 
slated as follows: not visible, less clearly visible, and more clc.irlv visible 
Maximum estimates obtained from two or more plates represented by the 
symbols ' , — and I , respectively, are combined in Tables 2—14. Typical 
colours and Rf values from representative plates are given in Table 1. Re­
presentative spot sizes and forms are indicated in Figs. 1 and 2. 

The order of tabulated spots is made regardless of colour. 13 spots, wide­
spread in the material and occurring in 00 °/o or more of the plants accounted 
for in Tables 7 14, are grouped together. Spots 14—20 are less frequent but 
spread in most of the material (absence ot some less frequent spots in one 
or more of the laxa Hierochlo? occldentalti, II. pauciflora, II alpina, and 
//. monitcola has been disregarded because of the small material studied). 
Spols 27 and 28, in most cases occurring together, form a group of Iheir own. 
The following groups are regarded as more or less diagnostic lo one or a 
few of the taxa. Some spots with obviously sporadic occurrence and being 
impossible lo identify from one plate to another have been omitted. A cluster 
of blue spols in approximate position Rf .05—.90X.60—.90 constitutes the 
main part of such excluded spots. 
Hot. NotixiT, vol. 123, 1970 

http://cellnlo.se


CHEMICAL LEAF CONSTITUENTS IN HIEROCHLOE 235 

STATISTICAL TREATMENT 

I have subjected the Tables -' 14 to a modified analysis of variance in 
order to clarify trends otherwise difficult to point out more exactly. Instead 
of only counting (lie presence or absence of a spot, 1 have used Hie following 
scale: not visible 0, less clearly visible: 2, more clearly visible: 3. A quantity 
gradient, in all likelihood continuous, is thus translated into three stages. 

The squared deviations from the mean were calculated for each spot The 
obtained values for all spots of each plant were summed, divided by degrees 
of freedom or otherwise corrected to give unbiased estimates, /•„', of the total 
variance of the respective means. These corrections were n.'n—I if the plant 
in question was included in the mean, u n-t-1 if not: n being the number ot 
plants in the mean. /•" values arc given without decimals. They correspond to 
variance, s-, summed for all spots. 

The total deviation can in Tables 3 and 5 be apportioned to different 
causes of variation. /•.',,M,.,tl(m gives the variation caused bv differences between 
the two collections involved of each taxon. /itr(,:ll„„.,lt gives the variation due 
to the different test conditions / — 5 . £tIme g>ves " " ' variation between different 
sampling periods a—</. Etime.)<trWlüB8ni measures whether the different treat­
ments vary differently with time. E0olleottonxt!ma measures whether different 
collections react differently with time. EcoUectionxlreatmont (considering the fact 
that an individual plant «as subjected to only one of the treatments) mea­
sures whether plants from different collections subjected to the same treatment 
react differently and can therefore be designated EvimU. EcoUeclionx time x treatment 
reflects variation not rcferrable to any cause mentioned above and is treated 
as an estimate of variation due to chance and to e.g. possible small differences 
in plant treatment, inconsistency in defining the intensity of spots, difficulties in 
registering spots at the perception threshold, etc. It is designaled E0thcr sources' 

Tables 2, 4 and 6 have been subjected to a more limited treatment. In Tallies 
7—14 the same type of E values as in Tables 2 -6 have been calculated. 
The values give an estimate of the deviation of each plant from the mean. 

Tables 7—10 have been subjected to an analysis <>f correlation between 
spots regardless of intensitv. 

RESULTS 

Hiciochlnc auslralis. Table 2. The table tis a whole could not be 
treated statistically, being too f ragmenta ry . The plant A K B 3 was 
killed by treatment i after occasion b. Differences, especially wi th in 
the groups 27—28 and 29—34, between p l an t s within collection 13 A 15 
are directly observable. E be tween B A B plants in May is 34, more 
than twice the assumed value lor rT„lh,.r.„„„,.. (Since some variat ion 
must be ascribed to other sources than real differences between p lan ts , 
a part ol it should be subt rac ted from the tolal devia t ion; from Tables 
3 and 5 a rough est imate of 9—1(5 uni t s m a y be inferred.) 
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Table 1. C.liariiclcrisiics of registered spots. — Colour is given al three stages (ef. 
|i 284) Frequencies are taken from Tables 7—11. Names of taxa treated (ef. p. 232) 

are abbreviated. 

No 
Colour 

a 

1 b l u e 
'J yellow 
3 i ii \ is o r 

b l a c k 
4 b l a c k 
5 b l u e 
6 b l a c k 
7 i n \ i s . o r 

nnde f . 
8 i n \ i s . 
it i nv i s . 

10 i n \ i s . 
11 b l u e 
12 b l u e 

13 invis or 
b l u e 

11 invis or 
b l u e 

15 b l u e 
16 blue 
17 invis. oi 

b l u e 
18 i nv i s . o r 

b l a c k 
19 b l u e 
20 i nv i s . 

21 i n v i s . o r 
b l u e 

22 invis " 
b l a c k 

23 b l u e 
24 i n \ i s . 

2."» inv is . 

20 inv is 

27 b la i k 
28 b l a c k 

2!) b l a c k 
30 b l a c k 

31 black 
32 b l a c k 
33 b l a c k 
34 b l a c k 

35 i nv i s . oi 
nuclei'. 

30 yellow 
1! it. Noti&cr 

b 

b l u e 
yellow 
\ i Mow 

yellow 
blue 
yellow 
yellow 

yellow 
ye l low 
yellow 
b l u e 
b l u e o r 

nndef . 
i n \ i s or 
b l u e 

inv is o r 
b lue 
b l u e 
b lue 
inv is o r 
b lue 
invis. or 
nndef. 
blue 
nndef . o 
yellow 
invis. ni­
b b l e 
\ ellow 

b l u e 
invis o r 
b l u e 
inv is o r 

nndef . 
> e l low 
\ ellow 
\ ellow 

\ e l low 
yellow 
yellow 
ye l low 
ye l low 
ye l low 

ye l low 

vc l low 

. NOI. 12!. 19 

c 

b l u e 
br ick red 
o r a n g e 

g r e e n 
gri i n 
orange 
undef . o r 
o r a n g e 
o r a n g e 
o r a n g e 
o r a n g e 
g reen 
u n d e f 

b l u e 

blue 

b l u e 
b l u e 
b l u e 

du l l b r o w n 

blue 
undef . 

b l u e 

o r a n g e 

b l u e 
b l u e 

.lull red 

g r e e n 

g r e e n 
o r a n g e 

o r a n g e 
g reen 
g reen 
o r a n g e 
o r a n g e 
o r a n g e 

inv is . o r 
undef . 
yellow 

0 

R 

I 

.00 
.61 
.08 

.10 

.04 
.35 
.04 

.05 
.03 
.16 
.03 
.09 

.17 

.35 

.52 

.67 
.12 

.39 

.79 
.03 

03 

.05 

.66 

.45 

.47 

13 

.52 

.10 

43 
.51 
.73 
.70 
.66 
.68 

.01 

.06 

• 

11 

.63 
.56 
.50 

.54 

.35 
46 

.23 

.73 
.42 
.62 
.16 
.23 

.84 

94 

.62 

.59 

.78 

.81 

.52 

.81 

.93 

.56 

.5 : 
.91 

,9f 

.62 

.5c 
.51 

.35 

.4f 
Ail 
M 
.51 
.47 

. 3 ; 

.92 

1 

aus 
n u n 

i28 

1" 
be r 

) I2 
(18) (68) ( I I ) 

100 
N9 
94 

100 
67 

100 
'.14 

01 
83 
8 3 
28 
22 

83 

78 

28 
II 
6 

17 

78 
39 

0 

6 

17 
17 

6 

0 

83 
83 

I t 
ti 

39 
50 
61 
39 

83 

11 

100 
100 
97 

91 
100 
100 
99 

100 
88 
84 
97 
96 

90 

00 

78 
•10 
40 

10 

51 
II 

32 

7 

56 
10 

3 

0 

85 
85 

0 
0 
0 
0 
0 
0 

0 

0 

100 
100 
100 

100 
100 
Kill 

100 

100 
8 8 
98 

100 
100 

88 

83 

20 
71 
24 

78 

37 
27 

51 

5 

22 

19 

2 

0 

100 
100 

0 
0 
0 
0 
0 
0 

0 

0 

•equencj 
of plants 
•SO occ 
•VI) (2) 

100 100 
100 100 
100 100 

100 0 
100 too 
t o o 0 
94 100 

90 50 
100 100 
96 100 

100 100 
100 100 

96 100 

07 100 

100 50 
93 0 
04 0 

13 100 

41 0 
52 0 

50 50 

'.11 0 

'.1 100 
9 0 

0 0 

I 0 

98 too 
96 0 

28 0 
20 0 
26 0 
20 0 
28 0 
28 100 

0 0 

0 0 

in " 
in 

M i l 

(3) 

100 
07 

100 

67 
07 
33 
07 

100 
100 
100 

0 
33 

100 

100 

0 
0 
0 

0 

0 
100 

0 

100 

0 
0 

0 

0 

II 
0 

0 
0 
0 
0 
0 
0 

0 

0 

II 

>rac Lets) 

d p m o n 

(») 
100 

75 
75 

100 

too 
0 

50 

100 
100 
100 
75 

100 

75 

T.'i 

50 
50 
50 

0 

0 
100 

0 

50 

25 
0 

II 

0 

0 
0 

0 
0 
0 
0 
0 
0 

0 

0 

Pot 
(5) (195) 

100 
Hill 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 

00 

100 

100 
0 

00 

60 

20 
100 

40 

inn 

10 
0 

0 

0 

0 
0 

0 
0 
0 
0 
0 
0 

0 

0 

100 
98 
98 

96 
96 
96 
96 

95 
92 
91 
90 
90 

90 

71 

66 
62 
48 

46 

46 
45 

39 

35 

31 
18 

1 

3 

No. 

1 
2 
3 

4 
5 
0 

/ 

8 
9 

10 
11 
12 

13 

14 

15 
16 
17 

18 

19 
20 

21 

22 

2 3 
24 

25 

26 

27 
2 8 

2 9 
30 
31 
32 
33 
34 

35 

36 
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Table 1. Continued 

237 

Colour Rf 

I II 

Frequency in °/o 
fnumlicr ol' plants in brackets) 

aus o28 o42 o."><> OCC pan alp nion Tol 
(IS) (08) (II) (54) (2) (3) (4) (6) (195) 

No. 

37 invis. or 
blue 

38 invis. or 
black 

39 invis. or 
black 

40 invis. or 
Mark 

II invis. or 
_ b l a c k 

42 invis. 
13 invis. or 

black 
44 invis. or 

black 

4."> invis. or 
black 

16 invis. 

47 black 
IS invis. or 

black 
I'.) black 
50 black 
."> I blue 

52 invis. 

53 invis. 

invis. or 
blue 

yellow 

yellow 

yellow 

yellow 

yellow 
yellow 

yellow 

yellow 

yellow 
yellow 

yellow 

yellow 
ycllow-
grccn 
yellow 

yellow 

blue 

orange 

orange 

orange 

orange 

green 
green 

orange 

vellow orange 

green 
orange-green 

orange-red 

red 
green 

green 

orange-green 

71 

10 

17 

13 

10 

(13 
OS 

04 

.!).'» 

.1(1 

.32 

.2.') 

.18 

.60 

.0/ 

.50 

44 

0 

0 

0 

0 

0 
0 

0 

71 

0 

0 

0 

0 

0 
0 

0 

S.'i 

2 

2 

•j 

2 

0 
(l 

0 

:>o 

81 

S3 

04 

03 

0 
II 

0 

0 

0 

0 

(1 

0 

100 
100 

100 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

(1 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

.51 .53 

.29 .48 

.20 .43 

II (I 0 100 67 0 

.42 .43 0 0 0 0 100 100 0 0 

0 (I 
0 0 

(I 100 100 100 100 
0 100 100 100 100 

.17 .33 0 0 0 0 100 100 100 100 

.45 .10 0 (I 0 0 0 33 100 100 

.26 .57 0 0 0 0 0 67 75 40 

.22 .53 0 0 0 0 0 0 50 60 

.18 .38 0 0 0 0 0 0 75 0 

38 

39 

40 

41 

42 
13 

44 

45 

46 

47 
48 

49 

50 
51 

52 

53 

Table 7. Some of the localities are represented by more than one 
plant, this in contrast to Tables 8 12 and II . 

Differences in the same spot groups occur between plants studied in 
collections HAD. A XL, A I IT, and AXT. are less pronounced in 
A K B, and none occurs in A I' K. E between collections is 36, E 
within collections is 35. Evidently heterogeneity within collections 
causes almost all the deviation. E values are generally high when 
compared to those of other taxa (Tables 8 14). The mean E value 
in Table 7 is 30. 

Hierochloe odorata 2n = 28. Table 3. Values concerning treatment 4 
are omitted from statistical treatment in Table 315 because of the fact 

Bot. Notiser, vol. 183. 11170 
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Table 2. Culture experiments. Ilierochlm" australix Explanations <>l treatments 
/—'> and s a m p l i n g o<ra>,ii>n> II- <l ef. p . 23S. 

\ K B I 

b C ' / 

A K Ii 3 Ii A B 2 

a b 
I 

il b C fl 

B \ Ii :! B \ B I 

n b c il J 
3 

a b c il 

B A I i 4 

n '> c </ 

1 
2 
3 
1 
."> 
(i 
7 
8 

!) 
10 
II 
12 
13 
1 1 
13 
16 
17 
IN 
1!) 
20 
21 
•>•> 
23 
21 
26 
26 
27 
28 

29 
30 
:il 

32 
:i:i 
.14 

— :i;> 
36 

:t7 

+ + + + 
i - + + 

. 
+ + + + 
+ • + -
4 + 4 4 
- 4 -

_ _ 

_ . . . 

- •" 
+ + + -

1 • 

. _ . . 
• — _ 

. _ . . 

. . . 1 

+ 1 1 + 
i - 4 4 

+ • • • 

4 _ 

j . _ . . 

+ - + -
• + + • 

+ + • -

- 1 

- • 

— ' 
+ • 
+ i 

. — 
- • 
- • 
- • 

- + 

-i- | 

- + 

4- _ 

• + 

+ • 

1 + - + 
• * -r + 

+ + + 
• -1 1 

. . . . 
1 1 + + 
- + — 4 

* -
+ -
- 1 
. 4 . _ 

— + _ -1. 

+ -

• • • + 

. . . _ 

- • • + 

k + + + 
+ + 4 1 

+ - + + 
4 4 4 4 
' 1 T 4 

_ . . . 
_ - _ _ 

4 - 1 4 

• + + + 

4 4 + 1 

4 + + + 

. . . _ 
4 + 4 4 
_ _ 
4 • 

_ _ 
. . 

— — 
— _ . „ 

. . . _ 
• 4 • + 

. . . _ 

. _ . • 

4 • • 

• _ • 

4 - • • 

1 - 4 + 
4 4 - -
4 - • • 

4 4 
4 4 

_ _ _ _ 
• • • 4 

.i. + + + 

4 4 + 4 
+ 4 • -

- - • 

4 4 J 1 

_ | + 4. 

4- _ _ 

. 
_ 1 - • 

4 4 

+ _ 
• 4 • • 

4- • -

. _ . . 

4 1 • • 

• 4 • • 

4 . • 

• • + • 

. _ . . 

- 4 

4 4 + 4 

4 4 -1-
- 4 • 

4 • • 

4 4 -̂  

1 

_ _ . 
_ . . 

- 4 • 

4 4 4 

_ . . 
. . _ 

_ _ . 

4 4 -

4 • 1 

. _ . 

1 1 4 

4 
1 • • 

_ _ . 

4 - -

4 
4 

-
4 

-

• 
; 

4 

1 
4 

-
-
1 

-

4 

1 

2 
3 
i 

.r) 
(i 
7 
8 
' i 

10 
11 
12 
13 
II 
15 
16 
17 
18 
111 
20 
21 
22 
23 
21 
2.-> 
26 
27 
28 

29 
30 
31 
32 
:i.'i 
31 
:i:> 

:«•> 

37 

thai plan. AEG 6 was killed by licalmenl 4 aller occasion c (ef. 
p. 2331 and A K P 2 b was so weak that no sample could \tv laken on 
occasion </. Plants AEG 2. AEG 4. A K P 2a . 3a and 4 a and values 
of treatment (> were also omitted in order [o facilitate comparisons to 
Table 5. 

The greatest source of variation is time (Table 3B) . Treatment also 
gives a good deal of variation. Collection, collectionXtime and timeX 

Hot. Xoiiser, vol. 12S, 1970 
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treatment have less influence. Differences between plants are so small 
that they cannot be separated from other sources of devialion. 

Plants A K P 1 a and 1 b are clone individuals ol the same rhizome. 
The same is the case as to A K P 2 a b, 3a—b and l a -h. Clone 
individuals a were all kept in treatment /. b placed out in other treat­
ments after the May sampling. In Table 3C— H a special statistical 
study of collection A K P is performed. 

Variation due to sampling time is great in the comparison between 
A K P 1 a, 2 a, 3 a and 4 a. Ireatmcnl / i Tabic 3 ('.). The different plants 
contribute less to variation than oilier factors. Also in the comparisons 
between clone individuals 1 a—1 b. 3 a—3 b and 4 a—1 b (Table 3 D Fi 
the greatest source of variation is I he time during which the plants 
were subjected to Ihe treatments. 

On three of the sampling occasions material was also collected at the 
original locality. The E value of Ihe four samples ol May lAKP 6a] 
is 9, within the limits of that normally ascribed to other sources. 
E between Ihe mean of 6a and the mean ol other A K P in May is 25, 
indicating a difference, not very great but in all likelihood real, between 
plants in culture and in natural habitat. 

The values for occasions c and '/ in comparisons between material 
from Ihe original locality and material in culture (Table 3G) suggest 
thai treatments / and .'? imitated natural conditions best. Treatments 4 
and .3. and also 2. gave high differences, treatment I making sampling 
impossible in August. 

The E value in May between clone individuals a and b of A K P 1-—4 
(Table 311) is of aboul Ihe same size as that between Ihe different 
plants 1—4, both values being small. Thus nothing indicates thai the 
originally collected plants I —4 should he more different from each 
other than are the experimentally produced clone individuals. 

Table 8. E between each planl and Ihe mean exceeds in only few 
i-;IM'S twice the assumed /•.' value to lie ascribed to other sources of 
variance. Most different are collections from Sweden: Lule Lappmark. 
Holland, Romania, and Canada. To some exlent they contribute to raise 
the values for all other collections. An aberration in the pattern, very 
conspicuous on chromatograms but not so clearly registered by the sta­
tistical treatment, is Ihe lack of group 27 -28 in some collections. The 
mean E value in Table 8 is 21. 

HitTorliloc odoiata 2n = 42. Table 4. Because oi shortage of experi­
mental material Ihe table is not treated statistically as a whole. The 

Bot. .Noti-.T. vol, l-'-i. 1970 
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Table 3. A: Culture experiments MeroeMoi odorata 2n=28 . - R: Variation in A. 
Exclusions sec text C: Variation between A K I' la, 2a, .'la. la I). Variation 
between A K 1' 4a and 4b (treatment 2i. E: Variation between A K I' la and lb 
I treatment ,'() F: Variation between A K I' 3a and .'lb (treatment 5). — (i: Variation 

A E G 1 A E G 2 A EG 7 A E G 3 A E (i 4 A E G (> I \ E G 5 A K l> 
1 a 

/ 
(I b C (I 

1 
a b c 

3 
<i b c d 

:< 
a b c il 

3 
abed 

i 
n b c n l> e il 

i 
b c il 

i 
2 
:i 
4 
."> 
6 
7 
8 
'.i 

10 

4 + + + 
4 4- + + 

+ + + + 
- 1 + — 
t + + 4 
4 - + + 
+ + 4 -

I t -
+ + + 
+ + + 
4- I + 
I - + 
- 4- I 

+ +• + 4 
4 4 + + 

4 - - + 
+ 4 -4 t 

- ' " - f + 4 
I I + - 1 - 4 4 + 
4 ^ - 4 + - + + 4 
+ 4 4 + 4 4 + 4 
+ 4 - 4 + + 4 + 
+ - + - t + 
- - - - - - + -

4 + + + 
+ -•- t + 
+ - + 
H + - + 
4 + - I 
+ + + + 
+ ' + -

+ + + 
+ + I 
I 
I + -

4 4 + 
4 + I 
4 - + 

t + -

+ + 
+ + 

+ ' 4 
I - + 
+ + -•-

+ + 4 

11 +- + + 
12 + i + -
13 
14 • + -
lä • • - H 
16 • • - H 
17 • 
18 
10 • • • 
20 • 
21 • + -

23 • • -
21 • • 

"27 1 * + H 
2 8 + 4- + H 

30 • - • 
31 • • • 
32 • • • 

V 
• + + + 4-

(. + J. + .•- + 
l - - + - • 

- • • - 4 • 

+ _ - , 
h + + - • + 

4 1 4 - + 

1- + - 4 -1 + 
1- + 1 - + 

+ + 4 4 -

L - , 1 + + -1 | - + + 

1- 1 + + + * + + + + + 

- 4 • - • + • + + • 

4 1 + • + • + +• 1 + -

+ . _ + - _ . _ _ . 
+ + + • + _ • . . . 

> + - + + • - - ) + -
H + + + + + + + 4 + H 

i . | + _ + + + 4 

1 1 + 4. _ + 4. 

- + + + _ + + + 

- • • • - - • 

- + - - 4 1 1 -
+ + + • 4 + • 

. + , 4 _ _ 

+ + 1 • + " -

+ '. 1 '. '. T I 

- + + 4 » 4 -

- + + - 1 ' 4-

planl in t reatment i was very weak in August and could not be used. 
Between the »VFB plants, E in May is 7, between the B A F plants 8. 
well within the limit of variat ion due to other sources. T h e dependence 
of spots on different t rea tments seems to be of about the s a m e charac te r 
as in H. odorata 2 n = 2 8 . 
Lot. Notiser, vol. 128, 1U7U 
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between A K 1» treatment 6 c d and oilier A K P on the same sampling occasions. 
II: Variation in May between clone individuals a li of tin- plants \ K I' 1—4 and 
between plants I—I Explanations of treatments / 8 and sampling occasions a d 

cf. p. 233. (Table 3 15—H see next page I 

A K P 
2 a 
/ 

n h c il 

A K P 
3 a 

II b c d 

A K P 
l a 

II b c il 

A K P 
4 1» 

•> 
II h C il 

A K P 
1 b 

II b c il 

A K P 
2 b 

'i 

II b c 

A K P 
3 b 

II b c d 

A K P 

6 
a II a n c d 

+ + + -
•I I- + + 
+ 
* + + + 
*• + -*- + 
•{ • I- -

+ + + -
K + 

I I + -
-t I - + 

+ + 
+ - + + 
H i + -

+• H • - + 
+ + + 4 
f + - -

I + + 
+ + + 

I + + 
t I- 1-
+ - + 

+ -
+ T 
I -

I 

+ - 4- + + 1 
+ - I + + + 

+ + +- + 
+ + -"• - t- + 

+ + - - r + 

+ + I + + + 

+ + + + + + 
+ * - -

- - - - 4 

1 + 
I -

+ — 
<- + 
I -

•I -
+ ^ 

4 + 
I + 
+ + 
+ + 

+ + 
+ + 
I + 
+ I 
+ + 
+ -1-

+ + 
+ + 

- + 
I + 
+• I 

1 
2 
3 
4 
.r> 
6 
7 
8 
9 

10 
II 
12 
13 

1 I 
16 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 

_2fi 

27 
_28 

29 
3(1 
31 
32 
33 
34 

+ + + + 
- +• + + 

* - - • 
- — -t- + 

+ + + • ! • 
- - + I 

H + + 
- + + 
• - T + -

+ -
+ + 
- + 

I- + -

- 1 

+ * 

1 + -

- + 
I • - - - + 

+ + • 

+ -
+ + 

+ 
H I 

- I 
+ + 
• + 

+ + 
+ -

+ 

V + + 

+ 

+ + 

I - - + 
+ -I- 1- + 
- - + 1 

+ + + -
- - - I 

85 
_36 

+ - i + + + + + 37 — + + - + - — + 

Table 9. One collection, from Switzerland, differs greatly from the 
mean and also adds somewhat to the values of other collections. Their 
E values, however, hardly reach twice the variance ascribed to other 
factors, in many cases as low as the last-mentioned one. No variation 
occurs in the group 27 —28. The mean R value in the table is 17. 

Hol. Notiser, vol. 123, l»7il 
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3 It. 

rlf 

rollcclion 
treatment 
lime 
lime x Irealmenl 
collection x time 
plant 
other 

23 
29 
42 
111 
21 
11) 
12 

1 
3 
3 
0 
:i 
3 
9 

:s < : . 3D. :i K. s i \ 

I: <lf E ill E <lf E ilf 

time 36 3 23 3 19 3 32 3 
plant " 3 - - - -
Irealmenl - - 13 1 8 1 23 1 
other 9 9 15 3 10 3 16 3 

3(.. 

treatment 

sampling occasion ~-—. 

c 
< ; 

/ 

5 i 

id 
1". 

2 

f 

15 
32 

3 

5 
11 

•i 

CI 

4« 

;> 

27 
27 

3 H . 

df 

clone individuals 
plants 

Ilicroelilnc udora t a 'Jn = 56. Tab le ö l ? . A K U Vi omi t t ed f rom sta­
tistical t rea tment . Table 5 C . Also values front Ireatmenl 4 omit ted , 

a l though the p lan t s survived this t rea tment , in order to permit direct 
compar i sons to Tab le •'{. T h e presence or absence of this t r ea lmen l 
does not change the general conclusions . 

T h e greatest source of deviat ion is t rea tment , time coming next . 
The effect of these two factors is much h igher I h a n in H. odorata 

Hot. Notiser, vol. 123. 1970 
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Table 4. Culture experiments. Hierochlo? odoratn 2n=42. — Explanations ot treat­
ments I—i and sampling occasions a—d cf. p. 233. 

\ F H 3 

n 

1 4 

2 + 
3 -
4 + 
5 -
(i -
7 + 
8 -
9 -

10 -
11 + 
12 -
13 

11 + 
15 
1(5 ( 
17 
18 + 
19 • 
20 • 
21 -
22 • 
23 • 
24 • 
25 • 
26 • 

27 + 
28 + 

29 
30 • 
31 • 
32 • 
33 • 
34 • 

35 • 
36 

1 
b C d 

i 4 i 

+ + -
•f + + 

+ + + 

i ' i 

+ + + 
+ 

+ - -

+ + -
+ + + 

- - -

+ 
_ 
4 • 1 

j . . _ 

• 4 • 

• - -
- + • 

• • 
• - -

• • -

+ + 1 
+ - + 

A F 15 4 

•2 

a c d 

+ - + 
+ -1- + 

4 - -r 
+ - 4 

1 ' 1 
-1" -1- T 

+ - -
+• 

+ - -
+ + + 

+ 
• 1 

+ + -
+ - + 

• 1 

+ + -
+ 

• • -
- + + 

' + * 

• • -

1 1 + 
+ + 1 

A F B •"> 

3 
n b e d 

4 - 4 + 
4 4 - 4 -

+ + - -
4 1 • 1 

- 4 4 4 

- 4 4 4-
4 - - 4 

+ - + -
4 4 - 4 4 

4 -

1 -

4 

4 4 

4 1 • • 
- • 

+ + - -

• . . _ 

- • - • 

• • 4 • 

- • 4 -

4 - 4 4 4 

1 1 ' 1 

1! \ F 4 

/ 
n b c d 

+ 4 4 - 4 

4 - 4 - 4 

( 4 4 

h + + H 
4 - 4 -
4 - 4 -

4- 4- + -

+ 4- + + 

+ 
- 4 4 + 

4 4 4 ^ 

+ 4 4 + 

• 4 — -

- • - -
1 • 4 

- 4 4 -

_ . . . 

. . . _ 

- • • • 

4 + 4 -

• 1 • 1 

I? A F 1 

1 
abed 

- + + 4 
4- 4 + -

4- 4 4 -

1 4 4 -
+ 4 - 4 4 

+ - + + 

-•- + + + 

+ + + + 

+ + - + 
+ + + + 
+ - + + 
- • 

4 + - -

• -
4- • • + 

- 4 - • 

. . _ . 
• 4 • + 

. . _ . 

4 • • • 

4 4 + + 

1 1 4 1 

li A F 

2 
bed 

-r - 4 

+ + + 
+ + + 

+ + + 
1 1 

+ + + 
+ 

+ + + 

+ 
+ + 
+ + + 

+ - + 

• -

- + ! 

- . j . 

4 4 

- 4 4 

• - _ 

• • 4 

+ + -
! 

B A F 2 

3 
(i b e <l 

4 4 4 + 
+ - 4 4 

+ + + + 
+ + + + 

' 4 - 1 
- 1 - 1 

+ + + + 
+ + - + 

+ 4 - 4 

+ + + + 
- + + + 
+ 4 -r • 

- - 4 -

+ . - -

• 1 • • 

. . _ . 
• • 

. _ . . 

. _ . _ 
• • • -

+ + + + 
1 1 4 + 

B \ P 
3 
i 

ti b e 

+ + • 
4 4 + 

+ 4 -

+ + + 
- + -

- 4 -

4 - • 

+ + -

i • 

+ 4 

+ + -
- • -

4 - + 

• - • 
+ + + 

• - -
4 4 -

• • -

• + + 

4 ^ 4 

+ 1 -

B \ F 

5 
il b C 

+ J 4 
-r + + 

+ - • 
1 4 -

+ + 4 
+ + + 

+ - + 
4 1 -

+ _ . 
+ + + 
4 4 4 

+ - • 

• - + 

+ • • 

• 
+ 

• • -
• - + 

• • + 

+ + -

1 1- 1 

5 

</ 

+ 1 
4 2 

3 
+ 1 
+ 5 
+ 6 

7 
- 8 

9 
- 10 
-r 11 
+ 12 
- 13 

- 14 
• 15 
4 16 
- 17 
- 18 
• 19 
- 20 
- 21 
• 22 
• 23 
• 24 
• 25 
- 26 

+ 27 
+ 28 

• 29 
• 30 
• 31 
• 32 
• 88 
• 34 

• 35 
• 36 

37 - - - - ->- + + + 37 

2n —28, possibly due lo the greater number of spots involved. Other 
sources are doubtful or cannot be discriminated from the level of 
other factors. 

E in May between AGO plants is 9, between A K U plants 8. 

Table 10. The collections can be classified into two groups, one 
16 Bot. Notiser. \ol. 123. 1970 



246 GUNNAR WEIMARCK 

X 
4> 

Q 

£ 
s 

o 

r-
CQ 
C l 

d 
CM 
O 

i] 
. c -r o 

^ 'S 

1 3 
I 8 
•* .5 

= f 
9 C 
= a — w 
a _ 

t = 
— a 

a CJ 

> n 
i "S 
I c 
, o 

IO a 
II c 

= •§ 
CM o. 

x 

5 W 
o 
o I 
•S . 
o — 

:-
; 
o 

v 

a: 
vi 

= 

a 
-
M 

•* 
C 
4> 
£ 

S a 

.5 g 

3 C 

1> 

re 

M 

< 
•* 

fcd 

CM 

P 

< 

< 
te 

P 

< 

S3 

O 
O 

CO 

C 

C 

CM 

C 
O 

< 
to 

C 
o 
< 

o 
o 
< 

-a 

-c 

"C 

•a 

SM 
•C 

«•» -C 

• c 

• c 

-O 

O 
• * 

CM 

B 

i 

+ + I I + I 
I + I I I I 
+ + I I + I 

+ + + + + + 

• + I I + + + I 
I + + + + + I • 

I + + + + + + + 
+ + + + + + + I 

+ + + + + + + I 

+ + + + + + + I 

+ + + + + + + I 
+ + + + + + + I 

+ + 
+ + 

+ + 

+ + 

+ + + + I 
+ + + I • 
+ + + + I 

+ + + + I 

+ + + + + + + I 

+ + + + + + + I 

+ + + + + + + • 

+ + + + + + + I 
+ + I + + + + I 

+ + + + + + + + + 

+ + + + + + + I + 

1 + 
+ + 
+ + 

+ + 

1 + 
1 * 

• + 
+ + 

1 
1 

1 

+ 

1 
1 

1 

+ 

• 

+ 

1 

+ 

+ 

+ 
+ 
+ 

+ 

1 

1 

+ 
1 

• 
1 

• 
+ 

+ 

+ 
1 

+ 

1 1 • 

1 1 • 
+ 1 1 

+ 1 1 

1 1 • 

1 1 • 
1 1 • 

+ • 1 

+ + I + + + + I I 

+ + I + + + + I I 

+ + + + + + + I I 

+ + + + + + + I + 

+ I- I + + + I I I 
I + I + I + I I I 
+ + + + + + + I + 

+ + + + + + + I + 

+ + + + + + + I I 
+ + + + + + + + I 

+ + + + + + + + + + 
+ + + + + + + I + I 

+ + I 

+ + + 

I + I 

I + I 
I + + 

+ I + 

I + I 

I I I 

p + + 

I + + 

I + I I 
• + • + 
• • I + 

+ + I + 

• I I I 
I • É + 

• + I + 

+ 1 1 + 

+ + I • 
I + I I 

+ + + + 

+ + I + 

I • I + 
I • I + 

+ + I I 

+ + I + + 

I + I • + 
+ * I • + 
+ + + I + 

I + I 
I + I 

I + I 

I I + 

I I I 

I I 
I I 

+ I 

• + + I • 

+ 1 1 1 + 

• + I I + 

I + • I + 

• • + I + 
+ • 1 1 + 
+ I + I + 
+ + + I + 

I I + I + 
I I I + I I I + 
I I I + • I I + 

I I I + 1 1 1 + 

I + I • + + I • 

I I I • I • I + 

+ I + + I • + + 
+ + I I + + • + 

I + I I + + I I 
• 1 1 + 1 1 1 + 
+ 1 1 I + + I + 

I + + I I- 1 I + 

1 + 1 
+ 1 + 

+ + 1 
1 1 + 

• -1 

+ 1 
1 1 
• J -

+ 1 1 

• + + 

• 1 + 
1 1 + 

I 
+ I 

I 

+ I 

+ + 

+ + 

I + 
+ 

+ I 
+ I 
I • 
I + 

I + 
+ + 

+ I 
+ I 

+ + 

I + 

I "-* t e 11^ I X 

I I I • I • I I 
I • • • I • I I 

I • I I + + I I 
+ + + + + + + + 

I I + I I • + + 

I I + I + + + + 

+ + + I + + + + 

+ + + + + + + + 

• I + + I H + + 
I I + I + + + + 

I I + I + + + + 

+ + + I + + + + 

I I + I + + + + 

I I + I + + + + 

I I + I + + + + 
+ + + + + + + + 

+ 1 

1 1 

+ + 

+ 1 
1 1 

+ + 

+ + 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

1 

1 

+ 

+ 
1 

1 

1 

! 
+ 

+ 

+ 
+ 
+ 

+ 

+ + + 
+ + T 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + + + + + + 

I I I • • • I I 

+ + + I I • + + 

I • I • • • I I 
+ + + + + + + + 

+ 1 + I + + + + 

I I + I + + + + 
+ + + + + + + + 

+ + + + + + + + 

I + + I + + + + 
I + + I + + + + 

+ + + + + + + + 
+ + + + + + + + 

1 + 1 

1 1 1 
1 + + 

+ 
+ 
+ 

1 + + + + 
1 + + + + 

+ + + + + 

+ + + + + + + + 

- ?i?o • • ^ ^ i^ ac c c - M ? : H 1 ' * o i ^ « ~ o - ci n t ><: c i * M " o - W C C T k t Ö 
- - - - 1 - - - - - - M « I A, A, - , * ( ? I | * | * | | *) ^ « w ?- ?: I ?: ?: I 

Bot. Notiser, vol. 123, 1970 



CHEMICAL LEA! CONSTITUENTS IN IIIL'IKX.IILOK 247 

B. 
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treatment 
lime 
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collection x lime 
plant 
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(If 

19 
7« 
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i 
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.-»c 
i-: dr 

to 
77 
47 
21 
16 
13 
12 

1 
3 
3 
i) 
0 

3 
'.) 

having spols 29 -34 or at least some of them and one lacking all these 
spots. This heterogeneity causes a rise in the E values. They are highest 
in collections from Canada and USA and are generally high in collec­
tions having spots 29—34, these collections being in minority and 
therefore more deviating from the mean. As a complement the calcula­
tion is made also without the group 29—34. The remaining deviation is 
in some collections still two to three times the one ascribed to other 
sources. The mean E value is .'50 (19, it* the group 29 34 is excluded I. 

Ilii i ix lilnc occidental!», H. paut-ifloi-a, H. alpina and II. montieola . 
Tables 11 14. E between plants are 12. 20, 2f> and II, respectively. 
Since the material is small and inconsistently sampled, the figures are 
of restricted value. 

The two B I) R plants of //. nl/iiiui show marked differences from 
each other. The chromosome number of this collection is 2n = 66. 
Other //. alpina collections studied have the number 2n=56 (cf. WEI-
MAKCK 1970). 

Teat of Sampling and Storing Techniques. Table (1. The /-J values 
in Table (> 1? exemplify the magnitude of deviation in paired compa­
risons due to sampling, storing and other factors together. In a few-
cases this deviation is about twice the one expected to be due to 
other factors. 

As to //. odorata the herbarium material is from the same locality 
and can be presumed to represent the same genotype (see below, p. 263). 
Such material was not obtainable as lo //. auslralis, which is repre­
sented by herbarium material chosen lo have the same basic type of 
pattern. Herbarium material of //. australis is therefore excluded from 
statistical treatment. 

Bot. Notiser, TOI. 12:1. 1970 
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Table 6. \: Sampling and storing experiments. Hierochtol australts, //. odorata 
2n 28, 42. 56. — A: Al>. Vihii 3.6. 1898 G. l-ANf. (S). — B: Ta Lamm! 14 6. 1908 
A. RENVALL (S). — C: STrd, Opdal 15.6. 1930 -i K. HAUCEN (O). — D: Srm, Nacka 
18.6. 1913 M. ICNGSTEDT I-SI. I.": Dir. Gagnef 27.6. 1036 .1. B. BENGTSSON I U M . — 

Abbreviations: B! conv. dried; b : heal dried; c; herb, mir], — B incxl page): Varia­
tion between techniques. - Regional subdivision cf. p. 233. 
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In chromatograms from herbarium material I have sometimes ob­
served sporadic spots besides the ordinary patterns, possibly due to 
decomposition of some compound involved. Such extra spols are very 
ol'lea weak. They are not accounted for in the table, and the deviation 
given in comparisons to herbarium material is therefore a little lower 
than it should be in reality. 

Comparisons Between Taxa. Hierochloé australis has great pattern 
affinities to H. odotata, especially to the 2n=56 cytolypc. with which 
it shares the occurrence of spots 29—34. The spot group 35—36 has 
not been found in the other taxa. 

Almost all the H. odonda 2 n = 5 6 plants have spots 38—41. These 
are found very rarely in //. odorata 2n = 42. 

Spots 27 and 28 are common lo H. australis and all cytotypes of 
H. odorala, spot 27 also to //. occidentalis. The H. occidentalis material 
exhibits a pattern distinct from the rest of the taxa treated. It has one 
spot group, 42—44. of its own and the groups 45—4(5 and 47—49 in 
common with / / . pauciflora. The last-mentioned group occurs also in 
//. alpina and //. monticola. The spols 50—52 and 53 are not repre­
sented in the / / . occidentalis plants. The occurrence of spots 27 and 34 
distinguishes Iheni from //. pauciflora. H. alpina and //. monticola. 
These three taxa have no spots of their own in the present material 
besides spot 53 in //. alpina. II. pauciflora exhibits a pattern most 
affined to //. alpina and //. monticola. 

As to spots common to two or more taxa great frequency differences 
are often found. 

Correlation Between Spots in Tables 7—10. A number of positive and 
negative correlations were found in each table, the most significant 
ones illustrated in Figs. 3 and 4. In addition, spots with 100 °/o fre­
quency were marked with heavy outlines in Fig. 3. Only few correla­
tions were the same in all tables. 
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SUMMARY AND DISCISSION 

:i7 

1. The chromatographic method 1ms turned out to give acceptable 
separation of spots and to permit work on a large scale due to rather 
rapid extraction and running procedures. 
Hot. Notiser, vol. 12Ü, 1970 
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Since ;i major aim was to study variation at a low taxononiic level, I have 
chosen not to hydrolyze extracts, Glycosylalion takes place late in the bio­
synthesis (cf. HAHISORXK 1967 p. 2711,and glycosides can therefore he expected 
to give a more detailed information on minor differences than aglycones. In 
addition, non-hydrolyzed extracts give a greater number of spots. Unfortun­
ately, non-hydrolyzed compounds are more difficult to identify with certainly. 
A provisional identification of al least some substances may. however, lie 
possible on the basis of Ry values and colour reactions (cf. HARROKNI; 1959). 

The cellulose layer used gave better results than other brands tested. I 
have avoided the use of silica gel recommended by GRANT and WHETTEB 
(19(561 who found cellulose to give only about 25 "/« of the spot number 
obtained on silica gel in Lotus material. Silica gel has. however, lower 
mechanical resistance and the .somewhat "had reputation" of easily causing 
artifacts. 

Calculations of means i standard errors of R^ values as made by some 
authors, e.g. BJÖRKQVIST (1968 p. 901, are somewhat questionable according 
to my experience. Since the plates are checked with respect lo false run and 
other technical faults before using, the values are already subjectively selected 
and should not he treated statistically. Moreover no attempt to apply a 
correction formula (BATE-SMITH 1956 p. 1661 and thereby afterwards try to 
diminish the cffecls of false run has been made. Instead I have accepted a 
variation in spot site of 0.02—0.03 R f units in either direction, leading lo no 
difficulties in identifying spots. 

2. The modified analysis of var iance used gives valuable es t imates 
of deviations diu; lo technique und chance and of experimentally in­
duced and intrinsic deviations in plants. The correlation analysis indi­
cates that most substances are in themselves independent of each other. 

Many attempts have been published lo make use. of indices to demonstrate 
in figures the similarities and differences between taxa, e.g. by ELLISON, 
ALSTON and TURNER (1962), LORENZ and ScHUI-zT-SCHAEFFEK (1964), HARNEY 
and GRANT (19651, MATTHEWS (1966), JAWORSKA and NYBOM (1967). OLSSON 
(1967). DASS and NYBOM (1967), GRANT and ZANDSTRA (1968). LAROI and 
DUOLE (1968;. OLDÉN and Nvuo.M (1968), DEDIO ct al. (1969 a. hi, ISINO 
and FROST (1969). and THIELGES (19691. Among the more wide-spread ones. 
the matching coefficient, the coefficient of similarity, the correlation coeffi­
cient and the biochemical distance as tools in connexion with chromatography 
have been criticized by RUNEMARE (1968), the two last-mentioned ones also 
by C.OLLESS (1967 pp. 24, 25). 

In the present study none of the indices mentioned would work well be­
cause of the difficulty of estimating variation within and between collections, 
technical irregularities etc. The analysis of variance, although modified in 
a somewhat unorthodox manner, gives the taxonomist valuable facts lo judge 
from, but leaves the very judging to him. The taxononiic treatment still has 
to be a matter of personal subjective discernment, whereby many facts other 
than chromatographic ones have to be considered. 

In the statistical treatment all spols have been weighted alike. Krom the 
Bot. Neuser, vol. 123, 1H70 
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method used follows, however, that a different value in a spot can give a 
higher weight if this value is rare in the material. The effects is rather 
desirable in the present study, because as a rule il stresses a deviation more 
if it occurs in an otherwise homogeneous material. 
Bot. Notiser, v,,I 123, WTO 
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2n = 28. — Regional subdivision cf. p. 233. 
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I h a v e avo ided t he use of spot a r ea as a n es t imate of c o m p o u n d a m o u n t as 
used by e.g. J A W O R S K A a n d N Y B O M (1967), O L S S O N (1967), D A S S and N Y B O M 

(1967), O L D É N a n d N Y B O M (1968), e tc . T h e re la t ionsh ip be tween area a n d 
a m o u n t c a n n o t be impl ied to be even a p p r o x i m a t e l y l inear , depend ing on 
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Tublo ti Regional study. Mierochloé odorafa 2 D » 4 2 . — Regional subdivision ef. p. 233. 
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starting-spot area, different diffusion in layer, difficulties in consistent defini­
tion ut' spot outline, etc. The calculations recommended by NYBOM (1966, 
1967) are hardly applicable to non-identified compounds. 

The rough estimation of intensity used in the present work may be less 
misleading and is far simpler to perform let". HHF.JIM & OWXHEY 1965). 

The scale 0, 2, .'t used can be subjected lo discussion but has Hie desirable 
effect thai the numerical values reflect firstly the presence or absence of a 
spot hnl also to some extent its intensity. The distance (squared as it will be 
in the analysis of variance! between 0 and 2 is 4 units, between 0 and 3 
9 units but between 2 and 3 only I unit. Variation in intensity of a spot (and 
in all likelihood in amount of the compound responsible! is registered but not 
very heavily weighted. Variation between absent and weak spot, being some­
what uncertain in the vicinity of Hie perception threshold, is given an inter­
mediate weight, and variation between absent and strong spot is given a 
considerable weight. Ibis quantitative estimate is of course limited lo com­
parisons comprising one spot at a lime, the same intensity of two different 
spots not necessarily indicating the same amounts of substances. 

One objection to the use of statistics at all is the risk of a non-random 
choice of collections to be included in the Tables 7—14. The importance of 
using material collected at random for statistical treatment has been pointed 
out by several authors. In the present material the intensity of sampling 
has of course been much greater within the mainly studied region in North­
west Europe than in other parts of the distribution areas of the laxa con­
cerned. However, within l-'ennoscandia and Denmark the density of collec­
tions is probably roughly proportional lo the abundance of Hie taxa. Krom 
other parts of the areas the material is so scanty that it will not have any great 
influence on the values as a whole. 

The use of non-identified spots in statistics can be dangerous. One and the 
same glycoside can give rise to a group of spots due to unintentional hydrolysis 
or oilier decomposition let'. ALSTON 1965 p. 278). Also in cases when the 
occurrence of more than one glycoside with the same aglycone is no artifact. 
it contributes excessively lo the biochemical distance or any other index and 
should not in this respect be given equal weight as more fundamental 
characters. 

FAIISICIT and OWMIKI (1968) found by means of gradual hydrolysis and 
rechromatography thai different glycosides in Dicentra can be included in a 
decomposition chain ending with the same aglycone. 

GRANT and ZANDSTRA (1968) obtained matching coefficients, based upon 
non-ideiililied and non-hydrolyzed compounds from some Loins species run 
on silica gel. conflicting with the results of HAHNE* and GRANT (1964) using 
identified hydrolyzed compounds of Ihe same species run on paper. Both 
results conflict also with the coefficients of similarity or paired affinity indices 
calculated from both hydrolyzed and non-hydroly/.ed compounds from Ihe 
species concerned run on paper (HARNEY & GRANT 19651. Whether the in­
consistency is d\)c lo choice of .specimens, layer, type of compounds, numerical 
treatment or some other factors is difficult lo elucidate. 

A study of the variation in each glycoside is, however, defensible in the 
estimate of deviations as used in Ihe present work. The co-occurrence of 

Hot. Notiser, vol. 123. 1!I7() 
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Tnblr 10. Regional study Hierochtoe nilomtn 2n=56 . *incl. 
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29—34; **excl. 29—34. — Regional subdivision el. p. 233. 
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spots mostly affects the calculations within one (axon al a time only to a 
minor extent The reverse is true in // odorata 2n=56 , where the group 
29 34 considerably raises the deviation. 

The correlation coefficients calculated between spots (Figs, 3—41 can give 
some indications as to whether the groupings observed arc likely lo he due 
to a mere chemical dependency upon each other The association het«ecu 
spots occurring in all plants of a given (axon (not necessarily the same spots 
in different taxa) are difficult lo elucidate since no variation occurs. For the 
same reason they do not. however, adil lo the E values. The groups of spots 
with highly significant positive correlation to each olher can he explained 
in Iwo «ass . Firstly, such spots ma\ he suspected to have a common bio-
genelical background or even to he at least partly artifacts Secondly, com­
pounds Ihus correlated mav be in themselves independent of each olher but 
reveal different gene combinations prevailing in different taxa and iu different 
parls of the distribution areas 

TVhi re strong correlations occur in one taxon but net in others a common 
chemical background is not likely. The spots 27—2« and 38 41 (and possibly 
some of the spots 29—:t4i may then he the only correlated groups to be 
suspected of having a common chemical background, the other positivt 
correlations as «ell as the negative ones being most likely to have other 
causes These coefficients llms may demonstrate certain relative differences 
in gene content and have some value in this respect. 

Due lo the great number of possible comparisons, however, some corrc-
lalions can be expected lo be clue to chance, p < 0.001 and 0 1)01 < p < 0.01 
for the two levels ol significance illustrated in l-'igs. 3—I. respectively. 

Because of the fact that deviations in all spols are added together the E 
value obtained must be influenced by the number of spots present in the 
different taxa. I do not find this effect solelv undesirable. However, for the 
sake of comparison I have given E values in Table 10 (// ndorata 2n=56) 
also with the spols 29—.'(4 disregarded because of the great effecl of the 
group. 

3 . The degree of repeatabil i ty and consistency of results has been 

estimated. 

Thin-layer chromatography, being a fairlj rough method as applied here, 
has of course inherent sources of c rroi Extraction cannot be presumed lo 

Table 11. Regional sluilv Hit nn hlnv <>< t nlinlalis. \ : Calif Samuel Taylor State 
Park 8.4. 1964 I- S. ROSH (LD). H (a l i i . I agunilas ( n e k 111 1949 ( 
SKOTTSBERG (S). 

Table 12. Regional xtudv Hlerochlol pauciflora. ( Canada, Franklin Dislr.. 
Spcnce Hav K 7. 1051 .1. (• CHILLCOTT NO 31 (S) — I) Novaj.i Semlja, Matotschfai 
Schar 2.Y7 I'M I I llwiss (s) - F: Kamchatka auslr. Bolshaja Rcka. 7. 1921 
i: HULTÉN NO. l»5l IS). 

Table 13. Regional stuclv. HiGFOChloe /il/mi'i. — Regional subdivision cf. p. 233. 
Table T4. Regional sludv Hitrtuhloe monlirola. 

!;..! X.i l : --r \ .1 ] | i 170 
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Fig. .'i. Significant positive correlations between spots. Broad lines: p < 0.001; narrow 
lines: 0.001 < p < 0 . 0 1 . Spots occurring ill 100"o are marked with heavy circles. — 
A Hlerochlol australia — /i- //. odorata 2n 'JN. — C; //. odorata 2n 12. — 

I)- H. odorata 2n=56. 

he absolutely uniform. The lotal weight ol a .sample is to a varying extent 
dependent on the content of mechanical tissue, in its turn rather inversely 
proportionate to the content of the studied com pounds. The same extract run 
on two different plates can under certain conditions give a different number 
of spots due to varying laxer, separating media, temperature, spraying with 
reagents etc. Such errors could sometimes lie observed during the work with 
plates in duplicate from the same extract. Since the tables were made up from 
more than one plate, the occasional dropping out of a spot on a single plate 
has no deteriorating el feet. The effect of other errors cannot he separately 

Hot. Notiser, vol. IB, 1970 
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I ig I Significant negative correlations between spots Broad lines: p < 0 001. narrow 
lines: 0 001 < p < 0.01. — .4—0 as in Fig. 3. 

<ak ul.itid from 111*- present materia) l»ul forms part of E0ther source« Thus 
their magnitude together with CII.UK e is estimated (in lliis material usually 
not amounting lo l"> units), ami conclusions should not be drawn from results 
below or too close to it. 

II is perhaps somewhat risk} to infer the estimate of chance and other 
sources of deviation from //. odorala, where it was possible to calculate 
(Tables 'A H F. ."» 15—(.i. to biologically different materials, i.e. the other 
taxa treated Although we do not know about possible differences bei"ein 
taxa in reaction on habitat. I find the estimate valuable if used with caution 
as an approximate rating of experimental errors etc. 

17 Kot. Notiser, vol. 128, 1970 
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4. T h e modify ing effect upon p a t t e r n s is great as to season a n d 
t rea tment du r ing cult ivat ion. However , the spoi combina t ions cons i ­
dered as diagnost ic in most cases still permit de te rmina t ion of the 
mater ia l , exper ience of the modificat ions taken into cons idera t ion . 
Differences between the sampl ing and storing techniques a re usua l ly 
not very great but should be taken into account . 

1 have in this matter only intended a purely practical investigation in direct 
connexion with cultivation conditions of interest in taxonomic work. As to 
physiological aspects on phenolic biosynthesis see e.g. SlEGELMAN (1964) for 
.survey and references. 

' thorough experiments are described for Spirodela by MCCLUUE and ALSTON 
(1964), who found fairly small modifications in an exhaustive test series 
under artificial conditions. BALL, BEAL and FLECKER (1967), however, found 
the obtained variation in a similar test with Spirodcla to be more considerable, 
Most other authors touching the problems have found differences due to 
sampling season, plant age, growth condition, etc. (e.g., SCHWARZE 1959. YAP 
& REICHARDT 1964, BRAGG & MCMILLAN 1966. FREDRIKSSON 1967, POLLOCK 

et al. 1967, and LAROI & DUGIJE 19681. No or very small differences have been 
reported by e.g. BöRTITZ (1962, 1963}, GRANT and WHETTER 11966), and 
THIEI-OES (1969). See also TÉTÉNYI (1970 pp. 26—34) for references con­
cerning variation in various compounds found in medicinal plants. 

If in Tables 3 B If and 5 B—C an F-lest of the different sources is performed 
with the degrees of freedom given in the tables, the, only E values significantly 
larger than E„üwr ,,„„r,.,,s at the 5 % level are time in Table 3 B and time and 
treatment in Table 5 B—C. However, in these calculations no regard has been 
taken of the fact that the values for a large number of spots, which are to 
a large extent independent of each other, have been summed. Thus the number 
of degrees of freedom and the level of significance in the test are far too low. 
On the contrary, the individual intensity values do not follow the normal 
distribution required in an F-lest, but normality is approached through the 
summing of independent spots. 

Fairly little seems to be known about the importance of sampling and 
storing technique when studying non-hydrolyzcd leaf phenolics. Some authors 
report no or negligible differences between heal dried, conventionally newly 
dried and old herbarium material, e.g. BORTITZ (1963), SMITH and LEVIN 
(1963), HOHNE (1964), TORRES and LEVIN (1964), GRANT and WHETTER (1966), 
FREDRIKSSON (1967), HARRORXE (1967), LAROI and DUGI.E (1968), and ARDITTI 

(1969). 

Of course it is of interest lo choose the sampling method giving the least 
difference compared to herbarium material, thus widening the applicability 
and versatility of the method. Since the present material concerning sampling 
and storing techniques is fairly small and the values are inconsistent, nothing 
in this way can be judged from it with certainty. The results indicate, 
however, that a possible influence of different methods should always be 
taken into account. 
Hot. Notiser, vol. 123, 1970 
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5. An obvious heterogeneity within collections has been found in 
//. australis and //. alpina. Sample tests have nol indicated such a 
heterogeneity within collections in any of the //. odorata eytolypes. 

/ / . australis and H. alpina grow in lufts. Al though mater ia l studied by m c 
has shown an apomic l ic tendency (WEIMAHC.K 1967a and unpubl . ) , Hie 
tufts growing on the same locality obviously can be genotypical ly different , 
t hus nol being m e m b e r s of a clone. Since the external condi t ions in this 
exper iment were the same for all plants , the differences surely have a genetical 
basis . 

In spite of the fact thai I found sexual seed-sett ing in / / . odorata 2n — 28 . 
1 regarded the samples studied as facultative apomic t s because of Hie bad 
seed ge rmina t ion abil i ty and the long creeping rh izomes forming clones 
( W E I M A R C K 1967 a p . 230) . The assumpt ion is co r robora ted by the present 
facts giving no evidence of Hie genolypical var iat ion to be expected in a cross­
breeding popula t ion but indicat ing clonal p ropaga t ion wi thin a locality. Since 
the flowers are p ro togynous and chasmogamous , au togamy is no plausible 
explana t ion of the homogenei ty in the charac te r s s tudied. 

The obligate or almost obligate apomixis in II. odorata 2n = 42 and 2n = 56 
( W E I M A K C K 1967 a) is a lso confi rmed by the c h r o m a t o g r a p h i c results . 

Cases of in l rapopula l io iml variat ion have been repor ted by e.g. ELLISON, 
A L S T O N and TURNER (1962), BRUNSHEHC: (1905). FnöST (1966), and F R E D R I K S ­
SON 11967). 

(i. T h e E v a l u e b e t w e e n c o l l e c t i o n s of / / . australis e n t e r s t h e o n e 

w i t h i n c o l l e c t i o n s d i s c u s s e d a b o v e . H. odorata 2 n = 2 8 a n d to a s t i l l 

g r e a t e r e x t e n t / / . odorata 2 n — 42 a r e m o r e u n i f o r m , o n l y s o m e c o l l e c ­

t i o n s d e v i a t i n g c o n s i d e r a b l y f r o m Ihe m a i n p a r i . Mos t of t h e H. odorata 

2 n = 5 6 m a t e r i a l a l s o c o n t a i n s r a t h e r m o d e r a t e d i f f e r e n c e s if s p o t s 

29 34 a r e d i s r e g a r d e d , b u t t h i s s p o t g r o u p c a u s e s a c o n s i d e r a b l e r i s e 

ill v a r i a n c e . 

V a r i a t i o n in d i a g n o s t i c s p o t s is s e p a r a t e l y d i s c u s s e d u n d e r 7. 

Variation wi lhin taxa in chromatograph ica l ly obta ined charac te r s are re­
ported by e.g. L O R E N Z and S C H U L T Z - S C I I A E F F E R (1964), T O R R E S and L E V I N 

(1964), BRF.IIM and OWNBKY (1965). B I U N S B K R O (1965), BRAGG and M C M I L L A N 
(1966), M C C L O R E and ALSTON (1966), IS.IÖRKOVIST (1968), [SING and F R O S T 

(1969), and T H I E L G E S (1969), H A R N K \ and GRANT (196:S. 19611 and Y A P and 
Hl'.K.llARliT (1961) did, however , nol find such a var ia t ion. 

References concern ing infraspecific variat ion in Flavonoid contents of 
medicinal p l an t s a r e listed by T É T L N Y I (197(1 pp. 159 164). 

I do not find it just i f iable at Ihe present t ime lo give Ihe two / / . odorata 
2n —56 spot pa t t e rn types the n a m e of "chemica l races" o r any taxonoiuic 
rank (cf., e.g.. BREHM å A L S T O N 1964). In Ihe present s tudy concerning non-
identified subs tances I find Ihe informat ion too imperfect in this respect. T h e 
same is valid for / / . odorata 2n = 28. respectively having and lacking the spot 

Rot. Notiser, vol. 128, 1070 
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group 27 28. Since, however, some correlation seems to exist between certain 
morphological features and spot patterns in II. odorata 2 n = 5 6 , Hie problem 
will lie dealt with also in a later paper. 

7. Mosl of the taxa can he d is t inguished wi th good ce r t a in ty o n k e y 
spot combina t ions . Except ions are H. odorata 2n = 28 versus 2n = 42 
a n d H. alpina versus / / . monticola. T h e specificity of pa t t e rns in the 
resl of the mater ia l is h o w e v e r — at least seemingly so — not abso lu te . 

Probably the spots have very different interest from a taxonomic point of 
view due to their chemical nature and the chains of synthesis responsible for 
their occurrence. Before the nature of the compounds arc known, the tax­
onomic bearing of spots must be judged more or less subjectively. The 
grouping of spots in the tables represents an attempt to demonstrate their 
diagnostic value. This can easily be estimated by comparing the freq. per­
centages found in different taxa for a key spot. Hereby the different number 
of collections of taxa compared must be laken into account. One also has to 
be aware of the possibility that a whole group of spots may be the result of 
a difference in only one gene. e.g. responsible for a certain aglycone or a 
certain type of glycosylation. 

//. odorata 2 n = 2 8 and 2n --12 are morphologically similar, whilst the 
2 n = 5 6 cytotype is well distinguishable at least in Northern Europe (WEIMARCK 
unpubl.). The great pattern affinities between the 2n—28 and 2ii —42 cytotypes 
suggest together with other yet unpublished facts that the latter may he an 
allopolyploid derivative of the former. Also BlU.NSBKRG (1965) found no 
consistent chromatographic differences between Lat hyras pratensis 2 n = 1 4 , 21, 
28 or 42. 

The only absolute difference found between //. alpina and //. monticola 
is in spot 6, which in respect to the small material is of restricted significance. 
The taxa arc evidently also very closely related according lo other criteria 
(cf. SORHNSEX 1954 and WEIMARCK unpubl.). 

Taxon-specific chromatographic patterns can of course be of great value 
when scrutinizing critical taxa, because they afford additive characters to 
morphological and others. The possibility of using herbarium material is espe­
cially of interest in Ulis respect. In Hicrochloe flowering is sometimes poor, 
and chromatography could perhaps be tempting as a way to determine non-
reprodnctivc material. More direct practical use of Chromatographie patterns 
is made by FREORIKSSON (1967), analyzing the composition of Festaca seed 
parcels. In the last-mentioned case chromatography seems to be the only 
method possible in practice. 

Single plants have, however, turned out to lack diagnostic spots or have 
spots diagnostic lo another (axon than that they arc referred to. OctOploid 
H. odorata plants lacking the groups 29 34 and 38—41 (A X K 6. A I) F 1) 
«•an with certainty be distinguished neither from tetraploid or hcxaploid 
H. odorata nor from //. auslratix lacking both of the spots 85 and 30 (B A D 2, 
A I ' l i 4). The hexaploid II. odorata plant A O I) 1 would lie believed to be 
octoploid because of the spot group 38 41. 

Bot. Notiser, vol. 123, 1970 
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II is by im m e a n s self-evident that , wi th in a (axon t rad i t iona l ly t reated 
as a species, p l an t s with the s ame c h r o m o s o m e n u m b e r form a phyle t ic unit . 
T h e unba lanced apomic t ie mechan i sm found in llirroclilnc gives good pos­
sibilities for higher polyploids t<> ar i se from lower ones more t h a n once. T h e 
bcxap lo ids and oc toplo ids wi th in H. nilorala m a y very well each consist of 
different evo lu t ionary l ines, some of them with affinities r a the r to oilier levels 
of polyplo idy than to o the r lines on the same level. 

T h e Swiss hexap lo id H. odotata collection, the only s t rongly a b e r r a n t one 
in Table 9, and the Iwo Nor th American ocloplnid collections, also very 
deviat ing, may thus turn out to be wrongly placed together wi th o t h e r 
H. odorata mater ia l with the s ame c h r o m o s o m e n u m b e r s , respectively. Tax­
o n o m y and nomenc l a tu r e of the whole complex are , however , to lie t reated 
in a later pape r on the basis of these and other data . 

In the present connexion the inherent danger in wide general izat ions from a 
restr icted mater ia l shou ld be pointed out. Especial ly as to the widely spread 
/ / . paudflora and / / . alpina the s tudied mater ia l is d i sp ropor t iona te ly small . 

In the present investigation I judge the informat ion given on modif icat ion, 
var ia t ion wi thin taxa , and me thod as at least equal ly interest ing as that on 
differences be tween taxa. The me thod used also provides a m e a n s of expla in ing 
breed ing systems and popula t ion s t ruc tures in plants offering few o ther 
sui table cha rac t e r s . 
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ABSTRACT 

PLENSBURG, T. and MAIMER, N.: Studies on Mire Vegetation in the \r-
ehaean Area of Soulh Western Götaland 'South Sweden). IV Benthic 
Algae and Their Distribution on the \khult Mire. Bot. Notiser 

123: 268—299, Lund 
This study complements two earlier mire imesligalions in central South 

Sweden, one on the macrophytic vegetation and its habitat conditions on 
the \l\hnlt mire (MALMER 1002 al and one on the micro algae of the mire 
Store Mosse (FLENSBURG 1967] \ list of the 225 lava of micro algae 
(some of them new to South Sweden) recorded in I/O samples from the 
Akliull mire is given together with short notes about their distribution 
on the mire. 

There an- only small differences in the flora of micro algae between 
the \khull mire and the Store Mosse. II is shown that I he micro algae 
h a \ e the same general distribution pattern on the Vkbult mire as the 
maerophytes. No lava confined only to bog areas have been found. 

INTRODUCTION 

In art curlier paper (MALMEB 1962a] one of ihe present authors has 
given a thorough description of Ihe macrophytic vegetation (vascular 
plants, bryophylcs and lichens I on the Akliull mire (Central Smaland. 
Fig. 1) together with a description of the habital conditions, especially 
with reference to Ihe water level conditions and the chemistry of peat 
and water. The present study on the benthic algae with special refe­
rence lo the desmids and diatoms is intended to complete the picture 
of the vegetation given in the previous paper. 

The other one of the present authors has performed a special study 
(FLENSBURG 1965, 1967] on desmids and other benthic algae including 
notes on the macrophytic vegetation in the extensive mire area Store 

Hot. Xoli^er, vol. 123, 1Ü70 

file:///khult
file:///l/hnlt
file:///khull


270 TOM FLENSBURG AM) NH.S MALMER 

Mosse (Western Småland , l i g . 1). The localities investigated liiere 
covered a wide range of habi ta ts . T h e present s tudy completes this 
broad survey with more detailed investigations on the mic ro algae 
within a na r rower range of habi ta ts less well represented in the Store 
Mosse area . Especially the dis t r ibut ion of Hie species in relation to the 
hydrologic minera l soil water limit will be discussed here. - - F u r t h e r 
informat ion about the benlhic algae of the mires in the South Swedish 
up l and have been given by e.g., THUNMARK (1942), Du K I E T Z (1950a , b) 
and F E T Z M A N N I 1961). 

In this pape r a list of Ihe benlhic algae recorded from the mire 
will be presented together with a survey of Iheir dis t r ibut ion with 
reference lo ihe vegetalional gradients (cf. t he c h a p t e r about the 
direct ions of variat ion in Ihe vegetation in M A L M E R 11(62 a pp . 14 47). 
T h e sociology and ecology will be more thoroughly discussed in a 
following paper. 

The laboratory work as well as the nomenclature of the algae follows 
FLENSBURG 1967. Concerning macrophytic vegetation nomenclature refer­
ences arc given in MALMER 1962 a p. 20. Also in the terminology of live mires 
and the mire vegetation that paper is followed (MALMER 1962 a pp. 42 47. 
86—139. MALMER 196.5). 

This investigation has been carried out at the Department of Plant Eco­
logy, University of Lund. It has been made possible through grants from 
Statens Naturvetenskapliga Forskningsråd. The field work and the investiga­
tions on the habitat conditions have been done by MALMER. FLEXSRI 'R« is 
responsible for all the determinations of (be algae and has written the sec­
tion with Ihe list of species. The general discussion, have been written in 
cooperation. Technical assistance has been given by Mrs. INGRID ENGBERG, 
Miss HANNA LUNDBERG, and Mrs. MIMMI VARGA. 

INVESTIGATION AREA 

T h e Åkhull mire is s i tuated in Kronobergs county, about 40 kin 
N N W the city of Växjö (cf. m a p Fig. 1). It represents a bog mire 
(Du H I E T Z 1959, M A L M E R 1965). i.e.. a mire complex mainly with bog 
areas . There are two main bog areas (cf. Fig. 2), viz., one large, 
eccentr ical ly sloping (Ihe Great Bog) and one smaller , r a t h e r con­
centr ical ly s loping (the Small bog ) . Along Ihe nor theas te rn marg in 
there a re fen areas both of Ihe na r row lagg fen type a n d of a broader , 
m u c h more extensive lype. A further description is given in M A L M E R 
1962 a p p . 52—60. 

T h e investigations have been performed only wi th in three special 
parks of the mire , all of them along the nor theas tern marg in . In the 
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Fig. 1. Map of southern 
Sweden with the situation 
of the Akhull mire (I) 
and the mire Store Mosse 
l'l\ indicated. 

Lönnslorpel area in lhe northwestern pari of Ihe mire there is one 
narrow lagg fen area and one broad len area. The Stattute area repre­
senting the central part of mire comprises a broad and extensive fen 
area together with adjacent parts of the Great Bog. The surface is 
rather even. There is no distinct difference in level between the fen 
and the hog. A number of small and shallow pools (the row of brook 
pools) divide the fen into two parts, viz., the Inner Fen adjacent to Ihe 
mineral soil and the Outer Fen adjacent lo Ihe Great Hog. The row 
of brook pools represents a distinct water course which receives mos! 
of its water from the Lönnstorpet area. The Bygget area comprises Ihe 
eastern part of the mire with a lagg fen and a fen soak together with 
the adjacent parts of Ihe Small Hog. There is a considerable difference 
in level between Ihe fen and bog areas. 

The vegetation represents bog and poor fen vegetation in ihe sense 
of l ) r RiETZ (1949, 1954; cf. MALMEB 1965). With reference lo (he 
distribution of the macrophylic species, six groups of species may be 
distinguished and arranged along Ihe poor - rich vegetation gradient 
(MALMER 19(52 a pp. 7(i—79). One of these groups (Ihe Sphagnum 
plumulosam group) regarded as Ihe richest one comprises species as 
Carez dioeca, ('.. tutnidicarpa, Trichophorum alpinum, Campylium 
Stellatum, and Sphagnum plumulosum. These species occur only in Ihe 
fens of Ihe Lönnslorpel area and only in few individuals. The Mviupm-
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Fig, 2. Maps of the Investigated area cm the Akhult mire. — I. Border of the 
mineral soil. 2. The liydrologic border between fen and bog. 8, Brooklet. 1 Horder 
of the special areas. 5. Great boulder stone. 0. Area with rather deep water 
(> 0.5 mi Further explanations in text. The right figure is used as a basic map for 

the Figs 3, 5—14, and 16—23. 

t hes trifoliata group has a wider distribution and is much more com­
mon. They are encountered all over the lens of the Lönnstorpel and 
Byggel areas. In Hie Slallnte area I hey occur in the Inner Fen and along 
the row of brook pools. To I his group belong, e.g., Menganthes trifoliata, 
Utriculttfia intermedia, (.arc v lasiocarpa, and Sphagnum inundation. The 
Eriophorum angustifolium group comprises the species Carex limosa, 
Eriophorum angustifolium, Scheuchzeria palustris, Sphagnum apicula-
tum, and .S". pulchrum among others. They are all common together 
with the species of the Menganthes trifoliata group, in addition they 
occur in a broad area of the Outer Fen adjacent to the row of brook 
pools (the Eriophorum angustifolium zone in Fig. 3). Among the fen 
plants, the Narthecium ossifragum group i e.g.. Erica tetralix, Nar-
thecium ossifragum, Carex pauciflora, Rhgnchospora fusca, and 
Sphagnum auriculatum) represents the most widespread ones. They 
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Fig. 3. To ill«- left the distribution of the species groups among the macrophytes 
(except the Sphagnum plumulosum group) In the investigation area on the Uchull 
mire. To the right the vegetation zones within the special areas. — 1. Only species 
of Hu- Eriophorum I'tiyinatum «roup. 2. This group together with the Narthetium 
osstfragum group. .'I These two groups together with the Eriophorum angusti/olium 
group. I. The distribution ol the Menyanthes trifollata group. 5 Mire margin vegeta­

tion. 6. Wooded bog area. 

arc found all over the fen areas with mire expanse vegetation. In the 
Outer Fen of the Stattute area the\ occur in the Narthecium ossifragum 
zone (Fig. 3) up lo the hydrologic mineral soil water limit. 

In the open hog plain areas of the Great Bog and the Small Bog 
(the main pari of the Eriophorum vaginatum zone) two groups of 
macrophytic plant species occur. One comprises species as Andromeda 
polifolia, Call una vulgaris, Vaccinium oxgeoccus, Drosera rotundifolia, 
Eriophorum vaginatum, Trichophorum eaespitosum, Sphagnum magel-
lanicum, S. rubellum, Cladopodiella fluitans, and Gymnocolea infläta, 
which are rather evenly distributed all over the mire or at least over 
Ihe mire expanse areas. Drosera anglica, D. intermedia, Rhynchospora 
alha. and Sphagnum papillosum may he referred to this group loo. in 
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spite of the facl t lut t in this zone they occur on l j on the Great Hog and 
not on the Small Hog. T h e second group comprises only ;i few species, 
esp. Sphagnum balticuni, S. cuspidrdiim. and S. tenellum, which occur-
only on the woodless hog plain areas and in the Outer Fen but not in 
the Menyanthex trifoliota zone. 

This descript ion demons t ra tes the gradual t ransi t ion found in lh< 
inacrophvl ic vegetation of the mire expanse type. The Eriophorum 

oaginatum / one of the bog a reas represents one ext reme. viz.. Ihr 
poorest one. T h e Menyanthes trifoliattt zone and especially the I .önns-
lorpel area represents the other extreme, here designaled the richest 
one. In the Outer Fen of the Slal lule area there is a gradual t ransi t ion 
over more than 100 m between these extremes, hut in the lagg fens 
they are bo rde r ing a long a s h a r p and distinct limit between bog and fen. 

In this paper the dis t r ibut ion of the benth ic micro algae will he 
studied wi th special reference to Ibis poor—rich gradient . It is of greal 
interest in this case thai the hydrologic condi t ions are well k n o w n . 
The limit between bog and fen has been de termined th rough hydrologic 
measurements and it has been shown that only precipi ta t ion water 
reaches the Eriophorum vaginatum / one of the bogs. In the Nartheciutn 

ossifrui/um and Eriophorum angustifolium / ones there is only a restric-
led supply of mineral soil water . The Menuaiithes trifoliata zone as 
well as most of the mire margin areas are supplied with much wa te r 
Ironi Ihe sur roundings while Ihe precipitation vvaler forms onl \ ;\ small 
part (cf. MALMI-H 1962a pp. 160—too. 181 —183) . 

THE BENTHIC MICRO ALGAE 

The Samples 

The samples were fixed in formalin shortlj after the sampling and pre­
served until ii «as passible to work on them in 1968. Due to this trealmenl 
the investigation is restricted mainh In desmids, diatoms, and a lew other 
groups. It has been necessary to leave the flagellates and similar «roups for 
future investigations (cf. I'I.IZMV.NN 10(11 I. 

All samples are from small and shallow pools in areas with a macrophvlic 
vegetation of mire expanse type, i.e., from mud-bottoms with a vegetation 
of Ihe Sphagnum cuspidatum-inundalum series (MALMER 1962a pp. 86ff.|. 
Most of them treated in this investigation were laken in Mav and September 
I !),i I at points where the water level was measured that vear and where sam­
ples for chemical analyses of water and peat also were taken (cf. map Fig. 4). 
In addition there are supplementary samples from August 19-19 and July 19ä'2. 
From 1954 there are three samples from Ihe Lönnstorpet area (two from Ihe 
narrow lagg fen area and one from Ihe I>road feu area) II!) from Ihe Stallule 
Bot. Niih-er vol. 12!, 1970 
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frjfef ** * W ^ 
Fig. 4. The sampling points ami 
date of sampling for benthic 
micro algae in 1954 within tin-
special areas (cf. \ppendix I. 
Map 1 and Appendix IV, Maps 
3—(> in MALMER 1962a.) 
I Large area with hummocks. 
'.'. Large area with mudbollom 

area and sj \ from the Bygget area. In the samples from 1940 and 1952 liiere 
are Iwo from the broad len of Hie Lönnstorpet area. 20 from the Stattute area 
and four from the fen soak of the Byggel area. 

In all 225 taxa (here as in the subsequent discussions including both species 
and varieties) have been recorded. Among them 157 are desmids and 39 
diatoms. In the l.önilstorpct area 135 lava have been noted, in the Stattute area 
155 and in the Bygget area a."). All ia\a are listed in the following section 
together with generalized notes about there distribution. 

What is indicated on the maps or said about distribution, number of spe­
cies, etc.. refer lo the sampling in 19Ö4 when not especially staled. 

List of Recorded Species 

CYANOPHYTA 

CHROOCOCCALBS 

Aphanocapsa sp, found in one sample from 1952 in Hie Stallule area (Outer 
I-'en I. 
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Chroococcm minutus (KÜTZ.) NÄG. in some sample From the Stattute area, 
viz., in the Outer Fen and on the bog, Sometimes very frequent in Hie samples. 

Chroococcm turgidus (Kürz.) NAG. In the Lönnstorpet and Stattute areas 
in nearly all .samples and in all pails of the areas bnl in the Bygget area 
only in one bog sample. Often a great number of colonies in the samples. 
Wide distribution in the Store Mosse area, too. 

Gloeocapsa sp. This species has been noled in Ibe Lönnstorpet area and in 
a few bog samples from the Stattute and Hygget areas. In Store Mosse found in 
Lake Kävsjön only. 

Meri.imopedin ginnen (EHRBG.) NXG. Found in some samples from the 
Stuttule area, both in the Inner Ken and Ibe Older Fen. In Store Mosse most 
common in the rich fen areas. 

Synechocaccus aeruginosas NÄG. Found in a few samples from the Outer 
Fen of the Stattute area. On Store Mosse mainly in rich fen areas. 

HOHUOGOXALES 

Annbnenn sp. Breadth about 5u. This undeterminable species has been 
found in all parls of the Lönnstorpet and Ibe Stattute areas. II is question­
able whether this common species is laxonomically uniform. 

Hapatosiphon sp. Breadth 5u. Noted twice near the hydrologic mineral soil 
water limit in the StattUte area, viz., on the bog 1951 and in Outer Fen 1949. 

Lgngbgn sp. Noted in one brook pool sample from the Stallule area 1949. 
Oscillatoria sp. Breadth about 5ii. An undeterminable but very common 

species. Found in all parts of the Lönnstorpet, Stattute and Bygget areas 
except in bog areas. 

Nostoc paludosum K I T Z . Breadth about 3u. Noted in some samples from 
the Stattute area (the row of brook pools. Outer Fen and the bog). 

Nottoc sp, (globular colonies). Undetermined species noted in one sample 
in the Outer Fen of the Stattute area. 

Schizothrix sp. Found in the Stattule area lone sample. Oilier Fen 1949) 
and in the Bygget area (1952). 

Scgtonemü sp. Breadth 5—10u. In some samples from the Stattute area, 
along the row of brook pools as well as in the Inner and Outer Fen. 

Stiganema sp. Breadth about 20(1. Moled in two samples from the Stallule 
area, one from Ibe row of brook pools and one from the Outer Feu, 

OEDOGONIALES 

linlbocltncle sp. In (be Lönnstorpet area and all parts of the fen in the 
Stat t ute area. Il seems to be the same species as in Store Mosse. 

Oedogonium sp. Breadth 5—lOu. Common in all parts of the Lönnstorpet, 
Stallule and Bygget areas. Probably a laxonomically uniform species. 

CHAETOPHORALES 

Draparnaldia sp. Breadth 40(1. Only in the I.önnstorpet area. 
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GHLOROPHYTA 

PltOTOCOCCALES 

Crucigenia rectangularis (BR.) GAY. Found in one sample from Ihc row of 
brook pools in Ihc Staltute area. Not reported by THDNMARK 1942 or found 
on Store Mosse. 

Ooctjslis solilarin WITTROCK. Very common in all parts of the Slatlule area. 
Not found on Store Mosse. 

Scenedesmus altemans REINSCH. Only found in Hie Lönnstorpet area. Nol 
observed on Store Mosse. 

Scenedesmus arcuatus LKMM. AS S. alternans. 
Scenedesmus bijugatus (Tnu' . i KCTZ. AS S. alternans. On Store Mosse 

found in Lake Kävsjön. 
TelraSdron sp. Noted in one sample (Outer Fen) of Hie Statlule area. 

CONJUGATAK 

ZYGNEMALES 

Mougeotia spp. Two species, just as on Store Mosse. One narrow one (breadth 
5—lOui, one broad one (breadth 15—23|l). Both speeies common in all parts 
of the Statlute area. The narrow one also in the Bygget area (both bog and 
fen I and in the Lönnstorpet area. Generally both seems to be rather eury-
lopic. 

Spirogyra sp. Breadth 6 — 15u; single chromatophorc. Found only in the 
Lönnstorpel area and in the Bygget area (the Small Bog). Probably Die same 
speeies. 

Zygnema sp. Breadth 25|l. Found only in the Lönnstorpet area. 
Zygogonium ericelorum KCTZ. One of the most common species on Ibis 

mire. Found in nearly all samples from all parts of the mire. Often very 
luxuriant, but always sterile. Similar appearance and distribution as on Store 
Mosse. 

DESMIDIAI.ES 

Actinotaenium adelocliondrum (ELFVIXG) TEILINO. Only in the Staltute area 
where il is common in the Outer Fen and along the row of brook pools. Found 
scattered on Ihc bo;,', too. Nol found on Store Mosse or reported in TIUNMAHK 
1942. 

Actinotaenium Cucurbita ( B R E I O TKII.INO. One of the most common desinids 
of the mire. Found in nearly all samples in the Slallule area. Also common 
in all parts of the Bygget and the Lönnstorpet areas. On Store Mosse mainly 
distributed in areas with moderately rich fen, poor fen and bog vegetation. 

Actinotaenium cucurbitinum (BISSET) TEILING. Only found in the Lönns-
torpet area. A rich fen species on Store Mosse. 

Arthrndesmiis uclocornis KIIHIK;. Only found in the Lönnstorpel area. 
Bambusina Borreri (RALFS) CLEVE. Common in all parts of the Stattute 

area except on the bog. where it has been found only in five samples most 
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of ilu'iii near the mineral soil water limit. Noted also in all fen sites of the 
Lonnstorpcl and Bygget areas. Widespread on Store Mosse, hut rare on the bog. 

Closteriam abruptum W. W E S T . In the Lönnstorpet area, along the row of 
brook pools in the Stallute area and in the fen of Hie Byggel area. 

Closterium acutum BRÉB. var. uariabile (LEMMF.RM.) KRIEGER. N'oled only 
in one brook pool sample and one bog sample from the Stattute area. 

Closterium angustatnm KCrz. Found only in the Lönnstorpet area. 
Closterium archerianum CLEVE. AS (.'. angustatnm. 
Closteriam baillyanum BRÉB. (sensu GRONBI.AU 1919). Found in the Lönns-

torpet area and in the Slallule area (Fig. 5). Common on Store Mosse. esp. 
in the rich fen areas then1. 

Closterium calosporum W'lTTROCK. Found only in the Lonnslorpet area. 
Mainly a rich fen species on Store Mosse and very common in Lake kävsjön. 

Closterium costatum CORDA. As C. calosporum. 
Closterium cgnthict DK NOT. S. str. As C. calosporum. 
Closterium cuuthiu D E NOT. var. Jenner i (RALFS J KRIEGER. AS C. cynthia 

s.str. 
Closterium dianae EHRBG. In the Lönnstorpet area and in a few samples 

from the row of brook pools in the Stattute area. On Store Mosse as C. calo­
sporum. 

Closterium dianae ElIRBG. var. pseiidatlianae (RovI KRIEQER. Only in some 
samples from the row of brook pools in the Stattute area. On Store Mosse most 
frequent in Blådöpet. - No transitional forms to the main species either on 
the Akhult mire or on the Store Mosse. Therefore it seems probable that it 
may be given the rank of separate species as proposed by other authors (C. 
pseudodianae BOY J. 

Closterium didymotocum RALFS. Noted from the Lonnslorpet area and in 
some brook pool samples from the Stattute area. 

Closterium gracile BRFR. Noted in the Lonnslorpet area and along the row 
of brook pools and in the Inner Fen in the Slattute area. 

Closterium gracile BRÉB. var. elongatum WEST & WEST. Found 1952 in one 
sample from the row of brook pools in the Stallute area. 

Closterium intermedium BAI.FS. Found in the Lönnstorpet area, along the 
row of brook pools and in the Inner Fen of Ihe Slattute area and in the fen 
of Ihe Byggel area. 

Closterium juncidum RALFS. Only in Ihe Lonnstorpcl and Bygget areas (fen 
sites). 

Closterium Kiitzingii BRFR. Found only in the lagg fen of Ihe Bygget area. 
Mainly a rich fen species in Ihe Store Mosse area. 

Closterium libellula FOCKE. Found in the Lonnstorpcl area and in one 
brook pool sample from Ihe Stattute area. 

Closterium lunula (MÜLL.) NlTZSCH. Found only in Ihe Lonnslorpet area. 
Closterium mneilentum BRER. Found in two samples from Ihe row of brook 

pools in the Stattule area in 1952 in Ihe Lönnstorpet area. too. 
Closterium navicula (BRÉB.) LÜTKEM. Found in the Lönnstorpet and Bygget 

areas. 
Closterium protuim BRÉR. This species has a wider ecological amplilude (ban 
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most »I the oilier Closterium spp. with scattered occurrenees in the Slaltute 
area and Ihe Bygget area (Fig. 5). In Store Mosse a similar distribution. 

Closterium Ralfsii BRED, and its var. hybridum HABENH. (no clear differen­
ces between them seem to exist, see FLENSBURG 1()(>7 p. 58). Both found only 
in the Lönnstorpet area. 

Closterium rostratum EIIKHG. A few occurrences in the l.onnstorpel area, in 
the Stattute area (near the brook pools) and in the Bygget area (the lang fen). 

Closterium setaceum EIIKKG. Found in the l.onnstorpel area and in one 
brook pool sample from the Stattute area. Very common in Lake Kävsjön. 

Closterium striolatum KHRBG. Found in the fen of the l.onnstorpel area as 
well as in the Stattute and Bygget areas (Fig. ."i!. Wide ccologic amplitude in 
Store Mosse. 

Closterium liinii/hilum GAY. Noted only in one sample from Ihe fen soak in 
the Bygget area. Not found on Store Mosse or reported in THUNMARK 1942. 

Closterium turgidum ERHBG. Found only in the I.önnslorpet area. 
Closterium ulna FOGKE. Noted in fen .siles of the Lönnstorpel area, in the 

Stattute area (along the row of brook pools) and in the Bygget area. Similar 
distribution on Store Mosse. 

Closterium venus KCTZ. Found only in the Lönnstorpet area. 
Cosmarium amoennm BRER. Only in ihe Stattute area along the row of 

brook pools and some fen siles close lo them. 
Cosmarium angulosum BRÉB. Found in one sample from the Outer Fen and 

one from the row of" brook pools in the Stattute area. Not found on Store 
Mosse or reported in THUNMARK 1942. 

Cosmarium Blyttii Wll.l.E. Found in the I.önnslorpet area and the Statlute 
area (along the row of brook pools!. 

Cosmarium lioeckii WlLLE. Found only in Ihe I.önnslorpet area. 

Cosmarium contractum KlRCHN. Only in the Slaltute area along Ihe row 
brook pools and some fen siles close lo them as well as in the fen of Ihe 
Bygget area. 

Cosmarium contractual Kntc.HN. var. ellipsoidcum (El.FviNG) W E S T & WEST. 
Found in Ihe I.önnslorpet area and in Ihe Stattute area (a few samples from 
the Outer Fen), 

Cosmarium cymatonatophorum W E S T . Found in one sample from ihe Outer 
Fen near the row of brook pools in the Slaltule area. Not found in Store Mosse 
or reported in THUNMARK 1942. 

Cosmarium depressum (NAG.) LUNDELL. Found only in one sample from 
the Statlute area (the Outer Fen) and in two samples from Ihe Small Bog 
in Ihe Bygget area. On Ihe last mentioned site it corresponds lo var. reni-
forme W E S T & WEST but is here regarded as an ecologic modification. On the 
Store Mosse common in Lake Kävsjön. 

Cosmarium difficile LI'TKICM. bound only in Ihe l.onnstorpel area. Common 
in Lake Kävsjön. 

Cosmarium globosum BULNH. Found only in the Lönnstorpet area. 

Cosmarium Hammeri REINSCH. Found in Ihe Slaltule area, especially in 
the Ouler Fen. hut also along Ihe row of brook pools and in the Inner Fen. 
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Cosmarium impressulum ELFVING. Found only in Ihr Lönnstorpet area. 
Fairly common in Lake Kävsjön. 

Cosmarium mari/arili/crum MRXKCII. AS C. impressulum. 
Cosmarium monilifoime (TÜBP.) RALFS. Found only in the Lönnslorpel area. 
Cosmarium norimbergense KKINSCII. Noted in two brook pool samples in the 

Stattute area. Not observed on Store Mosse and not reported in THUNMARK 1942. 
Cosmarium pachydermum LUXDELL. Found only in the Lönnstorpel area. 

Fairly common around Lake Kävsjön. 
Cosmarium pseudoexiguum RACIB. (Fig. 15). Only in the Stattute area where 

it is a common and characteristic species (Fig. 61 in the samples from 1954. 
In 1949 and 1952 recorded only in one sample each year. Not observed on 
Store Mosse and not reported in TIIINMAHK 1942. 

Cosmarium pseudopgramidatum LUXDELL. In the Lönnstorpet area and in 
the Stattule area (Fig. tfii. lis distribution is contrary to that of ('.. pseudoexi­
guum. Only in one sample were both species found together. Common in Lake 
Kävsjön. 

Cosmarium punctulatum BRÉR. var. subpunctulatum (NORDSTEDT) BORGE-
SEN. Found only in the Lönnstorpel area. Scattered in Lake Kävsjön. 

Cosmarium pggmaeum AKC.IIKH. Found in the fen sites of the Lönnstorpel 
area, in the Slallute and the Bygget area even in bog sites (Fig. 7). In the 
Store Mosse found only scattered around Lake Kävsjön. May be a heterogene­
ous taxon. 

Cosmarium pyriimidatum BRER. Found in the Lönnstorpel area and in the 
Stallule area along the row of brook pools and in one sample from the Outer 
Fen. Not as common as C. pseudopyramidatum. In Store Mosse there is the 
reverse situation. 

Cosmarium quadratulum (GAY) DE TONI. Found in one sample in the Outer 
Fen of the Stattule area near the row of brook pools. Not found in the Store 
Mosse area and not reported in TUIINMARK 1942, 

Cosmarium llal/sii BRÉR, Noted only in the Slallute area, most of Ihe finds 
from Ihe Outer Fen and Ihe brook pools. Rare on Store Mosse. too. 

Cosmarium rectartgulare GRUNOW. Found in Ihe Stallule area along the 
row of brook pools and in a lew samples from the Outer Fen. In Store Mosse 
most common in Lake Kävsjön. 

Cosmarium Regnesii REISSCH. Only in the Lönnstorpet area. On Store Mosse 
found only in Lake Kävsjön. 

Cosmarium sphagnicolnm WEST & WEST. Found in the Lönnslorpel area 
and in the Stallule area where it has been found in all parts even on Ihe bog. 
On Store Mosse only in Lake Kävsjön. 

Cosmarium subarcfoum II.AC.KKII.) HAC.IB. Found in the Lönnstorpel area 
and along the row of brook pools in Ihe Stattule area. Not found in Store 
Mosse and not reported in THUNMARK 1942. 

Cosmarium subcrrnatiim IIANTZSCII. Only in the Lönnstorpel area. Rare in 
Lake Kävsjön. 

Cosmarium subquadraiis WKST & WEST. Noted only in the Slallute area, 
mainly in the Outer Fen but also in two samples from the bog. On Store 
Mosse rare and found only in Lake Kävsjön. 
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Cosmartum subtumfdum NOKDSTEDT. Common in the Stattute area (Fig. 7i. 
In Store Mosse common in Lake Kävsjön and some other areas. 

(osmariiim subiindulatum WILLE. Noted in one sample from the Outer Fen 
of llie Siattute area. Not found in Store Mosse but reported in T m w i U i k 
1942. 

Cosmarium tinctum RALFS. Noted in two samples, one From the Lönnstorpet 
area and one from the Stallute area (a brook pnoli. 

( osmarium venustum BRI;H. Found in the Lönnstorpet area and all over 
the fen areas of the Stattute area. More common on the Akhult mire than on 
Store Mosse. 

( glindroegstis Brebissonii MENEGH. One of the most common benthic micro 
algae on the Akhult mire Found in samples from all parts of the Lonnslorpet, 
the Stattute and the Bygget areas. Does not seem to show preference for any 
part. In the Store Mosse area it is most common on bog sites. 

Cyttndrocysüs Brebissonii MENKCH. var. minor W E S T & WEST. Observed in 
one sample from the Outer Fen in the Siattute area. Not found on Store 
Mosse or reported in THLNMATIK 1942. 

Cylindroeystls crassa D E BARY. Found in two samples from the Statt ute 
area, one from the bog and one from the Inner Fen. Not found on Store 
Mosse or reported by THUISMAKK 1942. 

Desmidtum cylindrictim BRÉR. Found only in the Lönnstorpet, area In 
Store Mosse most common in Bladöpet. 

Docidium baculum Blißu. Found in one sample from a brook pool in the 
Siattute area. Not found in Store Mosse, but reported in THLNMARK 1942, 

Docidium imdnlaiitm BAIT.. AS I), baculum, but not in the same sample. 
Not found on Store Mosse or reported in THONMARK 1942. 

Euastrum ampullae c urn RALPS. Found in the Lonnslorpet area. Common in 
the Stattute area along the row of brook pools and in the Outer Fen. as 
well as in the fen of the Bygget area. Similar distribution type on Store Mosse 

Euastrum antatam KHRBG. Noted in Ihc Lonnslorpet area and in two fen 
samples from the Slatlule area. The most common Euastrum sp. in Lake 
Kävsjön and the rich fen areas of Store Mosse. 

Euastrum bidentalum N \<>. In the Lönnstorpet area and in the Stattute 
area (a few samples along the row of brook pools}. In Store Mosse most 
common in Bladöpet. 

Euastrum binale (THRU.) EllRIiG. Found in the Lönnstorpet area, in the 
Siattute area (along the row of brook pools and in the Outer Fen) and in 
fen sites of the Bygget area. Here an exclusive fen species, not found in bog 
areas as on Store Mosse. 

Euastrum crassicolle Lt'NDELL. Found in ten samples from the Stattute ax a. 
one taken in 1954 and six in 1949 and 1952, both the Inner och Outer Fen. 
Not observed in Store Mosse or reported in THUNMAHK 1942. 

Euastrum crassum (BRER.) KI 'TZ. Found in the fen sites of the Lönns-
torpet area. In the Stattute area common along the row of brook pools and 
in the Outer Fen but only in two samples from the Inner Fen. On Store Mosse 
not found in the rich ten areas. 

Euastrum <uneatum JENNER. Found in Ihe Siattute area (Fig. 8). Not 
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observed on Store Mosse but found in bog areas of Ihe mire Komosse (FLENS­
BURG unpublished) and reported in Tlll'NMARK 1942. 

Euastrum denticulatum (KIRCBN.) GAY. Found in the Lönnstorpel area and 
in two samples from Hie Stattute area near the row of brook pools. Common 
in Lake Kävsjön. 

Euastrum didelta RALFS. Found in the Lönnstorpet area and in the Stattute 
area (along I lie row of brook pools, in the Inner and Outer Fen). 

Euastrum dubium NAG. Found scattered in the Stattute area (along the 
row of brook pools, in the Inner and Outer Fen). 

Euastrum elegans (HHKH.) KOTZ. S. sir. Found in the Lönnstorpet area and 
a few samples along the row of brook pools in the Slallute area. 

Euastrum elegans iliiiHB.i Kt'TZ. var. novae-semliae WILLI: . Greater than 
/-.". elegans s.str. Found in the Statlule area along the row of brook pools and 
in Ihe Outer Fen. Not found in Store Mosse or reported in TIII'NMAHK 1942. 

Euastrum evolutum (NORDSTEDT) W E S T & W E S T var. Glaziowii (B0RGE-
SLM W E S T Ä WEST. Found in one sample from Ihe Slallute area 1952 (the 
row of brook pools). Not found on Store Mosse or reported in TlIUNMARK 
1942. 

Euastrum gemmatum BRÉB. Found in one sample from Ihe Lönnstorpel 
area 1952. Found only twice in Lake Kävsjön. 

Euastrum humerosum KALKS. In 1954 found only in the Lönnstorpet area 
but in 1952 also in the Stattute area. Not found in Store Mosse but reported 
in THCNMABK 1942. 

Euastrum insigne 11 ASS. Found in the Stattute area, along the row of brook 
pools as well as in the Inner and Outer Fen. Only on one locality in the Store 
Mosse area. 

Euastrum insulan' (WITTROCK) ROV. In the Lönnstorpet area and Ihe Slal-
tute area (Fig. 81. In Store Mosse most common in Lake Kävsjön. 

Euastrum montanum WEST & W E S T . Found in the Slallute area along the 
row of brook pools and in the Inner Fen. Not found in Store Mosse or re­
ported in TuiNMAHK 1942. 

Euastrum oblongum (GREW) RALFS. Found only in the Lönnstorpel area. 
On Store Mosse one of the mosl common Euastrum species. 

Euastrum pectiltatum IlltÉli. Found in both the Lönnstorpel area and in Ihe 
Statlule area along the row of brook pools and in the Inner Fen. On Store 
Mosse common in Lake Kävsjön. 

Euastrum pingue ELFVING. Found in one sample from the Inner Fen of 
Ihe Slallute area from 1952. Not found on Store Mosse or reported in Tlll'N­
MARK 1942. 

Euastrum pinnat um RALFS. Found in one sample from a brook pool in 
the Stattute area. Only occasional on Store Mosse. 

Euastrum sinunsuni LENORM. var. aboénse (ELPVING) CEDERGREN. Found 
in one sample from the Outer Fen in the Stattute area 1949. The main 
species, but nol this variety, found in Lake Kävsjön. 

Euastrum oentrieasum L I N D E L L . Found in a few samples from the Stattute 
area (all parts of the fen) and in the lagg fen of the Hygget area. Nol found 
in Store Mosse. 
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Euastrttm verrucosa in EiiitBG. Found in two samples from the Stat in te area 
(a b r o o k pool and in the Outer Ken) . C o m m o n in Lake Kävsjön. 

Hualolheca dissiliens ( .SMITH) B R É B . Pound scat tered in fen a reas in the 
Lönns torpe t , S ta l tu te and Byggel areas . Fa i r ly c o m m o n in Lake Kävsjön. 

Hyalotheea mucosa ( M E R T . ) E H R B G . F o u n d only in the Lönns to rpe t a rea . 
Scat tered on Store Mosse. 

Micrasterias angulosa H A N T Z S C I I . F o u n d only in the Lönns torpe t area. 
Fa i r ly c o m m o n in L a k e Kävsjön. 

Micrasterias Jenneri R A L F S . F o u n d on ly in the Sta t tu te a r ea (Fig. 9 ) . Mainly 
a p o o r fen species on Store Mosse. 

Micrasteriris oscitans R A L F S . A S M. Jenneri (Fig. 9) . No t found on Store 
Mosse, but repor ted by T H U N M A R K 1942. 

Micrasterias papillifera B R É B . F o u n d on ly in the L ö n n s t o r p e t a rea . Fair ly 
c o m m o n in Lake Kävsjön. 

Micrasterias ratata ( G H E V . ) R A L F S . F o u n d in the Lönns to rpe t a rea . C o m m o n 
in L a k e Kävsjön and the r i eb fen a reas on Store Mosse. 

Micrasterias truncata ( C O R D A ) B R É B . F o u n d in Hie Lönns lo rpe l a r ea and 
in t w o samples from the row of b rook pools in the Sta t tu te a rea . C o m m o n in 
Lake Kävsjön. 

Nctrium digitus I T Z I G S H . & ROTHE. One of t he most c o m m o n desmids of 
t he mi re and no ted in al l the three a reas (cf. Fig. 10). Very c o m m o n b o t h in 
the poor and rich fen a reas of Store Mosse. 

Netrium digitus ITZIGKH. & R O T H E var . lamellosum ( B R É B . ) G R Ö N B L A D . Re­

places N. digitus s. sir. in I be lagg fen site of the L ö n n s torpet a rea . 

Netrium interriiplum ( B R K B . ) L V T K F . M . Found 11)52 i n one sample from 
the Lönns torpe t a r ea a n d one f rom the row of brook pools in the Sta t tu te 
a r ea . Scattered on Store Mosse. 

Netrium ablanguin ( I ) K B A R V ) L Ü T K E M . F o u n d in the Stat tute and Byggel 
a r ea s (Fig. 10). In m a n y samples N. digitus and N. oblongum occur together . 
On S tore Mosse this species is confined ma in ly to bog areas and ra re ly found 
together wi th N. digitus. 

Netrium oblongum ( D E B A R Y ) L U T K E M . va r . cylindrieum W E S T & WEST. 
F o u n d in 1949 a n d 1952 in t he Lönns to rpe t a rea and in some samples from 
the Sta t tu te a rea along t he row of b r o o k pools . Not observed in Store Mosse 
or repor ted in T U U N M A R K 1942. 

I'enium borgeanum SKIMA. F o u n d only in the Stat lute area (Fig. 111. Not 
observed in Store Mosse or r epo r t ed in T I U N M A R K 1942. 

Peiiium cglindrus (EHRBG.) B R K B . F o u n d in the fen sites of the Lönns torpe t 
and Bygget areas . Rare on Store Mosse. 

Penium polymorphum PF .RTV. Found only in the lagg fen of the Bygget 
area. Not observed in bog a r ea s where this species is fairly c o m m o n in Store 
Mosse. 

Penium sUvae-nigrae R A B A N U S S. sir . F o u n d in the Stat tute and Bygget a r ea s 
(Fig. 121. On Store Mosse very r a r e out of t he bog areas . 

Penium silvae-nigrae. R A B A N U S var . parailelum K R I E G E R . AS P. sitimc-nigrae 
s. s tr . (Fig. 12) . In Store Mosse found only on bog a reas . 

Pleurotaenium minutum ( R A I . F S ) D E L P . C o m m o n in the Outer Fen in t he 
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Staltule area. Noted also in three samples from the G rea I Bog. Found in the 
Bygget area in the lagg fen, On Stone Mosse in hog and poor ten areas 

Pleurotaenium trabecula (EHRBG.) NAG. Found in the Lönnstorpet area and 
along the row of brook pools in the Stallute area Common in Lake Kavsjön. 

Pleurotaenium trtdentulum (WOLLE) W. W E S T . (Fig. 151. Found in samples 
from a small pari of the Statlute area (Fig. 11). Such a limited distribution 
may be characteristic as similar distribution types have been observed on Store 
Mosse. 

Spirotaenia condensate/ Hm 11 Found in one sample from the Lönnstorpet 
area t rom 1952 

Spomlylositim secedens (I)E l?\ii\ i ARCHER. Found onlj in one sample from 
a brook pool in the Statlute area. 

Staurastrum alternans BULK. Found in the Lonnstorpel area and in the 
Bygget area, in both areas in the lagg fen. In Store Mosse common in Lake 
Ka\ sjön. 

Staurastrum controversum BRÉB. Found onlj in the LSnnstorpet area. 
Staurastrum curtocerum BRÉB. Found only in one sample from the Inner 

Fen in the Statlute area. Not found in Store Mosse or reported in THUNMARK 
1942. 

Staurastrum dilatatum EHRBG. Noted only in the LOnnstorpe] area. Scat­
tered on Store Mosse 
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Fig. I">. — A: Cosmarium pseudoexiguum (25X12 u). — B: PleuTotaenium triefen-
tulum iono scmicell, total size 260X17 u). - C: Staurastrum longispinum (130 x 

125 II with spines). 

Staurastrum hexacerum ( E H R B O . ) W I T T R O C K . Found only in the Lönns-
[orpel a rea . 

Staurastrum longispinum ( B A I L . I A R C H E R . (Fig. 15.) This very large and 
character is t ic species is found in one b rook pool sample from the Stat tute 
a rea . Not found in S to ic Mosse o r r epor ted in T H U N M A R K 1942. 

Staurastrum margaritaceum ( E H R B G . ) M E N E G H . F o u n d in the S ia t lu le and 
Bygget a reas (Fig. 13), On Store Mosse eury lop ie bill less eonimon. 

Staurastrum monticulosum B R É B . F o u n d in the Lönns to rpe t a rea and in the 
Stat tute area (in the Outer Fen and in two bog samples) . Not found on Store 
Mosse o r reported in T H U N M A R K 1942. 

Staurastrum muricatum B H É B . F o u n d in the Outer Fen of the Stat tute a rea . 
Not found in Store Mosse, bill r epor ted in TlllN'MAUK 1942. 

Staurastrum orbiculare K A I . E S S. sir. F o u n d in the Outer Fen in the Stat tute 
area and in the ten soak of the Bygget a rea . 

Staurastrum orbiculare K A I . E S var . depressum Rov & B I S S E T T . As S, orbi-
culare s.str. In Lake Kävsjön the most c o m m o n one among the varieties of 
this species. 

Staurastrum orbiculare R A L F S var . RtilfxU W E S T & W E S T . Found in the 
fen soak of the Bygget area. 

Staurastrum Simonyi I I E I M E H I . . In the S ta t tu te a rea c o m m o n in the Outer 
Fen and on the bog. more scat tered in the Inner Fen and along the brook 
pools. Also in the fen sites of the Bygget area. Kare on Store Mosse. 

Staurastrum telijerum K A I . E S . Noted in t he Lönnstorpel a rea a n d in the 
Stat lule a rea (one sample from the Ou te r F e n ) . In Store Mosse c o m m o n in 
Lake Kävsjön. 

Staurastrum oestitum B A I . E S . F o u n d in the Lönns torpe t a rea and in the 
Siat lule a rea in a few samples from the row of b rook pools . In Store Mosse 
most c o m m o n in Lake Kävsjön. 
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Staurodesmus brevispina IÜBEB. I C R O A S D A L E . F o u n d in one sample from 
1949 in the Lönns lorpe l area. 

Staurodesmus controversus ( W E S T ) T E I L I N G . F o u n d in one sample from a 
brook pool in the Sta t iu te a rea 1954 and o n e from the fen soak in the Byggel 
a rea 1949. Not observed on Store Mosse o r reported in T I I C X M A K K 1942. 

Staurodesmus dejectus ( B R É B . ) T E I L I N G . F o u n d in the Lönns to rpe t a rea . In 
S ton ' Mosse noted in Lake Kävsjön. 

Staurodesmus extensus ( B O R G E ) T E I L I N G . Found in a few samples from the 
row of b rook pools and in one sample from the Outer F e n in the S ta t in te area. 
Not observed on Store Mosse or repor ted in T H U N M Ä R B 1942. 

Staurodesmus incus (BRÉB.) TEILING. Found in one sample from the row 
of brook pools in the S ta t tu te a rea . 

Staurodesmus isthmosus ( H E I M E K L . I C R O A S D A L E . T h e mos t c o m m o n Stauro-
desmus species on the mire . Found in the Lönns torpe t a rea und in the Stat­
tute a rea (Fig. 14). Nol found in Store Mosse or repor ted in THUNMARK 1942. 

Staurodesmus Joshuae (Gtrrw.) T E I L I N G . Found in the Lönns to rpe t area. 
In More Mosse c o m m o n in Lake Kävsjön. 

Staurodesmus megacanthus ( L U N D E L L ) T H U N M A K K . F o u n d in one sample 
from a b rook pool in the Stat iute area. 

Staurodesmus speneerianus ( H A S K E L L ) T E I L I N G . F o u n d in a few samples 
from the Oute r F e n of the Stat iute a rea . In Store Mosse sporad ic in Lake 
Kävsjön. 

Staurodesmus triangularis ( L A G E R H E I M ) T E I L I N G . Only found in the Lönns­
torpet area. Nol observed on the Store Mosse or repor ted by THUNMARK 1942. 

Tetmemorus Brebissonii ( M E N E G H . i R A L F S S. sir. F o u n d in the Lönns lo rpe l 
area and in three samples from the S la t tu le area (Fig. 16). In Store Mosse 
c o m m o n in Blådöpet . 

Tetmemorus Brebissonii ( M E N E G H . ) R A L F S var . intermedins F L E N S B U R G . 

C o m m o n in the Stat tute area (Fig. 16). T h i s variety is the only one in the 
bog areas . Here — but not on Store Mosse — it has been found in t he same 
samples as T. lirehissonii var . minor. In one Outer Fen sample '/'. Brebissonii 
s. sir. also h a s been found together with bo th these variet ies. 

Tetmemorus lirehissonii (MENEGH.) R A L F S var. minor D E Ii.wiv. Found in 
the Lönns torpe t a rea . C o m m o n in the Sta l tu te area (Fig. 16). In Store Mosse 
only in Blådöpet . 

Tetmemorus granutatus ( B R É B . ) R A L F S . Found in the Lönns torpe t , S ta t tu te 
anil Bygget a reas (Fig. 17). C o m m o n on Store Mosse in fen areas . 

Tetmemorus laevis (KÜTZ.) MALI'S. Found in Hie Lönns to rpe t area and 
along the row of brook pools in the Sta t iu te area. Qui te ra re on Store Mosse. 

Tetmemorus laevis ( K C T Z . ) R A L F S var. minutus ( D E B A R Y ) KRIEGER. More 
c o m m o n t h a n T. laevis s. str, Found in the Sta t tu te and Byggel a r ea s (Fig. 
18). Similar d is t r ibut ion as on Store Mosse. 

Xanthidium antilopaeum ( B R É B . ) K C T Z . Found in the Lönns lo rpe l a rea and 
in one sample in the Sta t iu te a rea (Fig. 191. Scattered on Store Mosse. X. anti­
lopaeum var . laene SCHMIDLE, which in Store Mosse also occurs in the bog. h a s 
nol been noted in the Akhull mire . 

Xanthidium armatum ( B R É B . ) R A B E N I L Found in the Lönns lo rpe l and 
Stat iute a r ea s (Fig. 191. Scat tered on Store Mosse. 

Bot. Notiser, vol. 123, IIITII 
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CHRYSOPHYTA 

PANTOSTOMATINEAE 

Dinobryon diveryens IMHOI-\ Very common in all parts of the Staltute area, 
where it occurs in most of Ilic samples. A Dinabryon species, probably this 
one. has also been found in the lagg fen of the Hygget area. I), divergens is 
much more common on the Aklmlt mire than on Store Mosse, where it is 
as rare as the other Dinobryon species. 

PR0TOMAST1GWEAE 

Rhipidodendron Huxley i KENT. Noted In one sample from the row of brook 
pools in the Stattulc area 1952. In Store Mos.se common around Lake Rävsjön. 
and in ßlädöpet. 

DIATOMEAR 

Aehnanthes flexella (KC'TX.) BRUN. Noted in one brook pool sample in the 
Stattute area. 

Cymbella gracilis (RABENH.) GI.EVK. Found in I he Lönnstorpet area and in 
two brook pool samples in the Stattute area. In Store Mosse in Lake Kävsjön. 

Cymbella liebridiea (GREGORY) GRUNOW. Noted from the lagg fen of the 
Lönnstorpet area. Common in Lake Kävsjön. 

Eunotia alpina (NAG.I HuSTKDT. Found in one brook pool sample from 
the Stattute area. 

Eunotia areas EHRBG. Found in the Lönnstorpet area. Rare in Store Mosse. 
Eunotia exigua (BRÉB.) GRUNOW. Found in the Lönnstorpet, Stattute, and 

Hygget areas (Fig. 20). On bog areas not as common as on Store Mosse. 
Eunotia gracilis (EHRBG.) RABENH. Found in the Lönnstorpet area. In the 

Staltute area scattered along the row of brook pools and in the Outer Fen 
as well as in one sample from the bog near the mineral soil water limit. In the 
Bygget area in the lagg fen. In Store Mosse common in Lake Kävsjön, scattered 
in other fen areas. 

Eunotia lunaris (EHRBG.) GRDNOW. Halber common in the Lönnslorpet, 
Stal lute, and Hygget areas (Fig. 20). One of the most common algae on Store 
Mosse. 

Eunotia lunaris (EHRBG.) GRUNOW var. nubarcuata (NÄG.i GRENOW. Found 
in the Lönnstorpet area and in some brook samples in the Slallute area. 

Eunotia paludosa GRUNOW. Found only in the Lönnstorpet area. Not found 
in Store Mosse 

Eunotia parailela EHRBG. Found in the Lönnstorpet area, in the Stattute area 
(common along the row of brook pools, in the Inner Fen and the western part 
of the Outer Feni and in the lagg fen of the Hygget area. Hare in Store Mosse. 

Eunotia pectinalls (KüTz.) RABENH. Found only in the Slallute area in some 
samples along the row of brook pools in the Inner and Outer Fen and in 
three bog samples. In Store Mosse most common in Lake Kävsjön. 

Eunotia robusta RALFS. Found only in the Lönnstorpet area. In Store Mosse 
quite common in Lake Kävsjön. 
Bot. Notiser, vol. 123. 197(1 
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Frustulia rhomboides EllRBG. F o u n d in the L ö n n s t o r p e t Stat tute, and Bygget 
a reas (Fiji. 21) . As on Store Mosse il does not occur on the bog. 

Frustulia saxonica (HAUKNII . I D E T O M . One of the mos t c o m m o n algae of 
the mire , found ill all pa r t s and in near ly all s amples . In some samples it 
has a f requency of 75 */o. Kiirylopic on Store Mosse. loo. 

Gomphonema acuminatum E H R H G . var . Itrrbissonii (Kürz . ) C L E V E . Found 
only in the I .önnslorpel a rea . Scat tered in the r ich fen a r ea s of Store Mosse. 

Navicula subtilissima C L E V E . F o u n d in samples from all investigated par t s 
of the mire. Usually very c o m m o n , con t r a ry to the cond i t i ons in Store Mosse 
when» it is very rare . 

Niwicula sp . Unde te rminab le species found in the lagg of the Lönns torpe t 
area. 

Nitzschia gracilis I I A N T Z S C H . Found in two samples from 1949 in the Stat­
tute a rea from 1952 in the fen soak of the Bygget a r ea . Not found on Store 
Mosse or reported in TlTONMARK 1942. 

Nitzschia hantzsclüana RABENH. Found only in the Lönns to rpe t a rea . 
Nitzschia sublinearis H E S T E D T . Found only in one b rook pool sample in 

the Stat tute a rea . Not found in Store Mosse or repor ted in THUNMARK 1942. 
Pinnularia dtictylux E H R B G . Found only in the Lönns to rpe t area. Hare on 

Store Mosse. 

Pinnularia gibba EHRBG. Found in the Lönns to rpe t a rea , in the Stat tute 
a rea (common a long the row of b rook pools as well as in the Inner and the 
Outer F e n | and in the fen sites of the Hygget area. Never found on the bog 
sites. Common in Store Mosse. 

Pinnularia interrupta W. S M I T H . Found only in the Lönns torpe l area. In 
Store Mosse most c o m m o n in r ich fen siles. 

I'inmiltirin miliar Kl"l/.. Found in the I .önnstorpel . S ta l lu te and Hygget a reas 
(Fig. 22) . C o m m o n on Store Mos.se, especially in Lake Kävsjön and rich fen 
areas. 

Pinnularia mesolepta ( E H R B G . ) W. S M I T H . F o u n d in o n e s ample from the 
lagg fen of the Hygget area and 1952 in one s ample from the Lönnstorpel 
area. On Store Mosse as P, maior. 

Pinnularia microstauron ( E H R B G . ) C L E V E . Found in (he Lönns torpe t area. 
Common along the row of b rook pools and in the Outer Fen of I he Stat tute 
a rea as well as in the fen sites of the Hygget area. Scat tered in most par t s on 
Store Mosse except the bog areas . 

Pinnularia nnbilis El l in«; . F o u n d in samples from 1949 and 1952 in the 
Lönns torpe t area as well as in three fen samples from different par t s of the 
Stat tute area. In Store Mosse in Lake Kävsjön and the r ich fen sites. 

Pinnularia stuuroptera (Clti'NOw) Cl.EVE. Here t r ea ted separa ted from P. 
gibba con t ra ry to F L E N S B U R G 1967. Found in the Lönns to rpe l a rea . C o m m o n 
along the row of brook pools as well as in the Inner a n d the Outer Fen of 
the Stat tulc area. In the Hygget a rea found in the lagg fen. Th i s species has 
been noted also on Store Mossc. 

Pinnularia viridis (NlTZSCIl) E H R B G . incl. var . sudetica (I ln.sr. i H C S T E D T . 
Very c o m m o n in all par t s of the mire , both in fen and bog a reas . Often in 
great quant i t ies . Very widespread also on Store Mossc. 
Rot. Notiser, vol. 123. 1970 
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Stauroneis phoenicenteron EHRBG. Found in the Lönnstorpet area and in 
one brook pool sample from I he Slatlutc area. In Store Mosse most common 
in rich fen siles. 

Sti'itnptrrobin intermedia (LEWIS) I-Ric.KK. Found in the Lönnstorpet and 
Slatlutc areas (Fig. 23). In More Mosse most common in rich fen sites. 

Synedra actis ROTZ, Found only in the I.önnslorpet area. Not found on Store 
Mosse or reported in THUNMARK 1942. 

Synedra ulna (Nnv.scii) EHRBG. Noted in the Lönnstorpel area, in the 
Stattute area in a few fen samples and in fen siles of Ihe Bygget area. In 
Store Mosse common in Lake Kävsjön. 

Tabellatia fenestrata (LVNGB.) HUSTEDT. Found in the Lönnstorpet, Stat­
tute and Bygge) areas (Fig. 23, Ihe dot in the Bygget area refer to this 
speeiesi. In Store Mosse around Lake Kävsjön and in ihe rich fen sites. 

Tabellaria flocculnsii (BOTH) KOTZ. Found in the Lönnstorpel area, in the 
Slatlutc area in a few brook pool samples and in Ihe Bygget area in Ihe lagg 
fen. On Store Mosse as '/'. fenestrata. 

PYRBHOPHYTA 

PEMDINEAE (DINOMONADINEAE) 

Glenodinium neglectum SCHILL. Found in Ihe Lönnstorpel area. In Store 
Mosse mainly in Blådöpet. 

Glenodinium uliginosum SCHILL. Found in the Lönnstorpel area and in the 
Stattute area where il is common along Ihe row- of brook pools and scattered 
in the rest of Ihe area, even on the bog. In Store Mosse common in Lake Käv­
sjön but nol found on the bog. 

Peridinium cinclmn (MCI.I.HR) EHRBG. Found in two brook pool samples 
from Ihe Stattute area, in a sample from 1949 also in Ihe Lönnstorpet area. 

Peridinium quadridens STEIN. Found in one brook pool sample from Ihe 
Stattute area. Not found in Store Mosse or reported in THUNMARK 1942. 

DISTRIBUTION TYPES AMONG THE BENTHIC ALGAE 

Even if m a n y samples of benlhic micro algae are studied these 
samples form only an ext remely small par t of the total area covered 
b y such algae coii immiil ies. F u r t h e r only pa r t s of Ihe samples a re 
studied microscopical ly. This means that there is a great chance to 
over look occur rences of individual laxa. T h e seasonal and year ly varia­
t ion in the occur rence of Ihe a lgae influence the resul ts of the studies, 
loo. W h e n c o m p a r i n g wi th the dis t r ibut ion of m a c r o p h y l e s one must 
a lways keep in mind I hal such p lan t s are easily observed all over Ihe 
mi re d u r i n g most of the vegetat ion period when walk ing round. 

These p rob lems may be i l lustrated with a compar i son between the 
samples of algae from those points in the Stat tute and Bygget a reas 
wh ich were sampled both in May and September 1954 (Table I I . The 
19 Hot. Notiser, vol. 128, I'JTo 
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Table t. Number of species noted at Hie points .sampled both in May and Septem­
ber 1901. Number of localities I". Median value and range given. 

Number 
of 

species 

27 
13—44 

30 
12—54 

39 
15 68 

Species noted only 
in one 

Number 

/ 
3—14 

12 
1- 24 

18 
4—38 

sample 
Percentage 

25 0 n 
10 ".'«--48 "/o 

36 *h 
6 °/D—50 *h 

51 »/o 
20 °/o—62 "/« 

Hinüber of species noted in the samples on the two sampling occasions 
does not differ very much. On an average about half the number ol 
laxa recorded from each point was noted only once. However, nearly 
all these laxa occur with a frequency less than 0.5 %. In the samples 
willi a low number of taxa (samples from bog areas and most of the 
Outer Fen) the differences are much less, even measured as percentage, 
than in the samples with a great number of taxa, e.g., from the points 
210 and 311 (total number 42 and 68, noted only once 27 and 38). 
Further it may be mentioned thai the investigation of the samples 
from 1949 and 1952 has added only 14 new laxa or 7 % ol the number 
recorded in 1954 while 73 taxa were not found. 

This indicates that well-founded conclusions concerning the distribu­
tion of the micro algae mainly can be given only for such taxa which 
seem to occur with a rather high frequency and when a sufficient 
number of samples have been investigated. Therefore, any general 
grouping like that for the macrophytes of all the micro algae recorded 
on the mire is impossible. However, in spile of these facts, it is possible 
to demonstrate distinct distribution types among the algae. 

A great number of the benlhic micro algae have only been noted in 
the fen siles of the Lönnslorpet area, e.g., several Closterium species. 
[calosporum, costatum, humla. Ralfsii, etc.). Cosmarium impressulum, 
C. moniliforme, Desmidium cylindricum, Euastrum oblongam, Micra-
sterias angutosa, M. rotata, Staurastrum coitttoversum, S. dilatatum, 
Staurodesmas Joshuae, and Eunotia arcus. These algae have a distribu­
tion corresponding to that of the Sphagnum plumulosum group among 
the macrophytes. These macrophytes are, however, few and of little 
importance in the vegetation. 

Another group of species among the micro algae is found in the fen 
sites of the Lönnslorpet area and or along the row of brook pools in 

Bot. Notiser, vol. 123, 1970 
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the Slattule area. 1ml not elsewhere in the mire. Some of them. e.g., 
Closterium dianae, (.. libellula, C. setaceum, Euastmm elegans, Micra-
sterias truncata, and Xanthtdium antUopacum (Fig. 19) have in the 
Slallule area been found only in the upper iiiorlhwesterni pari ol Ihe 
row of brook pools. In I his area a few macrophytes referred lo Ihe 
Sphagnum plumulosum group have been found (e.g., Hammarbya palu-
dosa, Riccardia pinguis). Some other algae in this group, however, have 
a wider distribution and have been found all along the row of brook 
pools, e.g.. Closterium baillganum (Fig. 5), C. didgmotocum. Cosma-
rium Blgttii, Euastmm bidentatum, Tetmemorus laevis s.str. (Fig. 181, 
Xanthidium nrmalum (Fig. 19), and Stenopterobiaintermedia (Fig. 23). 
Among the macrophytes such a distribution has been demonstrated for, 
e.g., Vtricularia minor, referred to Ihe Menganthes trifoliata group. 

A number of algae have a distribution resembling that of the mosl 
widespread species (e.g.. Menganthes trifoliata) in the Menganthes tri­
foliata group, e.g.. Closterium abruptum, C. gracile, C. striolatum (Fig. 
5), Euastrum pectinatum, Pinnularia maior (Fig. 22), and Tabellaria 
fenestrata (Fig. 23). These algae occur all over the Menganthes trifoliata 
zone. i.e.. in the fen siles of the I.önnstorpel and Hygget areas as well as 
in the Inner Fen and along Ihe row of brook pools in the Stattute area. 

With reference to the inacrophylic vegetation Ihere is obviously a 
differentiation in the Menganthes trifoliata /one between the Lönns-
torpet, Slallule and Byggel areas along the poor -rich gradient in the 
vegetation icf. MALMER 1962a p. 128). Concerning the benthic micro 
algae 135 taxa have been noted in the two investigated sites in the 
Lönnstorpet area, among them öl laxa (2.3 °'o of t lie total number on 
the mire), which only have been found Ihere. As many as 132 algal 
laxa have been recorded in Ibis /one in the Stallute area bill Ihe 
number of samples (281 is much greater than in the I.önnstorpel area. 
Many species have only been noted in one or two samples, especially 
in the siles along the row ol brook pools. In the eight fen siles ol the 
Hygget area only 58 laxa have been observed. The mean number of 
species noted in Ihe samples is 85 in the Lönnstorpet area. 42 along 
the row of brook pools, 26 in the other parts of lb«' Menganthes trifo­
liata /.one in Ihe Stattute area and only 19 in the Byggel area. Compa­
risons with other investigations ITHUNMARK 1912, Du KIETZ 1950a—C, 
FLEN.SBI'IU; 1967) show thai with regard to Ihe taxa of micro algae 
recorded. Ihe Lönnstorpet area ought to be regarded as richer than Ihe 
oilier areas and thai there is a distinct gradient from this area to the 
others as well as within them. As far as distributions of laxa are con-

l!o(. Notiser, vol. I2S. 1970 
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(•(•rued l ho differentiation of the Meny ant hes trifoliata zone along this 
rich—poor gradient seems to he more conspicuous in the algal than 
in the macrophytic vegetation. 

In the Outer Fen of the Stattute urea 107 taxa of micro algae have 
been noted. Anion),' them liiere are several occurring in the Menyanthes 
trifoliata zone and in Ihe adjacent parts of the Outer Fen hut lacking 
further bogwards, e.g. Cosmarium Hammeri, <. pseadopyramidatum 
(Fig. 6), C, Ralfsii, C. venustum, Eunotia parallela, Frustulia rhom-
lx>ides (Fig. 21). Pinnularia gibba, P. microstauron, and P. stauroptera. 
Sharp distribution limits are difficult lo distinguish hut in most cases 
Ihey seem to correspond rather well with the limits for the species of 
the Eriophorum angustifolium group among Ihe macrophyles. 

Many taxa in Ihe Outer Fen have a distinct distribution limit coin­
ciding rather well with Ihe hydrologic mineral soil "water limit, e.g., 
Cosmarium subtiimidiim I Fig. 71. Euastrum ampullaceum, E. erassum. 
/v. insulare (Fig. 8), Netrium digitus (Fig. 10), Penium boryeanum 
(Fig. 11), Tctmemorus lirebissonii var. minor (Fig. 16), T. granulatus 
(Fig. 17). These species have a distribution resembling that of the 
Xurtheeium ossifragum group among Ihe macrophyte-.. On the Akhull 
mire they ought to be regarded as exclusive ten plants as all the other 
laxa treated above. A few species (e.g., Pleurotaenium minulum and 
Stuurodesmus isthmosus (Fig. 14) which have been noted more or 
less occasionally in bog samples close lo Ihe mineral soil water limit 
but not elsewhere on the bog may be included in this gironp. loo. 

Some species in the Outer Fen have not been noted in more Hum a 
few samples outside this area, in spite of the fact Unit they are rather 
common there, e.g.. Cosmarium Ralfsii, Euastrum cuneatum (Fig. 8). 
Micrasterius Jenneri (Fig. 10), .1/. osciluns (Fig. 101. Penium boryeunum 
(Fig. 11), Pleurotaenium minutum and /'. tridentulum (Fig. 111. Among 
the niaerophytos, e.g., Lycopodium inuudatum. Sphagnum eompaelum, 
and S. mode have a distribution corresponding to that of these micro 
algae. 

The number of species in the bog areas is lower than in the other 
parts. Excluding four taxa noted only in one or two samples near the 
mineral soil water limit in Ihe Stattute area. 42 laxa have been found 
in the bog areas (41 on Ihe Great Hog and 16 on the Small Hog). Most 
of them are rather evenly dislribuled over most of the investigated 
parts of the mire. Among them, e.g., Chroococcus turyidus, Mouyeotia 
sp. (5—10 n), Zyyoyonium erieetorum, Aetinotuenium Cucurbita, Cos­
marium pggmaeum (Fig. 7), Cylindrocystis lirebissonii. Frustulia saxo-

Bot. Notiser, vol. 123. 1970 
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nica. Navicula subtilissima, and Pinnularia viridis occur on both the 
Small Bog and the Great Bog. Rather evenly distributed bul lacking on 
the Small Hog are. e.g., Anabaena sp., Oocgstis solitaria, Bambusina 
Borreri, Staurastrum margaritaceum (Fig. 13). Tel me morns laevis var. 
minutus (Fig, IS), Eunotia lunaris (Fig. 20), and Dinobryon divergens. 
Six laxa, vi/.., Cosmarium depression (lacking on the Great Hog). 
C. pseudoexiguum (Fig. (>), Netrium oblongum s.str. (Fig. 10), Penium 
siloae-nigrae (Fig. 12), /'. silvae-nigrae var. parallelum (Fig. 12), 
Staurastrum Simonyi (lacking on the Small Bog), and Tetmemorus 
Brebissonii var. intermedins I Fig. 16) have their main distribution in 
bog areas. Outside these areas they occur mainly in the Outer Fen. 
Only occasionally they have been noted in the Menyanthes trifoliata 
zone. No laxa have been found only in bog areas. 

The distribution types of these facultative bog taxa among I he micro 
algae correspond well with those among the macrophytes of the bog 
areas as described above (pp. 273—274). Even such a peculiar one as 
that ot Sphagnum imbrlcatum, which occurs mainly in the bogs and 
in the Menyanthes trifoliata zone icf. MALMER 1962 a p. 65) can be 
demonstrated among the micro algae, e.g., by Eunotia exigua (Fig. 20) 
and Glenodinium uliginosum. 

DISCUSSION 

As for the macrophytes the distribution pattern on Ihe Akhull mire 
for the micro algae treated here shows a rather gradual transition from 
the Lönnslorpel area (regarded as the richest part) to Ihe bog areas, 
especialh Ihe Small Hog (designated as Ihe poorest pari along this 
gradient). However, when regarding just the Holistic distribution limits 
among Ihe micro algae Ihe border line just outside the row of brook 
pools between the Menyanthes trifoliata zone and the Outer Fen seems 
to be especially important in the investigated parts of Ihe Slallule area. 
The same limit, but still more distinct, is found between fen and bog 
in the Hygget area 11 is indicated with two main groups of algae. \ i / . . 
the more than 100 taxa which occur only in Ihe Menyanthes trifoliata 
zone and Ihe less numerous which are more or less confined to Ihe 
Outer Fen and the bog areas. Neither in the Outer Fen nor along Ihe 
bydrologic mineral soil water limit does it seem possible to distinguish 
any limit equally well indicated. 

In Ihe Outer Fen there is a transition from the Menyanthes trifoliata 
zone with its great number of laxa to Ihe Eriophorum uaginatum 
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zone of the Great Bog with ils low number. Especially interesting in 
this case is Ihe occurrence of transitional border zones between laxo-
nomically related species as Netrium digitus and Netrium oblongum 
s.str. (Fig. 10). T et me mor us Brebissonii var. minor and Tetmemorus 
Btebissonii var. intermedins I Fig. 16) or Ihe not as especially related 
considered Cosmarium pseudopyramidatum and C. pseudoexiguum 
i Fig. 6). 

The general pal lern for Ihe distribution of the micro algae on the 
Akhult mire demonstrated above is in accordance with that found on 
the Store Mosse. The grealer number of taxa noted there (about 400) 
depends on the greater variation of investigated sites as even lake 
shores and different types of rich fen areas have been included. 

Many taxa. which on the Akhull mire occur only in Ihe Menyantb.es 
Irifoliata zone, are much more widespread on Store Mosse (FLENSBURG 
1967). This is especially obvious for Ihe laxa more or less confined to 
the fen sites in the Lönnstorpet area and the row of brook pools, most 
of which seem to have their main distribution in mire areas with rich 
fen vegetation, e.g. Euastrum oblongum. However, there are also laxa 
as. e.g.. I'enium polgmorphum and Pinnularia subcapitata which are 
very rare or lacking on Ihe Akhult mire in spile of the fact that they 
are common even in the bog areas of Store Mosse. 

Some widespread taxa on the Akhult mire are for some reason very 
rare or lacking on Ihe Slore Mosse. Among them Oocyslis solitaria, 
Cosmarium pggmueum. Euastrum eitneaium, I'enium borgeunum, 
Dinobryon dinergens, and Naoicula subtilissima were equally common 
1949 and 1952 as 1954 while Cosmarium pseudoexiguum and Stauro-
desmus isthmosus seem to have been much less common and Euastrum 
erassicolle much more common in 1952 than in 1954. These three 
species have not been reported from central South Sweden before. 

This survey of Ihe benthic micro algae on the Akhull mire and 
their distribution has demonstrated a great resemblance in the general 
distribution pattern between Ihe macrophytes and the algae as far as 
Ihe poor rich gradient of variation in the vegetalion is concerned. 
The available samples have not made it possible to study the other 
gradients. A general discussion about the habitat conditions on Ihe 
\khull mire in relalion to the poor rich gradient in Ihe vegetation is 
found in MALMKR 1962 a pp. 181—183, 213—216, 218 and 1962 b 
pp. 10—11. 
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AISSTKACT 

WENDELBO, P.: New and Noteworthy Species of I'rimulaceae from the 
'Flora [ranica'-Area. — Bot. Notiser 123:300 809, I.und. 

The followiii}.' new taxa are described: Amlrosacr jioillecliii of sect. 
Chamaejasme (NE. Afghanistan); Diongsia eifandiarii of sect. Anaeampto-
phyllum iS. Irani; I), freitagii of sect. Diongsinxtrum IN. Afghanistan): 
and /). tiTinvnnii of sect. Diongsia ;S. Irani. Primula algida ADAM, P. gnu-
hnennn HORNM. and /'. kaufmanniana RBGF.I. are recorded as new to tlie 
Horn of Afghanistan. Primula dueckelmannii Glf.Ll previously known only 
from the type collection, has been recollected. II is endemic to NE, 
Afghanistan. The find of P. gaubaeana in SYV. Afghanistan is of con­
siderable phytogeographical interest as the species was previously known 
from S\V. Iran only. 

INTRODUCTION 

Large areas of Afghanis tan and I ran , the main countr ies covered by 
K. II. RKCHTNGKR'S 'F lora i ranica ' . are slill unexplored or inadequate ly 
k n o w n from a botanical point of view. Eve ry collection from the more 
remote par t s of I hese count r ies reveals interest ing and ol len surpris ing 
finds. T h e family Primulaceae was t reated for this flora by W K N D E L B O 
(190")). In addit ion to a previously described species of Diongsia 

(WENDELBO 1967), recent collections con ta in no less than 1 new species 
of Ibis family and several o the r finds of considerable interest . Three 
of the new species described below belong to I he genus Diongsia com­
pr i s ing obligate Chasmophytes m a n y of which are na r row endemics . 
28 species were t reated in the last m o n o g r a p h (WENDELBO 1961 a) , 
s ince then 10 species have been added including the ones descr ibed in 
Ibis p a p e r (WENDELBO 1964, 1967). T h e r e is every reason lo expect 
fur ther new species of Diongsia to be discovered in Hie future. 
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Fig. 1. — A—E: Aiulrosacc pixilechii WKNDELBO; PODLECH 11711 iM). — A: Habil. 
hairs n»l drawn. — B: Part of corolla with ovary. — C: Calyx with pedicel. — 
1): Bract. — E: Leaf. - F: Primula dueckelmannii (iu.i.i; PODLECH 10624 (Mi. Leaf, 
hairs not drawn. — (i: /'. kau/manniana REGEL; PODLECH 11093 (M). Leaf, hairs 

nol drawn. — A XI; B- -E X4; F— (1 X0.5. — ELLEN SCHJÜLBERG del. 
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Androsace podlechii WENDELBO, sp. nov. Fig. 1 A F 

Sect. Chamaejasme C. KOCH 

Herba perennis stolonifera, pilis usque ad 1.2 mm iongis articulatis 
el glandulis brevibus capitatis obsita. Slolones 1—.'5, e rosulis foliorum 
Orientes usque ad 3 cm longi. interdum foliis dissitis obsiti, demum 
brunnescentes, glabri. Folia rosulala, 0—13 mm longa, 1.6—3.3 nun 
lata, anguste clliptico-obovata, acuta. Scapi e centro rosulac foliorum 
Orientes, 4 8 cm longi. Umbella 5 S-flora, densa. Bracteae c. 5 nun 
longae, elliptico-ovatae. Pedicelli 1.5—2 nun longi. Calyx vix 4 nun 
longus, campanulalus, per 2 3 longitudinis in lobos ovato-oblongos ob-
tusos divisus. Corolla roliila. verosiniilitcr alba purpur.iscenli-suffusa. 
annulus flavus; tubus c. 3.5 mm longus. doliiformis; lobi c. 3.5 mm 
longi. vix 3 nun lali. subobovati. apice relusi. Filament« 0.5 nun longa, 
supra medium lubuni inserta; antherae 0.6 nun longac, mucronulatae. 
Ovarium dcprc.sso-globo.sum. Stylus 1 nun longus; stigma capilaluni. 

A f g h a n i s t a n. Takhar: Khost-o-Fereng, slopes northeast of the Yawnu-
pass towards the upper Kala-valley, 3100 in. granite. 10.VII.1965, 1). Pon-
l.l'.cil 11741 (holotypus Mi. 

The new species is rather similar to A. akbaitalensis DERG. and 
A. olgae Ovcz. It differs from the former in the narrowly elliptic-
obovale leaves with a different pubescence. Ilie much larger calyx with 
comparatively much longer, ovate-oblong — not broadly triangular-
ovate - teeth, as well as in the much larger corolla. It differs from 
1. olyae first of all in the larger calyx with comparatively much 

longer and narrower lobes. The calyx of A. podlechii looks green be­
cause of the more open and spreading pubescence, ll also has a corolla 
which is larger in all parts. 

The new species is named in honour of ils discoverer Dr. I). PODLECH 
of Munich who collected extensively in NE. Afghanistan in 1965. 

Oii inys ia e s l a i i d i a i i i Wl.NDKI.BO. sp . n o v . - - F ig . 2 M — N 

Sect. Anacamptophyllum MELCHIOR 

Caespites parvos densissimos griseo-pilosos, efarinosos, c. 7 cm dia-
melro forinans. Rami foliis pallide cinerascenti-brunncis obsiti. Folia 
petiolo incluso c. 4 nun longa, lineari-oblonga. apice rotundala: lamina 
1—1.5 mm longa, 0.6 0.8 mm lata, margine integra revoluta, supra 
j)ilis palenlibus usque anlrorsis apice el margine revoluto pilis retrorso-
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putentibus usque retrorsis obsitae; petiolus latus, indistinctus, margine 
pilis dispersis, facicbus pilis brevioribus obsitus; pili usque ad 0.5 mm 
longi, arliculali. Bract eae 2, lineares, acumiuatae, brevissimae 2.5X 
0.2 nun, longissiniae 4X0.4 nun, sublus pilis ]>aU*iilibus rclrorsis. mar­
gine pili.s patent ihus, supra pilis ± antrorsis obsilae; pili c. 0.3 nun 
longi. Flares solitarii, sessiles. Calyx probabiliter nou complete evolutus 
vix 4 nun longus. usque ad dimidum cireiter in lobos lineari-triangulatos 
acuininatos fissus. cxlus pilis retrorsis. in margine loboruni pilis palen-
libus. inlus pilis antrorsis obsilus; pili usque ad 0.4 mm lontfi. Corolla 
inevolula lantiuu nota. violacea, extus pubescens, pilis c 0.1 mm 
longis; lobi obcordali. Ovarium quinque-ovulalum. 

I ra II Fars: Abadch, Bavanal. Kuh Khataban. :(100 in, 23.VI.HKi9. TERMÉ 
8128 K (holotypus GB, isotypus IRAN.) 

I) esfandiarii is a verv distinct new species ot the sect. Anacampto-
p hull um MELCHIOR subsect. Reoolatae WENDELBO. II differs from all 
the other species of its subsection in the combination of being densely 
tutted. ha\ing an entire leaf margin and a violet flower as well as in 
its peculiar pubescence consisting of retrorse and antrorse long hairs. 
Unfortunately the plant is in a young state and it bas been impossible 
lo study fully developed flowers. 

I), esfandiarii is named in honour of Dr. E, ESFANDIARI, the head of 
the '"Herbarium Ministerii Iranici Ayriculturae". Teheran. 

DimiYsia freitagii \VI:NI>ELBO. sp. nov. — Fig. 2 A F 

Sect. Dionysiastrum SMOLJAN. 

Cat's/rites densos cinerascenli \ i rides, glanduloso-puberulos, elarino-
sos. usque ad 30 cm diamelro formans. Rami li^'nosi. usque ad 4 mm 
diametro, rosula foliorum cinerascenti-viridi terminati, foliis emarcidis 
violaceo-brunneis partim rosulatis, rosulis ö—lä mm inter sc remotis, 
partim inter rosulas dispersis obsiti. Folia usque ad Ö mm longa el 
S mm lata, ea surculorum juveniUum et basalia rosularum elliptica, 
basi in petiolum inferne dilalalum attenuata. apice rotunda I a usque 
ad acuta: folia cetera rosularum subrhombica usque aliquanluin angu-
lalo-elliplica, basi lata, apice acuta usque ad subacuta, nervatura supra 
prominente. Bracteae 2. c. 1.5 mm Iongae, una elliptica, breviler late 
peliolata, altera anguste elliplico-oblonga. Flares solitarii. subsessiles. 
hctcroslyli. Calyx 4.Ö—5 mm longus. anguste canipanulalus. usque 
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paulo infra medium in lobos anguste elliptico-oblongos subacutos divi-
sus, ex tus el inlus glanduloso-puberulus. Corolla hypocrateroides, viola-
cea vel purpurco-violacea'.', exlus glanduloso-puberula; tubus 15—16 
nu» longiis; lobi c-, 5 min longi, late obovati, apice emarginati. Antherae 
vix 2 mm longae, in floribus brevistylis paulo exscrtae, in floribus longi-
slylis manifeste ultra medium lubi insertis. Ovarium •'! 5-ovulatum. 
Stylus longiis fauceni corollae tubi vix attingens; stylus brevis c. 2/3 
corollae tubi attingens; stigma ca pit a t um. Capsula c. •'{ mm longa. 
ovoidea, valvis 8-—9 dehiscens. Semina ii—5. submatura, c. 2 inni longa. 
elliptica, plana. 

A f g h a n i s t a n . Balkh: Ali Kuh, mountain 1« km S of Mazar-i Sharif. 
1300—1700 m. 29.V.1969, HEDGE, WENDEl.BO ,V EKBERG W. «107 (holotypus 
GB, isolvpus E); 18 km S of Mazar, Sultan Baba Ali Sher, 800 m, FREITAG 
185. 

The new species has leaves that are more or less dimorphic, those of 
the shoots and of the base of the rosettes are elliptic with a rounded 
to acute apex and have a short broad petiole which is again widened 
at the base. The leaves of the middle part of the roselle are subrhombic 
with a more or less acute apex, and are narrowed from above the middle 
into a rather broad base. 

Dionysia freitagii must be referred to I he section Diongsiastrum 
SMOLJAN. and is mosl closely related to I), viscidula WENDELBO. II 
differs from that species in the larger corolla and calyx, the smaller 
indistinct bracts, in the comparatively broader and more acute roselle 
leaves, and in Ibe distinctly shorter glands. I), viscidula is so far only 
known from the valley Darrah Zang near Maiinana aboul 200 kilo 
meters lo the soulh-wesl from Hie locality of I), freitagii. 

The species is named in honour of its discoverer Dr. II. FREITAG 

working at the Department of botany. University of Kabul as member 
Of the "Partncrschafls-Tcani der Malheinaliseh-Naturwisseiischafl-
licheu Fakultät bonn a.d. Universität Kabul". 

Fig. 2. — A—F: Dionysia freitagii WKNDEI .BO; HEDGE. W E N D E L B O & EKBERG 

W 8497 (GB). Glands not drawn. — A: Corolla of longstyled flower. — B: Corolla 
of shortstyled flower. — C: Calyx split open. — 1): Bracts. — E- F: Leaves. •— 
G—L: I), termeana WENDEI.BOJ T E R M É 81.11 (GB). — G; Corolla of longslyled flower, 
glands not drawn. — H: Calyx split open. — I: Braets. — .1- -L: Leaves. — M—N: 
I), esfandiarii W E N D E L B O ; TERMÉ 8128 (GB). — M: Leaf from above. - N: Leaf 

from below. — A—N X4. — ELLEN SdlJOLBEKG del. 
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Diouysia termeaiia WENDELBO, sp, nov. Pig. 2 G—L 

Sect. Dionysia 
Laxe caespilosa. glanduloso-pubesccns, efarinosa, foliis emarcidis 

rosulatis, rosulis foliorum in ramis inter se 1—1.5 em reinolis. Folia 
reticulato-nervosa, glandulosa; glandulae vix 0.2 mm longae: folia 
exteriora rosularum et folia surculorum juventlium usque ad 11 mm 
longa, 4—5 mm lata, 1 obovato-spalhulala. subintegra vel ± distincte 
1—6-crenata, obtnsa usque subacuta: folia interiora Vi—9(—11) mm 
longa. 2—2.5 mm lata. lincari-oblonga. subintegra vel usque ad 5—0-
crenata, obtusa usque subacuta. Bracteae 2. 2.5 el 7 mm longae. august«' 
ellipticae, usque oblanceolatae, obtusae. Flores solitarii, sessiles, helero-
slvli. Calyx 5—<» mm longus. usque ad basin fere in lobos ± lineares. 
oblusos, e. 0.7 mm lalos fissus. Corolla hypocrateroides. flava: tubus 
floris longislyli 15—17 mm longus: [obi 4—5 nun longi. 3.5 4 mm 
lali. emarginati. Anlherae 1.5—2 mm longae. Capsula quiiique valvis. 
Semina c. 8. 

I r a n . Fars: Sissakhl, Kuh Daena t.) Gadaneh-Bidjan, 20.VI.t969, TERMÉ 
8131 K (holotypus GB. isolypus IRANI. 

Undoubtedly Ibis new species belongs to sect. Dionysia subsecl. 
Caespitosae WENDELBO. It differs, however, from all other species of 
ils subsection in having emarginate corolla-lobes, and also in Ihc calyx 
which is split to the very base. I). termeana comes closest to /). dia-
pensiifolia Boiss. and /). gaubae BOBNM., but differs in addition to the 
characters mentioned above, also from the former in the much looser 
tufts with separated rosules of old leaves, from the latter in the 
apparently much larger tufts and in the longer and narrower inner 
leaves of the rosette. 

I). termeana is named in honour of its discoverer Ing. FEREYDOIN 

TERMÉ of the Department of Botany. Plant Pest and Diseases Research 
Instil ute. Teheran. 

Primula aigida ADAM in VA'KBER & Moiut. Beiträge Naturk. 1:4(5 (1805) 

WENDELBO in Flora iranica 9: 11 (1965). 

A f g h a n i s t a n . Wakhan: Dario YVazii. N of Wazil gorge, 4600 in, 
BRECKLE A 1247. 

Previously this species has not been found in Afghanistan, bid it is 
recorded from the Pamir-Alai area in the USSR somewhat to the north. 
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There is a considerable gap in the dis t r ibut ion of P. algida as it is 
known from G. Asia and then From Caucasus mid the Kurdish moun­
tains. 11 is m u c h the same area as thai of the likewise a lp ine Allium 

oreophilum C. A. M K V . Very few species seem to have a s imi la r disjunct 
area . 

Primula diieekelniannii GlLLI, Feddes Repert . (12: 22 (1959). — Fig. 1 F 

W K N I J E L B O in Flora iranica 9 : 5 (I960). 

A f g h a n i s t a n. Takhar: Koh-i-lshkamish. ca. 7 km south-easl of Ishka-
inisli, shady slopes. 1500 m, PODLECH 10624. — Radakhshan, a hove Jawarsan, 
c. 30 km S of Keshm, 1600 m, HEDGE A WENDELBO W. 9320. 

This species was previously k n o w n from the type collection which 
consisted of f lowering p lan t s only. It flowers in the beginning of April 
(GILLI 1959 p. 22) . T h e mater ia l of P O D L E C H collected 14 May 1965 is 

in fruit. T h e capsules a re ellipsoid. 7—8 m m long, 45 m m broad and 
somewhat p ro t rud ing from the calyx. 

P. dueckelmannii (W. 9320) was found as willed f ragments unde r 
stones al c. 1600 in a l t i tude in Pistacia vera Amygdalus bucharica 

- Acer pentapomicuBi woodland with scattered Juniperus cfr. semi-

globosa. This is p robab ly a typical locality and there is reason to think 
that I he rar i ty of this species is due the f ad that this type of forest 
has been destroyed over extensive areas. T h e likewise r a r e endemic 
Saloiii pterocalyx HEDGE w a s found in the same place and very p rob­
ably these two species have more or less the same dis t r ibut ional area 
which they sha re wi th a whole g r o u p of o ther endemic species (Fig. 3 ) . 

Primula gauhaeana BORNM. Mill. Thiir . Hot. Ver. N.I*. 47 :132—137 
.1941) 

WENDELBO in F lora i ranica 9 : 4 . T a b . 1. Fig. I (1965). 

A f g h a n i s t a n . Farnh: tö km N of Goleston, stream-side with Carex 
sp. and Epipactis sp., 2100 2200 m. 23.IV.1969, flowers yellow. HEDGE & 
EKBERG W . 7282. 

T h e Afghan p lan t s do not differ significantly from avai lable I ran ian 
mater ial . The calyx m a y he somewhal larger and the b rac t s may have 
a somewhat different shape . Even if these differences should be con­
stant the Afghan popula t ion should probably nol he t reated as more 
than a geographical race of the r a n k of subspecies. 
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Fig. 8. Total distribution of Primula dueckelmannii (in.i.i j"i and /'. gaubaeana 
IJORNM. !'•!. Hall-lone indicates areas with mountains above 2400 m. 

The find of P. gaubaeana in Afghanistan is of considerable phyto-
geographical interest. The lociility lö km north of Golestan in the pro­
vince of Farah (32°45'N, 63°45'E) is situated aboul 1400 km east of 
the previously known localities in Iran (Fig. 3). The (> known species 
of Primula subgenus Sphondylia are scattered over a large area: NW. 
Himalayas. Afghanistan. Ethiopian mountains, Yemen. Sinai, W, Iran 
and SE. Turkey (WENDELBO 1961 b). They are undoubtedly relies from 
a period with a moister climate when ancestral forms of this group 
were scattered over this area. The geographical area of /'. gaubaeana 
must earlier have covered South Iran and parts of Afghanistan. Even 
if the western and eastern populations have been separated for a long 
span of time no marked differentiation has taken place in this case. 
The disjunct area of /'. gaubaeana is remarkahle. but a good parallel 
is found in the distribution of certain large-leaved Dionnsiae. Thus 
D. bornmuelleri (PAX) CLAY in West Iran has its closest relatives in 
two Afghan species, I), paradoxa WKNDEI.BO and I). balsamea WEN-
DKi.Bo & RKCH. f. (WENDELBO 19(H). 
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Primula kaufmanniana REGEL, Ada Horli Petrop. 3:131 (1874). 
Fig. 1 (I 

FEDOROV in II. USSR 18: 126, Tab. IV, Pig. 1 (1952). 

A f g h a n i s t a n . Baghlan: Andarab-valley, southern side-valley uf the 
Taganak valley at Darrah-i-Shu, 3000 in. PODI.KCII 11093. - - Badakhshan, 
khumhiik area. S. of Kc.shni, side valley to the SYV of Robat, 3000 in. 
HEDGE & WF.NDELHO \Y. 9403. 

These arc Ihc first records of this species from Afghanistan and from 
outside the USSR. II is an extension of the area In about 250 kin 
to the SW. 

The Afghan specimens match the description and figure of FEDOROV 

(I.e.). I have also seen several sheets of /'. kaufmanniana kindly senl 
on loan by Dr. I. T. VASSH.CZENKO from the Leningrad herbarium. 
The only other species of seel. Cortusoides in Afghanistan is the rare 

endemic /'. daeckelmannii GlLLI (see above) which differs markedly in 
the much more deeply cut leaves (Fig. 1 F—G). 

/'. kaufiwinniana i\V. 94<).Ti was found a I c. 3000 m altitude near Ihe 
upper limit of the Juniperus cfr. semiglobosa bell were il grew in rich 
subalpine vegetation. 
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ABSTRACT 

NIHI.(.ARI>, B : Vegetation Types ol Planted Spruce Forests in Scania. 
Southern Sweden. — Bot. Notiser 123: 810—337, Lund. 

Vegetation analyses and soil investigations from HI localities with 
planted spruce forest, situated south of the natural horder area for 
Picea allies in Scania, have been performed. Most of the stands are old 
with a well developed ground vegetation, some are young, and some are 
situated side by side with beech forests. In this way a picture of (In­
different vegetation types, of the development of the xegelation in young 
and dense spruce plantations and of the floristic changes when beech 
forests are replaced by spruce is obtained. 

Five different vegetation types, separated by different dominating 
species, are discussed from an ecological point of view, considering in 
particular, the soil and light conditions. Rough estimations of the pro­
ductivity of the tree layer are also discussed 

The main species dominating in the vegetation types are: Dicranum 
mains, D. scoparium, I), undulatum, Hypnum cupresslforme, Plagiothecium 
spp., Ptearozium schreberi, Deschampsia flexuosa, Oxalis acetosella, Dryop-
tcris austriaca, liabus idaeus, Sorbit* aucuparia, Sambucas nigra and 
S nieemosa. 

INTRODUCTION 

The southern boundary of the natural distribution ol spruee [Picea 
abies) in Sweden, passes through t lie north pari ol Scania (Fig. I). 
According to pollen analytic investigations t FRIES li(P>5i this border 
area has existed for about 1500 years. However, during the last 100 
years spruce has also been planted outside its natural borders in Hie 
soul hern deciduous forest region, which belongs to I he Nenioral zone 
(S.IÖRS 1965). The plantations have been performed either on formerly 
grazed heaInlands and arable land or replacing beech forests. Owing 
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lo the relatively low financial potential of beech forests and graz ing 
pastures , the spruce p lan ta t ions have increased dur ing recent decades 
and it seems probable thai in the near future spruce forests will prevail 
in the deciduous region also. 

Having in view a clarif ication of the vegetation types and the florislic 
changes which we can expect to find lo an ever increasing extent in 
step with the increasing area of planted spruce forests, the present 
studies have been m a d e in the sou the rn dec iduous Forest region of 
Scania dur ing the years 1966—1969. 

INVESTIGATION' METHODS 

A great number of planted .spruce forests south of the natural horder of 
Picea nbie.i in Scania have hcen investigated. The sites chosen for analysis were 
situated over Ihe whole area (Fig. I i. representing all the different vegetation 
types obtainable. The stands were 2(1—85 years old and thus information on 
the succession of vegetation with age and thinnings was also obtained. The 
vegetation of the stands was delimited by analysing one large square only, 
about 2000 m-, at each locality. Only homogeneous areas representative of 
the forests were chosen and investgated. thereby avoiding boundary vegetation. 

In order to demonstrate the florislic differences that develop when spruce 
is planted on former beech forest areas, some localities with both beech and 
adjacent old spruce forests were analysed. The selection of these double loca­
lities was governed by two criteria: 

/. The two stands should lie side by side on as flat ground as possible: if 
situated on a slope the inclination should be uniform. 

2. It should he proved, by speaking to (he landowner or by studying old 
land-surveying maps, that beech forest once preceded the planted spruce 
forest. 

On the double localities the stands have been delimited by the choice of two 
large squares, each 100(1 2500 in-, which have been placed as near each 
Other as possible, in practice at a distance of ,"i(l—50 m. In this way the prim­
ary differences of Ihe mineral soil composition between the stands ought to 
be small. Areas with boundary vegetation, and in the spruce forest areas with 
beech litter wen' avoided as far as possible. 

The vegetation analysis comprised investigations of Ihe tree, shrub, field, 
and bottom layers inside Ihe large square. 

T h e t r e e l a y e r was investigated on the following data: 

/. Stand density was determined in Ihe spruce forests by counting numbers 
of trees inside five squares of 100 in-. In the beech forests all trees inside 
Ihe large square were counted. 

2. Cover of Ihe tree crowns was estimated as a percentage of Ihe area of Ihe 
large square. 

Bot, N'rilisi'r. vol. 128, 11)70 
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1 ig i Map ol Scania in 
Southern Sweden, showing 
Ihe situation (if the invcsli-
gatcd loculitics The southern 
bonier area of Hie natural 
distribution of spruce is 
marked with liatelied lines 
(after 111 SSF.I.M-WN & SCHOTTE 
1!)0()|. Areas situated more 
than 100 metres abo\e sea 
le%el are dolled. Map of 
Scandinavia inserted. 

.7. Age ni' the trees was determined b\ boring al breast height in M typical 
tree with an increment borer. This was possible in the spruce forests where 
tlie trees were of Ihe same age. In the heech forest the trees were uncvenaged 
and then the a\crage age «as estimated from random borings, and using in­
formation obtained from oilier localities. 

4. Measurements of height of the trees and tree crowns were performed 
using a Hluine-Lciss instrument. To obtain average values some typical, sub-
jectivelj chosen liccs were measured from each stand. 

5. Average values of diameter of the Irees were obtained after measuring len 
trees from each stand 

T h e s h r u l > l a y e r . The covet of the shrub layer was estimated as a 
percentage of the large square. Rubus idaeus was not included. 

T h e f i e l d a n d b o I l o rn l a y e r s ( t h e groundlaxeri were ana­
lysed by placing ten small squares each of l(i m". in a fixed pattern, in order 
to get a uniform distribution inside the large square. The species inside Ihe 
small squares were noted and their cover, according to the five-degree scale 
of lit i.t— SKKWMIF.K — l)i RIETZ, was estimated. Species in the large square, 
which were not represented in the small squares, were afterwards added to 
the list and are marked with — in Ihe tables. Bryophytes and lichens on stones 
or stumps were not included in the analysis. 

In ihe vegetation survej tables the small square frequency (F) and the 
characteristic degree of cover (C) are given as F c . F denotes the number of 
small squares in which the species occur calculated as a percentage of Ihe 

«ni. Kotiser, ^ ol. 123. 1970 
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total number of small squares. C is an average value of the degree of cover. 
At its calculation Hie degrees of cover for each small square are first trans­
formed to mean absolute values of the area covered and then the average of 
these is retraiisformed to degree of cover (ef. PERSSON 1001 i. In Table 1 and 
Fig. 2 the cover of the vegetation in m-/ui- is given. This has been calculated 
from the units in the Ill'IT SERNANDER—Do BlKTZ scale. Using a small 
square of 111 m- Ihe following means are valid: 

1 =0.6 in2. 2=1 .5 m2, 3 = 3.0 m2. 4= 6.0 m2 and 5= 12.0 in-. 

The total small square area analysed at each locality is Kid in2. By summing 
the plant cover of every species in the ten small squares this value is often 
exceeded, which obviously is natural; firstly because both the field and bottom 
layers are summed, and secondly because there is a natural stratification in 
several layers even in the field layer. The calculation certainly gives very 
rough values but these are useful in comparisons and in illustrating the 
development of the vegetation in planted spruce forests. 

The nomenclature for phanerogams and ferns follows YVEIMARCK <1963I , 

bryophyles ARXEI.I. (1956), NVIIOI.M (1954—19651 and JENSEN (1939). 
It has not been possible lo separate Dryopteris assimilis (NANNFEEDT 1966) 

from I), tiiistrincn. Both species appear in Ihe investigated forests. 

Besides the vegetation analyses investigations on the soil type were perform­
ed. One profile of 5(1 -1(10 cm depth was dug inside each large square. The 
validity of this profile was cheeked with smaller pits over Ihe whole square. 
— In particular Ihe thicknesses of the differenl upper horizons, the soil 
structure and tGXtUl'C were noted. Soil samples for determination of [ill were 
taken in the mor or mull horizon (F/H or Aj), in the horizon just below the 
nior or mull (Ag or Bj) and in the B/C-horizon usually al a depth of about 
50 cm. pl l was determined on duplicated fresh soil samples both in extracts 
of water and of 0.2 M KCl. The volume proportion soil: solution was I: 2 and 
Ihe extraction time one hour. 

THE DEVELOPMENT OF THE VEGETATION IN SPRUCE PLANTATIONS 

T h e development of Ihe vegetation in spruce forests is earlier treated 
inier al ia by O T T (1966) who studied the effects of thinnings, KI IEIN-
I I E I M E K (1959) and SCHLÜTER (1966) who studied the light and tin' 
vegetat ion in glades. ' Ihe above a u t h o r s found lhal small differences 
in lighl could cause great differences in vegelalion. UllElNHEIMER 
(1957) repor t s that in planted spruce forests near H a m b u r g , three 
species were commonly occurr ing, viz. Plagiotheeium curvifolium, 

Lophocolea heterophylla, and Lepidozia reptanx. BECHER (1963) has 
followed Ihe d i sappearance of the ground vegelalion in small spruce 
p lan ta t ion squares and noticed that almosl every one of the former 
beech forest species disappeared. Tim. i . i in NorRFALlSE 1964) repor ts 
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Table 1. Vegetation survey table showing the immigration of species in the bottom 
and field layers of young planted spruce forests in Scania. The stands are arranged 
according to increasing cover of the vegetation. Species dominating in old spruce 
forests are underlined, (juv) =juvenile plants. Plagiothecium spp. includes /'. ciirui-
foiium, I', denliculatum and /'. succulentum. Dri/npteris spp (juv) Includes I), spinu­
losa and D. austriaca. Galeopsis spp includes (;. bifida and G. tetrab.it. Sambucus 
spp includes S. nigra and .S. ractniosa. Quercus spp. includes Q. petraea and Q robur 

S p r u c e fOre j l s l o n d **>-

Cover o f the v e g e i o t i o n . r r r X m 3 

Cover o l the i r e « crowns,*/* 

Number o l l ' « « s / i O 0 m z 

A g e o l b r e o M he igh l years 

D iame te r o l b r e a s i h e i g h t , cm 

Hei r jh i o f m e t r e e s , m 

S p e c i e s - - ! 0 1 0 1 " " m ö e r o! species 
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that in the Ardennes the planted spruce forests were almost lacking 
vegetation until 40—50 years of age when they were thinned out. 

AI the age of about ten or fifleen years the spruce plantation has 
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grown lo such an extent thai insufficient light reaches the field and 
bottom layers, thereby causing their gradual disappearance. The 
ground is then covered by spruce needles. Usually there will be 
nothing left of the old ground vegetation, and the species that occur 
after the first thinnings can he regarded as newly spread plants. It is 
at this stage of development that Ihis investigation starts. 

Table 1 shows a number of vegetation analyses done in dense spruce 
plantations, where I he field and bottom layers cover less than one 
quarter of the investigation area. Each column corresponds lo one site 
(situation see Fig. I). 

The age a I breast height varies from 20 lo 50 years, the number of 
trees/100 ma is 8—42 and the cover of the tree crowns varies from 80 
to 100 per cent. All the species of the ground layer are found as scat­
tered individuals: many only as small plants showing evidence of 
lack of light. Even in Ihe densest stands it is possible to find a small 
liverwort, Lophocolen heterophglla, and a Playiollu-cium species, 
usually /'. cari'ifoliiim or / ' . (lenticulatum. These species occur in al­
most every stand at all stages of maturity Icf. Table 2 Al. Oilier species 
appearing al an early stage and found in almost every stand are Dryop-
teris spp. ljuv), Kubus idaeiix (juv). Oxalis acetosella, Chattioenerion 
angustifolium (juv) and Sorhus aucuparia (juv). 

Polutrichum formosum, Mnium hornum, Moehringiu ttinervia, Alri-
chum iiiululatiim, Dicranella heteromaUa, and Sambucns can also be 
regarded as shade tolerant species, while e.g. Deschampsia fle.ruosa. 
although it can be found as small straws in glades in dense spruce 
Forests, is most prominent in older and lighter stands. 

The development of Ihe vegetation is dependent on Ihe cover of Ihe 
tree crowns and density and these properties are usually correlated 
with the age of the stand. In Fig 2 the age of Ihe stands al breast 
height is correlated with the cover of the vegetation. Most of the old 
stands in Table 2 are also included. It is obvious thai il is not until 
the sland is 45—50 years of age that the bottom, field, and shrub layers 
are of real importance and cover the whole ground area. AI Ihis age 
the cover of the tree crowns is usually 70—80 °/o and Ihe number of 
trees per 100 m2 is ."> 8. In such a stand a mature vegetation type 
.slowly appears. 

Il is possible to summarize Ihe development of the ground vegeta-
liou in a planted spruce forest by dividing it into four developmental 
stages: 

Bot. Notisar, vol. 123, 1970 
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Age al brec>l heighl 

Cover ol Ihf vtgnotio'v "ytt? 

Fig. - Diagram showing the 
relation between the age oi it»-
trees :il breast height and the 
cover of HIP bottom, field and 
shrub layers 

1. T h e d e p l e t i o n s t a g e , lasting from the time of planting to 
about 15 years of age. During (his stage the initial ground vegetation 
disappears. 

2. T h e h a r e g r o u n d s t a g e , al 15—30 years of age, is de­
scribed as the time when ground vegetation is almost lacking. 

3. T h e i m m i g r a t i o n s t a g e , al 30—00 years of age, is the 
lime when ordinary spruce foresl species appear. 

4. T h e m a l u r e si a g e appears from aboul 00 years of age and 
typical vegetation types can be distinguished. 

The rotation of spruce in Southern Sweden is 00—70 years and thus 
Ihe fourth slage is often short or not lullv realised 

VEGETATION TYPES IN OLD PLANTED SPRUCE FORESTS 

Ol the 84 localities investigated 67 were used for describing the 
vegetation types in old planted spruce forests (situation, see Fig. Ii. 
The condition governing Ihe selection of these sites was that the 
vegetation of the bottom, field, and shrub layers together should cover 
at least 50 ° n of the area. However, a lew forests, which from a 
forestry point ol view could be regarded as mature and ready for 
total culling, were also included. 

a. The Vegetation 

When comparing the vegetation from the 07 localities it was found 
that many of them were very similar, al leasl with regard to doini-
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oating species. On this criterion they were grouped in 27 different 
columns (Table 2| . In this survey table the frequency values are 
rounded off to the nearest five. 

In Tiible '2 A high frequency species, i.e. species with a frequency of 
> 50 °/o in at least one column, are gathered. A continuous change- in 
the vegetation from the left to the right is seen, with very close rela­
tionships between adjacent columns. However, it is possible to dif­
ferentiate into groups or types it dominating species are taken into 
account. Thus five main types have been established. 

/. The moss dominated types are found mainly in the northern pari 
of the investigated area or on the Seaman ridges, where stony and 
sandy moraines poor in nutrients, prevail icf. WKIMARCK 1950). The 
main dominating species are Dicranum ma jus, D. scoparium. D. nndu-
lutum, Hypnum cupressiforme, Plogiothecium curvifolium, P. denticu-
latum, P. iindulaliim. and Pleurozium schreberi (Fig. .'$). The vegeta­
tion dominated by Dicranum majus and Plagiolhecium species is found 
in more shady forests and probably on more moist soils, than those 
dominated by Dicranum undulalum. 1). scoparium, lli/punm cuptessi-
formc. and Pleurozium schreberi. Though somewhat indifferent the 
latter species are found e.g. on dry sandy soils in the Yomb area in the 
centre of south Scania. Most of the high frequency species of the moss 
dominated forests also occur in other types, but Dicranum majus. 
I), undulatum. Ptilium crista-cuslrensis. and Hijlocomium splcndcns 
have their main distribution in type 1. Deschampsia flcxuosa some­
times becomes a co-dominating species, particularly on dry soils and 
in sun-exposed stands. This vegetation is closely related to the fol­
lowing type. 

//. In the Descham/isiu flcxuosa types Deschampsia fle.vuosn is the 
main species. This type is found on apparently dry localities on stony 
moraine with a thick mor horizon. It is a vegetation also found at 
the edges of young or middle-aged planted forests, where the light 
conditions are sufficient. In consequence it occurs only in sufficiently 
thinned forests where the cover of the tree crowns is as little as 
50 60 %>. In the most heavily thinned forests the ground vegetation 
has the character of edge vegetation and Deschampsia flcxuosa can 
reach fertility which normally is rare in enclosed stands. Type II can 
be divided into two subtypes: IIA. where in particular. Dicranum 
scoparium is co-dominating and II B, where Deschampsia is dominating 
alone. The Deschampsia — moss subtype may be regarded as a succes­
sions! stage where Deschampsia flcxuosa is increasing with increased 
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Table 2. A—B. Vegetation survey tables showing Hie frequency (F) and characte­
ristic degree of cover (C) as F< of the bottom and field layers and percentage cover 
of the shrub layer in old planted spruce forests Table A contains dominating anil 
high frequency species <> .">() ° o at least in one column) while Table H contains low 
frequency species, [juv) = juvenile plants. Quercas spp includes Q. petraea and 
(J robur, PUtyiothecium spp includes P, euroifoUum, I*, dentlculatum and P. sitc-
culentam. Betula spp includes H. pubescens and H verrucosa. Sambucus spp in 

eludes S, niyrti and V racetnosa. Hypnum cupresstforme may also include 
//. ericttonim 
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thinnings and heller light conditions and grows over a primary moss 
carpel. In some forests, however, the moss carpel is more or less 
absent and then Deschampsia fle.itio.sa .starts as small green plots over 
(he whole area as in the first column of II 15 and remains as the only 
dominating species in Inter stages. 

/ / / . The Deschampsia Oralis types embrace some slight l> dif­
ferent subtypes, A—(.. Thej have in common dominating Deschampsia 
flexuosa and Oxalis acetosella. Apparently, thej always occur on more 
moist soils than type II. This statement is established in Fig. ö. Al the 
lop of the slope iplol no. 3) the forest «as slightly more thinned and 
consequently lighter than in plots no. 1 and no. 2, where Ihe light 
conditions were estimated to he uniform. Plol no. .'5 shows a pure 
Deschampsia flexuosa community where Deschampsia covers almost 
the whole area. In plot no. 2 the .soil conditions were similar with an 
obvious mor horizon, hut due lo lower light intensities a Deschampsia 
flexuosa layer was not yel fully developed. However, in plot no. 1 
situated al Ihe bottom of Ihe slope and facing north, the groundwater 
was welling the soil surface and the humus layer was intermediate 
between mor and mull. The vegetation was an Oxalis acetosella variant, 
probablj developing towards a Deschampsia Oxalis Dnjopleris 

subtype (HIB). 
As Ihe light conditions were similar in plots 1 and 2. this also 

illustrates, besides the florislic changes, a heller development of the 
ground vegetation with improved soil conditions. 

In subtype 111 A Deschampsia flexuosa and Oxalis acetosella are the 
only dominating species, Oxalis can be regarded as ihe primarj species. 
Deschampsia is the secondary species, and has expanded over Oxalis 
when light intensities have increased. However, Ibis vegetation will 
hardly become a pure Deschampsia flexuosa community, since alter 
thinning shrubs such as Sorb us aucuparia and Sumbucus racemosa, 
will appear. The shading influence of the shrubs will retain a De­
schampsia — Oxalis community. 

Fig 3 \ moss doininaled \chelation Willi Dicriiimm mains, Ilifj/ntun CttprcsslformC 
and Pleurozium schreberi as the mosl prominent species. MO Vedby. — 

Photo; Ii. N. Sept. 1969. 
Fig 4. A subtype of ihe Deschampsia — Oxalis vegetation dominated bj Dryopteris 
austriaca, Oxalis acetoselln. Deschampsia flexuosa, Polytrichum formosum, Milium 
Illinium. Luzula pilosa, and Vaccinium murlillus. shrubs of Sorbus aucuparia arc 

prominent Sjunnerup. — Photo: B. N. Sept. 1069. 

Uni. Notiser, vol. 128, 1970 
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Fig. 5. The main resulls 
of vegetation analyses 
from a transect of a slope 
in Hie Crown forest of 
Dalby. 

Fig. (> Vegetation analyses 
from different thinned 
stands, situated side hv 
side on the same soil in 
the Crown forest of Dal 
by Stand number 1 and 
.'! belong to some experi­
mental plots managed by 
the Forest Research Insti­
tute of Sweden, 

Fiq 6 

On more moist soils, Deschampsia fiexuosa is superseded by lall 
ferns, especially Dryopteris austriaca, and by Habits idaeus (lllf? and 
III ('.I. The Dryopteris variant is often found on stony moraine in 
slopes or hollows with a good supply of ground water I Fig. 4). More 
moist conditions are also indicated by species such as Deschampsia 
caespitosa, Atlujrium filix-femina and Plagiochila asplenioides. Also, 
shrubs of Sorbus aucuparia and Sambucus racemosa can grow lall. 
The subtype III C with both Deschampsia, Oralis, and Rubus idaeus 
can be regarded as an intermediate slage between III and IV. 

/ \ \ The Rubus — Oxalis types can be divided into three subtypes. 
A—C. In these Deschampsia flexuosa is rare or scaltered and Oxalis 
aceiosella and Rubus idaeus are usually co-dominating. In IVA Oxalis 
dominates alone, covering more lhan 50 % of the area. However, this 
community is not a fully developed vegetation type but must be re-

Bot. Notiser, vol. 123, 1970 
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garded as an immigration stage in a vegetation succession of planted 
spruce forests on moist soils wilh good humification properties. Oxalis 
acetosella is a very shade tolerant species and the community is often 
found in very dense, middle-aged (about 15 years old) spruce forests. 
Willi increased thinnings the vegetation does not have to develop into 
a Rubus Oxalis type, bul might as well become a Deschampsia 

Oxalis varianl of type 111. Such a succession is clearly demonstrated 
in some thinning plots lor forestry production measurements in the 
Crown forest of Dalby (Fig. <>). The three stands in this example are 
situated side by side on the same stony moraine and are equal in age. 
In the densest stand, where no thinning has been done. Oxalis aceto­
sella is dominating alone, while in the heaviest thinned plot. no. 3, 
Deschampsia flexuosa is I he most important species. Plot no. 2 is 
intermediate. 

In subtype IVB the vegetation has developed into a Rubus idaeus 
Oxalis acetosella community, This is, in fact, not a clearing vegetation 
as it is found in relatively close stands, where it covers the whole area 
(Fig. 7). As with Deschampsia flexuosa, Rubus idaeus also rarely 
flowers inside the forests. This happens only in glades or clearings. 

Subtype IVB always grows on soils with an astonishingly good 
humus condition, and podsolizing effects are almost lacking. It is 
frequently found on slopes where it has been planted on former mea­
dows. It also occurs on level ground, especially when the spruce forest 
is planted as the first generation on former beech forest areas icf. 
p. 338). Then some lypical beech forest species, e.g. Stellaria uemorum 
ssp. glochidosperma, Lamium cpdeobdolon. Dactylis glomerata ssp. 
ascliersoniana, Festuca glgantea, and Galium odorutum can also occur 
in I he spruce forest. 

Subtype IVC is a spruce forest vegetation found in one locality only. 
The spruce is planted on a former beech forest area, probably having 
a Mercurialis pereuuis community. The soil is extremely rich in lime, 
has a high pll value icf. Fig. I l l and a good suppU ol water. Lamium 
galeobdolon, Mercurialis perennis. Oxalis acetosella. and Hid>us idaeus 
are CO-dominants in the field layer. Several other species indicating a 
good supply of water and mineral nutrients are found, e.g. Actaea 
spiada. Campanula lalifolia. Dentaria bulbifera. Mt tandrium rubrum. 
and Pulmonaria officinalis. 

V. The Sambucus — Oxalis type is separated because of a great 
dominance (> 50 %) of 1 —3 in high Sambucus shrubs (Fig. 8l. In the 
field layer Oxalis acetosella and sometimes Drgopteris austriaca are 

11.,! \o twr . vol. 123, I!'?" 
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dominating, while I he bottom layer is poorly developed. This vegetation 
is found on similar soil types to the Rubus -- Oralis types, i.e. soils 
with a good water supply and probably a good nutrient status, especi­
ally concerning nitrate and ammonia. Fertilizing experiments on small 
plots made by BECHER (196:5) indicate that Sambucus racemosa, as 
well as Rubus idaeus and Chamaenerion angustifolium, is favoured by 
a good nitrogen supply. The Sambucus type was never found on poor 
stony moraine with a mor humus. 

An extreme variant is subtype V B with dominating Sambucus shrubs 
almost lacking field and bottom layers. This variant is usually found 
in isolated plantations on former arable land. The lack of ordinary 
forest vegetation can be explained by absence of suitable spreading 
agents. Sambucus racemosa and S. nigra are spread mainly by birds. 

There is an ecologic difference between the occurence of Sambucus 
racemosa and S. nigra. Although they sometimes grow together, Sam­
bucus nigra seems to have high demands of water and nutrients and 
prefers sill or clay rich soils with mull, while Sambucus racemosa can 
also grow on sandy soils where real mull structures are lacking. How­
ever the humus layer is very porous and loose, which is a common 
feature of all Ihe Sambucus vegetation types. 

A porous humus layer with mull structures can be created artificially 
by liming or by fertilizing with nitrogen (cf. the nitrogen experiments 
by BECHER 1903). The most striking effect of liming is the marked 
increase of the shrub layer (Fig. 9). Shrubs of Sambucus racemosa 
about 2 m lall have grown up in the limed plots. Moreover an increase 
of Rubus idaeus and Oxalis acetosella is noticeable. A great number 
of new species have invaded the limed ground, e.g. Adoxa moschatcllina. 
Laclucu muralis. Ranunculus repens, Viola riviniana. Other species 
have disappeared or decreased, e.g. Dicranum scoparium, ilupnum 
cupressiforme, Deschampsia flexuosa, (Solium saxatile. 

Besides this qualitative floristic difference il can be noted that Ihe 
cover of the vegelalion is doubled in the limed stands. This demonstra­
tes that it is nol only low light intensities that prevent Ihe development 
of the vegelalion, but also Ihe humus condition (cf. NIIII.C-ARD 1969). 

Fig. 7. Vegetation type dominated by Rubus idaeus and Oxalis acetosella. N". Rörum. 
— Photo: B. N. Sept. 1969. 

Fig. 8. Vegetation type wllh 1—3 in high Sambucus nigra and .Sambucus racemosa 
in the shrub layer. Oxalis acetosella is dominating Ihe field layer. S. Djurup. — 

Photo: B. N. Sept. 1969. 
21 Bot. Notiser, vol. 123, 1970 
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b. Comparisons with Other Spruce Forest Vegetation 

II is difficull to «(impure the described types of vegetat ion wi th the 
vegetation in na tura l spruce forests in Scandinavia o r Central Europe . 
In na tu ra l s l ands the vegetat ion and soil have developed into ecosystems 
in equi l ibr ium or with changes occurr ing very slowly. In the planted 
spruce forests, however, Ihe thinnings have a great influence upon Ihe 
vegetation and when planted on soils formerly used lor o ther purposes, 
the soil condi t ions a re in no way in ccologic equi l ibr ium with the in­
fluence from spruce . Swift changes concerning the soil condit ions can 
be observed icl. (IKNSSLKK 1959. Noin iwi . i s r 19(>4|. These changes must 
be considered lo proceed slowly throughout several generat ions of 
planted spruce forests and certainly will also influence Ihe development 
of the bot tom, field and shrub layers, ll is probable thai the vegetation 
types of these p lanted spruce forests in Inl ine genera t ions will develop 
into vegetation types more like those ol Ihe natural ly occur r ing forests 

It can be noted thai real wet growing vegetation types are lacking 
in the p lan ted Seanian forest. This mainly depends on the fact that 
p lanta t ion has not been done on such areas, and when wel vegetation 
does occur , the areas a re too small lo be included in my investigation 
as a different \egeta l ion type. 

The moss domina ted forests of type I are those which are most 
closely related to the moss rich Vaccinium myrtillus or Vaccinium vilis-
idaea forest types, which a re c o m m o n further nor th in Scandinavia 
and in Central Europe I C A J A N D E R 1909, 1922, H A R T M A N N 1932, R E I N ­

HOLD 1939, M A L M S T R Ö M 1949, T A M M & H O L M E N 1961, ARNRORC. 1964). 

However, Ihe Vacciniiim species are rarely domina t ing in the planted 

Bot. Notiser, Mil. lit. 1970 
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Scanian spruce forest, p robably due lo the low light intensities. It is 
also notable that for example Hylocomium splendens, a moss species 
c o m m o n l y found in natural spruce forests both in Scandinavia and 
Central Europe , p lays a very small role in the Scanian forests. 

Similar moss vegetation in p lan ted spruce forests is described by 

K O I E (1938) from Denmark . MALMSTRÖM (1937) from Hal land . RHELN-

H E I M E R |19.)7) from the su r round ings of H a m b u r g , and E L L E N B E R G 

(1968) from Ostfr iesland. 

Deschampsia flexuosa types (II) are reported by A L M Q V I S T (1929) 

from Uppland a n d is also found in investigations from D e n m a r k I K O I E 

1938) and from BRD ICENSSLEK 1959). L I N D Q V I S T (1932) mentioned 

a Deschampsia flexuosa communi ty in the planted Scanian spruce 

forest. 

The vegetation types 111 V a n ' all to be regarded as herb-forests 

wi th low or tall he rbs (cf. T A M M & H O L M E N 1961). 

Wi th differenl composit ion of the non-domina t ing species the 
Deschampsia Oxalis types ( l l l | are found in several var ian ts 

especially in vegetation analyses from Central Europe I C U A N D E K 1909, 
HARTMANN 1932. R E I N H O L D 1939). K O I E I 1938) dis t inguished a special 

Deschampsia Oxalis socialion in Danish conifer p lanta t ions 

T h e Dryopteris austriaca subtype i l l ! B) is reported as a fern spruce 
forest by ELLENBERG (19081 from Ostfriesland. Fern types with several 
Dryopteris species, par t icular ly Dryopteris filix-mas, are common in 
Scandinavian spruce forests (cf. A L M Q V I S T 1929, ARNBORG 19641. 

Rubus - Oralis types (lYl are described both from Germany by 
C U A N D E R (1909) and in planted forests from Denmark ( K O I E 1938) as 
preferr ing soils with a mull or mor /nml l s t ruc ture . 

The pure Oralis acetosella subtype ( IVA), considered as a p r i m a r y 
Stage of the types III—IV. is reported from Central Europe (CAJANDEB 
1909. LANCER I960), from Denmark (K0IE 19381, and from Central 
Sweden ( A L M Q V I S T 1929. I I O I . M I A 1964). H O L M E N found this com­
munity , including e.g. Lophocolea helerophylla, in dense spruce loresl 
s tands on d ra ined peal land. L I N D Q V I S T (1932) mentioned an Oxalis 

communi ty wh ich developed towards a Deschampsia fleruosa or a 
Rubus idaeus commun i ty . 

T h e Mercurialis subtype i l V O is reporled both from natura l spruce 

forests in Sweden illEDBERC. 1949), from the Alps (LANGER I960) and 

from planted E u r o p e a n forests (recognizable in investigations from 

AIGHINGER 1952). 

Mot. Notiser vol IS8, IB70 
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T h e Sambucus - - Oxatis types (V) a rc pe rhaps more connected lo 
Southern Sweden and lo Central E u r o p e than lo the r ema in ing par t of 
Scandinavia . Sambucus sh rubs in spruce forests, especially when p lan­
ted on former a rab le land, c a n cer ta inly be found inside the whole 
dis t r ibut ion area of Sambucus raccmosa and -S". nigra. 

e. Soil Profiles und pi l-v allies 

Before discussing Ihe results (Fig. 10) some r e m a r k s mus t be m a d e 

o n the terminology used, which essentially follows LINNIJRMAUK (1960). 

A podzol (IM is characterized as a soil with an obvious mor horizon contain­
ing different decomposition stages (F I H layers) and will) a grey or ash-white 
leaching horizon (Ag), above a brown or red-brown precipitation horizon (Hoi. 

A podzoloid (I'd I is ;i soil with a mor horizon but with indistinct A2 and R> 
horizons. Though it is possible to distinguish an A2-horizon this is not ash-white 
but greyish-black from a high humus content. They often occur in spruce 
forests planted on former grasslands or heaths, or on soils with relatively 
good water conditions. The podzoloids can be regarded as degenerative soil 
types when occurring under spruce. Depending on Ihe thickness of the A2 

horizon the pod/ols ll'i and the podzoloids | l Jd| can lie divided into three 
groups: strong (SP, SPdl with A2 > 10 cm, medium (MP, MPd.i where A2 is 
10 4 em and weak (\VP, YVPd) with A, < 4 cm. Often il is difficult to 
distinguish between podzoloids and weak podzols as I here may be a successive 
transition from a grey colour immediately below the mor. to a more greyish-
black colour further down, indicating a development into a humus podzol. 
However, these transitional stages have been classified as podzoloids. 

Among the brown earths LtNNEBMARK distinguishes between oligotrophia 
blown earths (OMr) with the thickness of Ihe mull horizon < 4 em. meso-
Irophic brown earths (MBri with 4—10 cm mull and eulrophic brown earths 
(EBr) with the mull horizon more than 10 cm thick. The mull horizon is 
denoted A,. The term brown earth is used in a wide sense, anil comprises 
blown and acid brown forest soils. 

Strong podzols occur n ia inh in the moss rich forests ill and in the 
Deschampsia flexuosa types i l l i (Fig. 10A) . Ol the Deschampsia -
Oralis var iants (III) most profiles can be charac te r ized as podzoloids 
but strong podzols and ol igolrophic b r o w n ear ths also appea r . T h e 
Rubus Oxalis lype (IV) is most o l len found on podzoloids o r b r o w n 
ea r ths , while ihe Sambucus-iype lY) in its ex t reme form occurs only 
o n different b r o w n ear ths . 

The mor or mull hor izon under the litter layer acts very selectively 
o n species and must be regarded as the most impor tan t soil horizon for 
the development of the sh rub and ground vegetation. Obviously m o r 
is the domina t ing soil surface horizon in the vegetation types I—II I 
Bot. Notiser, vol. 123. 1970 
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(Fig. I0JJ). However, in type III il is also possible lo find many inter­
mediate slages between mor and intill, designated mor'mull. - A real 
mor horizon can be characterized as a purely organic horizon, while 
a mull is an intimate mixture of both organic and inorganic compounds. 
In the mor/mull horizon one can find a very morlike structure above 
or sometimes .slightly mixed with a more mull-like structure. - In the 
vegetation types IV and V usually this mor/mull horizon is found, but 
obvious mull horizons also appear. 

The investigation of the texture conditions (Fig. IOC) is founded 
solely on observations from the field and deals only with the main 
fractions of I he soil. There is no great difference between the vegeta­
tion types, but on the whole stony and sandy soils are dominating in 
sites with the vegetation types I III. while more silt and clay rich 
soils are found in sites with types IV and V. The fine sand and silt 
fractions are especially important for maintaining a good water supply. 

For the correct interpretation of the pH-measurements (Fig. II) the 
principal difference between a pll measured in extracts of distilled 
water and potassium chloride, must be realized. In water extract a 
pll essentially gives the acidity of the easily moving soil water, while 
in the potassium chloride extract the pH is an expression of the total 
exchangeable fraction of acid ions, since the potassium ions are ex­
changed e.g. for the liydronium ions. With increasing content of acid 
ions on the colloids the pl l in potassium chloride extracts is lowered 
and will diverge more and more from those in water extracts. As can 
be seen from Fig. 11 this difference is distinctly marked in the mor or 
mull horizons, and especially in the vegetation types I—III where real 
mor horizons are dominating. The difference is at least one pH-unit. 
In the B/C horizons the differences between the measurements obtained 
from the two different methods are much less, only about 0.3—0.4 pH 

Bot. NotisiT. vol. 123, 1070 
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the soil surface. The \->—Hi horizon values have an intermediate 
position. 

Significant differences concerning the pi I values between the vegeta­
tion types are found neither in the water extracts from any horizon, 
nor in the potassium chloride extracts from \-> or B/C horizons. It is 
onlj in the tnor or mull horizon lh.it differences are notable in the 
latter extracts. Thus the soils of types 1 and II are more acid than the 
other. Type IV shows a large variation, reflecting the great variation 
in vegetation. Values from the limed plots described on p. 326 are not 
included in type V. 

The unimportant differences of pi I in water extracts suggest that 
other ecological conditions, e.g. the supply of water and available 
nutrients, are of greater importance for the floristic differentiation of 
the vegetation. 

The pH values ol the water extracts are in good agreement with 
those of KoiE 11938) of corresponding plant communities. 
Cot. Nolisi-r, vol . 123, 1970 
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Fig. 12. Bar graphs on tree layer dala of Ihc investigated old planted spruce forests. 
Average values for the vegetation types are indicated by horizontal dashed lines. — 
A: The age of the trees at breast height. — B: The stand density expressed as trees 
per hectare. — ('.: The wood content ( = the growing slock volume), expressed as 
cubic metre solid volume over bark per hectare. The values are based upon the 
estimations of tree height, tree diameter and number of Irees/ha and are calculated 
from the volume tables of NÄSLUND & HAGBERG (1950), — Ü: The production calcu­
lated as Ihe mean production of wood per hectare and year of the present remaining 

stand, i.e. earlier thinnings are overlooked. 

d. Notes on the Tree Layer 

In Fig. 12 A 1) some noles on Ihe Iree layer of Ihe invest igated 
s tands a re given. T h e age a t breast height (Fig. 12 A) varies f rom 40 
lo 85 years , but the average age of Ihe different vegetation types differs 
only slightly. T h e n u m b e r of Irees per hec tare (Fig. 12 B) varies from 
250 lo 1400. T h e average values are lowest in types I—III and highest 
in IV and V. T h e abso lu le values of Ihe growing stock volume indicated 
in Fig. 12 C a re founded on est imations, and mus t be ve ry rough. 
Mes l s on Ihe given values in Fig. 12C, reveal tha t solid volume over 
hark in types I and II differ with a probabi l i ty of 99 or 99.9 % from 
Ihe o lher lypes. A difference in the solid volume could of course be 
dw to different t h inn ing procedures bul Ihe average values of the t ree 
density do not advoca te this, as in fact types I and II have a slightly 
h igher Iree dens i ty t h a n e.g. 111. but still a lower solid volume. 

ISot. Notiser, vol. 123. 1070 
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In calculating the production of solid volume per hectare and year, 
the values of the growing stock volume were divided by an estimation 
of the total age, obtained after adding six years to the age at breast 
height of the vegetation types I and 11, five years to the others. Also in 
productivity the vegetation types I and 11 differed with a probability of 
99 or 99.9 °/o from the remaining types. There is an indication of lower 
productivity in the Sambucus type (V), but this can equally he due to 
different management of the forests. It is, for instances impossible lo 
know how much limber has been removed earlier by thinnings. 

CHANGES IN VEGETATION WHEN BEECH lOKESTS HAVE BEEN 
KEI'LAC.ED BY PLANTED SPRUCE FORESTS 

The beech forests included in this study (Table 3) represent the most 
important types viz. the "heath beech Forests", on podsolized soils with 
mor. and the "meadow beech forests" on brown earth with mull (LIND­
GREN 1968). 

The most prominent changes are that species typical for the meadow 
beech forests decrease while species typical for the heath forests in­
crease in the spruce forests. Thus e.g. Deschampsia flexuosa and 
Maianthemum bifolium increase but Allium ursinum, Deschampsia 
caespitosa, Galium odoratum, Lamium galeobdolon, Mercurialis peren-
iiis, Stellaria holostea, S, nemorum ssp. glochidosperma. and Viola 
riviniana decrease. Stellaria nemorum ssp. glochidosperma, known as 
a fairly acidophilic species, manages better in the spruce forest than 
e.g. Galium odoratum or Lamium galeobdolon. Among other species, 
e.g. the nilrophilic species Rubus idaeus increases greatly. Also Oralis 
acetosella is favoured in the spruce forests, but Anemone nemorosa 
decreases. Several other species are favoured and are often found to be 
frequent in the spruce forests but rarely or never in the beech forests. 
To these belong most of the species in the second half of Table 3 
i p. 333). In particular several mosses and plants such as Dryopteris 
austriaca and Sambucus racemosa appear. Similar changes are found 
by Tiui.i, in the Ardennes (in XoiRFALISE 1964). He points out a drift 
towards a shrub land flora on mor in the planted spruce forests. LOH-
MEYER (1964), in a report to XOIRFALISF,. mentions Stellnritt holostea as 
a species that will disappear. Oxalis acetosella as one that will remain 
unchanged, while e.g. Chamaenerion angustifolium, Mnium hornum, 
Moehringia trinervia, Hubus idaeus, and Sambucus nigra will increase. 

Hot. NolUcr, vol. 123, 1970 
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Tiibli' :t. Vegetation survey lablc showing the vegetation "f some beech forests and 
corresponding spruce foresis situated side by side on the same sod Typical beech 
forest species are found in the upper half of Ihe table Below these the high 
frequency species left from the spruce forest vegetation in Table 2 A are added 

S l o n d NO 

Coyrr of lh» I r f t c.owns.V. 

"-"""• " " • " / lOOOm' 

O - o T i n f 01 b'toM hetgm.e 

_Jbfo| j>umb** o* SP«CM 

VotC-Aium rf ty l us 
ir'ffrlOl'» *U '0p0*O 
Co-*» p.tu.1*rD 
3*»chomp»tO t * i u O s o 
Lulu io p i o i o 
Moion(h<rmum birobum 
Oxo'b o « i o > f " o 
A n c f O n » n#moro»o 
Poo oemo-otts 
O'yop!»'-» »ptouloio 

O'yOpt*"* ' " « - m a s 
RuDu» 'do»u» 
D * « h o m p v o <oe»p i lo»o 
VioK) n v m w i o 
<yr ,a..-. hoiot ica 

Me KO uA'flO'O 

LomiuTi sjo' fobdoioi 
Goi«um OdO'OtuTi 

Stft 'o' n »pmo'um sap g : x " 
U'tico ditttco 
D a i l y ' ' » g iom*toio ssp o » c * w » 

M r r c w i o i » p e ' M m » 
Ho'dt iymu» «wopoeu» 
Aegopod urn podogtorio 
All ium wvftKim 

Qrtth lorffst» 

72 7 B 5 16 l? 10 15 

16 :? 

30 37 

45 7? 

lOO' -
SO1 BO' 

100* 40' 
100' 9tf 
60' 0' 
70 100' 
10 W 
50 3ff 
J0 -

90 00 00 70 

25 »4 I? 11 

27 45 35 40 

2? 2» 2« 29 

•2 7» 30 34 

70 30 60 90 

30 21 14 36 

40 40 35 30 

2* 27 ?7 26 

15 21 34 30 

70* - - -
10' 90" 40" -
30 40 7tf -
SJ 90' 20 10'( 

I OCT 90* lOOJjCOVj 
100 10' 10' I O Q J J 
10 30' 60 ' 70 ' 
- 10' - 10' 
- - iff -

* 20" 
40' itf 

- ?ff 

2tf -

- 2tf 

- 40" 

3tf 40' -
2ff 50 • 
2ff 90' 7rf 
TO" 10 + 

» Kfi* -
- 3ff iQjfi1 

I f f 

- 10 -
20 70' 10" 

j p o * so' loer loo1 

lOO1 lOO1 IPO' 60 
20* - 60 10 
- 60' - -
• 20' 100* 70' 

30 

_ _ _ 10' 

- 10' - -

- - - 20 * 

• 20* 8&1 70 
- - 60 W 

100 50" 9ff 4tf 
- - 1001 60" 
- - log 90' 

og* loo* ffijj 'oo* 
50*...ipC* 'OOMgo' 
I0 l + 4D' 40' 
- — 90 30 
- - 20* 90* 

101 

4 19 22 _ 5 K 16 I? 10 15 

60 60 60 60 

70 50 50 50 

27 30 30 30 

75 30 25 30 

30 44 22 31 

$5 75 

50 05 

33 23 

78 24 

27 25 

65 60 75 60 60 

65 6 0 120 60 65 

35 24 20 25 30 

29 ?4 2i 23 27 

26 31 70 32 J5 

- to' - -
70" - 30L 70' 

lOO' 90' - -
40' 50' 100* l0_0_ 
30' 9ff 40' -
00 30' 60' 10" 

100' 100' 100* 100* 
- 70' 

- 90' - 20' 
00' 60 i0 ' 70' 
- 30 - -

10 -
20' 

i t f - - — -

50' -

100* GO1 

40 60' 
30 -

SO1 90' 10' 70' 
- - - - 10 
50 90' 50' - iff 
lOOMgp l 100' 9 0 ' 100* 
10' 30' 401 101 -
20' 60' • 40' 

100 60' 50' 90 20 
20' 60' - 30' 100 

100 100' 100* lOO1 J O 1 

- - - 10" -
- - - • 60 
- - - 70* itf 

IfJOVjQQ* 70 I M * ! « 
I f f ^ - 50' Iff 

- 3tf - 10 -

- 20' - - M 

- i f f - - - -

- 2tf - - 10 
40* TO' 30' 30' 100* 

10* - - 70' -
- - - 4 0 ' 
- - - - 10 

- - - - itf 

P l furOf lum »chr*bvr> 
O u f r c u l i p p {J«»l 
Gal ium t o i o n e 
M n u m ho'nym 
Sa-bv» ov<upa"0 (,uv) 
Pteeo at»*» {|u*l 
' eh ' in "o on» 
D i c o n u t " kcopofium 
Po y t"<hum lo-mosuTi 
Hypn w m : - | . " f " «- ' (" f 

PlQiJ O l h r i i , - «pp 

LopSocO'ta r.e e ophy i o 

Mor<lvno,a l' lnrrv»a 
At ' ichum unöoioium 
Sombucu» »pp 
C h o m o f n n l o n onguMl lo i u 
B r t u i a »pp. (juvl 
H y i o c o m u m » p u n d e n » 
Pioq o t h ' o o m unduioium 
Mn.um a l f - n t 
O'yopl fT» a u t l ' i a c o 
Cotiuno vuigo' i» 
O « ' o n w i mo|u» 
PltMufft t f n i a - c o » i ' f " s i » 

Sh'w* io»»-(V,; 

Sambuct. 

So'tiu» au tupo ' io 

20" -
40' -
40 -

0' 10* 
•00' 70' 
itf 10 
70" 40" 
so" 3tf 
4ff 601 

20 to' 
TO" -

- 10 
- 10' 
- 10' 

- 10' Iff -

30' 30 ' - -
- 60 iff -

- 20' 4tf id1 

i t f - 20' -
- 60 - 10" 
- 40" 40" 70" 
- 20 20 20 
- - 10 • -

20 10' 10 30 

- - 70 70 
- - - 30 

10 10 - -

- - I t f -

I f f - + - 10" 
I t f - - - -

40' - 30* 10' 10 

20* - 30' 10' -

- 10 _ _ _ 

- • - 70 -

10' 20 
- 8C 
90' 7 J 

70 70" 
80 80' 
501 -
90 90 

DO' IOC 
40 7tf 
90' ICO 

100 100 * 
' 0 ' iff 
20 50 
10' 4 
60' 20' 
30' -
10 50 

60 -
- 30' 
- 50' 
- Itf 
iff 60' 
401 60 

50 30' 
• Tff 
- Itf 
tOO 100' 
100 70 
- 10' 
10 40 
• 70 

30' 2tf 
- 30' 

- - 10* -

10 10 
30 -
iff » ' 
50 50' 
60' 2ff 
10" 30' 
»0 itf 
30' 10' 
80' 10 
90 100' 
70 1O0 
70' -
50' -

- 70* 

- 1B0* 

- 60' 
20' 

- - 20 2 0 
- 20 -
20 - - io' fcO1 

* 90 30" ~ 
- SO' - 901 30' 

* - - - io' 
10' - -
+ - 30' M) tfi 
3tf - - - -
100 * » WO1 100" 90 
IOO' IOO* i ro ' too' 40 

50' - 201 9tf 
10' - 90' 40 

* 10' itf 50' " 
'O' 10' - io' 10 
40' 50' + 100' Stf 

8tf -
2tf -

- - 40' 10' - -

- - - - - 3 2 * - - - - « I 

i:..i Notiser, vol 128. l*>70 



334 BENGT NIHLG \KD 

Deschampsia flet nosa, Galium saxalile and Mnium affine are regarded 
as new species in the spruce forest. 

CONCLUDING REMARKS 

The development of the vegetation in planted spruce forests in Scania 
is strongly dependent on the direct effects of thinnings. The light niusl 
be regarded as Hie limiting growth factor for the bottom field and 
shrub layers (ef. NlHLGÅRD 1969). The first species to invade the 
naked forest ground after the first thinnings are very shade tolerant 
species. Many of them will stay at a germinating stage. With increased 
thinnings and at 45—50 years of age the light intensities are high 
enough to permit an active growth of the bottom, field and shrub 
layers. Species which can withstand or prefer an acid milieu — prob­
ably often rich in soluble nitrogen — on a thick layer of spruce needles, 
are favoured. Certainly the vegetation of the surrounding forests is 
of importance as a source of immigration. 

Most of the mature forest vegetation can be regarded as a mixture 
of unstable plant communities, but it is possible to establish some 
types, due to the dominance of species in the bottom, field or shrub 
layers. Such a "type"* of vegetation is usually found in connexion 
with particular ecological conditions what concerns the soil, soil-water 
and light. See Fig. 13, which is founded on earlier discussions and thus 
derives mainly from my own field observations. 

Considering the dry—moist gradient the Deschampsia flexuosa type 
and the moss types belong lo the driest, though the species have a verj 
wide ecologic range. Rub as idaeus, often characterized as a nitrophilic 
species, is dominating on more moist soils with good huinilication 
properties. The Sambucus Oxalis type appears on a similar soil 
type as the tttibus idaeus community, hut ollen on soils with a higher 
content ol clay which are slightIj welter. However, the SambuCUS 
subtype V'B occurs on former cultivated soils which could be fairly 
dry. hut there is still a porous humus layer, apparent]} with good 
nitrification and characterized as a mor/mull. 

The Dryopteris austriaca community is obviousl) linked to soils 
which are influenced by high bul drainable ground water, and more­
over it is found mainly on stony and sandy moraine. 

The dark—light gradient especially illustrates that a primary Oxalis 
acetosella vegetation can develop into many of the other separated 
types. Moreover, this gradient indicates that vegetation occurs and 

Bot. Notifer, vol. 188, 1970 
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Fig 13. Schematic ecological interpretation of the vegelalioii lypes in planted 
Scanian spruce forests. 

covers larger a reas at an ear l ier singe on soils will» good huinif icat ion 
propert ies or with a gooil water supply. Inan on dr ier soils wi th a 
mor horizon. 

T h u s the different vegetation types a re l inked to cer ta in ecological 
condi t ions and these differences obviously also affect the p roduc t ion 
of I he Iree layer, it is possible to separa te the vegetation types 1 and II 
as more low-product ive than Ihe others , which show h igher a n d 
equal product ion , in spite ol apparen t ly hel ler soil condi t ions in types 
IV and V c o m p a r e d with lype III. This suggests that Ihe o p t i m u m 
cul t ivat ing condi t ions for spruce in Scania have already been reached 
in lype III, and it fur ther suggests lhal the g round water is Ihe l imit ing 
growth factor Id'. T R O E D S S O N 1955 p. 183). ( h ä n g e s in vegetation w h e n 
spruce forests have replaced beech forests, indicate thai species which 
can wi ths t and a more acid milieu a re favoured. 

T h e studied vegetation types are found in Ihe first general ion ol 
planted spruce forests in Scania, ll is very probable lhal with fur ther 
genera t ions the soil condi t ions will change in an acidifying and m o r 
developing way. which will favour the development of vegetation types 
I 111. The Samhiiciis and Ihe Kubus idaeus var iants , indicating a good 
nitrification status, are likely to d i sappear with future genera t ions , as 
mor format ion with a delayed nitr if ication can be expected. 
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KNABEN, G. & HYLANDKR, N.: On Ihe Typification of Papaver radicaluin 
Rotlb. and ils Nonu-nclaliiral Consequences. — Bot. Notiser 12rj: :i."i*4—345. 
Lund. 

Papaver radicatum UOTTU. 1770 should be typified by the main figure 
of the plate in ROTTBÖLL'S original publication, noi by a fragmentary 
Specimen in herb. EGEDE (C) as proposed by LOVE (1962a). This figure 
was evidently based on an Icelandic specimen and corresponds so well 
with Ihe race described by LOVE (19.'>.')i as P. nordhagenianum ssp. 
islandicum, that this should be considered Ihe typical race of /'. radicatum. 
The last-mentioned name should thus not be used in the sense of 
/'. lapponicum A. Toi.M. coll.. i.e. the 56-chromosomiC laxa. as in LOVE 
1962 a anil b, but for the 70-chromosomic laxa, cxcl. /'. dalllianum NOHDII . 
in the same way as in KNABEN li(f>8. The name /'. nordhagenianum 
LOVE 1966 becomes a superfluous synonym. By the wide concept used 
by LOVE (1962b), which includes P. relict um, the latter name should. 
by the way. have been used as collective species name, not the 24 years 
younger /'. nordhagenianum. 

Pa/inner radicatum was described as a new species by R O T T B Ö L L 
177(1 in a treatise on some collections of plants from Iceland and Green­
land. As shown by LOVE (11)02 a ) . Ihe n a m e was later more or less 
neglected until il was laken up again by M I K B E C K (1894) as designa­
tion for a g roup of arctic poppies with more or less su lphureous yellow 
(rarely while) petals, low growth and short s tamens , occurr ing in 
Greenland. Ihe Faeroes, and Scandinavia . 

NORDHAGEN (1931), in his study of Ihe Scandinavian representat ives 
of this group, split it into four species. / ' . tlahlianiini. P. lapponicum 

(based on P. radicatum ssp. lapponicum A. T O I . M . I . P. rclictum (based 
Bot. Sotiser, vol. 123. 1970 
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on P. nudicaule ssp. relict um F. LUNDSTR.), and P. radicatum, Ihe 
latter including four subspecies, namely ssp. dovrense (correctly: ssp. 
ooatilobum A. TOI.M.J. ssp. subglobosum, ssp. hyperboreum, and ssp. 
laestadianum, to which he later (1940) added ssp. macrostigma (in 
1931 a var. of ssp. hyperboreum). 

The chromosome numbers of these taxa were published by HORN 

(11(38). He found the somatic number to be 50" in /'. lapponicum and 
/'. radicatum ssp. laestadianum {which was. partly for that reason, 
raised to specific rank by NORDIIAGEN 1939). but 70 in / ' . dahlianum, 
P. relictum and in the P. radicatum subspecies ooatilobum, hyper­
boreum, macrostigma and subglobosum. Later LOVE & LOVE (1948] 
published the number 2n = 70 For the Icelandic races they then called 
/'. radicatum ssp. faeroense (also in the Faeroes), ssp. islandicum in. 
nud.) and ssp. Stefansonii. 

In 1955, LOVE united in one collective species all the Scandinavian 
taxa with 2n — 70. except P. relictum and / \ dahlianum, which were 
kept as independent species la.s also the two Icelandic taxa now called 
P. stefanssonianum and P. steindorssonianum, the latter corresponding 
to the Icelandic plants included in ssp. faeroense in 1948|. The two 
taxa with 2 n = 5 6 were kept as /'. laestadianum and P. lapponicum. 
On the assumption that RoTTBÖLL's /'. radicatum should be typified 
by a Greenland plant, this name was restricted to a group of 56-
chromosomic forms from Greenland and arctic Canada. For / ' . radi­
catum s. NORDIIAGEN, thus left without a specific name, he created 
the new name /'. nordhagenianum; as the typical subspecies, ssp. 
nordhagenianum, LOVE chose P. radicatum ssp. hyperboreum. Under 
P. nordhagenianum new combinations were made lor ssp. macrostigma, 
.ssp. ooatilobum, ssp subglobosum, ssp. faeroense. and the now validly 
published ssp. islandicum. 

Still using Ihe same typification, LOVE 7 years later (1962b) reduced 
the species number and placed under / \ radicatum as subspecies /'. lae­
stadianum and /'. lapponicum (into which he pul as vars. two species 
described in the meantime by SEMENOVA-TIAN-SCHANSKAIA from the 
Kola Peninsula). At the same lime /'. relictum was reduced to a sub­
species under /'. nordhagenianum, the taxonomy of which was widely 
rearranged into 5 subspecies. 3 of which including lexcepl Ihe type 
race) several varieties, inter alia the subspecies described from Norway 
by KNABEN in 1959. When doing so, LOVE did not observe that all these 
II new combinations (as well as two made by him in 19551 were 
illegitimate, since with such a specific circumscription the name P. 

Bot. Notleer, vol. 128. 1970 
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nordhagenianum must be replaced by P. relictum, which antedates the 
former by 24 years. This was later pointed out by NANNFELDT (1963), 
who made, however, no new combinations. 

By acceptance of LOVE'S typificalion of /'. radicatum ROTTB.. a cor­
rect nomenclature for the taxa placed by him in P. nordhagenianum. 
would, however, imply a corresponding number of new combinations 
under P. relictum. 

Is such a step necessary? That depends, of course, on the typifica-
lion of P. radicatum. Should this name be used in the sense of NOKP-

HAGEN (and later by KNABEN and other Scandinavian authors), or in 
the sense of LOVE or should it not he used at all as having become 
a nomcn umbiguum! Although LOVE has been, unfortunately, followed 
by RÖCHER, HOLMEN & JAKOBSEN in their Greenland flora (1966), the 
name /'. radicatum should, in our opinion, not be abolished but should 
be used in the sense proposed by KNABEN in 1958, for the 70-chromo-
somic complex (excluding /'. dahlianum) because in our opinion LOVE 
is wrong both in his choice of type and in the interpretation of ROTT-
BÖLL'S plate of P. radicatum. 

In 1955, LOVE still based his typificalion on that plate. This, he says, 
shows "a plant with a small capsule, subcylindrical to oblong with a 
flat stigmalic disc tin- rays of which run almost to tin; middle of the 
capsule. The plant must have been from Greenland, and there is little 
doubl as to its identity with P. radicatum ssp. occidcntale described 
by LUNDSTRÖM (1923) from Sabine Island and Pendulum Island in 
eastern Greenland . .'". KNABEN already in her paper of 1958 pointed 
out that the organ shown as a detail in ROTTBÖLI.'S plate and inter­
preted as a capsule by LOVE is rather a young gynoecium than a ripe 
capsule, and after further study of a very large material (many thou­
sands of specimens) in cultivation of this group she will now stress 
this point and also point out that the form of the gynoecium in ROTT-
BÖi.i. s figure is that shown at the same stage of flowering in Scandi­
navian and Icelandic forms of "P. nordhagenianum". In his diagnosis 
ROTTBÖLL describes the "germen", i.e. the ovarium, as "oblongum". 
and the figure of the plate does not contradict this description. Nor is 
there any reason for LOVE'S assumption that "ROTTBÖLL, in drawing 
his plant, idealized his species on the basis of specimens from both 
Greenland and Iceland". 

On the other hand, too much importance should not be ascribed to 
the gynoecium delail in the plate, since we do not know from which 
specimen it was taken; in fact, remembering the stage of flowering 

Bot. Nolifcr. vol. 12:1, 10T0 
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shown by lln- mail! figure in Ihe plale, il is at least mosl probable that 
it e m a n a t e d from another spec imen in ROTTBÖix's collections. T h e 
impor tan t thing is the identification of the main figure and its relat ion 
to R O T T B Ö L L ' S diagnosis, .since this figure must in our opinion he 
selected as the type of P. radicatum. 

In his "Nomenc la lu ra l Detective S to ry" ( L O V E 1962 a) on the typi-
ficalion of P. radicatum, LOVE gave, however , ano the r mot ivat ion for 
his emenda t ion of the concept / ' . radicatum and chose as type a 
f r agmen ta ry specimen in the EGEDE he rba r ium in the Botanical Mu­
seum of Copenhagen (C). In compar i son with the pic ture in R O T T -
BOI.I. 'S work this is very poor, consis t ing of a single flowering stem and 
five, par t ly incomplete rosette leaves, all in a very bad s tate of preserva­
tion. II is. therefore, only possible to guess that il belongs as L O V E 
holds to the 56-chromosomic Greenland poppies, bid lo which 

race wi th in that it is impossible lo decide. It may be, that this specimen 
w a s a m o n g those seen by RoTTBÖi.i.. slill one may ask why this should 
be chosen as the type of P. radicatum. 

RoiTBOi.i.. in the in t roduct ion lo his work, says that, had il not 
been for the collections made by Professor EGEDE, he would not have 
included any Greenland plants al all in bis treatise. According lo LOVE 
(1962a p. 118l "this indicates that a l though a substant ial n u m b e r of 
the p lan t s he discussed were recent collections from Iceland the main 
purpose of his paper was to descr ibe the p lan t s from western Green­
land found in this he rba r ium" . To us il m e a n s just the opposile. 

As ment ioned by I .ÖVE, R O T T B Ü I . I . says that he had a very large 
mater ia l of his new poppy from Iceland. When he selected a specimen 
for the plate figure which should represent I be species, he look of 
course one which was well developed so that il would show the details 
he considered as impor tant in his new species, in other words, one 
which he himself considered typical Ol Ibis. The lirsl ol these cha rac ­
teristics, pointed oul just by the epi the t radicatum, was the na ture of 
the roots being unusual ly long and th ick . These are present in ROTT-
BÖLL'S plate, but not in the f r agmen ta ry KcEDE specimen further-. 
the seven-lobed type of leaves stressed by ROTTBOIX, accords with 
thai of bis figure, not with I hat in E G E D E ' S specimen. 

In tbi ' choice between the good figure in the original plate ol a well 
developed specimen showing the roots , the organ that caused the speci­
fic epithet , and a leaf type in accordance with that of the original 
descr ipt ion, and a f ragmentary h e r b a r i u m specimen without roots and 
with a leaf type disagreeing with that described by RoTTBüu. , there 
22 I; o i.. Notiser, vol. 123.1970 



Flg. l. HOTTBÜI.I.'S (1770) original figure of Papaoer radicatum ROTTB. Lcclolypc 
of the species. Original size of Hie plate. 
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Fiji. '1. I'apauer radiciilum KOTTB. var. radicatum i- P. nordhatjeiwinum I.ÖVK ssp. 
islandicam LOVE}. — Iceland. Haröastrandasysla: Brjünskrkur, 23.VII. liili'i, leg. 

.1. A. NANNIIM.DT. no. 17504 (UPS). — Photo: F. HELLSTRÖM. 
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should be no doubt thai I l i e f o r m e r — n o t , as L O V E urged the 

latter should he chosen as the type of P. radicatum R O T T B . 

T h e n the impor tant quest ion arises, to what taxon the plan! of this 
picture «lid belong. In our opinion there can be no doubt tli.it it belongs 
to the g roup called / ' . nordhaacuianum by L O V E , in tact, as shown by 
KNABEN 1958. the form of the roset te leaves matches extremely well 
that in some races of the la t ter species but differs decidedly from that 
in LUNDSTRÖMS P. radicatum ss|). occidentalc, with which LOVE 
identified ROTTBÖI . I . ' S plant . Cont rary to the opinion of LOVE that 
the depicted specimen emana ted from Greenland, it was certainly 
collected in Iceland, and in all character is t ics that can be judged from 
the plate, it coincides closely wi th the taxon described hy I .ÖVE as 
P. nordhuaeniamim ssp. islandicum. This should, therefore, be con­
sidered the type race of the species and . according to the 1R, be called 
var. radicatum. in accordance with the systematic rank KNABEN con­
siders to be the more adequa te and which will be discussed by her in a 
following paper . 

It may be mentioned that there is in Copenhagen iCl a he rba r ium 
sheet labelled " H b . ROTTBÖLL" with a well developed flowering speci­
men of a Papaver which clearly belongs to I', radicatum in ou r sense 
(P. nordhaacuianum of I .ÖVE) and most probably emana t ing from 
Iceland, since it agrees very well with specimens from there. II also 
comes close to the specimen in Ro'l'l Böl.l.'s plate, a l though it cannot 
have been the "model" of that . Since there is. as also pointed out by 
LOVE, no information about its provenance , this specimen cannot , 
however, be chosen as the type for R O T T B O L L ' S species this must 

he typified by the main figure of his plate. 

UTEKA'iritK CITED 

BÖCHBR, T. VV. Hoi MI s, K A JAKOBSRN, K. 1966, Grönlands florn. Ed. '2. — 
Koliciihavn. 

lidits. K 1938. Chromosome numbers in Scandinavian Papaver species. — Ivhandl 
Norsk. \ idensk.-Akad. Oslo. I Mai. Nat. Kl 1938. No 5 

ksAHKN, (i. 1958. l'upaw-r sliidirr. med cl försvar for IV radicatum Hollb. som en 
isländsk-skandinavisk art. — BIyttia l(i: «1—80. 

— 1959. On Hie evolution of the radicatum-group of the Scapiflora Papavers as 
studied in 70 and 56 chromosome species, l'arl A. Cytotaxonomical aspects. — 
Opera Hot. 2 |3 | . 

LOVK, A. 1955. Cytotaxonomical remarks in the Icelandic Papaver. — N\ll May 
Bot. 1:5—18. 

Hut. Notiser, viil. 128, 1970 

http://tli.it


ON THE TYPIFICATION OF PAPAVER RADICATUM ROTTB. 3 4 5 

— 1962 a. T v p i l u a l o n of Papaver radieatuni a nnmciiolaliir.il detective slorv. — 
Hot Notiser 115: 113—136. 

— 1962b. Nomenclature of North Atlantic Papavers l.ivmi 11 132—138. 
LOVE \ & l o v i . 1). l i t i s (.hromosonie numbers of northern plant species. — 

loci. I niv lnsl. Appl. Sei.. Dept, Af;ric. Rep. Ser. B. 3. 
l.uNDviROM, t. 1023. Ober Papaver nudlcaule I- und Papaver radlcaluni Hotib. in 

Fcnnoskandia und Arktis, sowie über einige mit 1* uudicatilc verwandte Arien 

— Ada Hortl Ber«. 7 i5). 
MURBECK, S. 1891. Neue oder wenig bekannte Hybriden in dem botanischen Carlen 

Bergiclund (Hortus Botanicus Bergianus). — Acta llorti Berg, 5 (8). 
NANNFEI.DT, .1 V 1968 laxonomie differentiation as an Indication of Nie migro-

torv Instnrv of the North Atlantic flora with special regard to the Scandos — 
In: LOVE, \ . & I.ÖVB, I) leds I North \tlantic biota and their history, pp. 87— 
97. — Oxford—London—New York—Paris i Norwich). 

rv*ORDHAGEN, K 1931 Studien über die skandinavischen Hassen des Papaver radi 
i-aln in Koiil) sowie einige mil denselben verwechselte neue Arien Borgens 
Mus. Arbok 1931, \ a t u r \ rekke 2. 

— 1939 Bidrag (il fjcllet l'altsas flora. F.I nytt funn av Stellaria longipos — Bot. 

Noliscr 1939: 691—700. 
— 1940. Norsk flora - Oslo. 
ROTTBOI.1 ( 1 1770 \fh.indling om in Deel eilten «andske n \e eller \ol forhen 

bekiendte. men dog for os rare Planter, som i Island og Grenland ere fiindne . . . 
— Skr. Kiabenhavnske Selsk. I nrd. Vid. Elskere 10:393—162 

SEMI'NOVA T I A \ - S ( MANshAlA. N. 1(150. Papaver. — In: Flora Murin.uisko\ oblasli 3. 
pp. 296 305. 31)8 371 Moskva—Leningrad 

liol Nollor vI l.-l. I»70 

http://nnmciiolaliir.il
file:///tlantic
file:///fh.indling


Studies in Galapagos Plants IX1 

New Taxonomica l and Distril>utional Records 

By Uno Eliasson 

Department of Systematic Botany, 
University of Göteborg, Sweden. 

[••röhmdagatan 22, 8^4)319 Göteborg 

ABSTRACT 

BlJASSON, V.: -Stn<ti<-s in Galapagos Plants IX. New Taxonomical and 
Distributional Records.'1— Kol. Noßser 123:34« -357, Lund. 

Xiphopteeis serrulata (SWARTZ) KAULFUSS [Polgpodiaceae), Sida rapo 
L'LBBICH [Malvaceae), and Bowlesia palmataRviz & 1'AVÖN [Umbellilérae) 

arc reported as new I© Galapagos. New distributional records are given 
for Urocafpidium'insulare IKKAHNEYI KRAPOVICKAS (Malvaceae), Pemetfga 

howellii Si:F.c.viKR [Ericaceae), Nania dichotamuth iKuz & PAVÖN) CHOISY 
[Hydrophyllaceae), and ttolaria galapagensis (CITRIOTOPHERSBN) JOHNSTON 

[Nolanaceae). 

The species are heated in systematic order. All specimens examined 
are deposited at the Riksmuseum, Stockholm (S). 

Xiphoptcris serrulata (SWARTZ) KAULFUSS. Fig. I 

Xiphopteris serrulata (SWARTZ) KAULFUSS 1824 p. 85. Acröstichum 
serrulatum SWARTZ 1788 p. 128. Poly podium serrulatum METTKNIUS 

1850 ]>. 30. non SWARTZ 1801 p. 25. / ' . duale MAXON 1912 p. 61. 

This small and inconspicuous tern has not previously been recorded 
from the Galapagos Islands. Here it has been collected on San Salvador 
and Santa Cruz. On both islands il has been found growing epiphytic­
ally among mosses in moist regions. The species has a wide distribution 
and ranges from the West Indies to Peru. It is known also from Africa 
(MAXON 1914, COPELAND 1947). 

1 Contribution No. 123 from Ihe Charles Darwin Foundation for the Galapagos. 

Bot. Notiser, vol. 123. t»7fl 
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Fig. I. Xiphopteris serrulata (SWARTZ) K A ULF. Specimen from Santa Cruz (left, 
Ei.iAssoN 362) and San Salvador (righl, KLIASSON ILlli. Nolc Ihc dense sporangia 

agglomerations on the righl specimen. 
Hut. Xoti.MT. vol. 12:1. 1070 
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C o l l e c t i o n s s t u d i e d ; San Salvador. EI.IASSON 1131, the highland 
in the north-western part of the island, alt. HM) m, January 26. 1967. Epiphytic 
on Zanthoxylum [agora (I..) SAR<;. — Santa Cruz. EI.IASSON 362, between 
Bella Vista and Ml. Crocker, all. 180 m. October 19. 1966. Epiphytic on Miconia 
robinxoniana COON. 

Urocarpidium insular«' iKKAKNKY | KKAPOVICKAS. Fig. 2 

Urocarpidium insulare (KKARNKV, I KRAPOVICKAS 1954 p. 631. Mal-
uaslrum insulare KKARNKV. 1952 p. 167. 

Since the collections cited below diverge in several respecls from KEABXEY'S 
original description, a complete descr ipt ion, based on the specimens examined, 
is given. 

Annual. Slem ascending, up to 12 cm in length, richly stellate-pube­
scent. Leaves sparse; the lower leaves on stellate-hairy petioles to 15 mm 
long, the upper petioles c. 2 mm long: stipules subulale. pilose, c. 2 mm 
in length: leaf-blades ovate or subovate to suborbicular. generally trun­
cate al base, more or less rounded at apex, irregularis serrate-dentate, 
often slightly lobed, 5 -15 mm long. 5 12 mm wide, stellate-pilose on 
both sides. Flowers axillary and solitary, generally agglomerated to­
wards the branch apices. Pedicels (I —) 2 4 ( —10) mm long, stellate-
pilose, with subulale, very caducous bracllels C. 1 mm in length. Calyx 
campanulate, (3—) 4-lobed, richly stellate-pubescent (Fig. 2 A. l)j. ihe 
lobes triangular. 2 3 mm long. Petals 3 in number, adnate to the 
stamen column, the free part obovale or suhspalhulalc i Fig. 2 15. C). 
C. 2 mm long. Stamen lube (Fig. 2 F) 1.5 2 mm long, strongly dilated 
al base, with a few simple trichonies: stamens 5 in number; Ihe free 
filaments 0.3—0.8 mm long; anthers c. 0.3 mm long. Style branches 7 
in number (Fig. 2 E ) , c. 0.7 mm long, al apex subcapital!'. Mericarps 
(Fig. 2G) 7—10 iu number, subrenilorin, c. 1.5 mm long, muricate on 
Ihe back, prominently radially ridged on the sides, slightly stellale-
pubescenl but becoming subglabrous. black when mature with Ihe basal 
part beak-like and slightly notched, Ihe upper apes obtuse and promi­
nently notched. 

The genus Urocarpidium was established by ULBRIGH (1916 p. 63) 
on (.'. albiflorum ULBB. from Peru [treated as synonymous with Sphae-
ralcea urequipensis (JOIINST.) KKAPOVICKAS by MACBRIDE (1956 p. 506) J. 
The characters on which L'LBRICH (1916 pp. 63—66) referred his spe­
cies to a new genus were Ihe single apical awn of the mericarps. the 
close connection ol the corolla with the stamen-tube, making them 

Hot. Notiser, vol. 12:1, 1970 
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Fig 2 Urocarpidium insulan- [Kl IBXEY) KRAPON (EUASSON 2040 A: Calyx 
slightk cut up I In- petals. l>asall\ nduate to tin- stamina! column, have nol ycl 
separated. - H—C: Petals Noli- the symmetrical shape Most other species of the 
genus have asymmetrical petals I) Calyx-lobe. Note the rieli stellate pubescence. 
— li: I ppcr part of style with ils seven branches. Pollen {.Tains are all.u lud lo the 

siiheapitate branch apices F: Stamina] column. The anthers are emptied. 

fall off us a unit, and the attachment of the filaments i<> the summit of 
the stamen tube. The genus belongs lo the tribe Malveae, having the 
carpels borne in a single verticil, and shows affinity lo the genera 
Sphaeralcea ST. Hit... Malvastrum A. GRAY and Eremalche GREENE 

IKKAI'O\IGKAS I'J.J-I pp. 607 ()10l. 
Ten species, most of which had previously been included in Mal­

vastrum, were referred lo Urocarpidium by KRAPOVICKAS (1954, 1965, 
19671 a n d were referred to a new section. Aminini. This section, to 
which I . insulare ol the Galapagos Is lands belongs, differs from the 
23 Hut Notiser, vol 123,1970 
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section I'roctirpidium ( = U. albiflorum) in Ihc lack of the long apical 
awn of the mcr icarps . 

The delimitation of the genus Malnostrum lias lor long been a source of con­
fusion. According to a re-definition by KEAHNEI (1955) Hie genus would 
comprise perennial species of tropical and subtropical America having a per­
sistent, triphyllous involucel, yellow corollas and nearly indehiscenl carpels, 
which are smooth dorsally and smooth or rugose laterally. The somatic chro­
mosome number has been found to be 12, 24, 32, 86, or 4S (SROVSTED 1935, 
KRAPOVICKAS 1954, 1967), with one exception indicating the basic number to 
be 6 (et. SROVSTED 1935, pp. 268, 270. KRAPOVICKAS 1954 pp. fill—613. 1967 
pp. 30—311. The somatic number of Urocarpidium has been found to be 10, 
20 or 30 (KRAPOVICKAS 1954 pp. 612 613, 1967 pp. 29. 341. indicating the 
basic number of this genus to be 5. 

Urocarpidium is a genus of annua l herbs , distr ibuted in inounlainous 
and semi-arid regions of Mexico and South America, occupying two 
areas separated by the t ropical zone of Central America (KRAPOVICKAS 
1954 p. 613). The Galapagos species differs from I he mainland species 
in having only 5 s tamens 110 or more in the main land species), 4 calyx-
lobes and .'{ petals (in most cases 5 calyx-lobes and 5 petals in Ihe 
main land speciesi and symmetr ica l ly shaped petals i most, bill not all. 
species on Ihe main land have asymmet r i ca l petals) . The endemic Gala­
pagos species has been collected on Ihe cra ter r ims of Volcån Wolf, Vol-
cän Darwin and Cerro Azul on the island ol Isahela. Previously it was 
k n o w n only from Ihe type collection from Volcån Darwin ("Tagus 
Cove Mounta in" ) . 

C o l l e c t i o n s s t u d i e d. fsabela. El i \ s so \ 2010. Cerro Azul. on the 
south-western part of the crater rim, all 1530 in. April 26. 1967. El.lASSON 
2213. Volcån Wolf, on Ihe north-eastern part of the crater rim. all. 1600 m. 
Maj 20, 1967. 

Sida r u p o ULBRH n. Fig. 3 

Sida rupo ÜLBRICH 1916 p. 75. 

Since this species is very poorly known and has often been misinterpreted, 
a complete description, based on the specimens examined, is given. 

Annual , 50 (>() cm tall. Slem erect, the lower ball unb ranched . Ihe 
upper pari with inflorescence-hearing b r a n c h e s : Ihe lowest par i glab­
rous, the upper par t more or less densely pilose with simple Ir ichomes. 
Leaves a l te rna te , successively smaller towards the top of Ihe p lan t ; 
petioles | 2—)3—5 cm long, those of the lowest leaves thinly pilose, 

Bot. Notiser. Toi. 123. 1970 
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I IR i Sfrfa rupo L'LBRICH il I.IASSON 2017 — v Calyx with mature mericarps. — 
II ( Petals from two separate buds. I) 1 : Mericarps from the calyx shown 
in \ Note the different length of the apical awns (• Mature mericarp. — 
II ( il\\ lobe The calyx is stellate pubescent wiih interspersed simple trichomes. — 
I Mammal column. — l l pper pail of style with branches Pollen grains arc 

attached to tin- branch apices, 

those <>t the u p p e r leaves densely pilose or ve lu l inous : leaf-blade pa lma-
tely 5 7-lobed: Ihe lowest leaves C. •"> cm long and 6 cm wide, the 
lobes subovale lo subcl l ipt ical . acumina te , irregularly serrate : Ihe upper 
and smaller leaves with na r rowly elliptical lobes: leal-blades on both 
sides with •'{-rayed (2—l- rayed ) stellate hairs , above also with inter-

Bol Ni !'-• I 'I 1- i I I'd 
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spersed s imple trie homes ; especially Ihe lowest leaves conspicuously 
bluish when dried, Inflorescence pan icu la te ; Ihe axis and pedicels velu-
t inous: pedicels 0.5—5 m m long. Calyx (Fig. 3 Al 5-lobed, c. 5 m m long, 
with 3-rayed stellate ha i rs (Fig. 3 Hi hut with interspersed s imple 
t r i chomes : Ihe lobes t r i angu la r . Petals (Fig. S B , C) 5 in n u m b e r , 
roundly ohovale lo suborbicular . in m a t u r e flowers c. 5 m m long, very 
thin, easily caducous , violet. S tamina! co lumn (Fig. 31) 3—4 m m in 
length, at base s trongly di lated, the lower half wi th s t ra ight s imple 
t r ichomes. free f i laments only in the uppermost par t , 0.5—1 m m long 
(Fig. 3 1 ) ; an the r s 10 in n u m b e r , c. 0.5 m m long. Style b r a n c h e s (Fig. 
3 J) 5—7, recurved, minute ly di lated al apex . Carpels as m a n y as the 
style b ranches , a r r anged in a single verlicil about a centra l co lumel la : 
each carpel with a single pendu lous ovule. Mericarps w h e n m a t u r e 5 
6 m m long, glabrous, i r regular ly wr inkled (Fig. 3 ( i ) , at apex p r o m i ­
nent ly notched and part ia l ly dehiscent along the midnerve : Ihe apices 
of varying length (Fig. 3 D — F ) . somet imes beak-l ike or lance-l ike, 
retrorsely ba rbed : differently a r m e d mer ica rps often present in the 
same flower. 

The species group Olii/andrae. to which this species belongs, is c h a r a c ­
terized by pa lmate ly lobed leaves and smal l red-violet flowers. It seems 
restricted to Ecuador , Peru a n d Bolivia. MACBRIDE (1956 p. 579) treated 
S. rupo as synonymous wi th .S'. jatrophoides L'HERITIEB (1789 p . 117. 
pi. 56) , ' bu t ULBRICHTS descr ip t ion of Ihe first -named species does no t 
match L'HERITlER's descr ipt ion a n d plate of the las t -named plant . Both 
species have palmately lobed leaves, but the lobes of .S'. jatrophoides 

a re again i rregularly but deeply lobed and serrate, while the lobes of 
.S. rupo a r e merely serra te . -S. rupo has 10 an thers , while .S'. jatrophoides 

has twice this n u m b e r ( F R I E S 1947 p . 19. cf. MACBKIDI: Inc. «it.I. To me 

these two plants are definitely distinct species. 

S. rupo is new to Galapagos. Previously it has been repor ted only 
from Peru. 

C o l l e c t i o n s t u d i e d : Isabela. ELIASSON '2017, Cerro Azul, on the 
south-western pari of the rim of the caldera, alt. 1590 m, April 2(>, 1967. 

Bnwlesia palmata Hinz & P A V Ö N 

Bowlesla palmata Ruiz & P A V Ö K 1802 p. 28. 

For a complete description of this species, the reader is referred to MATHIAS 
& CONSTANCE (1965 p. 52). 

1 The date of tliis work is 1789. not 1785 as printed [GARCKE 18(11 p. 4(vi). 

But. Xntiser, vol. 188, 1970 
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T h e dis l r ibul ion of this species r anges from southern Ecuador to 
southern Peru ( M A T H I A S & C O N S T A N C E 1965). The genus is new to 

Galapagos. T h e occurrence here is n o doubl the result of a successful 
long-distance dispersal , most p robab ly b y birds. T h e fruit of Ibis as 
well as of most oilier species of the genus is well adapted to synzooic 
dispersal th rough the presence of eoprinoid glochids. 

C o 11 e c t i o n s i u d i e d: Fernandina. KI.IASSON 1647, on the upper part 
of the inner north-eastern wall of the caldcra, all. 1350 m, March 24, 1967. 

P e r n e t t j a howell i i SI .KI .vir.n 

Pernettya howellii S I . E U M E H 1935 p . 649. 

T h e type locality of this endemic Galapagos species is Ml. (".rocker. 
Ihe highest par t of Santa Cruz. I have collected this plant also on I he 
r im and the floor of Ihe Caldera of Volcån Santo T o m a s on Isabela. 
According to S L E U M E R (1935 p . 632) this species shows more affinity 
to the Chilean / ' . mucronata (L. f.,1 G A U D , than to Ihe species of the 
Ecuador ian main land . 

C o l l e c t i o n s s t u d i e d : Isabela. KI.IASSON 147S, 1479, Volcån Santo 
Tomas, on the eastern pari of the rim of Ihe caldera, alt. 1000 1030 m, March 
3, 1967. KI.IASSON 1570, Volcån Santo Tomes, on the floor of the caldera, alt. 
870 m, March 6, 1067. - Santa Cruz. FAGERLIND & WinoM 2867, 3254, 3255, 
April—Mas 1953. HARUNG 5162. Ml. Crocker (type locality), »It. 860 m. 
May 23, 1059. KIIASSON 276, near Mt. Crocker, among .S'/ ' '" '!/"""' ' " a w e ' 
depression, alt 760 m, October 17. 1966. KI.IASSON 1606. vlcinitj of Ml Croc­
ker, alt. 780 m. March 14. 1967. 

N a m a dh-hotonnmi i l U i / & PAVÖX'I C H O I S Y 

Nama dichotomum (Ruiz & P A V Ö N ) C H O I S Y 1833 p. 113. Hydrolea 

dichotoma Ruiz & P A V Ö N 1802 p. 22. 

This is a species of western South America, known from Ecuador , 
Peru. Bolivia, Chile, and Argentina (GlBSON 1967 p. 106). In Galapagos 
it has been found al high elevations on the island of Isabela. Here 1 
have collected il on Vulcan Alcedo, Volcån Darwin and Cerro Azul. 
Previously Ihe species was k n o w n only from Volcån Darwin ("Tagus 
Cove, occasional in lava crevices at 4000 ft.". S T E W A R T 1911 p. 120). 

C o l l e c t i o n s s t u d i e d : Isabela. KI.IASSON 1281, Volcån Alcedo, on 
the south-eastern pari of the rim of the caldera, alt. 1100 m. February 12. 
1967. ELIASSON 1752. Volcån Darwin, on the plateau in the south-western part 
of the caldera. alt 1180 in, March 28, 1967. ELIASSON 2044. Cerro Azul, on Ihe 
south-western part of the rim of the caldera. alt. 1530 in, April 26, 1967. 

l int X n l l - T . vol . 123. I'170 
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i g 4 Dense stands ol S'olana galapagensis (CHRISTOPH.] JOIINST on the Caamaßo 
islci (Jensen Island) In Vcadcmj Hay on Ihe south side "I Santa Cruz. In the fore 
ground imaranthus iclerantlmides \M>I KSS Semvium portulacastmm I... Trinn-
thema portulacaxtntm I... Heliotropiatn curassaotcum 1 und Sporobolus oirglntcux 

1I..1 KUNTH. — Photo: U. E. 18.3. 1967. 

Nolana galapagensis (CHRISTOPH.) JOHNSTON. I ij,'s. 4—5 

Notana galapagensis (CHRISTOPH.i JOHNSTON 1936 p. 32. Periloba 
galapagensis CHRISTOPHERSEN 1932 p. 89. 

For a comple te descr ipt ion of this species, the i<.• <I< i is referred to J O H N S 
TON lloe. eil .I. 

The species is endemic lo Galapagos, ll grows on sea-shores, prefer 
ably on shell sand on scattered localities in Ihe archipelago (Fig. 5). 
II flowers during January—March. During nine months in the archi­
pelago in 1966 and 1967 I found this plant on seven widely scattered 
localiliev It had nol previously been collected on Ihe islands ol Isabel» 
and San Cristobal Ihe t\pe loeahl\ is I mile l?,i\ on the south side ol 
Santa Cruz. Ten or fifteen shrubs were seen here, growing on shell sand 
between 50 in and 100 m from the sea. The largest occurrence of this 
species is on the islcl of Caamafio (Jensen Island), a low. flat islet, 
possibly 200 metres across, in the mouth ol Vcademj Bay on the soulh 

Hal. Holier vol \1', I 170 
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Fig. 5. Distribution "I Nolana galapagensis (CHRISTOPH.) JOHNST., as hitherto re­
corded, l-'illed circles represent records made by me in 1966—1967. The open circle 
on Floreana is a record made by STEWART 11911 p. 65) as "Aizoacea (?) sp.*. 

The westernmost circle on Santa Cruz represents the type locality. 

side of Santa Cruz. Nolana is extremely abundant here (Fig. 4), forming 
pure stands over large surfaces and being the most important plant 
on the islet. The other species noted here are Amarant hus scleranthoicles 
A.NDi'.itss.. Cryptocarpus pyrlformis II. 1$. K., Sesuvium portulacastrurn 
L., Trianthema portulacastrum I... Portulaca oleracea I.., Parkinsonia 
aculeata I., (a few trees), Coldenia sp.. Heliolropium curassavicum L.. 
I.ycium minimum HiTCHC, Eragtostis cilianensis (ALL.) I.ITATI. and 
Sporobolus virginicus iL.) KUNTH. 

N, galapagensis sets the northern limit for the genus, the main 
distributional area of which is the coastal regions of Chile and southern 
Peru. The species seems more closely related to Chilean species than to 

those of Peru , in spite of the less geographical dis tance of the ta l ler 

(JOHNSTON loc. cit.). 
Bot. Notiser, vol, 123, 1070 
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C o l l e c t i o n s s t u d i e d : Isabela. ELIASSON 2170, Punta Albemarle, alt. 
0—5 m. May 19, 1967. - San Cristobal. ELIASSON 2245, Cerro Pitt, all. 5—10 
m, May 26, 1007. - Santa Cruz. ELIASSON 266, Turtle Bay, alt, S—10 m, 
about 50 m from llio sea. ELIASSON 1200, Turtle Hay, alt. 5—10 m, February 
3, 191.7. ELIASSON 1614, 1621, 162.-i, Isla Caamafio (Academy Bay), alt. 0—5 
m, March 18, 1967. — Seymour. ELIASSON 1835. south side, alt. c. 16 m, 
April 7. 1967. — Tortuga. ELIASSON 1805. 1808. alt. 20—50 m. March 31. 1907. 
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Botanisk litteratur 

SwANSON, C. P., MERZ, T. und YOUNG, W. J.: Z y t o g e n e t i k . - Gustav 
Fischer Vorlag. Stuttgart 1970. 179 Seiten, 93 Abbildungen, flexibler Kunst­
stoffband. DM 19,80. 

Dieses Buch gehört zu einer Reihe von ähnlichen Schrillen (Grundlage 
der modernen Genetik), von denen bereits fünf Bände erschienen sind. Die 
Autoren sind Professoren bzw. der Biologie, Radiologie und Biophysik an 
der John Hopkins Universität, Baltimore. Das Buch kann als eine abgekürzte 
und modernisierte Fassung von SWANSONS angesehenem „Cytology and Cyto­
genetics" (2nd ed.. London i960) betrachtet werden. Es beschäftig! sich 
hauptsächlich mil Zytogenclik im klassischen Sinne, d.h. auf dem Niveau 
des Lichtmikroskops. Gewisse elektronmikroskopische Beobachtungen und 
biochemisch-genetische Verhältnisse, z.B. die Ultrastruktur der Lampen-
hiirslenchromosomen und die Replikaliou des DNS-Moleküls von Baklerien-
lind l'liageiichroinosomen werden doch erwähnt. Es mangelt doch an einer 
einleitenden Beschreibung des Baues und der Funktion des DNS, der viel­
leicht als bekannt voraussetzt wird und allerdings in Band ä dieser Reihe 
(HARTMAN und SUSKIND: Die Wirkungsweise der Gene) ausführlich behandelt 
wird. 

Die Zytogenetik ist historish gesehen eine Mischwissenschaft. Die im 
Beginn dieses Jahrhunderts aufgestellte Chromosomentheorie der Vererbung 
wurde erst mit der Arbeit der klassischen amerikanischen /Mi.so/i/uV'i-Schidc 
endgültig bewiesen. SwANSON. Midi/, und Y O I M ; erstatten einen gründlichen 
Bericht über den Verlauf der Meiose und die chromosomale Grundlage der 
Kopplung und des Crossing-over. Der Mechanismus der Chiasina-Bildimg wird 
besonders ausführlich behandelt und verschiedene neuere Theorien von Fin., 
WlHTEHOUSE, GRELL u.a. werden diskutiert. 

In zwei von den sieben Kapiteln werden strukturelle Veränderungen der 
Chromosomen bzw. Variation ihrer Anzahl konzis und überblickbar besprochen. 
Das Vererbungsmuster von Komplex-Heterozygoten und die Wirkungsweise 
des Renner-Effektes werden durch gute Abbildungen erklärt. Polyploidie ist 
doch etwas stiefmütterlich behandelt und Abb. o(> (S. 131), die die Beziehungen 
zwischen Aulopolyploidic, Allopolyploidie und segmenlaler Allopolyploidie 
darstellt, ist schwer zu deuten. 

Wie im Schlusskapitel erwähnt sind viele zytogenetische und zytocheiuische 
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Verhältnisse noch nicht befriedigend erforscht. Die Natur der chemischen oder 
physikalischen Kräfte der meiotischen Paarung ist z.B. noch unbekannt. Prak­
tisch unerklärt ist auch die interessante Tatsache, dass gewisse verhältnismäs­
sig primitive Organismen (z.B. das Lungenfisch) viel mein- DNS pro Chromo­
somensatz haben als Tiere von grösserer struktureller und funktioneller Kom­
plexität. Vielleicht enthalten besondere Chromosomen grosse Mengen von 
dupliziertem DNS-Material, das durch anomale licplikalion entstanden ist. 

Am Ende von jedem Kapitel ist eine z.T. kommentierte Literaturauswahl 
hinzugefügt. Wahrscheinlich ist das Buch als Lehrbuch für Universitätsstu-
denten der Genetik abgesehen aber kann auch für Biosyslciuatiker empfohlen 
werden. Gewisse genetische Vorkenntnisse sind doch wünschenswert, da der 
Text oft ziemlich konzentriert ist. 

A R N E S T R I D 

STILES, W. & COCKING, E. ('..: A n I n t r o d u c t i o n t o I h c P r i n c i p l e s 
o f PI a n I P h y s i o 1 o g y. — Methuen & Co., London 1969. VIII • 683 pp., 
53 figs. Price £8.80. 

The first thing that strikes the reader of this text when he glances through 
the table of contents is the appearance of completeness. The book at leasl 
touches upon all the different topics that by tradition have been included in 
the discipline of plant physiology. In comparison with almost every other 
modern text, it is most comforting that the irritability and the movements of 
plants have not been forgotten. In fact, 126 of the 564 text pages have been 
allotted to Ibis subject. 

The present edition is the third one. completed by Dr. COCKING aller the 
death Of Professor STILES. STILES started writing the original work in 1925. 
Making new editions of old textbooks, a way of renewing the literature appro­
priately called "the Strasburger method" certainly bas ils drawbacks. It must 
be admitted lhat Dr. COCKING has made great attempts to update the material, 
and references have been included up to Ihc time of printing. Still the treat­
ment of the subject, at leasl in many instances, must be regarded as old-
fashioned. This is obvious already in the first chapter, where old views about 
the nature of the "protoplasm" are accounted for in rather great detail, while 
the treatment of the endoplasmatic reticulum seems to be limited to two sen­
tences and the abbreviation e.r. in a figure. The median year in the reference 
list at the end of Hie book seems to be near 1936. 

Although there are 39 pages on respiration, the hexose monophosphate 
sit mil is not mentioned. In Hie section about fixation and reduction of carbon 
dioxide, the CALVIN cycle is fortunately treated. There is no mention, however, 
of the HATCH and SLACK pathway, which would certainly be more worth a few 
words than WARBURG'S theory about photolysis of a chlorophyll-COg complex. 

The chapter on heterotrophic plants, apart from the lack of all figures, 
is put on the positive side of my account. Such a chapter is often lacking 
altogether in textbooks of plant physiology. AI first I was shocked to find 
Monotropa and several orchids listed under the heading "Saprophytes". How­
ever, the mykorrhiza of these plants and others are later accounted for in a 
correct way. It could have been mentioned thai Monotropa develops best when 
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the samo mycelium associates both with the herb and with trees. Il h:is also 
been shown thai phosphate and organic carbon arc transferred from trees to 
Monotropa plants. The relationship should therefore probably be described 
as symbiosis between Monotropa, fungus and tree (on the borderline to para-
si [ism by Monutrt>/>a\. 

The heading "Periodicity" arose my interest, but I became somewhat dis­
appointed when reading it. After a short introduction there is a sub-heading 
"Annual periodicity", and this seems to be all that the chapter deals with. 
In the introduction it is said that »most plants exhibit a daily periodicity in 
their activities. Generally it is obvious that this is directly traceable to daily 
rhytmic alternations of temperature and illumination . Although in a later 
chapter there is a section on autonomic movements (called automatic mov­
ements on p. 459), the treatise seems lo completely disregard the circadian 
ihylms, the "biological clocks" which arc important not only for movements. 
The authors manage to get through the chapter on photoperiodism with only 
two sentences touching on this aspect of the phenomenon: "As suggested 
by Banning, other endogenous time-measuring systems" (i.e. other than the 
P73Ö to P660 conversion) probably also function in photoperiodic responses. 
The operation of biological 'clocks is evident in the daily movement of leaves 
and often leaf-movements parallel the photoperiodic responses of the plant." 
This certainly is to compress unduly the knowledge of to-day. considering the 
size of the book. 

The text would have been easier to follow and In remember if there had 
been more simple little figures and diagrams in il. However, there is also 
something very positive to say about the illustrations: The photographs that 
occur are excellently reproduced. 

To sum up: There is much positive to say about the book. It gives what the 
title promises, "An introduction to the principles of plant physiology", a firm 
foundation in the past research and the old ideas which belong to a perfect 
education. If il could be followed up a similar volume on "Recent developments 
in plant physiology" it might be O.K.. if a student could be found who is 
willing to swallow two volumes of this size in his introductory course. In 
real life compromizes must be made. I think this compromizing must start 
with a trimming down of obsolete ideas. Some knowledge of the history of 
science, of the great steps forward and of the great mistakes, hurts nobody. 

I.. (). BJÖRN. 

SCHMITHÜSEN, J.: A 11 g e m e i n e V c g e I a t i o n s g e o g r a p h i e . - Lehr­
buch der allgemeinen Geographic. IV. 3. uppl. - Walter de Gruyter A Go. 
Berlin 1968. XXII I T 463 sic!.. 275 figurer. Klotband. DM 48 :—. 

När andra upplagan av denna bok, som ingår i en serie geografiska läro­
böcker, kom ut hade jag tillfälle alt ge några allmänna synpunkter pä boken ur 
botanisk synpunkt (Bot. Notiser 113: 122—123). Den nu utgivna upplagan är 
i första hand en kraftig utvidgning jämfört med de häda tidigare men ocksä 
en omfattande nyarbelning. Textmaterialet har ökat med ungefär 50 °/o och 
antalet bilder fördubblats jämfört med 2, upplagan samtidig! som dispositionen 
i slorl sett är oförändrad. 
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AvsikU'ii med linken Sr uppenbarligen att ge en allsidig växtgeografisk be­
skrivning av jorden. Hökens första del ägnas i huvudsak åt flovisti.sk växt-
geografi. Där finns en traditionell översikt över jordens florariken, olika livs­
formtyper etc. hos växterna samt utvccklingshistoriska och ekologiska orsaker 
till växternas olika utbredning. Den största utvidgningen av boken faller på den 
andra huvuddelen, där framförallt översikten av jordens olika växtformationer 
fått ell väsentlig! ökat utrymme. 1 delta avsnill behandlas också växtsociologin 
och dess arbetsmetoder, vegetationsdynamik och vegetationens plats i landskapet 
med utgångspunkt från gängse inellaneuropeiska synpunkter. KU teoretiskt 
avsnitt om vegetationskartering och därmed förknippade problem samt en 
jämfört med tidigare upplaga något utvidgad framställning om de klimatiska 
vegetationszonerna ingår i bokens tredje och sista del. Typografi och bild­
material är genomgående tilltalande och av betydligt bättre kvalité än i förra 
upplagan. 

Urvalet av lä ro- och handböcker i allmän växtgeografi är myckel litet. De 
som finns behandlar dessutom vanligen endast delar av växtgeografien, som 
regel antingen enbart den florisliska och historiskt-gencliska växtgeografin 
eller enbart den ekologiska växtgeografin och de klimatiskt betingade högre 
vegetationsenheterna. Så tillvida är denna lärobok bra som den behandlar 
växtgeografin relativt allsidig! och inte heller inriktar sig på någon speciell 
världsdel eller region vilket gör många amerikanska läroböcker relativt ointres­
santa i Europa. Delta medför emellertid också alt den i åtskilliga delar ur 
botanisk synpunkt trots den betydande utökningen är rätt ytlig, exempelvis 
beträffande den historiskt-gencliska delen. Boken har som så mänga andra 
tyska läroböcker sin styrka i terminologin och de beskrivande momenten. Jus! 
då del gäller beskrivningen av vegetationen och sambandet mellan vegeta­
tionens fysionomi och makroklimat jämte därmed sammanhängande förhål­
landen har boken betydande förtjänster. Man saknar dock mera ingående 
ekologiska diskussioner, exempelvis kring temal vegetation -mark. författa­
rens disposition av stoffe! gör all tonvikten ligger på den terrestra vegetation 
som karakteriserar de olika vegetationsregionerna. Sådana landskapsekologiska 
element som myrarna, vilka Ju är betydelsefulla både pä norra och södra halv­
kloten, lär därigenom en jämförelsevis slyvmodcrlig behandling. 

Med beklagande måste man alltså konstatera att den nya upplagan liksom 
den tidigare innehållsmässigt inte uppfyller de önskemal man ur botanisk syn­
punkt skulle vilja ställa pa en växtgeografis!; lärobok och behovet av en 
modern, botanisk lärobok i allmän växtgeografi är alltjämt lika trängande. 

NILS MALMER 

SINGH, AMAS: P l a n t P h y s i o l o g y . — Asia Publishing House. London 
1968. XI+615 pp.. 201 figs. Price 60 s. 

The author opens with the following statement with which the reviewer 
completely agrees; "Progress concerning an inc|uiery into the facts relating 
to the domain of Plant Physiology has been appreciable in the recent past. 
A little further down the following is found: "This text book does eile in 
quite an extensive manner the relevant literature on Ihe subject." The more 
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surprising is il to find thai the author has almost completely neglected the 
scientific progress during the past ten years Out ol alxiut 1200 references listed 
at the end of the hook. I have found onlj about 30 from the 1900 s (several 
of them refer to the Encyclopedia of Plant Physiology and thus to older 
research). I will mention only one example of what this neglect of the modern 
literature has led to. On 2 1/2 pages the author discusses the effect ot light 
on respiration. lie divides his discussion in a "I. View" and a "II. View" 
"According to the second view there is no effect of lighl on respiration", 
while according to the first there is. The reader must get the impression Ihal 
nothing is really known on the subject. The author refers to chloroplasts as 
"normal dark respiratory centres" which is. to say I he least, misleading, liul 
he touches on the truth when he slates that "Very recently isic'i Thimann 
and others (1958.1 found an induced addilional respiration in lighl" In fact, 
ten years later a special session of a large scientific congress was devoted to 
pholorespiration. I consider il meaningless lo mention anything at all aboil I 
lighl effects on respiration if the modem findings are disregarded. 

The hook is specifically «rillen for use at Indian universities. Therefore 
some of the criticism I would deliver if il were planned to he used in Europe 
is rather irrelevant. Like the author I do think that a book for Indian univer­
sities is best written by somebody thoroughly aquainled with the specific 
needs of Indian students, and of India. This country can. however, even less 
than any Other, afford to disregard the lasl ten years of research in plant 
ph\ siology 

Chapter 2 is entitled "Physiology of the cell but deals entirely with osmotic 
conditions. I do not consider the two synonymous Some technicalities, although 
of minor importance, are irritating. The printing errors are frequent. Upper 
and lower case letters are used inconsistently. Hand-written letters are used 
in many formulae and figures, which makes them tiring to follow, even if 
the writing in most cases is perfectly legible. Phosphate groups are written 
either as OPO,H». as P or as Ph. The way of writing chemical formulae oflen 
effectively hides the true nature of the compounds. One example is Cr?2= 
— CO *- P03H3COOH (p. 270). Who would understand that the second and 
third carbon atom arc diicclk united b\ a COVnlent bond, if he did not know 
il already".' Many such examples could be cited. The use of Ihe abbreviations 
DI'.V and TPX and the corresponding chemical names instead of NAD elc, 
iiiusl also be considered obsolete by now 

I. 0. BJÖRN 

Bot. Vpiiscr. \nl 12!. I9T0 



OPEKA lJOTANICA 
is edited by Ihc I.mid Botanical Society in cooperation with Ihc Institute of Syste­
matic Botany, University of Lund. It consists of larger treatises issued at indefinite 
times. After vol. 12 the series is published in separate numbers, each with an indivi­
dual price. The reduced prices for members of the Lund Botanical Society are 
indicated. 

Vol. 1. N. Hvr.ANDEii, I. .IOUSTAI) und J. A. NANNFELDT: Enumeratio Uredi-
ncaruiii Scandinavicavum. 1953. 102 pp. - II. HORN AF RANTZIEN: 
Middle Triassie Charophyta of Soulh Sweden. 1954. 83 pp. — H. 
HJEL.MQVIST: Die älteste Geschichte der Kulturpflanzen in Schweden. 
The Oldest History of Cultivated Plants in Sweden. 1955. 186 pp. 

Vol. 2. II. RUNEMARK: Studies in Rhizocarpon. I. Taxonomy of the Yellow 
Species in Europe. 1950. 152 pp. — H. IU'NEMAKK: Studies in Khizo­
carpon. II. Distribution and Ecology of the Yellow Species in Europe. 
1956. 150 pp. - - G. KNABEN: On the Evolution of the Radicatum-
Group of Ihc Scapiflora Papavers as Studied in 70 and 50 Chromo­
some Species. A. Cytolaxonomical Aspects. 1959. 76 pp. 

Vol. 3. A. GUSTAVSSON: Studies in Nordic Peronosporas. I. Taxonomic Revi­
sion. 1959. 271 pp. — A. GUSTAVSSON: Studies in Nordic Peronosporas. 
II. General Account. 1959. 61 pp. — G. KNABEN: On the Evolution of 
Ihc Radicatum-Group of the Scapiflora Papavers as Studied in 70 and 
56 Chromosome Species. B. Experimental Studies. 1959. 90 pp. 

Vol. 4. R. DAHLGREN: Revision of the Genus Aspalathus. I. The Species with 
Flat Leaflets. I960. 393 pp. 

Vol. 5. ÅSKELL and DORIS LOVE: Chromosome Numbers of Central and 
Northwest European Plant Species. 1961. 581 pp, 

Vol. 6. A. PERSSON: Mire and Spring Vegetation in an Area North of Lake 
Torneträsk. Torne Lappmark, Sweden. I. Description of the Vegeta­
tion. 1961. 187 pp. — R. DAHLGREN: Revision of the Genus Aspala­
thus. II. The Species with Ericoid and Pinoid Leaflets. 1—2. 1901. 
120 p. - - A. PERSSON: Mire and Spring Vegetation in an Area North of 
Lake Torncträsk, Torne Lappmark, Sweden. II. Habitat Conditions. 
1902. 100 pp. 

Vol. 7. N. MAT.MER: Studies on Mire Vegetation in the Archaean Area of 
Southwestern Götaland (South Sweden). I. Vegetation and Habitat 
Conditions on the AL 1mlI Mire. 1902. 322 pp. — II. Distribution and 
Seasonal Variation in Elementary Constituents on Some Mire Sites. 
1962. 67 pp. 

Vol. 8. R. DAHLGREN: Revision of the Genus Aspalathus, II. The Species with 
Ericoid and Pinoid Leaflets. 3. 1963. 183 pp. — N. SYI.YKN: Det 
skandinaviska floraområdets Carices Distigmaticae. The Carices 
Disligmalicae of the Scandinavian Flora District, 1903. 101 pp, 
C. BLIDING: A Critical Survey of European Taxa in Ulvalcs. I. Capso-
siphon, Percursaria, Mlidingia, Enteromorpha. 1903. 160 pp. 

Vol. 9. B. DAHLGREN: Studies on Aspalathus and Some Related Genera in 
Soulh Africa. 1963. 301 pp. — S. O. STRANDHEDE: Chromosome 
Studies in Eleocharis. subser. Paluslres. III. Observations on Western 
European Taxa. 1905. 80 pp. 



Vol. 10. R. DAHLGREN: Revision of the Genus Aspulathus. 11. The Species with 
Ericoid and Pinoid Leaflets. 4. 1965. 231 pp. — S. (). STUANDHEDE: 
Morphologic Variation and Taxonomy in European Elcocharis, subser. 
Palustres. 1906. 187 pp. 

Vol. 11. R. DAHLGREN: Revision of Ihe Genus Aspalathus. II. The Species with 
Ericoid and Pinoid Leaflets. 5. 1966. 266 pp. — G. NORDUORG: San-
guisorba L., Sarcopoterium Spach and Bencomia Webb et Berth. 
Delimitation and Subdivision of the Genera. 1966. 103 pp. 

Vol. 12. B. E. BERGLUND: Lale-Quaternary Vegetation in Eastern Blekinge. 
Southeastern Sweden. I. Late-Glacial Time. 1966. 180 pp. — II. Posl-
Glacial Time. 1966. 190 pp, 

No. 13. S. SNOGERUP: Studies in the Aegean Flora VIII. Erysimum Seel. 
Gheiranthus. A. Taxonomy. 1967. 70 pp. 

No. 14. S. SNOGERUP: Studies in the Aegean Elora IX. Erysimum Seel. Cheir-
anthus. Li. Variation and Evolution in the Small-Population System. 
1967. 85 pp. 

No. 15. R. DAHLGREN: Studies on Penaeaceae I. Systematica and Gross Mor­
phology of the Genus Stylapterus A. Juss. 1967. 40 pp. 

No. 16. G. NORDBORG: The Genus Sanguisorba Section Poterium, Experi­
mental Studies and Taxonomy. 1967. 166 pp. 

No. 17. 1. BJÖRKQVIST: Studies in Alisnia L. I. Distribution, Variation and 
Germination. 1967. 128 pp. 

No. 18. R. DAHLGREN: Studies on Penaeaceae II. The Genera Brachysiphon, 
Sonderothamnus and Saltera. 1968. 72 pp. 

No. 19. 1. BJÖRKQVIST: Studies in Alisma L. II. Chromosome Studies, Crossing 
Experiments and Taxonomy. 1968. 138 pp. 

No. 20. B. NORDENS TAM: The Genus Euryops. I. Taxonomy. 1968. 409 pp. 
No. 21. R. DAHLOREN: Revision of the Genus Aspalathus. II. The Species with 

Ericoid and Pinoid Leaflets. 6. 1968. 309 pp. 
No. 22. R. DAHLGREN: Revision of Ihe Genus Aspalathus. III. The Species 

with Flat and Simple Leaves. 1968. 126 pp. 
No. 23. B. NORDENSTAM: Phytogeography of the Genus Euryops (Compositae). 

A Contribution to the Phytogeography of Southern Africa. 1969. 77 pp. 
No. 24. T. MÖRNSJÖ: Studies on Vegetation and Development of a Peatland 

in Scania. South Sweden. 1969. 187 pp. 
No. 25. (i. TYLER: Studies in the Ecology of Baltic Sea-Shore Meadows. II. 

Flora and Vegetation. 1969. 101 pp. 
No. 26. M. SONESSON: Studies on Mire Vegetation in the Torneträsk Area, 

Northern Sweden. III. Communities of the Poor Mires. 1970. 120 pp. 
No. 27. F. ANDERSSON: Ecological Studies in a Scanian Woodland and Mead­

ow Area. Southern Sweden. I. Vogctational and Environmental struc­
ture. 1970. 19(1 pp. 

No. 28. A. STRID: Studies in Ihe Aegean Flora. XVI. Biosystematics of the 
Nigclla arvensis Complex. With Special Reference lo the Problem of 
Non-adaptive Radiation. 1970. 169 pp. 

Universitetsbiblioteket 

2 9 JIIM 1970 

L U N D 


