Drawings of Scandinavian Plants 37-40
Rubus L. Subgen. Rubus

By Alf Oredsson

Department of Systematic Botany,
Universily of Lund, Sweden.
O Vallgatan 18, 5223 61 Lund

Rubus vestitus Weine & Nues 1825

{Rubus leucosiachys SCHLEICHER 1821

Stem arching, densely hairy, glands few or none: prickles 6—9 mm
long. patent. subulate, base 6—10 mm long. narrow: leaves (3 —|5-folio-
late. rather hairy above, shiny below from dense. rigid hairs. oflen
also white-tomenlose: {erminal leaflet hroadly obovale orbiculate with
a broad, rather shorl lip: inflorescence long. leaty below, hardly nar-
rowed to a rather dense, abrupl apex. glandular: flowers aboul 2.5 cm
across: sepals grev-lomenlose, glandular, somelimes equipped with scat-
leved prickles: pefals pink—while. broadly obovate—orbicular: Jila-
ments aboul 5 mm long.

Normally. the stem is lerete 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 petiolules of the
upper pair ol leaflels are about 1 em long. while the petiolules of the
lower pair are 0.25 0.5 cm: the prickles in the apex of the inflor-
escence are long and subulale, slightly recurved: [he sepals are deflexed.
R. vestitus is one ol the relalively few LEuropean blackberries that
probably prefer calcarcous ground. The species occurs in Sweden on
the soulhern slope of Soderasen in north-western Skane; in Denmark
the species is rather common in the soulth and also occurs in one loeal-
ity (Bangsbo] in northern-most Jyvlland.

Rubus radula Werie 1824

Stem arching, sparsely hairy, glandular: prickles of two Kinds, one
bristle-like with a rather strong base. the other 6—4 mm long, falcate
or patent. [lat with a 3—7 mm long base: leaves 5-foliolale, glabrescent
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Pl XXXVII. Rubus vestitus WEIME & NEES, Remark: E refers to a 3-foliolate leaf.

¥

GENERAL LEGEND FOR THE PLATES

First-year growth (primocane): A, Stem with priekles. 1:1. — B, Prickles,
drawn from the side and from above. 1: 1. — C. Stem with prickles, glands,
and hairs. 4: 1. — D. Leaves (withoul serration and peliole diameler shownt.

1: 8. — E. Margin of a terminal Teaflet with a petiolule. 1: 2. — Second-year

Bot. Notiser, vol, 123, 1970
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PLANTS 37-40

DL The leaves of the primocane are

PLNXXVILL Rubus wadula WeEnie, — Remarks:
normally a-foliolate.

- 17 refers

to a d-foliolate leaf.

growth (flortcaner: I Inflorescences (without prickles, servation of the leaves,

and axis dinmeters shown|. 1: 8. — 6. Rachis with prickles, glands, and hairs.
4: 1. — 1. Floral bud with prickles. 1:1. — 1. Petal (withoul hairsj. 1:1.

— 1 Flower (without petals, glands, and hairs). 1:

i
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216 ALF OREDSSON

above, pale green- grev-while felted beneath: terminal leaflet ovate,
or elliptic —rhombic, gradually acuminale: inflorescence pyramidal,
large and lealy or shorl, dense, and leafless, glandular: flowers 2—
2.5 em across: sepals grev-lomentose, glandular, acuminate: petals
pink—while, broadly elliplic: filaments aboul 5 mm long,

Normally. the stem 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 dellexed and devoid
of prickles. R. radula seems to prefer dry pasturclands on ralther fer-
tile soils. The species occurs in Norway along the south-eastern coast
only: in Sweden il is rare in Bohuslan. lHalland, and Smaland. bul
alher common in some parts of Skane and Blekinge: in Denmark
the species oceurs over most of the country,

Rubus taeniarum LINDEBERG 1858

(Rubus infestus aunct, mult, non WEIHE 1824)

Stem arching. hairy, glands few: prickles ol (wo Kinds. one fragile,
up to 5> mm long, the other stronger. 5 —8 mm long. falcale or straight
and recurved, flat with 5 8 mm long base: feaves 5-Toliolate. glabres-
cenl above, green. hairy or greyish green, softly pubescent below:
terminal leaflet elliplic—obovate, acuminale: inflorescence relalively
small, leafy, branches widely spreading, glands present: flowers aboul
2 ¢m across: sepals greyish green, tomenfose, with a white-felted bor-
der. glands and prickles present; petals pink— white, broadly elliptic:
filaements about 5 mm long,

Normally, the stem is angled furrowed. dark red: both Kinds ol
prickles are rather numerous, the stronger ones (always present), excepl
the pale tip, are dark red and hairy: the leaves are small and have
sharply biserrate margins: the apex ol the terminal leaflet is long and
oblique: the petiolule of the terminal leaflet is three times longer, or
more, than the peliolules of the upper pair of leaflels, while the pelio-
lules of the lower pair are 0.1—0.2 em long: the armament of the
inflorescence is ralher well developed, consisting partly of rather
strong. flat, faleate, or hooked prickles. and parlly of straight, smaller
bristle-like prickles; the sepals are spreading. R. faeniarum is known
from several localities in the Bohusliin archipelago south-west of Udde-
=alla on the Swedish wesl coast.

FRIDERICHSEN (1922} reports R, infestus WEIHE from four localities

Bol, Notiser, vol. 123, 1970
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Pl XXXIX. Rubus tacniarum LINDEBERG. — Remarks: B. The base of the upper
prickle is too large, especially as seen from above. — J. The apices of the sepals

are unusually prolonged.

in Denmark, bul he does not mention R. taeniarum, WATSON (1958, as
well as HESLOP-HARRISON (1968}, reports both species as Danish, while
Focke (1914) treals them as a single taxon, HYLANDER (1955) seems
to share the view of FrRIDERICHSEN (1914, 1922). [ myscll, have nol
heen able lo reach a decision,

Rubus fuseus WEIHE & NEps 1825
Stem arching. densely hairy. glands scattered: prickles 57 mm
long. recurved and straight, hooked. or reflexed. from a 3 —5 mm long,

Bot. Noti=er, vol, 123, 10970
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218 ALF OREDSSON

Pl NI Robus fuseus WEIHE & NEES. — Remark: I refers to a 5-foliolate leaf
with a broad terminal leaflet that has an unusually short apex.

flat base. abruplly subulate: leaves 13 |5-foliolale, glabrescent above,
provided with sparse. stiff hairs below: terminal leaflet broadly ellip-
lic. acuminate: inflorescence. except a few axillary branches below,
leafless. relatively short. with one or a few flowers on each branch.
pedicels long. glands rather numerous: flowers aboul 2.5 ¢m across:
sepals  grey-tomentose. glandular. prickles numerous: pefals white.

Liot. Notiser, vol, 123, 1970



DRAWINGS OF SCANDINAVIAN PLANTS 37-40 219

cuneale broadly elliptic wilh an elongale, narrow base: filaments
o—06 mm long.

Normally, the stem is low-arching or procumbenl, lerele—angled,
grevish green or purple-—brown: the prickles are pale yellow, scat-
tered, bristle-like prickles lew or none: the leaves are large, dark green.
with coarsely serrate leaflets: the petiolule of the lerminal leaflet is
twice as long as the petiolules of the upper pair of leaflets, while those
of the lower pair are about 0.4 em long: the prickles ol the inflores-
cence are recurved—reflexed and straight: the hairs, as well as the
slalks of the glands. are rather long both on the stem and in the inflores-
cence: the sepals are long-acuminate, spreading or deflexed. R. fuscus
seems o prefer boggy areas associated with forests. The species is
known from two small areas in Scandinavia: namely, in north-easlern
Smaland, between the towns ol Valdemarsvik and Vistervik, where it
grows near the Baltic inlels and connecting lakes, and on the Danish
island of Als. south of “The Little Belt™.

The species was formerly named R. pallidus W. & N. in Sweden. In
Denmark, this species is known {rom Fyen and eastern Senderjylland.

In the next two papers, I intend to lerminate my current contribution
lo “Drawings of Secandinavian Plants” with four laxa — namely,
R. hartmanii, R. bellardii, R, caesius, and the Corylifolii group, a key
for the treated taxa, and a brief discussion.
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Observations on the Taxonomy and Ecology of the
Epilithic Crustaceous Brown Algae in the SW Archi-
pelago of Finland (Seili Islands)

By Orvokki Ravanko

Department of Botany,
University of Turku, Finland

ABSTRACT

Ravaxko, O.: Observations on the Taxonomy and Ecology of the Epilithic
Crustaceous Brown Algae in the SW Archipelago of Finland (Seili Islands).
— Bol. Notiser 123: 220—230, Lund.

The epilithic brown-algal crusts that generally were referred lo Litho-
derma fatiscens ARESCHOUG in the inner part of the Baltic, bul after
WaerN's (19449, 1952) studies were lreated as three different species —
viz.,, Petroderma maculiforme, Lithoderma subectensum, and L. rosen-
pingii — have been studied.

According to the observations on the development of the erusts Pefro-
derma maculiforme [WOLLNY) KUCKUCK seems lo be o juvenile stage of
Lithoderma subertensum Wagry., The morphological features considered
to separale L. subextensum from L. fatiscens ArEscnouG and L. fatiseens
Arescnotra in Lthe sense of Kuckuck are unstable and probably change
readily under different environmental conditions, The characteristics of
Lithoderma rosenvingii WAERN are believed to represent abnormal devel-
opment: thus, L. rosenvingii is conspecific with L. fafiscens ARESCHOUG.

Also the resemblance of a number of other taxa to Lithoderma fati-
seens ARESCHOUG has been discussed.

INTRODUCTION

In 1949, WAERN published a preliminary report on the crustaceous
brown algae Lhal occur north of the Baltic proper (Oregrund Archipe-
lago). Three species were reporled Thal were new o Sweden. Two of
them Lithodermea rosenvingii and L. subextensum — were described
as new species, The third one, Petroderme maculiforme, was previously
described, but ils distribution was nol known, Further details of the
brown-algal crusts were treated later by WaAERN (1952).

Although more records now exisl for Pefroderma maculiforme, its

HBot, Notiser, vol. 123, 1970



EPILITHIC CRUSTACEOUS BROWN ALGAE IN SW FINLAND 221

distribution (EperLsTrIN & MclLacHrax 19691 is slill poorly known.
Apparently. it has a wide distribution, having been reported, besides in
[lurope, from the Atlantic Coast of North America, from South Georgia
and the Antarclic (EDELSTEIN & McLAcCHLAN 19691, and as well from
the Pacific Coast (WysNE 19691, Both Lithoderma subextensum and
.. rosenvingii have been reported from the same areas according lo
WAERN'S publicalions [see, e.g., LUND 1959 p. 84. RAvANKO 1968 pp.
24—25),

During the [loristic studies from 1961 fo 1966 (RAVANKO 1968,
altenlion was given to the epilithic brown-algal crusls that occur on
the southwest coast ol Finland, My studies were limited in some cases
in that I did not have an opportunity to study the crusts in a living
slate nor to follow the development of other crusls throughoul the
vear. The studies were carried oul generally belween June and Sep-
tember. During the summer of 1966, more attention was directed to the
brown-algal crusls from May unlil the end of Augusl. AU his lime
Petroderma maculiforme was observed to be fairly common in the Seili
[slands seeming to favor shores with relatively high nutrition (i.e..
somewhal polluted shores). This species was especially abundant on
pebbles near landings and on the shores facing the shipping lanes.
On other shores it was rare, while Lithoderma subextensiim was the
dominaling member in the epilithic crustaceous vegelalion, No new
records ol L. rosenvingii could be made in 1966,

MATERIALS AND METHODS

During 1968-—1969 a detailed study was made of the brown-algal crusits,
They were examined in the living state and their development was followed
through the entire vear

Material was collecled from the same pebbles at different times during the
summer months for morphological and developmental studies. Young crusts
were also taken into culture and their development was followed in the labora-
tory.

Erdschreiber's solution (prepared with brackish water from the Seili Islands)
was used in the cultures. Relativelv poor illumination and temperatures of 107
to 13 € seemed to be the most favorable for growth. Accordingly, growth of
blue-green algae could he controlled. Aboul twenly pebbles with very younyg
crusts were taken into culture from Mayv to September and the crusts” develop-
ment were followed. The collections of epilithic erustaceous brown algae
from the southwestern archipelago of Finland (mainly the Seili Islands), and
reported on in this paper, arve preserved in formaldehvde in the herbarium
of the Universily of Turku (TUR) (box 1. jar 33: box 8. jars 100. 101, 104:
box 17, jar 237; box 18, jars 239- 241, 244—248; box 20, jars 267—269;
box 24, jar 326; box 25, jars 339, 340).

Hot. Notiser, vol. 123, 1970
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Fig. 1. — A: Young crustaceous brown algae that are either monostromatic or

distromalic, - B: Young monostromatic erusts on a pebble. — G0 Crusts of various

developmental stages on the same pebble, — D@ A threelayered (iristromatic) erust,
(AL erusts were collected on 20.7.1968 in the SW side of Seili Island.)

OBSERVATIONS ON THE MORPHOLOGY AND DEVELOPMENT

The Development of the Young Crusts

The algae under consideration were usually observed i shallow
water (20050 emj. where they formed irregular, reddish-brown mono-
stromalic crusts. The diameler of (he crusts was usually a few milli-
melres (Fig. 1), whereas the [ilaments of the young crusts could easily
be separated. The cells in the filaments of the cenler of the crust soon
started to divide and the thallus became distromatic (Fig. 1 A). The
second layer consisled of loosely joined filaments that sometimes ter-
minated in reproductive organs (Fig. 2 L—-NJ, The space between the
filamenls was mucilaginous. The cells of the centermost filaments
divided more rapidly than the others, and thus some of the older erusts
were mullilayered (Fig. 1A, C—D).

Bot. Notiser, vol. 123, 1970



EPILITHIC CRUSTACEOUS BROWN ALGAE IN SW FINLAND 223

Development proceeds in a similar way bolth in nature and in
culture.

The cells of the young monostromatic basal part have one large
chloroplast, which often is more or less cup-shaped (Fig. 2 Bi: more-
over, the chloroplasts in the cells of the ereel filaments have a similar
form (Fig. 2 A). This type of chloroplasi characterizes the cells of the
voung crusts both in nature and in cullure.

In voung crusts with developing unilocular reproductive organs, the
uppermost cells of the erect threads are often observed to have several
chloroplasts before the eyespots appear. Thus. most cells of the erust,
when seen in surface view. appear to contain two to eight chloroplasts
(Fig. 2G. P).

The filaments usually have a single terminal unilocular sporangium
(Fig. 21 M. Rarely the filaments lerminale in two sporangia (Fig.
2 (), and the walls of the old sporangium can be observed as husks on
the side of the new (IFig. 2 M. O). This type of sporangium may develop
repeatedly in series — resulling in some of Lhe filaments appearing to
be clothed with hairs (Fig. 2 M. O). New cells may also arise in the old
sporangium prior to the iniliation of lhe new sporangium,

In voung cullures the sporangia do nol differ from the sporangia
Lhat are observed in Lhe natural habitals,

Further Development of the Thallus

The individual crusts “coalesce”™ in nature and may cover the entire
surface ol the pebble, The mucilaginous spaces between the erect [fila-
ments fill up with other substances (become encrusted) with the resull
thal it is not easy to separate the filaments as in younger plants,

When voung erusls were kept in culture for six (o eight weeks,
some cells i the erectl filaments of the middle of the thalli gave rise
lo very long and slender unbranched filaments (Fig. 2 F). The fila-
ments were complelely free, unlike the shorter erect lilaments of the
young crusls, which were joined with a mucilaginous substance. In old
cultures the cells in the upper parl of the short, loosely joined lilaments
divided vertically (Iig. 2 Q. S). Sometimes, cell divisions took place
in all directions, with the tops of the filaments becoming erowded and
occasionally branched. Terminal hairs were observed occasionally.
Shorl branches oceurred on some of the long branches in the middle
of the thallus.

Aot, Nodiser, val, 124, 1970



224 ORVOKKI RAVANKO

In old crusts the chloroplast may divide, but this division is not
accompanied by cell division. Consequently. several chloroplasts may
be observed in the cells. Often the basal part may have several chloro-
plasts, while the upper part of the thallus may have only one or two
in each cell (see also WAERN 1952 p. 142, Tig. 2 H).

During o short period of culluring (2— 3 weeks), the chloroplasls
did not change in appearance: and in most instances, each cell retained
a single chloroplast over an extended period ol lime,

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

In approximately two-month-old cullures. the cells of the crust gave
rise o a few long. initially unbranched filaments, The cells of these
filamenlts had either one or two cup-shaped chloroplasts (Fig, 21).
or more seldom irregularly divided ones,

In old cultures the sporangia could be intercalary, with several spo-
rangia even oceurring in landem. The sporangia were then somewhal
globoid in form (Fig. 2 U—Z). Sporangia were also occasionally dis-
posed laterally (Fig. 27Z):; and sometimes they occurred in crowded
masses [IFig. 2 R, T) resembling the so-called sori of some brown-algal

Fig. 2. — A: Erecl filaments of young crusts from nalure 120.7. 1968, SW side of
Seili Island), — B: Cells of the basal parts of the erust in A (20,7, 1968). — C: Cells
of the erust in A (4.9, 1968} after being grown in culture for one month. — D—F:
Cells of long unbranched filaments of the crust in A (4.9 19681, — G: Parls of a
voung crust from nature (5.5, 1969, SW side of Seili Ishund) showing developing
umilocular sporangia (surface view of the crust). — H: A erust from nature (298
19681 with basal ecells containing several chloroplasts and cells of the erect filaments
with only one chloreplast. — 1@ Part of a erust from nature (1049 1968, 15 side of
Seili Island) showing variation in the number of chloroplasts. The central cells
have several chloroplasts and the marginal cells have only one chloroplast.
Jo Margmal parl of a crust from nature (3170 1968, SW side of Seili Island). -
K: A parl of the cerust in J (31.7. 19681, The cells are closer to the center than in J.
- L: Unilocular sporangium on an erect filament of the crust in A, — M: Uni-
locular sporanginm on a crust collected i Bromary, Bromholmen, N side (24.5.
19681, — N: Two terminal unilocular sporangia on the erect filamenls of crusts
from the SW side of Seili Island (20.9. 1968), — O Cells of the crust in N showiny
greal numbers of sporangial husks on the sides of an erect filamenl. — P: Cells of
a crust from nature (29.9. 1968, SW side of Seili Island; showing developing uni-
locular sporangia, of which Iwo are tripartite (surface view of the crust)., — Q:
Erecl filaments of the erust in A after culturing for more than lwo months, —
R ~7: Erect lilaments of the crust in A after culluring for more than one month
Terminal, intercalary, and lateral sporangia are presenl. as well as peculiar sorus-
Iike structures 1Ri.

Lot Notiser, vol. 123, 1970
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226 ORVOKKI RAVANKO

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 voung
monoslromatic crusis can be referred lo Petroderma maculiforme. The
voung thalli become ferlile very early and bolh the cells and the chloro-
plasts divide very quickly: and as a result ol this, each cell, conse-
quenlly, rarely has more than one chloroplasl.

A thorough study of the voung crusts has confirmed thal Serapion
simulans KUCKUCK, S. kjellmani (WILLE) ROSENVINGE, and Ralfsia
oveta ROSENVINGE are very close to Petroderma maculiforme: al least
they cannol be separaled on morphological grounds. Such characlers
as the form and the disposition of the unilocular reproductive organs.
and the number of free [lilaments belween them, which have been
considered taxonomically imporlanl when separating the above-men-
tioned taxa, have been found to be highly variable both in the nalural
habilals of the plants and under cullural conditions.

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

My studies have, however. shown that the quadripartile organs are
very rare and that they can be present on planls that also possess Lhe
usual tvpe ol unilocular sporangia, as L. subextensum. Bipartite and
tripartile sporangia (IMig. 2 P} have been observed more often than
quadripartite sporangia.

In culture experimenls the unilocular sporangia have been found
to be easily modifiable. The generally terminal sporangia may become
interealary or lateral (IFig. 2U 7)., Chains ol intercalary sporangia
may also occur (Fig. 2 U—Y]) either in the verlical (Fig, 2 X—Y) or in
the transverse (Fig. 2 U) direction. Cell divisions may lake place in
several directions. and as a resull peculiar sori are formed (Fig. 2 R, T).

It is a known fact thal cultures, and especially old ones, have a ten-
dency lo give rise lo morphological anomalies. but stable morpho-
logical characlers tend also lo be lairly stable in cullures. Theretore,
it is believed that the easily modifiable unilocular sporangia might also

jot. Notiser, vol, 123, 1970



EPILITHIC CRUSTACEOUS BROWN ALGAE IN S3W FINLAND 227

become modified under natural conditions, and thus il is quite likely
that the quadripartile sporangia only are exceptions or abnormalities.
Consequently, on this basis, Lithoderma rosenvingii cannot be relained
as an independent species,

The fact thal two terminal sporangia (IYig. 2 N} have been observed
many times in nalure on the same filamenl. as well as the occurrence
of branches in the upper parts of the crect filaments brings Lithodermna
fatiscens AREsCHOUG close lo L. subextensum. The lateral plurilocular
sporangia thal have been considered lo characterize L. fatiscens ARE-
SCHOUG are equivalenl to Lhe lateral branches thal have been observed
in L. subextensum, and which easily can be transformed to plurilocular
sporangia, which always develop from normal vegetative cells. It was
also possible 1o induce L. subexiensum 1o form lateral unilocular spo-
rangia in culture (Fig. 2Z). On the basis of LUND (1938). the lateral
plurilocular sporangia was the only characler that kept L. fatiscens
ARESCHOUG separate from L. fatiscens ARESCHOUG emend. KUCKUCK.
On the basis of the present studies, there is nothing thal maintains
L. subextensum, L. [atiscens ArEscHOUG, and L, fatiscens ARESCHOUG
emend. Kuckuck dislinet.

In the present study. Petroderma has been observed to change into
Lithoderme during the course of development, bul in nature also single
crusts can be seen that have both the characleristics of Pefroderma
and Lithoderma (Fig. 21). The cenlral part of the basal crust may
have several small ehloroplasts in each cell. Also Lunp (1959 p. 83)
noliced a variation in the number of chloroplasts in the cells of L. fati-
seens ARESCHOUG.

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

My observalions have definilely eslablished that the morphological
characters, such as the form and disposition ol the reproductive organs
and lhe number of chloroplasts. that have been considered o separate
the above-discussed taxa do not have taxonomic value for such a
separation. Because no other characlers exist for separating the taxa
discussed, I am inclined to believe that Lithoderma faliscens ARE-
SCHOUG, L. rosenvingii WAERN, L. faliscens ARESCHOUG emend. kuc-
KUCK, L. subertensum WAERN. Sorapion kjellmani (WILLE) ROSEN-
VINGE, S. simulans KUCKUCK, Ralfsia ovata ROSENVINGE, and Pelro-
derma maculiforme (WOLLNY) Kuckuck belong to the same species,
and will, until further deviating observalions have been made other

Bot. Notiser, vol. 123, 1970
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than on a morphological basis, call them Lithoderma [atiscens ARE-
SCHOUG, which is the first combination used. In case Lhe brown-algal
erusls would represenl prostages or reduced stages of larger algae, they
cannol be identified on a morphological basis,

I also believe that Heribaudiella fluviatifis (ARESCHOUG) SVEDELIUS
is a torm ol L. fatiscens ArRescnoua that inhabits fresh waler. On the
basis of the present observalions, L. [aliscens ARESCHOUG is quile in-
different lo fluctuations in salinily. It occurs often in abundance near
landings and grows high up in the geolittoral belt of the shore. L, fafi-
scens ARESCHOUG (as L. subexfensum] has also been reported Irom the
northern part of the Gulf of Bothnia. where the salinity is relatively
low (JULIN & PEKKARI 1965).

It is very likely thalt L. faliscens ARESCHOUG is able to survive in
fresh waler, especially if the nulrient supply meets its requirements.
The descriplion ol Heribaudiella [lupiatilis in SVEDELIUS (1930] indi-
cate Lhat ils morphology is very similar lo the morphology of Lhe
Lithoderme crusts thal have grown in culture, The chloroplasts tended
to divide several times in the cells (Fig. 2 C, Ej, tall and sometimes
branched filaments developed, and the unilocular sporangia had a
lendeney o become intercalary (Fig, 2 U—Z): see also WYNNE (1969
pl. 3]. Similar sporangia were described by SvVEDELIUS (1930 p. 906],
but he ealled them plurilocular organs, paving. however, attenlion lo
their peculiar form and to their resemblance to unilocular sporangia.
Ralfsia tucidea LUND (1967} from a heavily polluled area of the Danish
walers also has characteristies that are similar to the features of Litho-
dermea that I have had in cullure especially in the development ol the
unilocular sporangia. Il is also probable that brown-algal crusts with
still other deseribed taxa might belong to the same complex,

ECOLOGICAL ASPECTS

Young crusts are lound early in the spring growing frequently i the
lower geoliltoral and the hydrolitloral bells of the shore. They form
light to dark brown, small spols (a few millimetres in diameter) on the
surface ol pebbles,

Often the erusts in the geolitloral belt are destroyved in the spring
during the low-water periods. but the crusts that grow lower in the
hydrolittoral bell increase in breadth and coalesce forming few-centi-
melre-wide spots on stones under Cladophora glomerata. The crusls
also become thicker, and many of them assume a nodualated appear-
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ance. Old erusts have also been observed during the winler (January-
FFebruary) on stones in the hydrolittoral bell under Monostroma,
Pilagella, and Ceraminm (see RavaNko 1969 p. 229, Fig. 1).

Iipilithic brown algal crusls also oceur in the upper part of the
sublittoral belt on stones under Fucus vesicnlosus and often also in
deeper waler on stones and pebbles in the lower sublittoral belt, where
they somelimes form their own vegetation zone (observed by diving).

At the end of summer and in the aulumn. and al certain times of
the vear when the waler level is high, voung brown-algal crusts colo-
nize stone surfaces near the waler surface. When the [filamentous
brown algae have disappeared from the shores in late aulumn. the
number ol young crustaccous brown algae increase here,

Throughout the wvear, young brown-algal crusls are common in
somewhal polluted walers near lindings, where they may cover pebbles
and pieces ol glass, bul they may also grow on objecls constructed of
cement or wood, though less often than on pebbles and glass.
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Spontaneous and Induced Variation in some Chemical
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ABSTRACT

WEIMARCK, G.: Spontancous and lnduced Variation in some Chemical Leaf
Constituents in Hierochloé (Gramineael. — Bot. Noliser 123: 231—268,
Lund.

The resulls of a chromatographic study of non-identified leaf sub-
stances in Hierochloé australis, in tetra-. hexa- and oclopleid H. edorafa,
and in M. eccidenfualis, H. pouciflora. H. alpina, and fI. monticola were
subjected to 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 trealments during culliva-
tion were elucidated by a modification test, Some deviations could also
be aseribed to differences in sampling and storing techniques. The ana-
Iysis further permitted an estimation of the role played by chance, techni-
cal aberrations, co-occurrence of spots ete,, thus facilitating the evaluation
of obtained results,

The method wsed gave indications on breeding systems and population
structures otherwise difficult to obtain.

Some collections of the toufted perennials H. auwstralis and H. alpina
were found to be helerogencous as to spot patterns, Collections of the
rhizomatous perennial H. odorata were homogeneous in all studied cases,
the plants being likely to form clones in cach locality.

Tetraploid and hexaploid H. odorata could not be distinguished by
spot patterns, nor could with reasonable certainty H. alpina and H. monti-
cola. Diagnostic spols or spol groups in other taxa nearly always per-
mitted a correct grouping in spile of the observed variability belween
collections within each taxon,

The oblained knowledge on population structures and pattern affinities
is to 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. Br. in
the Northern hemisphere the following taxa are trealed:
H. australis (SCHRADER) RoEMER & SCHULTES, 2n—=14
I, odorata (L.) WAHLENE, 2n==28, 42, 56
Il occidentalis BUCkL., 2n-—42
H. pauciflora . Bi., 2n=28
H. alpina (SwaRrTz} ROEMER & SCHULTES, 2n=>56, 66
H. monticola (BlGELOw) LOVE & LOVE, 2Zn=63.

Within this study some embryological problems are already treated (WEI-
MARCK 1967 o, b, and unpubl.}. Studicd plants of H. odorata 2n=28 set seed
sexually. H. australis. H. odorata 2n-—42 and 56, H. alpina and . monticola
sel seed by means of facultalive or obligate aposporyv. One of the remaining
problems is the taxonomic rank of the different eytotypes of H. odorata,
which are only partly distinguishable by morphologic characlers [WEIMARCK
unpubl). The interrelationships between the morphologically rather similar
H. alpina and 1. monticola are to be elucidated. The affinities of H. aunstralis,
H. oceidentalis and H. panciflora ave also lo be explained.

In the present paper an approach to the problems is made on the basis
of a two-dimensional thin-layer chromatographic analysis ol miscellaneous
substances extractable in I1CI-methanol, giving additive characlers. As vet |
have made no atlempt to identify the substances (probably mainly phenolic
compounds) corresponding to the spots oblained on the chromatograms, which
were dealt with only as patterns, This and similar methods using identilied or
non-identified substances separated by paper-, thin-layer- or gas chromalo-
graphy have been widely used to throw light upon problems involving poly-
ploidy and hybridily in plants.

The aims of my presenl invesligation were

1. 1o choose a suilable chromatographic technique

2, to obtain a method of presenling and lreating data

3. 1o estimate the degree of repeatabilily and consistency of results

4. to study and obtain an estimate of the possible modification ol
patterns due to different light. temperature. arlificial manuring,
season ol Lhe year, sampling technique and storing ol samples

5. to study and obtain an estimate of the varialion within collections
of the taxa concerned

6. to study and obtain an estimate of the varialion belween different
collections of each single taxon

7. to study differences and similarities between chromalographic pat-
terns of taxa mentioned and search for spots or spol groups of
diagnoslic value.
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PLANT MATLERIAL

The malerial studied is mainly plants cultivated in the Botanical Garden,
Lund. and grown up from rhizomes collecled in original sites. Each locality
is designated by three capital letlers and an individual plant of a collection
by an arabic figure. Clone individuals of a single planl are designated by a
small letter, For more detailed information on localilies, see separate list (WEI-
sMarck unpubl.}, Voucher specimens arve preserved al Lthe Institute of Systema-
lic Bolany, Lund (LD},

The experimental part is reported on in Tables 2—6. For purposes 4 and
5 {el. p. 2321, a few eollections of Hierochloé australis and H. odorata were
chosen. The following variations were made (the number of plants available
did nol permit all possible combinations to be tested):

1. plant in the experimental garden, in shadow under trees {original treal-
menl before start of experiment)

2. as 1, bul with weekly addition of Superba fertilizer in water (17 % K as
K,0; 14 %o N, equal parts as nitrale and ammonium: 7.1 % P as P,0,:
6.5 % S; 0.6 %o Mg: and micro nutritients)

3. plant in the experimental garden, in full dayv-light

4. plant in greenhouse, in deep shadow under table, fertilizer as in 2

2. plant in greenhouse, in full day-lighl upon table, fertilizer as in 2

plant from the loeality A K P in the original site (a pasture in Norra

Nobbelov some Kilometres N of the centre of Lund}.

Samples were dried during 1967 in the traditional way belween papers al
room temperature {a) May 2, (b) June 14, (¢] July 5, and {d) August 9. The
plants were moved from the original treatment 7 to the test stations after the
May sampling.

In addition, parallel samples of chosen plants (lreatment 7, occasion b)
were dried as above and in a thermoconstant cabinet in 50-C for 2 hours.
The resulls were compared lo cach other and to results from corresponding
herbarinm malerial.

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. Tables 7 10
contain resulls from selected collections of material in culture, treatment I,
sampled in June 1967 and dried between papers. One plant (in H. australis
in some cases more} from each localily was chosen, Tables 11 and 12 con-
tain dala from small samples faken from herbarium sheets, Tables 13 and
14 consist of samples partly collected directly in the field, and partly collecled
in culture in the Arelie Greenhouse in Copenhagen in summer 1968,

Regional subdivision within ennoscandia and Denmark and abbreviations
given in Tables 6—14 are made according to Hyvanper (1953, map towards
p. 392}, Other abbreviations of territories within Europe are in accordance
with TuTix et al. (1964, map towards p. 464).
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CHROMATOGRAPHIC METHOD AND TABULAR ARRANGEMENT

50 mg dry leaf tissue ol cach sample were ground for 2 min. in a small
glass homogenizer and extraclted for at least 24 hours in 1 ml methanaol,
one drop of hydrochloric acid added. The extracts were stored overnight or
a lew days at —4 C before separation.

By a spreading device according lo Nyrom (19631, having a e 350 u high
slol, clean glass plates 1216 em were prepared 14— 16 at a time wilh a
suspension of 20 g cellulose powder (Merch Avicel] in 120 ml distilled waler
Two grooves in the cellulose laver restricted (he run length to %0 mm in
direction T and 130 mm in direction L. 10 uliter of the extracl were applied
al the starling-point. When in a few ecases a smaller amount than 50 my
lissue had been available, a correspondingly larger amount of exiract was
applied, apparently giving a comparable resull.

A “multiple sandwich chamber” technique was developed for the running
of chromatograms. 12 plates were stacked with small plastic pellets (c. 1.7
mm thick) between and a blank plate on top as in the “chromatostack”
technique of Nyposm (1964, The stack was surrounded on three sides by a
frame padded with foam plastic and placed with the fourth side downwards
in an open jar with 2 % formic acid in dislilled water for the short run (1.
No time was thus needed for equilibration, each space hetween two plales
being a separate sandwich chamber with a constant and very small volume.

The plates were dried after the first run and checked in UV light. Approved
plates were restacked and run in a mixture of amyl aleohol, glacial acetie
acid and distilled water 22:13: 11 {111, Each extract was run on at least two
plates. Bunning was performed at room lemperature.

The plates were dried and examined in UV light (Fluotesl, 360 nm} (a)
before spraying (b1 after spraving with 1 % AICl; in methanol and f{c¢) after
subsequent spraving with 1 % NaOH in methanol. Each spot was thus
characterized by position and colour at three stages. Spot intensily was roughly
stated as follows: not visible, less elearly visible, and more clearly visible
Muaximum estimates obtained from two or more plates represented by the
symbols «, — and |, respectively, are comhined in Tables 2—14, Tvpical
colours and Ry values from representalive plates are given in Table 1. Re-
presenlative spot sizes and forms are indicated in Figs. 1 and 2,

The order of tabulated spols is made regardless of colour. 13 spols, wide-
spread in the material and occurring in 90 %o or more of the plants accounted
for in Tables 7 14, are grouped together. Spots 14—26 are less frequent but
spread in most of the material (absence of some less frequent spols in one
or more of the taxa Hierochloe occidentalis, 1. pauciflora, H.o alpina. and
H. monticola has been disregarded because of the small material studied).
Spols 27 and 28, 1 most cases oceurring together, form a group ol (heir own.
The following groups are regarded as more or less diagnostic lo one or a
few of the taxa. Some spots with obviously sporadiec occurrence and being
impossible to identify from one plate to another have been omilted. A cluster
of blue spots in approximate position Ry .65—.90< 60—90 conslitutes the
main part of such excluded spots.
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STATISTICAL TREATMENT

[ have subjected the Tables 2 14 to a modified analvsis of variance in
order lo clarify trends otherwise difficult to point oul more exactly. Imstead
of only counting the presence or absence of a spol, 1 have used the following
scale: not visible: 0, less clearly visible: 2, more clearly visible: 3. A quanlity
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 spols of each plant were summed. divided by degrees
of freedom or otherwise corrected to give unbiased estimates, F, of the total
variance of the respecltive means. These corrections were n/n—1 il the planl
in question was included in the mean, n'n+1 if nol: n being the number of
plants in the mean. £ values are given without decimals. They correspond to
variance, s*, summed for all spots.

The tolal deviation can in Tables 3 and 5 he apportioned to different
causes of variation. 000 gives the variation caused by differences between
the two collections involved of cach taxon. E, ... gives the variation due
lo the different test conditions 1—35. ;. gives the variation belween different
sampling periods a—d. E,.ireaiment Measures whether the different treal-
ments vary differently with time. E_jj.ti0n < time Measures whether different
collections react differently with time. £, eetion  trentment (€ONSidering the fact
that an individual planl was subjected lo only one of the trealments) mea-
sures whether plants from differenl collections subjected to the same treatment
react differently and can therefore be designated E| 065 Eeollection « time « treatment
reflects variation not referrable lo any cause menlioned above and is treated
as an eslimate of variation due to chance and to e.g. possible small differences
in plant treatment, inconsislency in defining the intensity of spols, difficulties in
registering spots at the perception threshold. ete. It is designated E 00 coureos

Tables 2, 4 and 6 have been subjecled to a more limiled treatment. In Tables
7—14 the same type of K values as in Tahles 2—6 have been calculated.
The values give an estimate of the deviation of cach plant from the mean.

Tables 7—10 have been subjected to an analvsis of correlalion between
spols regardless of intensily.

RESULTS

Hierochloé australis. Table 2. The table as a whole could nol be
treated statistically, being too fragmentary. The plant AKB 3 was
killed by trealment 4 after occasion b. Differences. especially within
the groups 27—28 and 29—34, between plants within collection BAB
are directly observable. £ between B AB plants in May is 34, more
than twice the assumed value for E e wourcee. (Since some variation
must be ascribed to olher sources than real differences between plants,
a parl ol it should be subtracted from the total deviation; from Tables

3 and 5 a rough estimate of 9—16 units may be inferred.)
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Table 1. Characteristies of registered spots. — Colour is given at three stages (cl.
p- 2811 Freguencies are taken from Tables 7—14. Names of laxa Irealed (ef, p. 232
are abbrevialed

X Frequeney in ®o
No Colour H!I.__ imumber (1['I|:];|I|I~ mn hra{']\ﬁ‘i‘J,. Xo.
o b % 1 qr|Hus 028 012 056 oce pau alp mon l'ot
I : (18) (68) (1) (51) () (3 (4) (3) (195)
I blue hlue hlne 6063 100 100 100 100 100 100 100 100 100 1
2 vellow yellow brick red 6156 89 100 100 100 100 67 75 100 98 2
3 invis. or yellow orange 08 500 44 97 100 100 100 100 75 100 498 3
black
4 black vellow  dreen A6 54 100 91 100 100 0 67 100 100 96 4
2 blue blue green 04 .35 67 100 100 100 100 67 100 100 96 5
6 black vellow orange A5 46 100 100 100 100 0 33 0 100 96 6
7 invis. or yellow undef. or 04 23 94 99 100 94 100 87 5H0 100 96 T
undef. orange
8 invis. vellow  orange 05 .73 61 100 100 96 50 100 100 100 95 8
9 invis. vellow orange 03 42 83 88 88 100 100 100 100 100 92 9
10 invis. vellow orange A6 62 83 84 98 96 100 100 100 100 91 10
11 blue blue green 03 46 28 97 100 100 100 0 75 100 90 11
12 blue blue or  undef 09 23 22 96 100 100 100 33 100 100 90 12
undef.
13 invis. or invis. or blue 17 81 83 90 88 96 100 100 75 60 90 13
blue hlue
14 invis. or invis. or blue 35 94 78 60 83 67 100 100 75 100 71 14
blue hlue
15 blue Ilue blue 52 62 28 78 20 100 50 0 5H0 100 66 15
16 blue bhlue Iue 67 .69 44 46 71 93 1] 050 0 62 16
17 invis. or invis. or blue A2 28 6 40 24 94 0 0 50 60 48 17
blue hlue
18 invis. or nvis. or dull brown A0 80 (7 40 ¥ 431000 0 0. 60 45 18
black undef.
19 blue blue blue 9 02 78 Bl 87 44 1] 0 0 20 46 19
20 invis. undel. or undef. 03 .81 39 44 27 52 0 100 100 100 45 20
vellow
21 invis. or invis. or hlue 03 .93 b 32 51 586 0 ¢ 0 40 39 21
blue blue
22 invis. or vellow  orange 05 56 6 7 5 M 0100 50 100 35 22
black
23 blue blue blue B6-53 F H6 22 9100 O 25 40 31 -23
24 invis. invis. or blue A3 9 17 10 49 9 0 ‘0 0. O I3 24
blue
25 invis imvis. or dull red e e oM TR SR | T ) 1S 1 B | S | {25
undel
26 invis. vellow  green AF-62 0 -B- 0 0 A 328
27 black vellow areen 52 58 83 85100 983100 O O O 27
28 black vellow  orange A 51 83 85100 96 .0 -0 0 O 28
29 black vellow  orange A58 30 028 0 g D) 29
40 black yellow  green oy IS0 L G | NN | raette 1 G- A (SR 1 A | SR 30
31 black vellow green g4 062 39 0 0 26 0 0 0 0 31
32 black yvellow  orange BrZUR S 3 SR | Sl (N SR 1 [ 1 Sl ¢ L 32
33 black vellow  orange ST O | A | i L | I 1 S | S 33
34 Dblack vellow  orange 62 47 89 0 0 28100 O 0 0 34
35 invis. or yellow mvis, or SR SR 1 R ( O | SR | e | N 2 (e ¢ IR 33
undef, undef,
A6 yellow  yellow  yellow I3 M7 1 S | S | Dol | DA | e | AR | S | 36

Bot. Notiser, vol, 123, 1970




CHEMICAL

Table 1. Continued

LEAF CONSTITUENTS IN HIEROCHLOF

237

I'requency in %

No ("J]ﬂir_ __“"l'l_ _tnumber ol plants in brackets) No
| - i ‘ = [ oqp|aus 028 042 056 oce pau alp mon Tot |
\ . | (18) (68) (41) (54) (2) (3) (1) (H) (195)

37 invis. or invis. or blue J1 093 44 71 8 59 0 0 0 0 37
blue blue

38 invis. or yellow  orange S 00 Rl T 0 il a8
hlack

39 invis. or yvellow  orange i B2 Qa0 22 8B . U050 39
lack

40 invis. or yvellow arange A3 25 -0 0 2 9 0 6 0 0 40
black

I1 invis. or yellow  orange 008 0 D 2 93 0 0 0 O 41

_ Dblack 253

12 invis. vellow  green A3 00 040 0 0y e 00 42

13 invis. or yellow areen N8 57 0 0O 0 o0o100 0 0 0O 13
black

44 invis. or vellow  green 5600 0 0 0 0100 0 O 0 44

__ black

13 invis. or yellow  orange al &% 0 0 0 0300 67- 0 0 5
black

16 invis. vellow  orange 424 0 0 0 0100100 0O O 46

47 black vellow  green 2048 0 0 0 0100 100 100 100 47

48 invis. or vellow orange-green .20 43 0 0 0 0 100 100 100 100 48
hlack

19 black vellow  orange-red A7 43 0 0 0 0 100 100 100 100 19

a0 black yvellow  red A.40 @ 0 O 0 0 33 100 100 50

a1 blue vellow-  green =4 1600 e R S ¢ I ) IS | SR v > e 1) 5l

green
32 invis. vellow  green b3 -y 0 0 50080 52
a3 invis, vellow  orange-green 18 .38 00 0 0. 0% 0 Hd

Table 7.
plant. this in conlrast to Tables 8
Differences in the same spol groups
collections BAD. AXL, AT, and
AKB. and

causes almost

all

none oceurs in

in Table 7 is 36.

the deviation.
compared lo those of other laxa (Tables 8

12 and 14,

I

APR E

belween

colleclions
wilhin collections is 35, Lvidently heterogeneily within colleclions
values are generally high when
14), The mean I5 value

Some of the localities are represented by more than one

occur between plants studied in
AXT, are less pronounced in

is; 36, E

Hierochloié odorata 2n=28. Tuable 3. Values concerning trealment 4
are omitted from statistical treatment in Table 3 B because of the fact
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Fig. 1. Spot diagrams A: Hieroehloé australis. — B [l odorata 2n 28 —

C: H. odorata 2n=42. —— D: II. odorata 2n=>56.

Bot. Notiser, vol. 124, 1970



® <) | D) I
R ® @
a2 ®® @
% &% D P @
@ X @
®
O® 0D
GE] €]
B e Bl
©) @ O,
® ®
@y ®c)
®
@ ®® @ @D
Do © D @ oD
o 1 o s
o B @ &
) @
©
60, : &» r
T_ e e ool

Fig. 2

Spot diagrims. —

\: Hierochloé oceidentalis. — B: H. pauciflora. — C: H.

alpina. — D: H. monticola.

Bot. Notiser, val, 1238, 1970



240

Table 2

WIS = WS =

10
11
12
13
11

16
17

149
2(0)
21
22
23
24
25
2%
27
28
29
30
B
32
33
A4
BN
Rl

37

. Culture experimenls. Hierochloé australis
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—5 and sampling oceasions a—d ef. p. 233,

Explanations of lreatments

13

15
16
17
LK
14
20
21
22
23
21
25
26
27
28
29
30

B

33

| AKB4 | AKB3 | BAB? BAB3 | BABL | BAB4
1 i l 1 2 3 ' 3
|r: bhoed| ab | wbed abhed F ahcd ahcd
T B 3 4 o ol v Ao ol s Gk = T L T
TR W LI} 1 Fiods e 8 S G N T 34 e
e s + 4 4 SIS o g
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g 5 o L . =
I+ 4 + 4 e L ¢+ 4 L . + 4+t
o g R =2 A
3 Sy £ e L
= e =i S ek =no £ -+
o+ o+ + o ~ + = g
% : E =y uShs
| ! + fecr o +
e 4 TgEr
+ t t
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that plant A G 6 was killed by
p. 2331 and AKP 2b was so weak that no sample conld be laken on
occasion d. Plants ALEG 2, AEG 4, AKP 2a, 3a and 4a and values
of treatment 6 were also omilted in order lo facilitate comparisons to
Table 5.

The greatest source of variation is time (Table 3 B). Treatment also
gives a good deal of varialion. Collection, collection X time and time X
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treatment have less influence. Differences between plants are so small
that they cannot be separaled from other sources ol devialion.

Plants AKP 1 a and 1 b are clone individuals of the same rhizome.
The same is the case as to AKP 2a b, 3a—Db and 4a -b, Clone
individuals a were all kept in treatment 7. b placed out in olher freat-
ments alter the May sampling. In Table 3 C— H a special stalistical
study of collection A KP is performed.

Varialion due to sampling time is great in the comparison between
AKP 1a,2a, 3a and 4a, treatment 7 (Table 3 C). The different plants
conlribute less to variation than other factors, Also in the comparisons
between clone individuals 1 a—1 b, 3a—3 b and 4a—1Db (Table 3D I}
the grealest source of variation is lhe time during which the plants
were subjected to the treatments.,

On three of the sampling occasions malerial was also collected at the
original locality. The E value of Lhe [our samples of May (AKDP 6al
is 9, within the limits of that normally ascribed to other sources.
E between the mean of 6 « 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 cullure and in natural habitat.

The values for occasions ¢ and o in comparisons belween material
from the original locality and material in culture (Table 3 G) suggest
thal treatments 7 and 3 imitaled natural conditions best. Treatments 4

5 making sampling

and 5, and also 2, gave high differences. trealment
impossible in Angust,

The E value in May between clone individuals a and b of AKP 1-—4
(Table 3 1) is of aboul the same size as that belween the different
plants 1—4, both values being small. Thus nothing indicales thal the
originally colleeted plants 1 —1 should be more different from each

other than are the experimentally produced clone individuals.

Table 8, £ between each plant and Lhe mean exceeds in only few
cases twice the assumed I value to be ascribed lo other sources of
variance. Most different are collections from Sweden: Lule Lappmark,
Holland, Romania. and Canada. To some extent they contribute to raise
the values [or all other colleclions. An aberration in the patlern. very
conspicuous on chromatograms but nol so clearly registered by the sta-
tistical treatment, is the lack of group 27 28 in some collections. The
mean E value in Table 8 is 24

Hicrochloé odorala 2n=42, Table 4. Because of shortage ol experi-
mental material the table is nol lreated slalistically as a whole. The

Bot. Notiser, vol, 123, 1970
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Table 3. A: Colture experiments. Hierochloé odorata 2n=28.
Exclusions see lext
between A KI? 4a and 4b (trealment 2.

(treatment J3)

- i Vanmation between A KD 1a,

2a,

Ja,

— B: Variation in A.
da

. Variation
E: Varnation between A KPP la and 1b
F: Variation between A K I* 3a and 3b (treatment 57, — G: Varation
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planl in treatment 4 was very weak in Augusl and could nol be used.
Between the AF B plants, £ in May is 7, between the B A I plants 8,
well within the limit of variation due to other sources. The dependence
of spots on different treatments seems to be of aboul the same characler
as in H. odorata 2n=28,
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between A K P treatment 6 ¢, d and other A KP on the same sampling oceasions.

H: Varmtion m May between clone individuals a. b of lhe plants AKP 1—4 and

hetween plants 1—1 Explanations of treatments 16 and sampling oceasions a o
cf. p. 233, (Table 3 B—H see next page )

ARKP AKP AKP AKP AKP A K P AKP ’ AKP
2 a da 1a b 1h 2D dh :
! l 1 1 9 3 i 3 \ G
anbed|labed|labed | abed|abed|label abed |laaaacd
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Table 9. One colleclion, from Swilzerland. differs greatly from the
mean and also adds somewhal 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 E value in lhe table is 17,
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3.
souree i df
COMectionN . ..ovriiinenvasermsennss 23 1
FEERERARE o8 o e e i e 29 3
FERNER | b i wamamen s e s S o i & zeribe 42 3
timex breatment  cacviaaniiinioi. 14 il
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5 A e IS el bl N R 10 3
o | ) i 12 9
3. 3D, 3 E. iF.
source 3o et 1/l | R ot | N S
TR < Sl e e R O e R a6 3 93 3 19 3 32 3
T T e R S i (L oL e e O T a - - - - - -
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3 H.
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Hierochloé odorata 2n=56. Table 5 B. AK U6 omitted from sta-
tistical treatment. Table 5C. Also values from lreatment 4 omitted.

although the plants survived this treatment, in order to permit direcl
comparisons to Table 3. The presence or absence of this treatment
does nol change the general conclusions,

The grealesl source of deviation is treatment, lime coming next.
The effecl of these Iwo factors is much higher than in H. odorata
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Table 4. Culture experiments. Hierochloc odorata 2n—=42. — Lxplanations of treat
ments f—5 and sampling oceasions a—d of. p. 233
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2n—28, possibly due Lo lhe greater number of spots involved. Other
sources are doubtful or cannot be discriminated from lhe level of
other factors,

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

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



GUNNAR WEIMARCK

246

14 e o ok =N K R o = 3 i - S I e o B N el e i T T W = T T THE e nh
e PR S I O W NS VI - U~ = I~ Ui e N e R e i B S e I e
o R ot ool il G el R O v ShE B B S RS e B & o
e amm i EEE S FFHAEF PFEE OEREE R R LS o mak e o b o el ok ek T
of —— e ek b Rk B FE R R FE R e s S AR g R S e
ze v A b ek R bt FEE b A oe e omwa WA E FEFF FEG e
e I S St T T R N R S N R R T S SR S S R e
0 PP CR e S S R R S e e e T e S T SR Sl R S P e S 0§
62 e d g A REV R R ST SR T L e S R B e 6%
8T EEFEC It SR T e R ST R Sl S et e e R R BRI T e R T
hﬂ e —— P e & - - = = = *o— kP v = = - 4 =+ + - 4+ + o == TPk o st L N.Al.
wﬂ o w = = » 8 % = 8 - . s = » e e o e o @ = B a s —_—— 9
¢z RAMEEL R RS V=R e =7 S i~ b~ I (s B e B e K o AN A e i LT g o e
¥e Y AONSTILY I AT = ot Ty . R WA i T2 T T B0 Siai— 5 & =% 3% %% 32
ﬂN el B e . ® o = R S O . W W W “ w wE R W e W W W w a & = w - % wﬂ
iz D T TR S e S e 1 T Ty S S S L T SRS MR S S e S Ze
12 A TR - T e - o o e S B Tl e 1z
0% = o e B nEyE B R m e S NG RS e WU BR S B B Rl T G st R 0%
G.— A W W P - FER S B owow e . s o W S T ) R O . 5 4 . “ = ow w - P -.w—
Q1 SR A e R e i e el b e B et g B gl L gL B N G e g e Q1
L1 —im = mm - e s mm e mm = mm e e e e == e mf . = m == = o= L1
91 Fide b L B ARG F A g TR R S B UEL SIS TR G e R e 91
o1 o B e e b el lekom Wedle SR D FE ORI el sk ok, el ik bl e e STy 5 S o Sl s o ¢l
¥1 -—-— = - — = . oW = i . s = o - U 2 o cudh i S R e T ¥1
e Lot U ene il S EEEE REYe sesiie viaely § ae M s as e i gl el el 00 IR 1
21 S e O oo e T e e T al
11 e == F el A ] -+ + B W v i shie @ —-—— Ll O it 1y 11
01 S ms | e o B lemmlls fmamem e W N e, =@ E ey N S e T S R TR Gl
6 = LRI = - SRl S =N S . SRR R e S e R S R 6
8 A L L e e | ) e o 0o s e & Q
L AU P S T T T A RS S 0 e o L e T T L o o L Ml S T - o L
9 e FEFEF FHEEE Fh b Fdd FrEFE o=msd kdk=f dded bt dE 44 9
¢ + -4+ F+++F +H++ ++++ AFF A FFF A F A+ ——F = 4+ ++ +-F+ T F+F ¢
¥ e g e b LT CHFEFE FFEEF s a = dad R EF ETFEY SR F T
¢ e L T T T A e 1 N A et T . (O = ¢
z + 44+ FH+4+F ++++ Fd A+ d FFF FF A+ A A A+ kA FE A+ FEE 4+ o+ + Z
1 B T (Ut I P R e oo Ty o T ST = S = TRt o o R S S T o Do T L S T S 1
Poqu| poqu |poaqu|paqu| pqp |pagp|paqgu |[pagqu|pogu| pogn|pagqgr
¢ ¥ £ G 4 I b4 ¥ £ & I
‘Y¢e
¢NAV| PNV | 2NIAV|(CNAVI|9NAV|TINMV]|FODY |80DY | 60DV | 90DV |T0ODY
‘gz 'd 'jo p—n suorseooo Sundues pue ¢—j sjusuBal] Jo suoneurdxz] — ‘PIPN[IXa # JUIWGEBAIL] ‘Y Ul UOHEBLIEA )

— JX2] 998 UOISN[OXF] "PAapRdul ¢ JUSNIRAL] ‘Y Ul UONBLIEA ff — 'QC=UZ mpIopo gojys0iaipy ‘sjuswmpadxe aammy) iy "¢ aqu],

Bot. Notiser, vol, 128, 1970




CHEMICAL LEAF CONSTITUENTS IN HIEROCHLOE 247

5 B. | 5C

source —

goat ol ECa
collection .......... ; 14 1 10 1
M3 21207 1300 4 A R i 1 77 3
K i e pratr S 24 i 47 J4
Lime x treatment ..., . 21 12 21 4
collection x Lime ... ... 16 3 16 3
Pl i A e : 20) 3 13 3
[0 127 o7 S Wttt bl .| 13 12 12 9

having spols 29 -34 or al least some of them and one lacking all these
spots, This helerogeneily causes a rise in the [2 values, They are highesl
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 devialing from the mean. As a complement the calcula-
34. The remaining deviation is

tion is made also withoul the group 29
in some colleclions still (wo lo three times the one ascribed lo other
sources, The mean E value is 30 (19, if the group 29 34 is excluded).

Hierochlo€ oceidentalis, H. pauciflora, H. alpina and H. monticola.
Tables 1114, E belween plants are 12, 20, 26 and 11, respectively,
Since the malerial is small and inconsistently sampled, the figures are
ol restricted value.

The two BDR plants of H. alpina show marked differences from
cach other. The chromosome number of Lhis collection is 2n=066,
Other 1. alpina collections studied have the number 2n=>56 (ef. WEeI-
MARCK 1970).

Test of Sampling and Storing Techniques. Table 6. The E values
in Table 6 B exemplity the magnilude of deviation in paired compa-
risons due lo sampling. storing and olher [actors together. In a few
cases this deviation is about twice the one expecled to be due lo
other faclors.

As o H. odorata the herbarinm malerial is from the same locality
and can be presumed lo represent the same genolype (see below, p. 263).
Such malerial was nol oblainable as lo H. australis, which is repre-
senled by herbarium malerial chosen to have the same basic type of
pattern, Herbarium material of H. australis is therefore exeluded from
stalistical treatment,

Bot. Notizer, vol. 123, 1070



248 GUNNAR WEIMARCEK

Table 6. A: Sampling and storing experiments. Hierochloe australis, H. odorata
2n - 28, 42, 56. — A: Ab, Vihli 3.6, 1898 G, LANG (S). — B: Ta. Lammi 14.6. 1908
A. RExvALL (8). -— C: STrd, Opdal 13.6. 1936 J. 7. ITAvGEN (O). — )¢ Srm, Nacka
I8.6. 1913 M. ENGSTEDT (S). — Li DIr. Gagnel 27.6. 1936 1. B. BExaTssox (LD). —
Abbreviations: w: conv. dried; h: heat dried; ¢; herb. mtrl — B (next page): Varia-

tion between technigues, — Regional subdivision ef. p. 233,

H. australis H._odorata 2n=28 1. odorata 2n—42 H. odorata 2n =56
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6 B.
= & | = T
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In chromatograms from herbarium material I have sometimes ob-
served sporadic spols besides the ordinary patlerns, possibly due to
decomposition of some compound involved. Such extra spols are very
oflen weak. They are not accounted for in the table, and the deviation
given in comparisons lo herbarium material is therefore a little lower
than it should be in reality.

Comparisons Between Taxa. Hierochioé australis has greal pattern
affinities to H. odorata, especially to the 2n=>56 cytolype, with which
34. The spol group 35—36 has

it shares the occurrence ol spots 29
not been found in the other laxa.

Almost all the H. odorala 2n=>56 plants have spols 38—41, These
are found very rarely in ., odorata 2n=42.

Spots 27 and 28 are common to H. australis and all cylotypes of
H. odorata, spot 27 also 1o I, occidentalis, The H. occidentalis material
exhibits a paltern distincl from the rest of the taxa trealed. It has one
spot group. 42—44, of its own and the groups 45—46 and 47—49 in
common with /1. pauciflora. The last-mentioned group occurs also in
H. alpina and H. monticola. The spols 50-—52 and 53 are nol repre-
senled in the H. occidentalis plants. The oceurrence of spots 27 and 34
distinguishes them from H. pauciflora, H. alpina and H. monticola.
These three taxa have no spots of their own in the present material
besides spot 53 in H, «alpina. H. pauciflora exhibils a pallern most
affined to H. alpina and H. monlicola,

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

Correlation Between Spots in Tables 7—10. \ number of posilive 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 wilh heavy outlines in I'ig. 3. Only few correla-
tions were the same in all lables,
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Table 7. Regional study. Hierochloe australis Regional subdivision of p, 233
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SUMMARY AND DISCUSSION

1. The chromatographic method has turned oul to give acceplable
separation of spols and lo permit work on a large scale due to rather
rapid extraclion and running procedures,
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Since a major aim was to study variation at a low taxonomie level, I have
chosen not to hyvdrolvze extracts. Glyveosylation takes place late in the bio-
synthesis {cf. HARBORNE 1967 p. 271), and glycosides can therefore he expected
to give a more detailed information on minor differences than aglyeones. In
addition, non-hydrolyzed extracts give a greater number of spols. Unfortun-
ately, non-hvdrolyzed compounds are more difficult to identify with certainty.
A provisional identitfication of al leasl some substances may., however, be
possible on the basis of By values and colour reactions {ef. Harporne 1959).

The cellulose laver used gave better results than other brands fested. I
have avoided the use of silica gel recommended by GRANT and WHETTER
(19661 who found cellulose lo give only about 25 % of the spot number
oblained on silica gel in Lotus malerial. Silica gel has, however. lower
mechanical resistance and the somewhat “bad reputation” of easily cansing
artifacts.

Caleulations of means & standard errors of Rp values as made by some
authors, e.g. BIORKQVIST (1968 p. 901, are somewhal questionable according
tlo my experience. Since lhe plates are cheeked with respeel to false run and
other technical faults before using, the values are already subjeclively selected
and should not be treated statistically. Moreover no attempt to apply a
correction formula (BATE-Syrra 1956 p. 166) and thereby afterwards try to
diminish the effects of false run has been made. Instead [ have accepted a
varialion in spot site of 0.02—0.03 Ry unils in either divection, leading lo no
difficulties in identifving spots.

2. The modified analysis of variance used gives valuable eslimales
of devialions due (o technique and chance and of experimentally in-
duced and intrinsic deviations in plants. The correlation analysis indi-
cales thal mosl subslances are in themselves independent of each olher.

Many attempts have been published o make use of indices to demonsirate
in figures the similarilies and differences belween taxa, e.g. by ETLLISON,
Arston and TURNER (1962), LORENZ and SCHULZ-SCHAEFFER (1964), JTTARNEY
and GRANT (1965), MaTTHEWS (1966, Jaworska and Nyvsom (1967), OLssoN
(1967), Dass and NyroM (1967), GrRANT and ZanpsTrRa (1968}, LaRo1l and
Dua (1968). OLpEN and Nypom (1968), DEDIO ct al. (1969 a, hi, IsiNg
and Frost (1969, and TmeLces (19691, Among the more wide-spread ones,
the malching coefficient, the coefficient of similarity, the correlation coeffi-
cienl and the biochemical distance as tools in connexion with chromatography
have been eriticized by RUNEMARK (1968), the two last-mentioned ones also
by COLLESS (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 belween colleclions.
technical irregularities ete. The analysis ol wvariance, although modified in
a somewhat unorthodox manner, gives the taxonomist valuable facls lo judge
trom, but leaves the very judging to him. The taxonomic treatment still has
to be a matter of personal subjective discernment, whereby many faets other
than chromalographic ones have to be considered.

In the statistical treatment all spols have been weighted alike. IFrom the
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Table 8. Regional studv. Hierochloé odorata
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method used follows, however, that a different value in a spol can give a
higher weight if this value is rare in the malterial. The effects is rather
desirable in the present study, because as a rule it stresses a deviation more
it it oceurs in an otherwise homogeneous malerial.
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I have avoided the use of spot area as an estimate of compound amount as
used by e.g. JAWORSKA and Nynom (1967), OLSSON (1967), Dass and NyBoMm
(1967), OLDEN and Nyrom (1968), etc. The relationship between area and
amount cannot be implied to be even approximately linear, depending on
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starting-spot area, different diffusion in laver. difficulties in consistent defini-
tion o spol outline, cle. The ealculations recommended by Nypos (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 (cf. BrEnm & OwNgEY 1965,

The seale 0, 2. 3 used ean be subjected to discussion but has the desirable
cffect that the numerical values reflect firstly the presence or absence of a
spot bul also to some extenl its intensily. The distunce (squared as it will he
in the analysis of variance} between 0 and 2 is 4 unils, between 0 and 3
9 units but between 2 and 3 only 1 unit. Variation in intensity of a spot (and
in all likelihood in amount of the compound responsiblel is registered but not
very heavily weighted. Variation helween absenl and weak spot, heing some-
whal uncertain in the vicinity of the perception threshold, is given an inter-
medinte weightl, and variation belween absent and strong spol is given o
considerable weight. This quantitative estimate is of course limited to com-
parisons comprising one spot at a lime, the same intensity of two different
spots nol necessarily indicaling the same amounts of substances.

One objection to the use of statistics al all is the risk of a non-random
choice of collections to be included in the Tables 7—14. The importance of
using malerial collected at random for statistical treatment has heen 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 parls of the distribution areas of the taxa con-
cerned. However, within Fennoscandia and Denmark the densily of collec-
tions is probably roughly proportional to the abundance of the taxa. From
other parls of the arcas the material is so scanty [hat it will not have any greal
influence on the values as a whole.

The use of non-identified spots in statisties can be dangerous. One and the
same glyeoside can give rise to a group of spots due to unintentional hydrolysis
or olher decomposition (cf. AvsTon 1965 p. 273). Also in cases when the
occurrence of more than one glyeoside with the same aglyveone is no artifact,
it contributes excessively to the biochemieal distance or any other index and
respect be given oqual  weighl as more fundamental

should not in this
characlers.

Fanserr and Owxgey (1968) found by means of gradual hvdrolysis and
rechromatography that differenl glycosides in Dicentra can be ineluded in a
decomposition chain ending with the same aglveone,

GRANT and ZANDSTEA (1968] oblained malehing coefficients, based upon
non-identified and non-hydrolyzed compounds from some Lofus species run
on silica gel. conflicting with the results of TIagNEY and GRANT (1964 using
identificd hydrolyzed compounds of the same species run on paper. Both
resulls confliet also with the coefficients of similarily or paired affinity indices
aleulated frome both hydrolvzed and non-hyvdrolvzed compounds [rom the
species concerned run on paper [[TanNey & Grant 19651, Whether the in-
consistency is due to choice of specimens, laver. type of compounds, numerical
treatment or some other factors is difficult to elucidate.

A study of the variation in each glycoside is, however, defensible in the
estimale of devialions as used in the present work. The co-ocenrrence of

Bot, Notiser, vol, 123, 1970
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spols mostly affects the calculations within one laxon al a time only to a
minor extent. The reverse is true in /. odorala 2n=>56, where the group
29 34 considerably raises the deviation

The correlation coefficienls calculaled between spots (Figs. 3—4) can give
some indications as to whether the groupings ohserved are likely (o be due
to a mere chemical dependency upon each other. The associalion between
spots occurring in all plants of a given taxon (not necessarily the same spots
m different taxa) are difficull to elueidate since no variation occurs. For the
same reason they do notl. however, add to the I values. The groups of spols
with highly significant positive correlation lo each other can be explained
m two ways. Firstlv. such spots mayv he suspecled to have a common bio-
genetical background or even to he at least partly artifacls. Secondly, com-
pounds thus correlated may be m (hemselves independent of each olther but
reveal differentl gene combinations prevailing in different taxa and in different
parls of the distribulion areas.

Where strong correlations occur in one taxon bhut nol in others. a common
chemical background is not hikely. The spots 2728 and 38 41 (and possibly
some ol the spols 29—34) may then be lhe only correlated groups to be
suspected of having a common chemical background. the other positive
correlations as well as the negalive ones being most likely to have other
causes. These coefficients thus may demonstrate cerlam relative differences
in gene content and have some value in this respect.

Due lo the greal number of possible comparisons, however, some corre-
lations can be expected 1o be due (o chanece, p < 0.001 and 0.001 < p < 0.01
for the two levels of significance illustrated in Figs. 3—1. respectively.

Because of the fact that deviations in all spols are added together the F
value obtained must be influenced by the number of spols present n the
different taxa. I do not find this effect solelv undesirable. However, for the
sake ol comparison I have given £ values i Table 10 (. odorata 2n=>56)
also with the spols 29—34 disvegarded because of the great effect of the
group

3. The degree of repealability and consistency of results has heen
estimated.

Thin-laver chromatography. being a fairlv rough method as applied here,
has of course mherent sources of error. Extraction cannol be presumed lo

Table 11. Regional study. Hierochloe occidentalis. \: Calif.. Samuel Tavlor State
Park 8.4. 1954 1. S. Rose (LIY B: Calif, Laguniltas Creek 11.1. 1919 C
SKOTTSBERG (S) .

Table 12, Regional study. Hicrochloe pauciflora C: Canada, Frankhn Distr.,
Spence Bay 8.7, 1951 J. G, Croeecort No. 31 (5). — D: Novaja Semlja, Malotschin
Schar 25.7. 1911 T. Hwass (8). — E: Kamchatka austr. Bolshaja Reka, 7. 1921
.o HuLTen Noo 1951 (5).

Table 13, Regional study. Hierochloe alpina. — Regional subdiviston of po 233

Table 14. Regional study. Hierochloe monticola.

tot, Notiser, vol, 125 1970
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Fig. 3. Significant positive correlations between spols. Broad lines: p < 0.001; narrow

fines: 0.001 << p < 0.01. Spots oceurring at 100 %4 are marked with heavy eireles. —

A: Hierochloe australis. — B: H. odorata 2n 28, — €: H. odorata 2n 42, —
D: H. odorata 2n=56.

be absolutely uniform. The lotal weight of a sample is to a varving extent
dependent on the content of mechanical tissue, in ils turn rather inversely
proportionate to the content of the studied compounds. The same extract run
on two different plates can under certain conditions give a different number
of spols due 1o varving laver, separaling media, lemperature, spraying with
reagents ete. Such errors could sometimes be 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 oul of a spot on a single plate
has no deteriorating effect. The effecl of other errors cannot be separately

Bot, Notiser, vol. 128, 1970
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Fig. 4. Significant negative correlations between spots. Broad lines: p << 0.001; narrow
lines: 0.001 << p << 001. — A—D as in Fig. 3

caleulated from the present malerial but forms part of F 4.0 e Thus
their magnitude logether with chance 15 estimated (in this material usually
not amounting to 15 unitsi, and conclusions should not be drawn from results
below or oo close to it

It is perhaps somewhal risky to infer the estimale of chance and other
sources of deviation from . odorata. where it was possible to caleulale
(Tables 3 B I", 5 B—CJ. to biologically differenl malerials. ie. the other
taxa treated. Although we do not know about possible differences between
taxa i reaction on habitat, I find the estimate valuable it used with caution
as an approximate rating of experimental errvors ele.

17 Bot. Notiser, vol. 1208, 1970
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4, The modifying effect upon patlerns is great as lo scason and
trealment during cultivation. However. the spol combinations consi-
dered as diagnostic in mosl cases still permil determination of the
material, experience of the modifications taken into consideration.
Differences between the sampling and storing techniques are usually
nol very great but should be taken into account.

I have in this matler only intended a purely practical investigation in direcl
connexion with cultivation conditions of inlerest in taxonomic work, As lo
physiological aspects on phenolic biosynthesis see c.g. SIEGELMAN (19641 for
survey and references.

Thorough experiments are deseribed for Spirodela by MCULURE and ALSTON
(1964). who found fairly small modifieations in an exhaustive test serics
under artificial conditions., Barn, Bearn and FLECKER (1967, however. found
the oblained variation in a similar test with Spirodela to be more considerable,
Moest other authors touching the problems have found differences due to
sampling season, plant age, growlh condition, ete. {e.g., SCHWARZE 1959, Yar
& RECHARDT 1964, BracG & MeMrLpran 1966, FREDRIKSSON 1967, POLLOCK
et al. 1967, and LaRor & Duere 1968}, No or very small differences have been
reporled by eg. Bortirz (1962, 1963), GranT and Woerrer (1966), and
THIELGES (1969). See also TETENYD (1970 pp. 26—341 for references con-
cerning variation in various compounds found in medicinal plants.

1f in Tables 3B H and 5 B—C an F-lest of the differenl sources is performed
with the degrees of freedom given in the tables, the only E values significantly
larger than F . sonrees @t the 5% level are time in Table 3 B and fime and
treatment in Table 5 B—C. IHowever, in these caleulalions no regard has heen
taken of the faet 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 tesl are far Loo low.
On the contrary, the individual intensity values do not follow lhe normal
distribution required in an P-test, bul normalily is approached ihrough the
summing of independent spols.

Fairly little seems to he known about the imporlance of sampling and
storing technique when studying non-hydrolyzed leaf phenolies. 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), HorNE (1964}, Torres and LEVIN (1964], GrANT and WnuTTER (19661,
FREDRIKSSON (1967, Harsorze (1967}, LaRo1r and DueLE (19681, and ARDITTI
(1969].

Of course it is of interest to 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 indicale,
however, Lhal a possible influence of different methods should always be
taken into account.
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5. An obvious heterogeneity within collections has been found in
H. australis and H. alpina. Sample tests have nol indicated such a
helerogeneily within collections in any of the H. odorata cytolypes.

H. australis and H. alpina grow in tufts. Although material studied by me
has shown an apomiclic tendency (WENMARCK 1967 0 and unpubl), the
tulls growing on the same locality obviously can be genotypically different,
thus nol being members of a clone. Since the external conditions in this
experimentl were the same for all plants. the differences surely have a genctical
hasis.

In spite of the fact thal T found sexual sced-setting in H. odorata 2n =28,
I regarded the samples studied as facultative apomicts becanse of the had
seed germination ability and the long ereeping rhizomes forming clones
(WenMARCK 1967 a p. 230). The assumption is corroboraled by the present
facts giving no evidence of the genotvpical variation to be expected in a cross-
breeding population bul indicating clonal propagation within a loeality. Since
the flowers are prologynous and chasmogamous, autogamy is no plausible
explanation of the homogencity in the characters studied.

The obligate or almost obligate apomixis in H. odorala 2n=42 and 2n=256
IWEIMARCK 1967 a) is also confirmed by the chromatographic results.

Cases of intrapopulational variation have been reported by eg. LLLISON,
ArsToN and TurNer (1962), BRuNsBERG (1965), I'rosT (1966), and FREDRIKS-
SON (1967 1.

6, The I value between collections of H. australis enlers the one
wilhin collections discussed above, H. odorata 2n—=28 and to a still
greater extent M. odorala 2n=42 are more uniform. only some collee-
lions devialing considerably from the main part. Most ol the H. odorata
2n=>56 material also conlains rather moderate differences it spots
29 34 are disregarded, but this spol group causes a considerable rise
in variance.

Variation in diagnoslic spols is separalely discussed under 7.

Varialion within taxa in chromalographically obtained characters are re-
ported by e.g. LORENZ and ScHULTZ-SCHAEFFER (1964), ToORRES and LeEvVIN
(1964), BrEnM and OWNBEY (1965), BRUNSBERG (19651, BracG and MeMinraN
(1966), McCLURE and ALSTON (19661, BIOrREQVIST (1968), 1sING and FrasT
(1969, and TmELGES (1969), Hagyey and Guant (1963, 1964) and Yar and
REcHarpT (1964) did, however, nol find such a variation.

References  concerning  infraspecilic variation in flavonoid conlents of
medicinal plants are listed by TETENYD (1970 pp. 159 164).

[ do not find it justifinble at the present time to give the two . odorata
2n-—56 spol pattern tvpes the name of “chemical races” or any taxonomic
rank lef.. eg., BrREEM & ArsToy 1964). In lhe present study concerning non-
idenlified substances I find the informaltion too imperfect in this respect. The
same is valid for [f. odorata 2n=28, respectively having and lacking the spot
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group 2728, Since, however, some correlation seems to exist bebween certain
morphological fealures and spot patterns in . odorata 2n=>56, the problem
will be deall with also in a later paper.

7. Most of the taxa can be distinguished with good certainty on key
spot combinations. Exceptions are H. odorata 2n=28 versus 2n=42
and H. alpina versus Il. monticola. The specilicily ol patierns in the
resl of the material is however — at least seemingly so — not absolute.

Probably the spols have very different interest from a taxonomie point of
view due lo their chemical nature and the chains of synthesis responsible for
their occurrence, Before the nature of the compounds are known, the lax-
onomic bearing ol spots must be judged more or less subjeclively. The
grouping of spots in the tables represents an atlempt 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 taken into account, One also has to
be aware of the possibility that a whole group of spols 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 2n—28 and 2n -42 are morphologically similar, whilst the
2n=56 cytotype is well distinguishable al least in Northern Europe (WEIMARCK
unpubl.). The greal pattern affinities between the 2n=28 and 2n—=42 cytotypes
suggest together wilh other yet unpublished facts that the latter may be an
aulopolyploid derivalive of the former. Also BRrRUNSBERG (1965) found no
consistent chromatographic differences hetween Lathyrus pratensis 2n= 14, 21,
28 or 42,

The only absolute difference found between . alpina and H. monticola
is in spot 6, which in respeet to the small material is of resiricled significance.
The taxa are evidenlly also very closely related according lo other criteria
(cf. SORENSEN 1954 and WEIMARCK unpubl.).

Taxon-specifie chromatographic patterns can of course be of great value
when serutinizing eritieal taxa, because they alford additive characters to
morphological and others. The paossibility of using herbarium material is espe-
cially of interest in this respecl. In Hicrochloé flowering is sometimes poor.
and chromatography could perhaps be tempting as a way to determine non-
reproductive material. More direct practical use of chromatographic patterns
is made by FREDRIKSSON (1967). analyzing the composition of Festuea seed
parcels. In the last-mentioned case chromatography seems to be the only
method possible in practice,

Single planls have, however, lurned out to lack diagnoslic spols or have
spots diagnostic to another taxon than that they are referred to. Octoploid
H. odorata plants lacking the groups 29 34 and 38—41 (AXK 6, ADF 1)
san wilh certainty be distinguished neither [rom tetraploid or hexaploid
H. odorata nor from . australis lacking both of the spots 35 and 36 (B AD 2,
APR 4). The hexaploid H. odorata plant A O D 1 would be believed to be
octoploid because of the spot group 38 41.
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It is by no means self-evident thal, within a taxon traditionally trealed
as a speeies, plants with the same chromosome number form a phyletic unit.
The unbalanced apomictic mechanism found in Hierochloé gives good pos-
sibilities for higher polyploids to arise from lower ones more than once. The
hexaploids and octoploids within H. edorate may very well each consist of
different evolulionary lines, some of them with affinities rather to other levels
of polyploidy than to other lines on the same level,

The Swiss hexaploid H. odorata collection, the only strongly aberrant one
in Table 9. and the two North American octoploid collections, also very
deviating, may thus turn out o be wrongly placed together with other
H. odorata malerial with the same chromosome numbers, respeclively. Tax-
onomy and nomenclature of the whole complex are, however. to be trealed
in a later paper on the basis of these and other dala,

In the present connexion the inherent danger in wide generalizations from a
restricted malerial should be pointed out. Especially as to the widely spread
H. pauciflora and H. alping the studied material is disproportionately small.

In the present investigation | judge the information given on modification,
variation within taxa. and method as at least equally interesting as that on
differences between taxa, The method used also provides a means of explaining
breeding systems and population structures in planls offering few other
suilable characters.
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ABSTRACT

FLENSBURG, T, and MALMER, N.: Studies on Mire Vegetation in the Ar-
chacan Area of South-Western Gotlalund  (South Sweden). IV, Benthic
Algne and  Their Distribution on  the Akhult Mire. — Bol. Notiser
123: 269—299, Lund

This study complements two earlier mire invesligations in central South
Sweden, one on the macrophytic vegetalion and ils habilal condiions on
the Akhult mire (MapsEeERr 1962 a) and one on the micro algae of the mire
Store Mosse (FLEnspURG 19671, A list of the 225 tlaxa of micro algae
(some of them new Lo South Sweden) recorded in 170 samples from the
Akhult mire is given logether with shorl notes about their distribution
on the mire.

There are only small differences in the flora of miero algzae helween
the Akhull mirve and the Store Mosse, It is shown that the micro algae
have the same general distribution paltern on the AKhult mire as the
macrophytes. No taxa confined only to bhog areas have been found,

INTRODUCTION

In an earlier paper (MALMER 1962 a) one of the present authors has
given a thorough description of (he macrophytic vegetation (vascular
plants, bryvophytes and lichens) on the Akhull mire (Central Smaland,
Fig. 1) together wilh a description of the habital conditions, especially
with reference to the water level conditions and the chemistry ol peat
and water. The present study on the benthic algae with special refe-
rence o the desmids and diatoms is intended to complete the picture
of the vegelation given in the previous paper.

The other one of the present aulhors has performed a special study
(FLENSBURG 1965, 1967) on desmids and other benthie algae including
notes on the macrophytic vegetation in the extensive mire area Store
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Mosse (Western Smaland, Fig. 1). The localities investigated there
covered a wide range of habitats. The presenl sludy compleles this
broad survey with more delailed invesligalions on the micro algae
wilhin a narrower range ol habitats less well represented in the Store
Mosse area. Especially the distribulion of the species in relation to the
hydrologic mineral soil water limil will be discussed here. — Furlher
information about the benthic algae ol the mires in the South Swedish
upland have been given by e.g., THUNMARK (1942), Du RiETz (1950 0, b)
and FETZMANN (1961).

In this paper a list of the benthic algae recorded [rom Ihe mire
will be presented logether with a survey ol their distribution wilh
reference lo the wegetational gradients (ef. the chapter aboul the
dircetions of variation in the vegetation in MALMER 1962 a pp. +4 47).
The sociology and ecology will be more thoroughly discussed in a
following paper.

The laboratory work as well as the nomenclature of the algae follows
FrLeNspURG 1967, Concerning macrophylic vegetation nomenclature reler-
ences are given in MALMER 1962 a p. 20. Also in the terminology of the mires
and the mire vegetation that paper is followed ManmeERr 1962 a pp. 42 47,
86—139. MALMER 1965).

This investigation has been carried oul at the Department of Plant Eco-
logy, University ol Lund. It has been made possible through grants from
Statens Naturvelenskapliga Forskningsrad, The field work and the investiga-
tions on the habitat conditions have been done by Mapmer. FLENSBURG is
responsible for all the determinations of the algae and has written the sec-
tion with the list of species. The general discussions have been wrillen in
cooperation. Technical assistance has been given by Mrs, INGmib ENGBERG.
Miss Haxya Lunnsera and Mres, MMy VARGA.

INVESTIGATION AREA

The Akhull mire is situated in Kronobergs county, aboul 40 km
NNW the city of Vixjo (cf, map IMig, 1). 1L represents o bog mire
(Du RiETz 1959, MALMER 1965). i.e., a mire complex mainly wilh bog
areas. There are two main bog areas (ef. Iig. 21, viz., one large.
cceeenlrically sloping  (the Great Bog) and one smaller. rather con-
centrically sloping (the Small Bog). Along lhe northeastern muargin
there are fen areas both of the narrow lagg fen tvpe and of a broader,
much more extensive Ivpe. A furlher descriplion is given in MALMER
1962 a pp. 52—60,

The invesligalions have been performed only within three special
parts ol the mire, all of them along (he northeastern margin, In the
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Fig. 1. \|;l|) of southern
Sweden with the situation
of the Akhult mirve (1)
and the mire Store Mosse

(21 indicated.

Lonnstorpel area in the northweslern parl of the mire there is one
narrow lagg fen area and one broad fen arca. The Stattute area repre-
senling the cenlral part of mire comprises a broad and extensive fen
area logether wilh adjacent parts of the Great Bog. The surface is
ather even. There is no distinet difference in level between the fen
and the bog. A number of small and shallow pools (the row of brook
pools) divide the fen inlo [wo parls, viz,, the Inner Fen adjacent fo the
mineral soil and the Ouler Fen adjacenl lo the Great Bog. The row
of brook pools represents a distinel water course which receives mosi
of ils water from the Lonnstorpet area, The Byggel area comprises the
eastern part ol the mire with a lagg en and o fen soak logelher with
the adjacent parls of the Small Bog. There is a considerable difference
in level between the fen and bog areas.

The vegelation represents bog and poor len vegelalion in the sense
of Duv RieTz (1949, 1954: ¢f. MaLMER 19651, With reference lo the
distribution of the macrophytic species. six groups of species may be
distinguished and arranged along Lhe poor — rich vegelalion gradienl
(MALMER 1962 a pp. 76—79). One of these groups (the Sphagnum
plumulosum group) regarded as the richest one comprises species as
Carex dioeca, (. tumidicarpa, Trichophorum alpinum, Campylium
stellatum, and Sphagnum plumualosum. These species oceur only in the
fens of the Lonnstorpel area and only in few individuals, The Menyan-
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Iig. 2. Maps of the investigaled area on the Akhull mire. — 1. Border of the

mineral soil. 2. The hyvdrologic horder between fen and bog. 3. Brooklel, 1. Border

of the speecial arcas. 5. Great boulder stone. 6. Area wilh rather deep water

(> 0.5 m|. Further explanalions in lexl. The right figure is used as a basic map for
the Figs. 3, 5—14, and 16—23

thes trifoliata group has a wider distribution and is mueh more com-
mon. They are encounlered all over the fens of the Lonnstorpel and
Byggel areas. In the Stattule area they occur in the Inner Fen and along
the row of brook pools. To this group belong. c.g.. Menyanthes trifoliata,
Utricularia infermedia, Carex lasiocarpe, and Sphagnum inundalum. The
Eriophorum angustifolium group comprises the species Carex limosa,
Eriophorum anqustifolium. Scheuchzeria palustris, Sphagnum apicula-
tum, and S. pulchrum among others, They are all common together
with the species ol the Menganthes trifoliata group. In addilion they
occur in a broad area of the Outer Fen adjacent o the row ol brook
pools (the Eriophorum angustifolivm zone in Fig. 31. Among the fen
plants, the Narthecium ossifragum group e.g.. FErica tefraliv, Nar-
thecium ossifragum, Carex pauciflora, Rhynchospora  fusca, and
Sphagnum auriculatum) represents the most widespread ones. They
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Fig. 3. To the left the distribution of the species groups among the macrophytes
fexcept the Sphagnum plumulosuwm group) in the investigation arca on the Akhult
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ossifragum group. 3. These two groups together with the Eriophorum angustifolinm

group. 4. The distribution of the Menganthes trifolicda group. 5. Mire margin vegela-
tion. 6. Wooded bog area.

are found all over the fen areas with mire expanse vegetation, In the
Ouler Fen of the Stattule area they occur in the Narthecium ossifragum
zone (I7ig. 3] up lo the hydrologic mineral soil water limit,

In the open bog plain areas of the Great Bog and the Small Bog
{the main parl ol the Eriophorum vaginatum zone) two groups of
macrophytic plant species occur. One comprises species as Andromeda
polifolia, Calluna vulgaris, Vaceinium oxycoccus, Drosera rotundifolia,
Eriophorum vaginatum, Trichophorum caespitosum, Sphagnum magel-
lanicum, S. rubellum, Cladopodiella fluitans, and Gymnocolea inflata,
which are rather evenly distributed all over the mire or al least over
the mire expanse areas, Drosera anglica, 1. infermedia, Rhynchospora
alba, and Sphagnum papillosum may be referred to this group loo, in
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spite of the facl that in this zone they occur only on the Great Bog and
nol on the Small Bog. The second group comprises only a few species.
esp. Sphagnum balticum, S. cuspidatum. and S. tenellum. which occur
only on the woodless bog plain areas and in the Outer Fen bul not in
the Menyganthes trifoliata zone.

This desceriplion demonsirates the gradual transition found in the
macrophylic vegetation of the mire expanse Ivpe. The riophorum
vaginatum zone of the bog areas represents one extreme, viz., lhe
pooreslt one. The Menyanthes trifoliata zone and especially the Lonns-
torpel area represenls the other extreme, here designaled the richest
one. In the Ouler Fen of the Staltule area there is a gradual transition
over more than 100 m between these extremes, bul in the lagg fens
they are bordering along a sharp and distinet limit between bog and fen,

In this paper the distribulion of the benthic micro algae will he
studied with special reference to this poor—rich gradient. It is of greal
interest in this case that the hydrologic conditions are well known.
The limit belween bog and fen has been determined through hydrologic
measuremenls and it has been shown that only precipilalion waler
reaches the Eriophorum vaginatum zone of the bogs. In the Narthecium
ossifragum and Eriophorum angustifolium zones there is only a restric-
ted supply of mineral soil water. The Menganthes [rifoliata zone as
well as most of the mire margin areas are supplied with much water
from the surroundings while the precipitation waler forms only a small
part (cf. MALMER 1962 a pp. 160—166. 181—183).

THIE BENTHIC MICRO ALGAE

The Samples

The samples were fixed in formalin shortly after the sampling and pre-
served until it was possible to work on them in 1968, Due o this trealment
the investigation is restricted mainlv 1o desmids, diatoms, and a few other
groups. It has heen necessary to leave the flagellates and similar groups for
future investignlions (cf. FETZMANN 1961,

All samples are from small and shallow pools in areas with a macrophy lic
vegelation of mire expanse type, e, from mud-boltoms with a vegelation
of the Sphagnum cuspidatum - inundatum series (MALMER 1962 a pp. 86 (f.}.
Most of them treated in this investigntion were taken in May and September
1954 at points where the waler level was measured that year and where sam-
ples for chemical analyvses of water and peat also were taken {ef. map Fig. 41,
In addition there are supplementary samples from August 1949 and July 1952,
From 1954 there are three samples from the Lonnstorpet area (Iwo from the
narrow lagg fen area and one from the bhroad fen arear. 119 from the Stattule

Dot. Noli=er. vol. 123, 1070
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Fig. 4. The sampling poinis and
date of sampling for benthie
micro algae in 1954 within the
special areas (ef. Appendix |,
Map 1 and Appendix IV, Maps
A—6 in MaLMER 19620, —
1. Large area wilh hummocks.
2 Large area with mudbotlom

area and six from the Bygget arvca. In the samples from 1949 and 1952 there
are lwo from the broad fen of the Lonnstorpet area. 26 from the Statlule area

and four from the fen soak of the Byggel aren.

[ all 225 taxa (here as in the subsequent discussions including hoth species
and varielies) have been rvecorded. Among them 157 are desmids and 39
diatoms. In the Lonnstorpet arca 135 taxa have been noted, in the Stattute area
155 and in the Bygget area 25, All taxa are listed in the following section
tozether with generalized notes about there distribution.

What is indicated on the maps or said about distribution, number of spe-
cies, ete., refer 1o the sampling in 1954 when not especially stated.

List of Recorded Species

CYANOPHYTA

(CHROOGCOCCALES

Aphanoeapsa sp. found in one sample from 1952 in the Stallule area (Outer

Fen).

Bot. Notiser, val, 123, 1950
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Chroococcns minutus (KUTz, ) NAG. in some sample [rom the Statiute areq,
viz., in the Outer Fen and on the bog. Somelimes very frequent in the samples,

Chroococens lurgidus (KUtz.) NiG. In the Lonnslorpet and Stattute areas
in nearly all samples and in all parls of the areas but in the Bygget area
only in one bog sample. Often a greal number of eolonies in the samples.
Wide distribution in the Store Mosse arca. too.

Glococapsa sp. This species has been noted in the Lonnstorpet area and in
a few bog samples from the Stattute and Bygget arcas. In Store Mosse found in
Lake Kivsjon onlv.

Merismopedia glaica (Enrpc.) Nia. Found in some samples [rom the
Stattule area, both in the Inner Fen and the Outer Fen, In Store Mosse most
common in the rich fen areas,

Synechococcus acruginosus NXG. Found in a few samples from the Outer
Fen of the Stattute area. On Store Mosse mainly in rich fen areas.

HORMOGONALES

Anabaena sp. Breadth about 5p. This undeterminable species has been
found in all parts of the Lionnstorpel and the Stattute arveas. Il is question-
able whether this common species is luxonomically uniform.

Hapalosiphon sp. Breadth Su. Noted twice near the hyvdrologic mineral soil
waler limit in the Slattute arca, viz., on the bog 1954 and in Ouoter Fen 1949,

Lyngbya sp. Noted in one brook pool sample from the Statlule area 1949,

Oscillatoria sp. Breadth aboul 3w. An undeterminable but very common
species, Found in all parts ol the Linnstorpel, Stattute and Bygget areas
except in bog areas.

Nostoe paludosum KiiTz. Breadth about 3p. Noted in some samples from
the Stattute area (the row of brook pools, Outer Fen and the bog).

Nostoe sp. (globular colonies]. Undetermined species noted in one sample
in the Outer Fen of the Stattule area.

Schizothrix sp. Found in the Stattule area (one sample, Ouler Fen 1949)
and in the Bygget arvea (1952},

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

Stigonema sp. Breadth about 20u. Noled in two samples from the Stallule
area, one from the row of hrook pools and one {rom the Outer Fen,

OEDOGONTALIES

Biudbochaete sp. In the Lionnstorpet area and all parts of the fen in the
Stattute area. Il seems to be the same species as in Store Mosse,

Ocdogonium sp. Breadth 5—10u. Common in all parts of the Linnstorpet,
Stattule and Byggel arcas. Probably a taxonomically uniform species.

CHAETOPHORALES

Draparnaldia sp. Breadth 40, Only in the Lonnstorpet area.
Bot. Notiser, vol. 123, 1970
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CHLOROPIHYTA
PROTOCOCOALES

Crucigenia reclangularis (Br.) Gay, Found in one sample from the row of
brook pools in the Stattute area. Not reported by THUNMARK 1942 or found
on Store Mosse,

Oocystis solitaric WiTTROCK. Very common in all parts of the Staltute area.
Not found on Store Mosse.,

Seenedesmus alternans REINscH. Only found in the Lonnslorpet area. Nol
observed on Store Mosse,

Seenedesmus arcuatus Lams. As S, alternans.

Scenedesmus  bijugatus (Turpe.) KU1z, As S, alternans. On o Store Mosse
found in Lake Kivsjon.

Tetraédron sp. Noted in one sample (Ouler Feni of the Stattule area.

CONJUGATAL
ZYGNEMALES

Mougeotia spp. Two species, just as on Store Mosse. One narrow one (breadth
5—10ul. one broad one (breadth 15--23u}. Both species common in all parts
ol the Stattute area. The narrow one also in the Bygget area [both bog and
fenl and in the Lénnstorpet arvea. Generally both seems lo be rather eury-
lopic.

Spirogyra sp. Breadth 6 —15u; single chromatophore, Found only in the
Lannstorpet area and in the Bygget area {the Small Bog). Probably the same
species.

Zygnema sp. Breadth 25u. Found only in the Lonnstorpet area.

Zygogonium ericetorum Kittz, One of the most common species on this
mire. Found in nearly all samples [rom all parts of the mire. Often very
luxuriant. bul always sterile. Similar appearance and distribution as on Store
Mosse.

DESMIDIALES

Actinotaenium adelochondrum (ELFVING) TeENG. Only in the Stattute area
where il is common in the Outer Fen and along the row of brook pools. Found
scaftered on the bog, too. Nol found on Store Mosse or reported in THUNMARK
1942.

Aetinotaenium cncurbita (BrEB,) TEILING, One of the most common desmids
of the mire. Found in nearly all samples in the Statiute area. Also common
in all parts of the Bygget and the Lonnslorpet areas. On Slore Mosse mainly
distributed in arcas with moderately rich fen, poor fen and bog vegetation.

Actinotaeninm cucurbitinam (BissgT) TEILING. Only found in the Linns-
torpet area. A rich fen species on Store Mosse.

Arthrodesmus octocornis EHRBG. Only found in the Lonnstorpel area.

Bambusina Borreri (Ravrs) 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 them near the mineral soil water limit, Noted also in all fen sites of the
Lonnstorpel and Bygget aveas, Widespread on Store Mosse, but rare on the bhog.

Closterium abruptam W. WEST. In the Lonnstorpet arvea, along the row of
brook pools in the Stallute area and in the fen of the Byggel area.

Closterium acutum BrEB. var. variabile (LEMMERM.) KRIEGER. Noled only
in one brook pool sample and one bog sample [rom the Stattute area.

Closterivm angustatum KiUrz, Found only in the Lonmstorpet area.

Closterium archerianum CLEVE. As C. angustatum.

Closterium batllyanmm Briss, (sensu GRONBLAD 1919). Found in the Linns-
torpet area and in the Staltule area (Fig, 5}, Common on Store Mosse. esp.
in the rich fen areas there.

Closterinm calospornm WITTROCK. IFound only in the Lonnstorpet area.
Mainly a rich fen species on Store Mosse and very common in Lake Kiivsjon.

Closterinm costatum Corna. As C. calosporum.

Closterium cynthia DE NoT. s. str. As €. calosporum.

Closterium cynthia DE Not. var. Jenneri (RALFs] KRIEGER. As €. cynthia
s.str.

Closterivm dianae FEurpa. In the Lonnstorpel area and in a few samples
from the row of brook pools in the Statlute area. On Store Mosse as (. calo-
sporum.

Closterium dianae Enns. var. pseudodionae (Rovj KrIEGER. Only in some
samples [rom the row of brook pools in the Stattute area. On Store Mosse mosl
frequent in Bladopet. —— No transitional forms to the main species either on
the Akhult mire or on the Store Mosse. Therefore it seems probahle that it
may be given the rank of separate species as proposed by other authors (€.
psetdodinnae Roy).

Closterinm didgmotocim Ravrs. Noted from the Lonnstorpel area and in
some brook pool samples from the Stattuie area.

Closterium gracile Brip. Noted in the Lonnstorpet area and along the row
of brook pools and in the Inner Fen in the Staltute area.

Closterinm gracile BRER. var. elongatum WEST & WEST. Found 1952 in one
sample from the row of brook pools in the Staltute area.

Closterium infermedinm RAvrs, Found in the Lonnstorpet area, along the
row of brook pools and in the Inner Fen of the Staltute area and in the fen
of the Byggel area.

Closterium juncidum Bavrs, Only in the Lonnstorpel and Bygget areas (fen
sites).

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

Closterium libellula Focke. Found in the Lonnstorpel area and in one
brook pool sample from the Statlule area.

Closterium Tunula (MULL.) NitzscH, Found only in the Linnstorpet area.

Closterinm macileninm BrER. Found in two samples from the row of brook
pools in the Statlute area in 1952 in the Lonnstorpet area, too.

Closterium navicula (BrEp.) LETKEM. Found in the Lonnstorpet and Bygget
areas.

Closterinm pronum BRrER, This species has a wider ecological amplitude than
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most of the other Closteritnm spp. with seattered oceurrences in the Stallute
arca and the Bvgget area (Fig. 51, In Store Mosse a similar distribution.
Closterinm Redfsii BrRER, and ils var, hgbridum RABENH. (no clear differen-
ces between them seem to exisl, see MLENSBURG 1967 p. 58], Both found only
in the Lonnstorpet area.
Closterinm rostratum EfRsG. A few occurrences in the Lonnstorpel area. in
the Stattute area (near the brook pools) and in the Byggel area (the lagg fen).
Closterinm sefaceim Ennec. Found in the Lonnstorpet area and in one
brook pool sample from the Stattute area. Very common in Lake Kivsjon.
Closterium striolatum EursG. Found in the fen of the Lonnstorpel arca as
well as in the Stattute and Byggel areas (Fig. 51, Wide ccologic amplitude in
Store Mosse.

Closterium tumidulum Gay, Noted only in one sample from the fen soak in
the Bygget arca. Not found on Store Mosse or reported in THUNMARK 1942,

Closterium turgidum Enrnsa. Found only in the Linnslorpel area.

Closterium alna Focke, Noled in fen siles of the Lonostorpel area, in the
Staltule area (along the row of brook pools) and in the Byggel area. Similar
distribution on Store Mosse.

Closterium venus KUTZ. Found only in the Lionnstorpet area.

Cosmarium amoenim BreEr, Only in the Staltule area along the row of
brook pools and some fen siles close (o them.

Cosmarium angulosam BrES. Found in one sample from the Outer Fen and
one from the row of brook poels in the Stattute area. Not found on Slore
Mosse or reported in THUNMARK 1912,

Cosmarium Blyttii WiLLe, Found in the Linnstorpet avea and the Stattute
area (along the row of brook poolsj.

Cosmarinm Boeckii WILLE. Found only in the Lonnstorpet area.

Cosmarium conlractum KIrcuN. Only in the Stattute area along the row
brook pools and some fen sites elose to them as well as in the fen of the
Bvgget area.

Cosmarinm contractum KIRCHN. var. ellipsoideum (ELFVING) WEST & WEST.
Found in the Linnstorpet area and in lhe Stattute area (a few samples from
the Ouler FFen),

CCosmarium cymatonotophornm WEST. Found in one sample from the Outer
Fen near the row of brook pools in the Stattute area. Not found in Store Mosse
or reported in THUNMARK 1942,

Cosmarium depressum (NAG) Lunpern. Found only in one sample from
the Stallute area {the Outer Fen| and in two samples from the Small Bog
in the Bygget area. On the last menlioned site it corresponds to var. reni-
forme WEsT & WEST but is here regarded as an ecologic modification. On the
Store Mosse common in Lake Kivsjon.

Cosmarinm difficile LUTKEM. Found only in the Linnstorpel area. Common
in Lake Kivsjon,

Cosmarium globosum BrLsH, Found only in the Lonnstorpet area.

Cosmarium Hammeri REINSCH. Found in the Stattule area, especially in
the Outer Fen, but also along the row of brook pools and in the Inner Fen.
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Cosmarium impressulum ELEVING. Found only in the Linnstorpel area.
Fairly common in Lake Kivsjon.

Cosmarionm muargaritiferum MENEGH. As C. impressulum.

Cosmarinm moniltiforme (Tune.| Ranes. Found only in the Lonnstorpel area,

Cosmarium norimbergense RENscH, Noted in two brook pool samples in the
Stattule area. Not observed on Store Mosse and nol reported in THUNMARK 1942

Cosmariem pachydermum LUNDELL. Found only in the Linnstorpel area.
["airly common around Lake Kivsjon,

Cosmarium pseadoecigumm Racig, (Fig, 15). Only in the Staltule 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 cach vear. Not observed on
Store Mosse and not reported in TUUNMARK 1942,

Cosmarinm pseadopyramidatam LuNpELn, In the Linnstorpel area and in
the Stallule arvea (Fig. 16]. Iis distribution is conlrary to that of €. psendoexi-
guum. Only in one sample were both species found together. Common in Lake
Kiivsjon.

Cosmarinm punchifatum BRrER. var, subpunctulatum (NORDSTEDT|) BORGE-
sEN. Found only in the Linnstorpel area. Scattered in Lake Kivsjon.

Cosmarium pygmaepum ARCHER. Found in the fen sites ol the Lonnstorpet
area, in the Slaltute and the Bygget area even in bog sites (Fig. 7). In the
Store Mosse found only scallered around Lake Kivsjon. May be a helerogene-
ous taxon.

Cosmarinm pyroamidatum BrEg. Found in the Lonnstorpet area and in the
Stattule area along the row of brook pools and in one sample from the Outer
Fen. Not as common as (. psendopyramidatum. In Store Mosse there is the
reverse siluation.

Cosmarinm quadratilum (Gay) peE Toxst Found in one sample in the Ouler
Fen of the Stattute area near the row of brook pools. Not {found in the Store
Mosse area and not reported in TUHNMARK 1942,

Cosmarium Ralfsii Brew, Noted only in the Slaltute area, most of the finds
from the Outer IFen and the brook pools. Rare on Store Mosse, too.

Cosmarium rectangulare Gruxow. Found in the Stattute area along the
row of brook pools and in a few samples from the Outer Fen. In Store Mosse
most common in Lake Kiivsjon,

Cosmarium Regnesii REINSCHL Only in the Lonnstorpet area. On Store Mosse
tound only in Lake Kivsjon,

Cosmarivm sphagnicolum WesT & West. Found in the Lonnstorpet are:
and in the Staltule area where it has heen found in all parts even on the bog.
On Store Mosse only in Lake Kivsjon.

Cosmarium subarefoum (Laceri.) Racip. Found in the Linnstorpet area
and along the row of brook pools in the Stattute area. Not found in Store
Mosse and not reported in THUNMARK 1942,

Cosmarium subcrenatum Lantzsci. Only in the Lonnstorpet area. Rare in
Lake Kiivsjon.

Cosmarium subquadrans WesT & WEST. Noled only in the Slattute area,
mainly in the Outer Fen but also in lwo samples from the bog. On Store
Mosse rare and found only in Lake Kiivsjon.
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Cosmartam subtumidum NORDSTEDT. Common in the Stattute avea (I'ig. 71
In Store Mosse common in Lake Kavsjon und some other areas.

Cosmartum subundalatum WiLLe. Noted i oone sample from the Outer Fen
of the Stattute area. Not found i Store Mosse but reported in THUNMARK
1942

Cosmarium bnctum RATFS. Noted in lwo samples. one trom the Lonnstorpet
area and one from the Statiute arca (a brook pool

Cosmarium venustum BrREB. Found in the Lonnstorpet area and all over
the fen areas of the Stattute area. More common on the AKkhull mire than on
Store Mosse.

Cylindrocystis Brebissonii MENEGH. One of the most common benthic micro
algae on the Akhult mire. Found in samples from all parts of the Lonnstorpel,
the Stattute and the Byggel aveas. Does nol seem o show preference [or any
part. In the Store Mosse area 1l 1s most common on hog sites.

Cylindrocystis Brebissonii MENEGH. var. nunor WEST & WEST. Observed in
one sample from the Outer Fen in the Stattute area. Not found on Store
Mosse or reported in THUNMARK 1942,

Cylindrocgstis crassa DE Bary. Found in two samples from the Stattute
area. one from the bog and one from the Inner Fen. Not found on Store
Mosse or reported by THUNMARK 1942

Desmiudinm cylindricum Brer. Tound only in the Lonnstorpet area. In
Store Mosse most common in Bladopet.

Docidium baculum Bris. Found in one sample from @ brook pool in the
Stattute area. Not found mn Store Mosse. bul reported in THUNMARK 1942

Docidium undulatum Barr. As D, baculum, bul not in the same sample
Not found on Store Mosse or reported in THUNMARK 1942

Euastrum ampullaceum Bavrs. Found in the Lonnstorpet aren. Common in
the Stattute area along the row of brook pools and in the Oufer I'en. as
well as in the fen of the Byvgget area. Similar distribution Lype on Store Mosse

Euastrum ancatum FHRBG. Noted i the Lonnstorpet area and in lwo fen
samples from the Stattule area. The most common Luastram sp. in Lake
Kavsjon and the rieh fen areas of Store Mosse.

Luastrum bidentaium NAG. In the Lonnstorpet area and in the Stattule
area (a few samples along the row of brook pools). In Store Mosse mosl
common in Bladopet.

Fuastrum binale (Turp.) Luerse. Found in the Lonnstorpet area. i the
Stattute arvea (along the row of brook pools and in the Ouler Fen) and in
fen sites of the Bygget area. Here an exclusive fen species. not found in bog
areas as on Store Mosse

Frastrum erassicolle LUNDELTL. Found in fen samples from the Stattute area,
one laken in 1934 and <ix in 1949 and 1952, both the Inner och Outer Fen.
Nol observed in Store Mosse or reporled in THUNMARK 1942,

Fuastrum crassum (BRE®.] KUTZ. Found in the fen sites of the Lonns-
torpet arca. In the Stattute area common along the row of brook peools and
in the Outer Fen but only in two samples from the Inner Fen. On Sltore Mosse
not found in the rich fen areas.

Euastrum cuncafum JENNER. Found in the Stattute area (Fig. 81, Not

Bot. Notiser, vol. 123, 1970



BENTHIC ALGAE AND THEIR DISTRIBUTION ON THE AKHULT MIRE 283

observed on Store Mosse bul found in bog areas of the mire Komosse (FLENS-
BURG unpublished) and reported in THUNMARE 1942,

Euaastrum denticulaium (Kivcus.) Gay. Found in the Lonnstorpel area and
in two samples from the Stattute area near the row of brook pools. Common
in Lake Kivsjon,

Euastrum didelta Ravrs, Found in the Lonnstorpel arvea and in the Statlute
area (along the row of hrook pools, in the Inner and Outer Fen),

Fuastrim dubivin NXG, Found scattered in the Stattute area (along the
row of brook pools, in the Inner and Outer Fen).

Evastrum eleguns (BriEp.) KOTZ, s str. Found in the Lonnstorpet area and
a few samples along the row of brook pools in the Stattule area.

Euastrum clegans (BrEB. Ki'rz. var. novae-semlice WiILLE. Greater than
E. elegans s.str. Found in the Staltute area along the row of hrook pools and
in the Ouler Fen. Not found in Store Mosse or reported in THUNMARK 1942,

Euastrum evolutum (NORDSTEDT| WEesT & WEST var. Glaziowii (BorGEk-
sEN) WEsT & WEST, Found in one sample from the Stlaltute area 1952 (the
row of brook poolsi. Not found on Store Mosse or reported in THUNMARK
1942,

Luastrum gemmatum BRER. Found in one sample from the Linnstorpet
area 1952, Found only twice in Lake Kivsjon.

Enastrum humerosin RAvrs. In 1954 found only in the Lonnstorpel area
bul in 1952 also in the Stattule arca. Not found in Store Mosse but reported
in THUNMARK 1942,

Euastrum insigne Hass, Found in the Stattute area, along the row ol hrook
pools as well as in the Inner and Outer Fen. Only on one locality in the Store
Mosse area.

Euastrum insulare (Wrrrrock) Rov, In the Lonnstorpet area and the Slal-
tute area (IMig. 8). In Store Mosse most common in Lake Kiivsjon.

Euastrum montanum WeEsT & WEST. Found in the Staltute area along the
row of brook pools and in the Inner Fen. Not found in Store Mosse or re-
ported in THuNyanrg 1942,

Euastrum oblongum (GrREV.) Bavrs, Found only in the Lonnstorpet area.
On Store Mosse one of the most common Euastrum species.

Euvastrum pectinatum Brizs, Found in both the Lonnstorpel area and in the
Stattute area along the row of brook pools and in the Inner Fen. On Store
Mosse common in Lake Kivsjon.

Euastrum pingue ELFVING, Found in one sample from the Inner Fen of
the Stattule area from 1952, Not found on Store Mosse or reported in Tous-
MARK 1942,

Euastrum pinnatom Ravrs, Found in one sample from a hrook pool in
the Stattute area. Only oceasional on Store Mosse.

Fuastrum sinuosum LENORM. var. aboénse (ELEvING) CEDERGREN, Found
in one swmple from the Outer Fen in the Stattule area 1949, The main
species, but not this variely, found in Lake Kiivsjon,

Enastrum ventricosum LUNDELL. Found in a few samples from the Staltule
area (all parts of the fen) and in the lagg fen of the Bygget area. Not found
in Store Mosse,
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Euastrum verrucosum Enrpe. Found in two samples [rom the Stattule area
(a brook pool and in the Outer Fenl. Common in Lake Kiévsjon.

Hywlotheca dissiliens (SyiTH} BrEp. Found scattered in fen areas in the
Linnstorpet, Stattute and Byggel areas. Fairly common in Lake Kivsjon.

Hyalotheca mucosa (MERT.) EHRBG. Found only in the Linnstorpet area.
Scaltered on Store Mosse.

Micrasterias angulose HanTzscil, Found only in the Lidnnstorpet area,
Fairly common in Lake Kivsjon.

Micrasterias Jenneri RALFS, TFound only in Lhe Stattute arca (IMig. 91, Mainly
a poor fen species on Store Mosse.

Micrasterias oscitans Ravrs. As M. Jenneri (Fig. 9). Not found on Store
Mosse, bul reported by THUNMARRK 1942,

Micrasterias papillifera BrER. Found only in the Lénnstorpel area. Fairly
common in Lake Kivsjin.

Micrasterias rotata (Grev.) Bavrs. Found in the Lonnstorpet area. Common
in Lake Kivsjon and the rich fen areas on Store Mosse.

Micrasterias truncaia (Corna) BrEe. Found in the Linnstorpel area and
in fwo samples from the row of brook pools in the Stattute area. Common in
Lake Kivsjon.

Netrinm digitus ItziasH, & Roruie. One of the most common desmids of
the mire and noled in all the three areas (ef. Fig. 10}, Very common both in
the poor and rich fen areas of Store Mosse.

Netrinm digitus rzicsu. & Rorue var, lamellosum (Brig. ) GRONBLAD. Re-
places N. digities s. str. in the lagg fen site of the Lonnstorpet area,

Netrivm inferruptam (BREB.} LUTKEM. Found 1952 in one sample from
the Linnstorpet area and one from the row of brook pools in the Statiute
area. Scattered on Store Mosse.

Netrinm oblongum (DE Bary] LitkeM. Found in the Stattule and Byggel
areas ([Fig, 10). In many samples N. digitus and N. oblongum occeur together.
On Store Mosse this species is confined mainly to bog arcas and rarely found
together with N. digitus.

Netrium oblongum [(DE Bary) LUTKEM. var. cylindricum WEST & WEST.
Found in 1949 and 1952 in the Lénnstorpel area and in some samples from
the Stattule area along the row of hrook pools, Nol observed in Store Mosse
or reported in THUNMARK 1942,

Penium borgeanum SKUJA. Found only in the Stattute area (Fig. 11). Nol
observed in Store Mosse or reported in THUNMARE 1942

Penium cylindrus (EHRBG.) BrE. Found in the fen sites of the Linnstorpel
and Bygget arcas. Rare on Store Mosse.

Penium polymorphum PERTY. Found only in the lagg fen of the Byggdet
area. Not observed in bog areas where this species is fairly common in Store
Mosse,

Penium silvpae-nigrae RABANUS s. str. Found in the Stattute and Bygget areas
(IYig. 12]. On Store Mosse very rare out of the bog arcas.

Penium silvae-nigrae Rapanvs var. paralleliun KRIEGER. As P. silvae-nigrae
s. str. (Fig. 12]. In Store Mosse found only on bog areas.

Pleurotaenium minutum (RALFs) DELp. Common in the Outer Fen in the
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Stattute area, Noted also in three samples from the Greal Bog. Found in the
Byggel area in the lagg fen. On Stone Mosse in bog and poor ten arcas

Plearotaenium trabecula (Enipc.) NaG. Found in the Lonnstorpet area and
along the row of brook pools in the Staltute arca. Common mm Lake Kavsjon.

Pleurotaenium tridentulum (WoLLe) W, West, (Fig. 151, Found in samples
from a small part of the Stallute area (g 11), Such a limited distribution
may be characteristic as similar distribution types have been observed on Store
Mosse.

Spirotaenia condensata Brien. Found in one sample from the Lonnstorpet
arca from 1952

Spondylosium secedens (DE Bary ) ArcHiER. Found only in one sample from
a brook pool in the Stattute area,

Staunrastrivm alternans Brin, Found in the Lonnstorpel area and in the
Bvggel area, in both areas in the lagg fen. In Store Mosse common in Lake
Kivsjon.

Staurastrum controversam BRER, Pound only in (he Lonnstorpel area.

Stavrastrim cyrtocerum BrEB. Found only in one sample trom the Inner
Fen in the Stattule area. Nol found in Store Mosse or reported in THUNMARK
1942,

Sterastrum dilatatnm Eurie. Noled only in the Lonnstorpel area, Seat-
tered on Store Mosse
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Fig. 15, — A Cosmarigm pseudoeriguuny (25 12 ). — B: Plearofoenium triden-
tulum jone semicell, total size 26017 u). C: Staurastrum longispinam (130
125 p with spines).

Staurastrum  hexaceram  (ISHRBG. WIiTTROCK. Found only in the [.onns-
lorpel area.

Stewreastrum {ongispinum  (BALL.) ARCHER. (Fig. 15,0 This very Luge and
characteristic species is found in one brook pool sample from the Stattute
area. Not found in Store Mosse or reported in THUNMARK 1942,

Stavrastrum margarilacenm (EHRRG.) MENEGH. Found in the Stattute and
Bvggel areas (Fig. 13). On Store Mosse curvtopic but less common.

Stagrastrum monticifosimn BrEB, Found in the Lonnstorpet avea and in the
Stattute arca (in the Outer Fen and in two bog samples). Not found on Store
Mosse or reported in THUNMARE 1942,

Staurastrum muricalum BrER. Found in the Outer Fen of the Stattute area.
Not found in Store Mosse, bul reported in THuNMAarg 1942,

Staurastrium orbiculare Raves so sir. Found in the Outer Fen in the Stattute
area and in the fen soak of the Bygget area.

Staurastrum orbicufare Ravrs var. depressum Rov & Bisserr. As 5. orbi-
culare sstr. In Lake Kivsjon the most common one among the variclies of
Lhis species,

Staurastrum orbicutare RAaLFs var., Ralfsii WesT & WesT. ound in the
fen soak of the Bygget area.

Stonrasteum Simonyi HEIMERL, In the Stattulte area common in the Ouler
Fen and on the bog, more scaltered in the Inner Fen and along the brook
pools, Also in the fen sites of the Bygget area. Rare on Store Mosse.

Statrastrum  telifernm RAarrs. Noled in the Lonnstorpel area and in the
Stattule arca (one sample from the Outer Fen). In Store Mosse common in
Lake Kivsjin.

Staurastrum vestitum Ravrs. Found in the Lonnstorpel area and in the
Stattute area in a few samples from the row of bhrook pools. In Store Mosse
most common in Luake Kivsjin.

hot, Notiser, vol. 123, 1970


http://Kai.es
http://Kai.es
http://Kai.es
http://Bai.es
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Staurodesmus brevispina (Brin.) Croaspark. Found in one sample from
1949 in the Lonnslorpel area.

Staurodesmus controversus (WEsT) TEILING. Found in one sample from a
brook pool in the Stattute area 1954 and one from the fen soak in the Byggel
area 1949, Not observed on Slore Mosse or reported in THUNMARK 1942,

Staurodesmus dejectus (BREBR.) TEILING. Found in the Lonnstorpet area. In
Store Mosse noted in Lake Kivsjon.

Staurodesmus extensus (BorGel TeiLiNG. Found in a few samples from the
row of brook pools and in one saumple from the Outer Fen in the Stattute area.
Not observed on Store Mosse or reported in THUNMARE 1942,

Staurodesmus incus (BrER.) TEILING, Found in one sample from the row
of brook pools in the Statlute area.

Stavrodesmus isthmostus (HEIMERL,] CROASDALE, The most common Statro-
desmus species on the mire. Found in the Lonnstorpet area and in the Slat-
tute area (IMig. 14). Nol found in Store Mosse or reporled in THUNMARK 1942,

Staurodesmus Joshoae (Gurw.) TEILING. Found in the Lonnstorpet area.
In Store Mosse common in Lake Kivsjon.

Stawrodesmus megacanthus (LuspeLn) ThHesyark. Found in one sample
from a brook pool in the Stailute area.

Staurodesmus spencerionis (MASKELL)] TrmNG, Found in a few samples
from the Ouler Fen ol the Staltute area. In Store Mosse sporadie in Lake
Kivsjon.

Stavrodesmus triangidaris (LacERnein) TeaNG, Only found in the Lonnes-
torpet area. Nol observed on the Store Mosse or reporled by THUNAMARK 1942,

Tetmemorus Brebissonii (MENEGH.) RALFS s. str, Found in the Lonnstorpet
area and in three samples from the Stattule arvea (Fig. 16]. In Store Mosse
common in Bladopet.

Tetmemorus Drebissont (MENEGILT RALrs var, fnfermedins FLENSBURG,
Common in the Stattute area (IFig. 161. This varicly is the only one in the
bog areas. llere — but not on Store Mosse — it has been found in the same
samples as T Brebissonii var, minor. In one Ouler Fen sample T, Brebissonii
s. str. also has heen found together with both these varieties.

Tetmemoras Brebissonii (MENEGH,] RaL¥s var, minor DE Bany. Found in
the Lonnstorpet area. Common in the Stallute area (IFig. 16). In Store Mosse
onlv in Blidopet.

Tetmemoras grandatus (Breps) Raves, Found in the Lonnstorpel, Stattule
and Byvggel areas (Fig. 17). Common on Store Mosse in fen areas.

Tetmemorus laevis (Ki1z.) Ravrs. Found in the Linnstorpet area and
along the row of brook pools in the Stattute area. Quite rare on Store Mosse.

Tetmemorus lacvis (KUTz.) RALFs var. minutas (DE Bary) Kriecer, More
common than T, leevis s, str, Found in the Stattute and Byggel areas (Fig.
181, Similar distribution as on Store Mosse.

Xanthidium antilopacwm (BRER.} KUTZ. Found in the Lonnstorpel area and
in one sample in the Stattule area (IFig, 19). Scaltered on Store Mosse, X, anti-
lopaeum var, laeve SCHMIDLE, which in Store Mosse also occurs in the hog, has
not been noted in the Akhult mire.

Xanthidivm armalum  (Bris.) Bapexi, Found in the Lonnstorpet and
Stattute areas (Fig. 191. Seattered on Store Mosse.
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CHHRYSOPHYTA

PANTOSTOMATINEAE

Dinobryon divergens Imuor, Very common in all parts of the Staltute area,
where it oceurs in most of the samples. A Dinobryon species. probably this
one, has also been found in the lagg fen of the Bygget avea. D). divergens is
much more common on the Akhult mire than on Store Mosse, where it iy
as rare as the other Dinobryon species,

PROTOMASTIGINEAE

Rhipidodendron Huelegi Kext. Noted in one sample from the row of brook
pools in the Stattule area 1952, In Store Mosse common around Lake Kivsjon.
and in Blidipet.

DIATOMEAE

Achnanthes flexella (KUrz.) Brus. Noted in one brook pool sample in the
Stattute area.

Cymbella gracilis (RABENH.) CLEVE. Found in the Lonnstorpel area and in
lwo brook pool samples in the Statiute area. In Store Mosse in Lake Kivsjon,

Cymbella hebridica (Grecory) GRUNOW. Noled from the lagg fen of the
Lonnstorpet area. Common in Lake Kivsjon.

Eunotia alpina (NAG.) HestepT. Found in one hrook pool sample from
the Statfule area.

Funolia arcus Enrsc, Found in the Lonnstorpet area. Rare in Store Mosse.

Funotia exigua (BriEs.) Grroxow. Found in the Lénnstorpet, Stattute. and
Byuget areas (Fig. 20). On bog areas nol as common as on Store Mosse.

Eunotia gracilis (EnpsG.) RapeNH, Found in the Lonnstorpet 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 waler limit. In the
Byvgget area in the lagg fen. In Store Mosse common in Lake Kivsjon, scattered
in other fen areas,

Eunotia lunaris (Eugge.) GreNow. Rather common in the Lonnstorpet,
Staltute, and Byggel areas (Fig. 20). One of the most common algae on Store
Mosse.

Funotia lunaris (BHRBG.) GRUNOW var, subarcuata (NAG) Grosow, Found
in the Lonnstorpet area and in some brook samples in the Staltute area.

Eunotia paludosa Grusow. Found only in the Lénnstorpet area. Not found
in Store Mosse

Eunolia paraliela nrea, Found in the Lonnstorpel area, in the Stattute area
(common along the row of brook pools. in the Inner Fen and the western part
of the Outer Fen) and in the lagg fen of the Bygget area. Rare in Store Mosse.

Eunotia pectinalis (KUTz.) RABENH. Found only in the Stattule 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 Kivsjon.

Eunotia robusta Rares. Found only in the Linnstorpel area. In Store Mosse
quile common in Lake Kivsjin.
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Frustulia rhomboides 12nniG, Found in the Lonnstorpet, Stattute, and Byvggel
areas (Fig. 21). As on Store Mosse it does not occur on the bog.

Frustulia savonica (Ranexi,) DE Toxi One of the most common algae of
the mire, found in all parts and in nearly all samples, In some samples il
has a frequeney of 75 %o, Eurviopic on Slore Mosse, (oo,

Gomphonema acuminalum EHRBG. var, Brebissonii (Kttz.) CLEVE., Found
only in the Linnstorpet area, Scattered in the rich fen arcas of Store Mosse.

Navicida subtilissima Crevi, Found in samples from all invesligated parts
of the mire, Usually very common, conlrary to the conditions in Store Mosse
where it is very rare.

Nuavicula sp. Undeterminable species found in the lagg of the Lonnstorpet
area.

Nitzschia gracilis HLaxTzscn. Found in two samples from 1949 in the Sial-
tute area from 1952 in the fen soak of the Bygget area. Not found on Store
Mosse or reporled in THUNMARE 1942,

Nitzschia hantzschiona BAaseENH. Found only in the Lénnstorpet area.

Nitzschia sublinearis HusTEDT. Found only in one brook pool sample in
the Stattute area. Not found in Store Mosse or reported in THUNMARK 1942,

Pinnularia dactylus Euernc, Found only in the Lonnstorpet area. Bare on
Store Mosse,

Pinnnlaria ¢ibba Ennrisa. Found in Lthe Linnstorpet area, in the Slattute
area (common along the row of brook pools as well as in the Inner and the
Outer Fen) and in the fen sites of the Byggel area. Never found on the bog
sites. Common in Store Mosse.

Pinnularia interrupta W, Syuri. Found only in the Lionnstorpel area. In
Store Mosse most common in rich fen siles.

Pinnularia maior Kitz, Found in the Lonnstorpet, Staltute and Byvggel areas
(Fig. 22}, Common on Store Mosse, especially in Lake Kivsjin and rich fen
areas.

Pinnutaric mesolepta (Eunrpa.) W. Ssirh, Found in one sample from the
lagg fen of the Bygget area and 1952 in one sample [rom the Ldnnstorpet
area. On Store Mosse as P, maior.

Pinnularia microstauron (Enree.) CLEVE. Found in the Linnstorpet area.
Common along the row ol brook pools and in the Outer Fen of the Stattute
area as well as in the fen sites of the Bygget area, Scattered in most parts on
Store Mosse exceplt the bog areas.

Pinnularia nobilis Enrpc, Found in samples from 1949 and 1952 in the
Lonnstorpet area as well as in three fen samples from different parls of the
Stattute area. In Store Mosse in Lake Kivsjon and the rich fen siles.

Pinnularia stauroptera (GrResow) CLEVE., Here treated separated from P
gibba contrary lo Frensstre 1967, Found in the Linnslorpet area. Common
along the row of brook pools as well as in the Inner and the Outer Fen of
the Stattule area. In the Byggel area found in the lagg fen. This species has
been noted also on Store Mosse.

Pinnularia viridis (Nrrzscn) EHRBG. incel. var. sudetica (Hinsg) HUSTEDT.
Very common in all parls of the mire, hoth in fen and bog areas. Often in
great quantities. Very widespread also on Store Mosse.
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Stauroneis phoenicenteron EHRBG. Found in the Lonnstorpet area and in
one brook pool sample from the Stattute area. In Store Mosse most common
in rich fen siles,

Stenopterobia intermedia (LEwis) Frickg. Found in the Linnstorpet and
Statlule areas (Fig. 23). In Store Mosse mosl common in rich fen sites.

Synedra acus Witz Found only in the Lonnstorpet area. Not found on Slore
Mosse or reported in THUNMARK 1942,

Synedra wlng (N1Tz8CcH) EHRBG. Noted in the Lénnstorpet area, in the
Stattute area in a few fen samples and in fen siles of the Byggel area. In
Store Mosse common in Lake Kivsjin.

Tabellaria fenestrata (Lynar.) HUSTEDT. Found in the Ldnnstorpet, Slat-
tute and Byggel areas (Fig. 23, lhe dot in the Byggel area refer o this
species). In Store Mosse around Lake Kivsjin and in the rich fen siles.

Tabellaria [loceulosa (RoTn) Kiltz, Found in the Lonnstorpel area, in the
Stattute area in a few brook pool samples and in the Bygget area in the lagg
fen. On Store Mosse as 1. fenestrata.

PYRRHOPHYTA
PERIDINEAE (DINOMONADINEAE)

Glenodinium neglectum ScuiLk, Found in the Linnstorpel arca, In Store
Mosse mainly in Bladaopet,

Glenodinium uliginosim Scuiin, Found in the Lonnstorpet area and in Lhe
Stattute area where il is common along the row of brook pools and seatlered
in the rest of the area, even on the bog. In Store Mosse common in Lake Kiiv-
sjin bul not found on the bog.

Peridinium cinctum (MULLER) Enrec, Found in two brook pool samples
from the Stattute area, in a sample from 1949 also in the Lionnstorpet area,

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

DISTRIBUTION TYPES AMONG THE BENTHIC ALGAE

Even if many samples of benthic micro algae are studied these
samples form only an extremely small part of the tolal area covered
by such algae communities. Further only parls of the samples are
studied microscopically. This means that there is a greal chance lo
overlook oceurrences of individual taxa. The seasonal and yearly varia-
tion in lhe occurrence of the algae influence the resulls of the studies,
too. When comparing wilth the distribution of macrophyles one musl
always keep in mind that such plants are easily observed all over the
mire during most of the vegetation period when walking round,

These problems may be illustrated with a comparison between the
samples of algae from those points in the Stattute and Bygget areas
which were sampled both in May and September 1954 (Table 1). The
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Table 1. Number of species noted at the pomls sampled both in May and Seplem-
ber 1954, Number of localities 17. Median value and range given.

Number Species noled only
ot in one sample
species Number | Percenlage
7 75 A W SR e 27 7 25 Uy
13—44 3—14 10 "p—48 %o
September L oocane ceaie 30 12 36 %
12—54 1—24 6 Me—>a0 Oy
Both ocecasions . ...... 39 18 a1y
15 68 4—38 ) V62 Ve

number of species noted in the samples on the wo sampling oceasions
does not differ very much. On an average about half the number of
laxa recorded from each poinl was noted only once. However, nearly
all these laxa occur with a [requency less than 0.5 %o. In the samples
with a low number of taxa (samples from bog areas and most of the
Outer Fenj 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 (lotal number 42 and 68, noted only once 27 and 38).
Further it may be mentioned that the investigalion of the samples
from 19149 and 1952 has added only 14 new taxa or 7 %o ol the number
recorded in 1954 while 75 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 oceur with a rather high frequency and when a sullicient
number of samples have been invesligaled. 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 dislinct distribution types among the algae.

A great number of the benthic micro algae have only been noled in
the fen sites of the Lonnslorpet area, e.g., several Closlerium species.
(calosporum, costalum, lunula, Ralfsii, ete.]. Cosmarium impressulum,
(.. moniliforme, Desmidium cylindricum, Euastrum oblongum, Micra-
sterias angulosa, M. rotata, Staurastrum controversum, S. dilatatum,
Staurodesmus Joshuae, and Eunotia arcus. These algae have a distribu-
tion corresponding to that of the Sphagnum plumulosum group among
the macrophytes. These macrophyles are, however, few and of litlle
importance in the vegetation.

Another group of species among the micro algae is found in the fen
sites ol the Lonnslorpet area and or along the row of brook pools in
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the Stattute area. but not elsewhere in the mire. Some of them. e.g..
Closterium dianae, . libellula, (. sefacenum. Euastrum elegans, Micra-
sterias lruncata, and Xanthidiom antilopacum (Fig. 19) have in the
Statlute area been found only in the upper (northwestern) part of the
row of brook pools. In this area a few macrophytes referred lo the
Sphagnum plumualosum group have been found (e.g., Hammarbya palu-
dosa, Riceardia pinguis). Some other algae in this group, however, have
a wider distribution and have been [ound all along the row ol brook
pools, e.g.. Closterium baillyanum \Fig. 5). C. didymolocum. Cosma-
rium Blyttii, Enastrum bidentatum, Tetmemorus laevis s.str. (Fig. 18],
Xanthidinm armatum (I'ig. 19), and Stenopterobia intermedia (Fig. 23},
Among the macrophytes such a distribulion has been demonsiraled for,
e.g., Utricularia minor, referred to the Menganthes trifoliata group.

A number of algae have a dislribution resembling that of the mosl
widespread species (e.g., Menyanthes {rifoliata) in the Menyanthes tri-
foliata group, e.g.. Closterium abruptum, C. gracile, €. striolatum (Fig.
al, Enastrum pectinatum, Pinnularia maior (Fig. 22), and Tabellaria
fenestrata (Fig. 231. These algae occur all over the Menyanthes trifoliaia
zone, i.e.. in Lhe fen sites of the Lonnstorpet and Byggel areas as well as
in the Inner Fen and along Lhe row of hrook pools in the Stattute area,

Wilh relerence to the macrophytic vegetalion there is obviously u
differentiation in the Menganthes trifolicta zone belween the Lonns-
torpel, Stattute and Byggel areas along the poor —rich gradient in Lhe
vegetation (cf, MALMER 19620 p. [128). Concerning the benthic micro
algae 135 taxa have been noled in the two investigated sites in Lhe
Lonnslorpet area. among them 51 laxa (23 %o of the total number on
the mire), which only have been found there. As many as 132 algal
taxa have been recorded in this zone in the Staltute area bul the
number of samples (28) is mueh greater than in the Linnstorpel area,
Many species have only been noted in one or two samples, especially
in the sites along the row of brook pools. In the eight fen sites ol the
Byggel area only 53 taxa have been observed. The mean number of
species noted in the samples is 85 in the Lonnstorpet area. 42 along
the row of brook pools, 26 in the other parls of the Menyanthes trifo-
liatae zone in Lhe Stattute area and only 19 in the Bygget area. Compa-
risons with other investigations (THUNMARK 1942, DU RieTz 1950 a—c,
FLENSBURG 1967) show thal wilh regard to the taxa of micro algae
recorded, the Lonnstorpet area ought to be regarded as richer than the
other areas and that there is a distinel gradient from Lhis area to the
others as well as within them. As far as distribulions of laxa are con-
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cerned the differentiation of the Menyanthes irifoliata zone along this
rich—poor gradient seems to be more conspicuous in the algal than
in the macrophylic vegetation.

In the Outer Fen of the Slattute area 107 taxa of micro algne have
been noted. Among them Lhere are several occurring in the Menyanthes
trifoliata zone and in the adjacent parts of the Ouler Fen but lacking
further bogwards, e.g. Cosmarium Hammeri, (. pseuadopyramideatum
(Iig. 6), €. Ralfsti, C. venustum, Funotic parallela, Frostualic rhom-
boides (I'ig. 21), Pinnularia gibba, P, microstauron, and P. stauroptera.
Sharp distribution limits are difficult lo distinguish but in most cases
they seem Lo correspond rather well with the limits for the species of
the Eriophorum angustifolivm group among the macrophyles,

Many taxa in the Oulter I'en have a distinet distribution limit coin-
ciding rather well with the hydrologic mineral soil water limil, e.g.,
Cosmarinm sublumidum (Fig. 7). Enastrum ampullaceuam, I, crassum.
E. insulare (Fig. 8). Netrium digitus (Fig. 10}, Penium borgeanum
(IMig. 11}, Tetmemorus Brebissonti var, minor (Fig. 161, T, granulatus
(Fig. 17). These species have a distribution resembling that ot the
Narthecium ossifragum group among lhe macrophytes. On the Akhull
mire they ought to be regarded as exclusive fen plants as all the olher
taxa treated above. A few species (e.g., Pleurotaenium minutum and
Staurodesmus isthmosus ([Fig. 14) which have been noted more or
less occasionally in bog samples close (o the mineral soil waler limil
bul not elsewhere on the bog may be included in this group, loo.

Some species in the Outer Fen have not been noled in more than a
few samples oulside this area, in spite of the facl that they are rather
common there, e.g.. Cosmarium Ralfsii, Evastrum cuneatum (1%ig. 8),
Micrasterias Jenneri {Fig. 10). M. oscitans (Fig. 10). Penium borgeanum
(IMig. 11), Pleurotaenioum minufum and P, tridenfilum (Fig. 11). Among
the macrophytes, e.g., Lycopodium inundatum, Sphagnum compactum,
and S. molle have a distribution corresponding (o that of these micro
algae.

The number of species in the bog areas is lower than in the other
parts. Excluding four taxa noled only in one or two samples near the
mineral soil water limit in the Statlule area. 42 laxa have been lound
in the bog areas (41 on the Great Bog and 16 on the Small Bog). Most
of them are rather evenly distribuled over mosl of the investigated
parts of the mire. Among them, e.g., Chroococcus turgidus, Mougeotia
sp. (5—10 u), Zygogonium ericetorum, Actinotaenium cucurbita, Cos-
marium pygmacum (Fig. 7), Cylindrocystis Brebissonti, Frustulia saxo-
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nica, Navicula subtilissima, and Pinnularia viridis occur on both the
Small Bog and the Greal Bog. Rather evenly distributed bul lacking on
the Small Bog are, e.g.. Anabaena sp., Oocystis solitaria, Bambusina
Borreri, Staurastrum margaritaceum (Fig, 13). Tetmemorus laevis var.,
minulus (Fig. 18), Eunotic tunaris (Fig. 20), and Dinobryon divergens.
Six laxa, viz., Cosmarinm depressum (lacking on the Great Bog),
€. pseudoexiguum (Vig. 6), Nelrivm oblongum s.ste. (Fig. 10). Penfum
stlvae-nigrae (Fig. 12}, P. silvae-nigrae var. parallelem  (17g. 12),
Staurastrum Simonygi (lacking on the Small Bog|. and Telmemorus
Brebissonii var. intermedins (Fig. 16} have their main distribulion in
bog areas. Outside these areas lhey occur mainly in the Outer Fen.
Only occasionally they have been noted in the Menganthes trifoliata
zone. No [axa have been found only in bog areas.

The distribution tyvpes of these facultative bog taxa among the micro
algae correspond well with those among the macrophytes ol the bog
areas as described above (pp. 273—274). Even such a peculiar one as
that of Sphagnum imbricatum, which occurs mainly in the bogs and
in the Menyanthes [rifoliata zone (cf. MALMER 1962a p. 65) can be
demonstraled among the miero algae, e.g., by Eunofia exigua (I7ig. 20]

and Glenodininm uliginosum.,

DISCUSSION

As for the macrophyles the distribulion pattern on the Akhult mire
for the micro algae treated here shows a rather gradual transition from
the Lonnstorpel area (regarded as the richest part) to the bog areas,
especially the Small Bog (designated as the poorest parl along this
gradient). However, when regarding just the floristic distribution limits
among the micro algae the 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 ol the Staltute area.
The same limit, but still more distinet, is found between fen and bog
in the Byggel area. It is indicated with two main groups of algae. viz.,
the more than 100 taxa which occur only in the Menyanthes trifoliata
zone and the less numerous which are more or less conlined lo the
Ouler Fen and the bog areas. Neilher in the Ouler FFen nor along the
hydrologic mineral soil water limil does it seem possible to distinguish
any limit equally well indicated.

In the Ouler IY'en there is a transition from the Menganthes trifoliata
zone with its greal number of taxa to the Eriophorum vaginatum
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zone ol the Great Bog wilh ils low number. Especially inleresting in
this case is the occurrence of transitional border zones between laxo-
nomically related species as Netrium digifus and Nefrium oblongum
s.str. (Fig., 10). Tetmemorus Brebissonii var. minor and Tetmemorus
Brebissonii var. infermedins (IFig, 16) or the not as especially related
considered Cosmarium pseudopyramidafum and €. pseudoexiguum
(Fig. 6).

The general patlern for the dislribulion of the micro algae on the
Akhull mire demonstrated above is in accordance wilh that found on
the Store Mosse. The greater number of taxa noted there {aboul 100)
depends on the greater varialion of invesligated 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 the Menyanthes
[rifoliata zone, are much more widespread on Store Mosse (I'LENSBURG
1967}, This is especially obvious for the laxa more or less confined to
the fen sites in the Lonnstorpet area and the row of brook pools, most
of which seem to have their main distribution in mire arcas with rich
fen vegetation, ¢.g. Euastrum oblongum. However. there are also laxa
as, e.g. Penium polymorphum and Pinnularia subcapitata which are
very rare or lacking on the Akhult mire in spile of the fact that they
arc 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 Lhe Slore Mosse. Among them Oocyslis solitaria,
Cosmarium pygmaenum. FEuastrum  cunealum, Penium  borgeanum,
Dinobryon divergens, and Navicula subtilissima were equally common
1949 and 1952 as 1954 while Cosmarium psendoexiguum and Stauro-
desmus isthmosus seem to have been much less common and Fuastrum
crassicolle. much more common in 1952 than in 1954, These three
species have not been reported from central Soulh Sweden belore,

This survey of the benthic micro algae on the Akhult mire and
their distribution has demonstrated a greal resemblance in the general
distribution patlern belween the macrophytes and the algae as far as
the poor  rich gradienl of variation in the vegelalion is concerned,
The available samples have not made it possible to study the other
gradienls. A general discussion about the habitat condilions on the
Akhull mire in relation to the poor rich gradient in the vegetation is
found in MALMER 1962a pp. [81—183, 213—216, 218 and 1962Db
pp. 10—11.
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ABSTRACT
WeNpELRO, P.: New and Noteworthy Species of Primulaceae from the
‘I'lora Iranica’-Area. — Bot. Notiser 123: 300 309, Lund.

The following new taxa are described: lndrosace podlechii ol sect
Chamaejasme (NE. Afghanistanj: Dionysia esfandiarii of sect. Anacampto-
phyltum (S, Iran); D. [reitagii of sect, Dionysiastrum [N, Afghanistan):
and D, termeana of sect. Dionysin (S, Iran), Primula algida Apasm, P. gau-
baeana Borns, and P. kaufmanniane REGEL are recorded as new to the
flora of Afghanistan. Primula dueckelmannii GuLrt previously known only
from the type collection, has been recollected. It is endemic to NE.
Afghanistan, The find of P. gawbaecana in SW. Alghanistan is of con-
siderable phytogeographical interest as the species was previously known
from SW, lran only.

INTRODUCTION

Large areas ol Afghanistan and Iran. the main countries covered by
K. H. REcmINGER's “Ilora iraniea’, are still unexplored or inadequately
known from a botanical point of view. Every collection from the more
remote parls of these countries reveals interesling and oflen surprising
finds. The lamily Primulaceae was trealed for this flora by WENDELBO
(1965). In addition to a previously described species ol Dionysia
(WENDELBO 1967], recent collections conlain no less than 4 new species
of this family and several other finds of considerable interest. Three
of the new species deseribed below belong to the genus Diongsia com-
prising obligale chasmophytes many of which are narrow endemices.
28 species were treated in the last monograph (WENDELBO 1961 aj.
since then 10 species have been added including the ones described in
this paper |WENDELBO 1964, 1967). There is every reason lo expect
further new species of Dionysia to be discovered in the fulure.
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Iig. 1. — A—E: Androsace podlechii WENDELBO: PODLECH 11741 (M). — A: Habil,

hairs not drawn. — B: Part of corolla with ovary, — C: Calyx with pedicel. —

1): Bract. E: Leaf. — F: Primula dueckelmannii GiLLe; PobLECH 10624 (M), Leaf,

hairs not drawn. — G: P. kaufmanniann REGEL; Popreca 11093 (Mi. Leaf, hairs
nol drawn. — A X1; B—-E x4: I'- G x05. ELLEN SCHIOLBERG del.
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Androsace podlechii WENDELBO. sp. nov. -~ Fig. 1 A I

Secl. Chamaejasme (. KOCH

Herba perennis stolonifera, pilis usque ad 1.2 mm longis arliculatis

el glandulis brevibus capitatis obsila, Stolones 1—3, ¢ rosulis foliorum

orienles usque ad 3 cem longi. interdum foliis dissitis obsiti, demum
brunnescentes, glabri. FFolia rosulata. 6—13 mm longa. 1.6
lata, anguste elliptico-obovata, acuta. Scapi e centro rosulae foliorum

3.3 mim

orientes, 4 8 em longi. Umbella 5 8-[lora, densa, Bracleae c¢. 5 mm
longae, elliplico-ovatae. Pedicelli 1.5—2 mm longi. Calyr vix 4 mm
longus, campanulalus, per 2/3 longitudinis in lobos ovato-oblongos ob-
tusos divisus. Corolla rolala, verosimililer alba purpurascenli-suffusa,
annulus flavus: tubus ¢. 3.5 mm longus, doliiformis: lobi ¢. 3.5 mm
longi, vix 3 mm lati, subobovali. apice relusi. Filamenta 0.5 mm longa,
supra medium lubum inserta; antherae 0.6 mm longace, mucronulatae.
Ovarinm depresso-globosum. Stylus 1 mm longus: stigma capilalum.

Afghanistan Takhar: Khost-o-Fereng, slopes northeast of the Yawnu-

pass lowards the upper Kala-valley, 3100 m, granite, 10.VIL1965. D. Pob-
LECH 11741 tholotypus M.

The new species is rather similar lo A, akbaitalensis DERG. and
A olgae Ovez. 1t differs from the former in the narrowly elliptic-
obovale leaves with a different pubescence, the much larger calyx with

comparatively much longer, ovate-oblong — not broadly triangular-
ovale — teeth, as well as in the much larger corolla. It differs from

A, olgae 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, It also has a corolla
which is larger in all parls,

The new species is named in honour ol ils discoverer Dr. D. PopLECH
of Munich who collected extensively in NE. Afghanistan in 1965,

Dionysia esfandiarii WeENDELBO, sp. noy. — TFig. 2M- N

Secl. Anacamptophyllum MELCHIOR

Caespites parvos densissimos griseo-pilosos, efarinosos, ¢. 7 em dia-
metro formans. Rami (oliis pallide cinerascenti-brunneis obsiti. Folia
petiolo incluso ¢, 4 mm longa, lineari-oblonga. apice rotundata: lamina
1—1.5 mm longa, 0.6 0.8 mm lata, margine integra revolula, supra
pilis palentibus usque antrorsis apice el margine revoluto pilis retrorso-

Bot. Notiser, vol. 123, 1970


http://dcprc.sso-globo.sum

SPECIES OF PRIMULACEAE FROM THE "FLORA IRANICA -AREA J03

patentibus usque relrorsis obsitae: petiolus latus, indistinctus, margine
pilis dispersis. facicbus pilis brevioribus obsitus; pili usque ad 0.5 mm
longi, articulati. Bracteae 2, lineares. acuminatae, brevissimae 2.5
0.2 mm, longissimae 4 0.4 mm, subtus pilis palentibus relrorsis, mar-
gine pilis patentibus, supra pilis I anirorsis obsitae; pili ¢. 0.3 mm
longi. Flores solitarii, sessiles. Calyge probabiliter non complele evolutus
vix 4 mm longus, usque ad dimidum circiter in lobos lineari-triangulatos
acuminatos fissus, extus pilis retrorsis, in margine loborum pilis palen-
tibus, intus pilis antrorsis obsilus: pili usque ad 0.4 mm longi. Corolla
inevoluta tantum nota. violacea, extus pubescens, pilis ¢. 0.1 mm
longis: lobi obeordali. Oparinm quinque-ovulatum,

[ ran. Fars: Abadeh, Bavanal, Kuh Khataban, 3100 m, 23. VL1969, TERME
8128 E (holotypus GB, isotvpus TRAN.)

D, esfandiarii is a very distinel new species of the secl. Anacampto-
phyllum MEeLcu1or subsect, Revolutae WENDELBO. Il differs from all
the other species of its subsection in the combination of being densely
tufted, having an entire leal margin and a violet flower as well as in
its peculiar pubescence consisling of retrorse and antrorse long hairs.
Unfortunalely the plant is in a young state and it has been impossible
o study fully developed flowers,

D, esfandiarii is named in honour of Dr. I2, Esranpiani, the head of
the “Herbarium Ministerii Iranici Agriculturae”, Teheran,

Dionysia freitagii WENDELBO, sp. nov. — Fig. 2A F

Seet, Dionystastrum SMOLJAN.,

Caespites densos cinerascenti-virides, glanduloso-puberulos, elarino-
sos, usque ad 30 cm diamelro lormans, Rami lignosi, usque ad 4 mm
dizmetro, rosula foliorum cinerascenli-viridi terminati, foliis emarcidis
violaceo-brunneis partim rosulalis, rosulis 5—15 mm inter se remolis,
partim inler rosulas dispersis obsiti. Folia usque ad 5 mm longa el
3 mm lata, ea surculorum juvenilium et basalia rosularum elliplica,
basi in petiolum inferne dilatatum atlenuata, apice rolundala usque
ad acuta: folia celera rosularum subrhombica usque aliquantum angu-
lato-elliptica, basi lata, apice acula usque ad subacula, nervatura supra
prominente. Bracteae 2. ¢, 1.5 mm longae, una elliplica, breviler late
peliolata, allera angusle elliptico-oblonga. Flores solitarii, subscssiles,
heterostyli. Calye 4.5

5 mm longus, anguste campanulatus. usque
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paulo infra medium in lobos anguste elliptico-oblongos subacutos divi-
sus, exlus el intus glanduloso-puberulus. Corolla hypocrateroides, viola-
cea vel purpureo-violacea?, extus glanduloso-puberula: tubus 15—16
mm longus: lobi ¢. 3 mm longi. late obovali. apice emarginati, Antherae
vix 2 mm longae, in floribus brevistylis paulo exsertae, in floribus longi-
slylis manifeste ultra medium tubi insertis. Ovarium 3 S-ovulatum,
Stylus longus faucem corollae tubi vix atlingens: sivlius brevis ¢, 2/3
corollae fubi allingens: stigma capilalum. Capsule ¢. 3 mm longa,
ovoidea, valvis 8—9 dehiscens, Semina 3—5. submaltura, ¢. 2 mm longa,
elliptica, plana.

Afghanistan. Balkh: Ali Kuh, mountain 18 kim S of Mazar-i Sharif,
13001700 m, 29.V.1969, IlepcE, WENDELBO & ExkseErc W. 8197 (holotypus

GB, isotypus Ej; 18 km S of Mazar, Sultan Baba Ali Sher, 800 m, FREITAG
185,

The new species has leaves that are more or less dimorphie, 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 parl of the rosette are subrhombie
with a more or less acule apex. and are narrowed from above the middle
into a rather hroad base,

Dionysia [reitagii must be relerred to Lhe seclion Dionystastrum
SmovrJan. and is most closely related to D. viscidula WENDELBO. 1l
differs from that speeies in the larger corolla and calyx, the smaller
indistinet bracts, in the comparalively broader and more acute roselte
leaves, and in the distinetly shorler glands. D, piscidula is so far only
known from the valley Darrah Zang near Maimana aboul 200 Kilo-
melers to the south-west from the locality ol D, freitagii.

The species is named in honour of its discoverer Dr. . FREITAG
working at the Department of Botany, University of Kabul as member
of the “Partnerschafls-Team der Mathematisch-Naturwissenschaft-
lichen Fakultitl Bonn a.d. Universilil Kabul™,

Fig. 2. — A—F: Dionysin f[reitagii WENDELBO:; HEDGE, WENDELBO & LEKBERG

W 8497 (GB). Glands nol drawn., — A: Corolla of longstyled flower. — B: Corolla

of shortstyled flower. — C: Calyx split open. — D: Bracts. — - It Leaves, —

G—L: D, termeana WENDELBO; TERME 8131 (GB). — G: Corolla of longstyvled flower,

glands not drawn, — H: Calyx split open. — I: Bracts, — J—L: Leaves. — M—N:

D. esfandiarii WENDELRO; TErME 8128 (GB). -— M: Leaf from above. — N: Leaf
from below, — A—N x4, — ELLEN SCIJOLBERG del.

Bot. Notiser, vol, 123, 1870



SPECIES OF PRIMULACEAE FROM THE "FLORA IRANICA-AREA 305

Bot. Notiser, vol. 123, 1970



406 PER WENDELBO
Dionysia termeana WENDELBO. sp. nov, IMig. 2 G—L

Sect. Dionygsin

Laxe caespitosa. glanduloso-pubescens, efarinosa. foliis emarcidis
rosulalis, rosulis foliorum in ramis inter se 1—1.5 em remolis. Folia
reliculato-nervosa. glandulosa: glandulae vix 0.2 mm longae: (olia
exteriora rosularum et folia surculorum juvenilium usque ad 11 mm
longa, 4—5 mm lala, L obovato-spathulata, subintegra vel & distincte
I—b6-crenala. obtusa usque subacuta: folia interiora 6-—9(-—11) mm

longa, 2—2.5 mm lala, lincari-oblonga. subintegra vel usque ad 5—6-

crenafa. obtusa usque subacuta. Bracteae 2. 2.5 el 7 mm longac. anguste
ellipticae, usque oblanceolalae, obtusae. Flores solitarii, sessiles, helero-

styvli. Calyr 5—6 mm longus, usque ad basin fere in lobos = lineares,
oblusos, ¢. 0.7 mm latos fissus. Corolla hypocrateroides, flava: tubus
floris longislyli 15—17 mm longus: lobi 4

lati, emarginati. Antherae 1.5—2 mm longae. Capsula quingque valvis,

5 mm longi, 3.5 4 mm

Semina ¢. 8.

Iran. Fars: Sissakhl, Kuh Daena to Gadaneh-Bidjan, 20.VI.1969, TERME
8131 E (holotypus GB, isotyvpus IRAN).

Undoubtedly Lhis new species belongs to sect. Dionysia subsecl,
Cuespitosee WENDELBO. It differs, however, from all olher species of
its subsection in having emarginale corolla-lobes, and also in Lhe ealyx
which is split lo the very base. D. lermeana comes closesl to D, dia-
pensiifolic Boiss. and D. gaubae Boryy., but differs in addition to the
characters menlioned 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 ol the rosette,

D. termeanda is named in honour of ils discoverer Ing., FEREYDOUN
TERME of the Department of Botany. Plant Pest and Diseases Research
Institute, Teheran.

Primula algida Apam in WEBER & Moug, Beitriige Naturk, 1: 46 (1805
WENDELBO in Flora iranica 9:11 (1965).
Afghanistan, Wakhan: Dario Wazit, N of Wazit gorge, 4600 m.
BRECKLE A 1247,

Previously this species has not been found in Afghanistan. but it is
recorded from the Pamir-Alai area in the USSR somewhal to the north.
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There is a considerable gap in the distribution of P, algida as it is
known from C. Asia and then from Caucasus and the Kurdish moun-
lains. It is much the same area as that of the likewise alpine Allinm
oreophilum C. A. MEY. Very few species seem (o have a similar disjunct

area,

Primula dueckelmannii GioLi, Feddes Reperl. 62:22 (1959), — Fig. 1 I
WENDELBO in Flora iranica 9:5 (1965].

Afghanistan. Takhar: Koh-i-lshkamish, ca. 7 km south-east of Ishka-
mish, shady slopes, 1500 m, PopLeEcH 10624, — Badakhshan, above Jawarsan,
c. 30 km S of Keshm, 1600 m, HEDGE & WENDELRO W, 9320,

This species was previously known from the type collection which
consisled of flowering plants only. It [lowers in the beginning of April
(GILLT 1959 p. 22). The malerial of PODLECH collected 14 May 1965 is
in fruit, The capsules are ellipsoid, 7—8 mm long, 45 mm hroad and
somewhat protruding from the calyx.

P. dueckelmannii (W. 9320) was found as willed fragments under
stones al ¢. 1600 m altitude in Pistacia vern Amygdalus bucharica
— Acer pentapomicum woodland with seallered Juniperus efr. semi-
globosa. This is probably a typical locality and there is reason to think
that the rarity of this species is due the fact that this lype of forest
has been destroved over extensive areas. The likewise rare endemic
Salvia plerocalyr HEDGE was found in the same place and very prob-
ably these two species have more or less the same distributional area
which they share with a whole group of olher endemic species (IFig. 3).

Primula gaubaeana BornNMm. Mitl. Thir. Bot. Ver. N.I. 47:132 137
11941)
WENDELRO in Flora iranica 9:4, Tab, 1, IYig. 1 (1965).
Afghanistan, FFarah: 15 km N of Golestan, stream-side with Carex

sp. and Epipactis sp., 2100 2200 m, 23.1V.1969, flowers vellow, HEDGE &
ExBERG W. 7282,

The Afghan plants do not differ significantly from available Iranian
material. The calyx may be somewhal larger and the bracts may have
a somewhat different shape. Even if these differences should be con-
stant the Afghan population should probably nol be frealed as more
than a geographical race of the rank of subspecies.
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Fig. 3. Total distribution of Primuala dueckelmannii Gieer (®) and P, gawbaeana
Borxa. (®), Half-tone indicates areas with mountains above 2400 m.

The find of P. gaubaeana in Afghanislan is of considerable phyto-
geographical inlerest. The locality 15 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. 31. The 6 known species
of Primula subgenus Sphondylia are scaltered over a large area: NW.
Himalayas, Afghanistan, Ethiopian mountains, Yemen. Sinai, W, Iran
and SIZ. Turkey (WENDELBO 1961 b}, They are undoubtedly relics Irom
a period with a moister elimale when ancestral forms ol this group
were scattered over this area. The geographical area of P. gaubaeana
musl carlier 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 differentialion has taken place in this case.
The disjunct area of P. gaubaeana is remarkable, bul a good parallel
is found in the distribution of certain large-leaved Diongsiae. Thus
D. bornmuelleri (PAX) CLay in Wesl Iran has its closest relatives in
two Afghan species, ). paradoxra WENDELBO and D. balsamea WEN-
DELBO & REcH, [, (WENDELBO 1964).
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Primula kaufmanniana ReGern, Acla Horli Pelrop. 3:131 (1874, -
Fig. 1 G
Feporov in IFlL USSR 18: 126, Tab. IV, Fig. 1 11952},
Afghanistan. Baghlan: Andarab-valley, southern side-valley of the
Taganak valley al Darrah-i-Shu, 3006 m, Poprecs 11093, — Badakhshan,

Khumbuk arvea, S. of Keshm, side valley to the SW of Robat, 3000 m,
HenGe & WeENDELBG W, 9403,

These are the first records of this species from Afghanistan and from
oulside the USSR. Il is an exlension of the area by about 250 km
to the SW.

The Afghan specimens mateh the deseription and figure of FEDOROV
(Led. I have also seen several sheets of P kaufmanniana kindly senl
on loan by Dr. L. T, VassiLczeNko from lhe Leningrad herbarium.
The only other species of seel. Corfusoides in Afghanistan is the rare
endemic P, dueckelmannii Gl (see above) which differs markedly in
the much more deeply cul leaves (Fig. 1 I'--G).

P. kaufmanniana (W, 9403) was found al ¢, 3000 m altitude near the
upper limit of the Juniperus clr. semiglobosa bell were it grew in rich
subalpine vegelalion.
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Vegetation Types of Planted Spruce Forests in Scania,
Southern Sweden
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ABSTRACT

NIHLGARD, B.: Vegelation Types of Planted Spruce Forests in Seania,
Southern Sweden., — DBol. Notiser 123: 310—337, Lund.

Vegetation analyses and soil investigations from 87 localities with
planted spruce forest, situated south of the matural border area for
Picea abies in Scania, have been performed. Most of the stands are old
with a well developed ground vegetalion, some are young, and some are
sitnated side by side with beech forests. In this way a picture of the
different vegelation types, of the development of the vegelation in young
and dense spruce plantations and of the floristic changes when beech
forests are replaced by spruce is oblained.

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

The main species dominating in the vegetation lypes are: Dicranum
majus, D. scoparium, D, undulatum,. Hypnum cupressiforme, Plagiothecium
spp., Plearozinm schrebert, Deschampsia flevuosa, Ovalis acetosella, Dryop-
teris austriaca, Rubus idaeus, Sorbus aucuparia, Sambucus nigra and
N. racemosa.

INTRODUCTION

The southern boundary of the nalural distribution of spruce (Picea
abies) in Sweden, passes through the north parl of Scania (17ig. 1],
According to pollen analvtic investigations (Fries 19651 this border
area has exisled for about 1500 vears. However, during the last 100
years spruce has also been planled outside ils natural borders in the
soulhern deciduous forest region, which belongs to the Nemoral zone
(S10RS 1965). The plantations have been performed cither on formerly
grazed heathlands and arable land or replacing beech forests. Owing
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lo the relalively low [inancial potential of beech foresls and grazing
pastures. the spruce planlations have increased during recent decades
and il seems probable that in the near future spruce forests will prevail
in the deciduous region also.

Having in view a clarification of the vegetation types and the floristic
changes which we can expect to find lo an ever increasing exlenl in
step with the increasing area of planted spruce forests, the present
studies have been made in the southern deciduous foresl region of
Scania during the yvears 19661969,

INVESTIGATION METHODS

A greal number of planted spruce forests south of the natural border of
Picea abies in Scania have been investligated. The sites chosen for analvsis were
situated over the whole area (Fig. 1), representing all the different vegelation
Ivpes obtainable. The stands were 20—85 vears old and thus information on
the succession of vegelation with age and thinnings was also obtained. The
vegetation of the stands was delimiled by analysing one large square only,
about 2000 m?, al each locality. Only homogencous areas representative of
the forests were chosen and investgated, thereby avoiding boundary vegelation.

In order to demonstrate the floristic differences that develop when spruce
is planled 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 lwo criteria:

1. The two stands should lie side hy side on as flat ground as possible: if
sitnaled on a slope the inclination should be uniform.

2. It should be proved, by speaking to the landowner or hy 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 1000--2500 m?, which have been placed as near each
other as possible, in practice at a distance of 30—50 m. In this way the prim-
ary differences of the mineral soil composilion between the stands ought to
be small. Areas with boundary vegetation, and in the spruce forest areas wilh
beech litler were avoided as far as possible.

The vegelation analysis comprised investigations of the tree, shrub. field,
and hottom layers inside the large square.

The tree layer was investigaled on the following data:

1. Stand density was determined in the spruce forests by counting numbers
of frees inside five squares of 100 m* In the heech forests all trees inside
the large square were counted.

2. Cover of the tree crowns was estimated as a percentage of the avea of the
large square.
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Fig. 1. Map of Scania in
Southern  Sweden.  showing
lhe situation of the mvesh-
tated loealities. The southern
border area of the natural
distribulion  of  spruce is
marked with hatched lines
{after HESSELMANN & SCHOTTE
19061, Arcas siluated more

6 B 20um than 100 melres above sea
®  ruesigoied eech and o4 tlontes spruce laresis level are dotted. Map of
A inveshigaled oid péanted apri
& mesligaed young senled soruce forests Scandinavia mserted.

J. Age of the trees was delermined by boring al breast height in a typical
tree with an increment borer. This was possible in the spruce forests where
the trees were of the same age. In the beech forest the trees were unevenaged
and then the average age was estimated from random borings. and using in-
formation obtained from other loealities,

4. Measuremenls of height of the trees and tree crowns were performed
using a Blume-Leiss instrument. To oblain average values some lypical, sub-
jeetively chosen trees were measured [rom each stand.

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

The shrub layer. The cover of the shrub laver was eslimated as a
percentage of the large squave. Rubas idaeas was not included.

The tield and bollom lavers (=the groundlaveri were ana-
Ivsed by placing ten small squares each of 16 m® in a fixed patlern, in order
to gel a uniform distribution inside the large square. The species inside the
small squares were noted and their cover, according to Lhe five-degree scale
of HuLr— SERNANDER —DU RIETZ, was estimated. Species in the large square,
which were not represented in the small squares. were afterwards added o
the list and are marked with — in the tables. Bryophytes and lichens on stones
or stumps were not included in the analysis.

In the vegelation survey tables the small square frequencey (Y1 and the
characteristic degree of cover (C) are given as FU T denotes the number of
small squares in which the species occur calenlated as o percentage of the
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total number of small squares. € is an average value of the degree of cover.
At its ealeulation the 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 retransformed 1o degree of cover (ef. PErsson 19615, In Table 1 and
Fig. 2 the cover of the vegelalion in m?*'m? is given. This has been caleulated
from the unils in the Hoor  SERNANDER—DU Riktz seale. Using a small
square of 16 m? the following means are valid:

L—0hm2 2=15m% 3=3.0m2 41— 6.0m*and 5=12.0 m*

The lotal small square area analysed al each locality is 160 m* By summing
the plant cover of every species in the ten small squares this value is often
exceeded. which obviously is natural; firstlv beeause both the field and bottom
lavers are summed, and secondly becaunse there is a nalural stratification in
several layers even in the field laver. The ecalculalion cerlainly gives very
rough values bul these are wvseful in comparisons and in illustrating the
development ol the vegetation in planted spruce forests.

The nomenclature for phanerogams and ferns follows WEIMARCK (1963,
bryophytes ARNELL (1956). NyuorLsm {1954-—1965) and JENSEN (1939).

It has not been possible Lo separate Drgopteris assimilis (NANNFELDT 1966
from D. austriaca. Bolh species appear in the investigated forests,

Besides the vegetation analvses investigations on the soil type were perform-
ed. One profile of 50 —100 em depth was dug inside each large square, The
validity of this profile was checked with smaller pits over the whole square.
— In particular the thicknesses of the different upper horizons, the soil
structure and lexture were noted, Soil sumples for determination of pll were
laken in the mor or mull horizon (F/H or Ay}, in the horizon just helow the
mor or mull (A, or By} and in the B/C-horizon usnally at a depth of about
50 em. pH was determined on duplieated fresh soil samples both in extracts
of water and of 0.2 M KCL The volume proportion soil: solution was 1: 2 and
the extraction time one hour,

THE DEVELOPMENT OF THE VEGETATION IN SPRUCE PLANTATIONS

The development of the vegelation in spruce foresls is earlier treated
inter alia by O1TT (1966) who studied the effects of thinnings, RiEiN-
HEIMER (1959) and ScHLUTER 11966) who studied the light and the
vegelation in glades. The above authors found thal small differences
in light could cause great differences in vegetalion. RHEINHEIMER
(1957) reporls hat in planted spruce forests near Hamburg, three
species  were commonly occurring.  viz. Plagiothecinm  ciroifolium,
Lophocolea heterophylla, and Lepidozia reptans. BECHER (1963) has
followed the disappearance of the ground vegelalion in small spruce
plantation squares and noticed that almost every one of the former
beech foresl species disappeared. THILL (in NOIRFALISE 1964) reports
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Table 1. Vegetation survey table showing the immigration ol species in the bottom
and field lavers of young planted spruce forests in Scania. The stands are arranged
according Lo increasing cover of the vegetation. Species dominating in old spruce
forests are underlined. (juv)=juvenile plants. Plagiothecium spp. includes P. curvi-
foltum, P. denticulatum and P. suceulentum. Dryopteris spp. (juv) ncludes D spinu-
fosa and D, austriaca. Galeopsis spp. includes Go bifida and G tetrahit. Sambuacns
spp. includes S. nigra and S. racemosa. Quercus spp. includes (. petraea and Q. robur

Spruce forest stand bo. TH &l 52 3 0 1 6 49 T a1 W 17 0 2 13 47 48

Cover of the vegelgtion, I'ﬂz/ml 0,03 0.05 0.08 010 0.1 0.13 0.4 0I5 047 018 0.19 099 021 0.23 026 026 D.‘ﬂ_

Cover of the tree crowns ' S5 100 95 90 80 80 85 90 45 0 A0 85 65 80 80 80 BO
NuribEr of Fees/00ME- &2 26 36 F R B 3 % 93 12 0% b @ 15 8 2
Age al breost heighl years 3. 20 25 2 35 32 40 25 48 47 40 35 I} W 40 81 53
Diameter gt breast height,cm 16 8 W 15 17 0 2 15 ’B 0 W W W
Height of the trees,m WM 13 13 2 18 19 1 25 24 20 2 2
I number of species i S - T 1% 18 W %

ECE 100" 80' 180" 100" 90' &C' 100"

Spect

Plogiathesium spp- sg' 80 700 70' 30' 30F 100"
Lephocolea heterophyiio 50 70" 40' Sp'1p0t G0'100' 7o' 100" 90 i00' 100’ vao' oot 0¢' 20 100"

Poiytrchum fermosum - 19 - - - - 0 - 0 2 -
Mniam atfine = F =
Mrium  hoarqum

=Y LAOUM. ek UPArsain

Fohlio nutons

Waccinum mytilius
Qeschampsia flexunsg

Athyr e Nilix.femina (uv)
Oryopleris spp.{juv}

Rubus idoeus {juv)

Oxalis  aceloselle

Moerhingia  Lrenervia
Atrichum undulglum

Viola rivimiana

Deschampsia caespiiosa
Dicranelia  heleramalia
Galegpsis spp. {juy)

Senecia sylvalicus

Coryws avellona (v}
Chamaenernion q I i
Unica digica
Sambucus  spp (juv)
Guereus  sop. {juy)
Oryopiers filn-maos
Poa memarabs
Mercurialis perennis
Sechrephutarnio  nedosa
Impalens noh-lengere
Hypericumn  spe {juv)
Picea obies (jus)
Gallum  saxalile
Hyprum _cupressclorme
Aelula  verrucosa [Juv)
Anemane nemorosa
Gatrum  odoralum
Sorbus  aucuparie {juv
Corex  piluhlfera
Taraxacum vulgare
Pleurozium schrebert
Verarca  afficmalis
Eurynchium  siokesn
Masanihemom  bifolum
Convallorio majahs
Mitium e fusum

Aibes sp. (juvl
Trieniofis europoea
Stellaria media

Ulmus  glabra (juv)
Plagiothecium  undulotum
Brochylhecwum  reflexum
Rhylidiadelphus loreus
Losiuca  murals
Fraxnus exelsior {juv)
Circare uteimna
Geronium roderlianum
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that in the Ardennes the planted spruce foresls were almost lacking
vegetalion until 40—50 years of age when they were thinned out.
Al the age of about ten or fifleen vears the spruce plantation has
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grown fo such an extenl thal 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 oceur
alter the first thinnings can be regarded as newly spread plants. It is
al this stage of developmenl thal this investigation slarls.

Table 1 shows a number of vegetation analyses done in dense spruce
plantations, where the field and bottom lavers cover less than one
quarter of the investigation area. Ilach column corresponds lo one site
{situation see IMig. 1).

The age al breast height varies from 20 Lo 50 vears, the number of
trees/100 m? is 8§ —42 and the cover of the free crowns varies [rom 80
to 100 per cenl. 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 the densest stands it is possible lo lind a small
liverwort, Lophocolea heterophylla, and a Plagiolthecinm  species.
usually P. curvifolium or P. denticulaium. These species occur in al-
most every stand at all slages ol mulurity (ef. Table 2 A). Olher species
appearing al an early stage and found in almost every stand are Dryop-
teris spp. tjuv), Rubus idaeus (juv), Oxalis acetoselln, Chamaenerion
angustifolium (juv) and Sorbus aucuparia (juv).

Polytrichum formosum, Mnivwm hornum, Moehringica lrinervia, Alri-
chum undulatum, Dicranella heteromallia, and Sambucus can also be
regarded as shade toleranl species, while e.g. Deschampsia flexuosa,
although it can be found as small straws in glades in dense spruce
forests, is most prominent in older and lighler stands.

The development of the vegelation is dependent on the cover of Lhe
lree crowns and densily and these properties are usually correlated
with the age of the stand. In Fig. 2 the age of Lhe stands at breasl
height is correlated with the cover of the vegetalion. Mosl of the old
stands in Table 2 are also included. 1t is obvious thal il is not until
the stand is 4550 years of age that the bottom, field, and shrub layers
are of real importance and cover the whole ground arca, Al this age
the cover of the tree crowns is usually 70—80 %9 and the number of
frees per 100 m? is 5 -8. In such a stand a malure vegelalion lype
slowly appears.

It is possible to summarize the development of the ground vegeta-
lion in a planled spruce forest by dividing il into four developmental
stages:

Bot. Notiser, vol, 123, 1970
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I. The depletion stage, lasting from the time of planting fo
about 15 vears ol age. During this stage the inilial ground vegelation
disappears.

2. The bare ground stage, al 15>—30 vears of age, is de-
scribed as the time when ground vegetation is almost lacking.

3. The immigration stage, al 30—60 years of age, is the
time when ordinary spruce loresl species appear.

4. The malure stage appears from aboul 60 yvears of age and
typical vegelalion types can be distinguished.

The rolation ol spruce in Southern Sweden is 60—70 vears and thus
the fourth slage is often short or not fully realised.

VEGETATION TYPES IN OLD PLANTED SPRUCE FORESTS

Ol the 84 localilies invesligated 67 were used for deseribing the
vegetation types in old planted spruce forests (situalion, see Fig, 1.
The condition governing the selection of these sites was thal the
vegetation of the boltom, field, and shrub layers together should cover
at leasl 50 "o of the area. However, a few forests, which from a
forestry point ol view could be regarded as malure and ready for
total culling. were also included.

a. The Vegetation

When comparing the vegelation from the 67 localities it was found
that many of them were very similar. at least with regard to domi-
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nating species. On this criterion they were grouped in 27 different
columns (Table 2. In this survey table lhe frequency values are
rounded ofl 1o the nearest five,

In Table 2 A high frequency species, ie. species with a frequency of
> 50 "o in al least one column. are gathered. A conlinuous change in
the vegelation from the lelt to lhe right is seen. with very close rela-
lionships belween adjacenl columns. However, it is possible to dif-
ferentiate into groups or types il dominating species are taken into
accountl. Thus five main types have been eslablished.

I. The moss dominated types are found mainly in the northern parl
of the invesligated arean or on the Scanian ridges. where stony and
sandy moraines poor in nutrients, prevail (ef. WEIMARCK 1950). The
main dominaling species are Dicranum majus, D. scoparium, . undu-
latum, Hypnum cupressiforine, Plagiothecium curvifolinm. P. denticu-
latum, P. undulatum, and Pleurozinm schreberi (g, 3). The vegela-
tion dominaled by Dicranum majus and Plagiolhecium species is found
in more shady forests and probably on more moist soils, than those
dominated by Dicranum undulatum, D. scoparinm. Hypnum cupressi-
forme, and Pleurozinm schreberi. Though somewhal indifferent the
lalter species are found e.g. on dry sandy soils in the Vomb area in lhe
centre of south Seania. Most of the high frequency species of the moss
dominated foresls also occur in other types, but Dicranum majus,
D. undulatum, Ptilium crista-castrensis. and Hylocomium splendens
have their main distribution in type 1. Deschampsia flexuosa some-
times becomes o co-dominaling species, particularly on dry soils and
in sun-exposed stands. This vegetation is closely relaled to the fol-
lowing type.

I1. In the Deschampsia flexuosa types Deschampsia [lexuosa is the
main species. This type is found on apparently dry localities on stony
moraine with o thick mor horizon, It is o vegetation also found at
the edges of voung or middle-aged planted forests. where the light
conditions are sufficient. In consequence il occurs only in sufficiently
thinned forests where the cover ol the lree crowns is as lillle as
50 60 %. In the most heavily thinned forests the ground vegelation
has the characler of edge vegelalion and Deschampsia flexuosa can
reach fertilily which normally is rare in enclosed stands, Type 11 can
be divided inlo two subltypes: I[ A, where in particular, Dicranum
scoparium is co-dominating and 11 B, where Deschampsia is dominating
alone. The Deschampsia — moss subtype may be regarded as a succes-
sional slage where Deschampsia flexnosa is increasing with increased

Bot. Notiser, vol, 1235, 1970
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Table 2. A—B Vegetation survey tables showing the frequency (F and characte-
ristic degree of cover (€ as FC of the bottom and field lavers and percentage cover
of the shrub laver in old planted spruce foresls. Table A contains dominaling and
high frequeney species (2> 50 %% at least in one column) while Table B contains low
frequency species. [juvi=juvenile plants. Quercus spp. mcludes Q. petraea and
Q. robur. Plagiothecium spp. includes P. curvifolium, P. denticulatum and P. suc-
culentum. Betula spp. includes B, pubescens and B. verrucosa. Sambucus spp. in-
cludes S, nigra and S, racemosa. Hypnum cupressiforme may also anclude
H. ericetorum.
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thinnings and better light conditions and grows over a primary moss
carpel. In some foresls. however, the moss carpet is more or less
absent and then Deschampsia [lexuosa starts as small green plols over
the whole area as in the first column of 11 B and remains as the only
dominaling species in laler slages.

I, The Deschampsia Oxalis types embrace some slightly dif-
ferent sublypes, A—C. They have in common dominating Deschampsia
flexuosa and Oxalis acetosella. Apparently, they alwavs occur on more
moist soils than type IL. This stalement is established in Fig. 5. Al the
top of the slope plot no. 31 the forest was slightly more thinned and
consequently lighter than in plols no. 1 and no. 2. where the light
conditions were eslimated fo be uniform. Plol no. 3 shows a pure
Deschampsia flexnosa community where Deschampsia covers almost
the whole area. In plol no. 2 the soil condilions were similar with an
obvious mor horizon, bul due lo lower light inlensilies a Deschampsia
flexuosa layer was not yel fully developed. However, in plot no. 1
situated al the bottom of the slope and facing north, the groundwaler
was wetling the soil surface and the humus layver was inlermediale
between mor and mull. The vegetation was an Oxalis acetosella varianl,
probably developing towards a Deschampsia Oralis Dryopleris
subtype (1B},

As the light conditions were similar in plols 1 and 2. this also
illustrates, besides the florislic changes, a better development ol the
ground vegelation with improved soil conditions.

In sublvpe II1 A Deschampsia flexuosa and Oxalis aeeiosella are the
only dominating species, Oxalis can be regarded as the primary species.,
Deschampsta is the secondary species, and has expanded over Owvalis
when light intensities have increased. However, this vegetation will
hardly become a pure Deschampsia flexwosa communily. sinee afler
thinning shrubs such as Sorbus auvcunparia and Sambucus racemosa,
will appear. The shading influence of the shrubs will relain a De-
schampsia — Oxalis communily,

Fig 3 A moss dominaled vegelation with Dieranum majus, Hypnum cupressiforme
and Pleurozium schreberi as the most promiment species, NIE Vedby, —
Photo: B, N, Sept. 1969

I'ig. 4. A subtype of the Deschampsia — Oxalis vegetation dominated by Dryopteris

austrinca, Oralis acetosella, Deschampsia flexuosa, Polytrichum formosum, Mnium

hornum, Luzula pilosa. and Vaceiniwm myrtiflus. Shrubs of Sorbus aucuparia are
prominent. Sjunnerup. — Photo: B. N. Sept. 1969,

fiot. Notiser, vol, 123, 1970
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On more moist soils, Deschampsia flexuosa is superseded by lall
ferns, especially Dryopteris austriaca, and by Rubus idacus {111 B and
[11 C). The Dryopteris variant is oflen found on stony moraine in
slopes or hollows with a good supply ol ground water (Fig. 4). More
moist conditions are also indicated by species such as Deschampsia
caespitosa, Athyrium filic-femina and Plagiochila asplenioides. Also,
shrubs of Sorbus aucuparia and Sambucus racemosa can grow tall.
The subtype 111 ¢ with both Deschampsia, Ouxalis, and Rubus idaeus
can be regarded as an intermediate sltage between I11 and TV,

IV. The Rubus — Oxalis types can be divided into three sublypes.
A —C. In these Deschampsia flevuosa is rare or scattered and Owxalis
acetosella and Rubus idaeus are usually co-dominating. In IV A Ouxalis
dominates alone, covering more than 50 % of the area. However, this
communily is not a fully developed vegetation type but must be ve-
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garded as an immigration stage in a vegelalion succession ol planted
spruce foresls on moist soils with good humification properties. Oxalis
acetosella is a very shade toleranl species and the communily is oflen
found in very dense. middle-aged (aboul 45 vears old} spruce forests.
With inereased thinnings the vegetation does nol have to develop into
a Rubus Oxalis type, but might as well become a Deschampsia

Oalis variant of type 111, Such a succession is clearly demonstrated
in some thinning plots lor forestry production measurements in the
Crown forest of Dalby (Iig. 6). The three stands in this example are
siluated 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 dominaling alone, while in the heaviesl thinned plot, no. 3,
Deschampsia flexuosa is lhe mosl imporlant species. Plot no. 2 is
intermediale.

In sublype IV B the vegetation has developed inlo a Rubus idacus
Oxalls acetosella communily. This is, in facl, not a clearing vegelation
as it is found in relalively close stands. where it covers the whole area
(Fig. 7). As wilh Deschampsia [lecuosa, Rubus idaeus also rarely
flowers inside the forests, This happens only in glades or clearings.

Subtype IV B 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 (cf.
p. 333). Then some lypical beech forest species, e.g, Stellaria nemorum
ssp. glochidosperma, Lamium galeobdolon, Dactylis glomerata ssp.
aschersoniana, Festuca gigantea, and Galium odoraluum can also occur
in Lhe spruce forest,

Subtype IV C is a spruce forest vegelation found in one locality only.
The spruce is planted on a former beech forest area, probably having
a Mercurialis perennts community, The soil is extremely rich in lime,
has a high pHl value icf. Fig. 11] and a good supply of waler. Lamium
galeobdolon, Mercurialis perennis, Oxalis acetosella, and Rubus idacus
are co-dominants in the field layer. Several other species indicating a
good supply of water and mineral nutrients are found. e.g. Aclaea
spicata. Campanula latifolia, Dentaria bulbifera. Melandrium rubrum,
and Pulmonaria officinalis.

V. The Sambucus — Ouxalis tyvpe is separated because of a great
dominance (> 50 %) of 1 —3 m high Saembucus shrubs (Fig. 8. In the
field layer Oxalis acetosella and sometimes Dryopteris auslriaca are
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Figs. 7 and 8.
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dominating, while the bottom layer is poorly developed. This vegetalion
is found on similar soil types to the Rubus — Oxalis types. ie. soils
with a good water supply and probably a good nutrienl status, especi-
ally concerning nitrate and ammonia. Fertilizing experiments on small
plots made by BECHER (1963} indicale that Sambucus racemosa, us
well as Rubus idaeus and Chamaenerion angustifolinm, is favoured by
a good nitrogen supply. The Sambucns type was never found on poor
stony moraine with a mor humus.

An extreme varianl is subtype V B with dominating Sambucus shrubs
almosl lacking field and bottom layers. This variant is usually found
in isolated plantations on lormer arable land. The lack of ordinary
forest vegetation can be explained by absence of suitable spreading
agenls. Sambucus racemosa and 8. 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 silt or clay rich soils with mull, while Sambucus racemosa can
also grow on sandy soils where real mull structures are lacking. How-
ever lhe humus layer is very porous and loose, which is a common
feature of all the Sambucus vegetation types,

A porous humus layer wilhh mull structures can be created artificially
by liming or by ferlilizing with nitrogen {cf. the nitrogen experiments
by BrecHER 1963). The most striking effect of liming is the marked
increase of the shrub layer (Fig. 9). Shrubs of Sambucus racemosa
aboul 2 m lall have grown up in the limed plots, Moreover an increase
of Rubus idaeus and Owxalis acetosella is noliceable. A greal number
of new species have invaded the limed ground, e.g. Adoxa moschatellina,
Lactuca muralis, Ranunculus repens, Viela riviniana. Other species
have disappeared or decreased, e.g. Dicranum scoparium, Hypnum
cupressiforme, Deschampsia flexuosa, Galinum saxatile.

Besides this qualitative [loristic difference il can be noted that lhe
cover of the vegelalion is doubled in the limed stands. This demonsira-
tes that it is nol only low light intensities that prevent the developmenl
ol the vegelalion. but also lhe humus condition (ef. NIHLGARD 1964).

IFig. 7. Vegetlation type dominaled by Rubus idaeus and Oxalis acefosella. N. Rorum.
— Photo: B. N. Sept. 1969,
Fig. 8. Vegetation tvpe with 1-—3 m high Sambucus nigra and Sambucus racemosa
in the shrub laver. Ouxalis acefoselln is dominating the field laver, 5. Djurup. —
Photo: B. N. Sepl. 1969.
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Main species Unlimed piots Limed plots
Dicranum scoparium 70! 60! - -
Gatium saxalile 60! 50! - -
Hypnum cupressiforme 100! 70! 50! -
Deschampsia flexuosa ﬂ? 80! 1-0: -
Dryopteris ousirioca 100* 190t 00’ ?
Yaccimum myrlillus 60’ BOI‘ RJ‘ 0
Plagiothecium spp. 100! 100 100 [ e PR T T Iy
Oxalis acelosella N: @f 1_@_0‘5 100° Fig 9. Vegetation analyses
Rubats. idoeys : 100 100, 100% showing  the effects of
Moerhingia trinervia a0 — 80 wo Z
Loctuca muralis - - 00} 100! liming on spruce forest
Adoxa moschatelling - -— 20 o e =+
Ronunculus repens = = %0 20! vegelalion. The sites be-
Viola rivimana - — 30 20 .
Shrubs (%) long to produclion exper-
Sorbus Qucuporia 10% 5% < 5% <« 5'% 5 3 » F . ¥
Sorbsins. Totkniost <5 5% S0 50, mments of the Forest He
search Institute of Sweden
Cover of the vegetation,myfd  £0.63 o080 e £1.48 :
in the Crown foresl ol
Humus condilions Mor, 3-G5cm  Mor,5-Tcm  Mull5-Wcm  Mull4-8em
BH in 0.2 KCI 2,90 3.00 685 6.50 Dalby
M water .05 3.85 7.25 6,80

b. Comparisons with Other Spruce Forest Vegetation

It is difficull to compare the described types of vegetation with the
vegetation in natural spruce forests in Seandinavia or Central Europe.
In natural stands the vegetation and soil have developed into ecosyslems
in equilibrium or with changes occurring very slowly. In the planted
spruce forests, however, the thinnings have a greal influence upon the
vegetalion and when planted on soils formerly used lor other purposes,
the soil conditions are in no way in ccologic equilibrium with the in-
fluence from spruce. Swifl changes concerning Lhe soil condilions can
be observed (cf. GENSSLER 1959, NOIRFALISE 1964}, These changes must
be considered lo proceed slowly throughout several generations of
planted spruce forests and certainly will also influence the development
of the bottom, field and shrub layers. It is probable that the vegelalion
tvpes of these planled spruce forests in fulure generalions will develop
into vegetation types more like those of the naturally occurring foresls.

It can be noted thal real wet growing vegelalion types are lacking
in the planted Scanian forest. This mainly depends on the fact that
plantation has nol been done on such areas, and when wet vegelalion
does occur, the areas are too small to be included in my investigation
as a ditferent vegelalion type.

The moss dominated forests of Iype I are those which are mosl
closely related to the moss rich Vaceininm myrlillus or Vaccinium vitis-
idaea forest types, which are common further north in Seandinavia
and in Central Europe (CAJANDER 1909, 1922, HARTMANN 1932, REIN-
HOLD 1939, MALMSTROM 1949, Tavmm & HOLMEN 1961, ARNBORG 1964,
However, Lhe Vaccinium species are rarely dominating in the planted
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Scanian spruce lorest, probably due lo the low light intensities. Tt is
also nolable that for example Hylocomium splendens, a moss species
commonly found in natural spruce forests both in Scandinavia and
Central Burope, plays a very small role in the Sceanian forests.

Similar moss vegelation in planted spruce lorests is desceribed by
Kore (1938) from Denmark, MALMSTROM (1937) from Halland, RHEIN-
HEIMER (1937} from the surroundings of Hamburg, and ELLENBERG
(1968} from Ostfriesland.

Deschampsia flexuosa Lvpes (I11) are reporled by ALMQVIST (1929}
from Uppland and is also found in investigalions from Denmark (Ko1E
1938) and from BRD (GENSSLER 1959). LixpQvist (1932) mentioned
a Deschampsia flexuosa community in the planted Scanian spruce
forest.

The vegelalion lypes LV are all to be regarded as herb-forests
with low or tall herbs (ef. Tamym & HOLMEN 1961,

With different composilion of the non-dominating species the
Deschampsia Oxalis types (111} are found in several varianls
especially in vegelation analyses from Central Europe (CAJANDER 1909,
ITARTMANN 1932, REINTOLD 1939). KolE (1938) distinguished a special
Deschampsia Oxalis soeialion in Danish conifer plantations.

The Dryopleris austriaca sublype (111 B) is reporled as a fern spruce
forest by ELLENBERG (1968) {rom Ostfriesiand. Fern Lypes with several
Dryopleris species. particularly Dryopteris filiv-mas, are common in
Scandinavian spruce forests (ef. ALMQVIST 1929, ARNBORG 1964).

Rubus — Ouxalis types (IV) are deseribed both from Germany by
CAJANDER (1909) and in planted forests from Denmark (ROl 1938) as
preferring soils with a mull or mor/mull structure,

The pure Owalis acetosella sublype (IV A), considered as a primary
stage of the types [HI—IV, is reported from Central Furope (CAJANDER
1909. LANGER 1960}, from Denmark (Kore 1938), and from Central
Sweden (ALMQvIsT 1929, HormeN 1964). HouMmEeEN found this com-
munity. including e.g. Lophocolea heterophylla. in dense spruce forest
stands on drained peal land. LINDQVIST (1932) menlioned an Ouxalis
community which developed towards a Deschampsia flexuosa or a
Rubus idaens community.

The Mercurialis subtype (IV C) is reported bolh from natural spruce
forests in Sweden (HEDBERG 19491, from the Alps (LANGER 1960} and
from planled European foresls (recognizable in investigations from
AICHINGER 1902).
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The Sambucus — Ouxalis types (V) are perhaps more connected o
Southern Sweden and to Central Europe than to the remaining part of
Scandinavia, Sambucus shrubs in spruce foresls, especially when plan-
ted on lormer arable land. ecan cerlainly be found inside the whole
distribulion area of Sambucus racemosa and S. nigra.

¢. Soil Profiles and pH-values

Before discussing the results (Fig. 10) some remarks must be made
on the lerminology used, which essentially follows LINNERMARK (1960).

A podzol (P} is characlerized as a soil with an obvious mor horizon contain-
ing ditferent decomposition stages (1 H Tayers) and with a greyv or ash-white
leaching horizon (As), above a brown or red-brown precipitation horizon (By).

A podzoloid {Pd} is a soil with a mor horizon but with indistinct As and B,
horizons. Though it is possible to distinguish an A,-horizon this is not ash-white
but grevish-black [rom a high humus content. They often occur in spruce
forests planted on former grasslands or heaths, or on soils wilth relatively
good waler conditions. The podzoloids can be regarded as degenerative soil
types when oceurring under spruce. Depending on the thickness of the As
horizon the podzols (P and the podzoloids (Pd) can be divided into three
groups: strong (SP, SPd} with A5 > 10 em, medium (MP, MPdj where A, is
10- -4 em and weak (WP, WPd) with A, <4 em. Often it is difficult to
distinguish between podzoloids and weak podzols as there may be a successive
transition from a grey colour immediately below the mor, o a more greyish-
black colour further down, indicating a development into a humus podzol.
However, these ransitional stages have been classified as podzoloids.

Among the brown earths LINNERMARE distinguishes between oligotrophic
brown earths (OBr) with the thickness of the mull horizon <4 cm. meso-
trophic brown carths (MBr) with 4—10 em mull and eutrophic brown earths
{(EBri with the mull horizon more than 10 em thick, The mull horizon is
denoted A The term brown earth is used in a wide sense. and comprises
brown and acid brown forest sotls.

Strong podzols occur mainly in the moss rich forests (I} and in the
Deschampsia flexuosa types (111 (Fig. 10 A1, Of the Deschampsia —
Oxalis varianls (1111 most profiles can be characlerized as podzoloids
but strong podzols and oligotrophic brown earths also appear. The
Rubus Oxalis \ype (IV) is most often found on podzoloids or brown
earlhs, while the Sambucus-type (V) in its extreme form occurs only
on different brown earths.

The mor or mull horizon under the litter layer acts very seleclively
on species and must be regarded as the most important soil horizon for
the developmen! of the shrub and ground vegelation. Obviously mor
is the dominating soil surface horizon in the vegetation types I—III
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Fig, 10, Distribution of vegelalion lypes on: A: Soil
types. — B: Humus types. C: Soil texture condi-

lions, where the main fractions are indicaled with
thick lines, the other with broken lines.

(Fig. 10 B}. However, in type L it is also possible to find many inter-
mediate stages between mor and mull. designated mor/mull. — A real
mor horizon can be characlerized as a purely organic horizon. while
a mull is an intimale mixture of both organic and inorganic compounds.
[n the mor/mull horizon one can find a very morlike structure above
or sometimes slightly mixed with & more mull-like structure, — In the
vegetation lypes IV and Vousually this mor/mull horizon is found, bul
obvious mull horizons also appear.

The investigation of the texlure conditions (Fig. 10 C) is founded
solely on observations from the field and deals only with the main
fractions of Lhe soil, There is no great difference belween lhe vegeta-
tion lypes, but on the whole stony and sandy soils are dominating in
sites with the vegelalion types -1, while more silt and clay rich
soils are found in sites with types TV and V. The fine sand and sill
fractions are especially important for maintaining a good walter supply.

For the correct interpretation of the pH-measurements (1%g. 11) the
principal difference between a pH measured in extracts of distilled
waler and polassium chloride, must be realized. In waler exiract a
pH essentially gives the acidity of the easily moving soil waler. while
in the polassium chloride extract the pH is an expression ol [he lotal
exchangeable fraclion of acid ions, since the potassium ions are ex-
changed e.g. for the hydronium ions. With increasing contenl of acid
ions on the colloids the pH in potassium chloride extracts is lowered
and will diverge more and more from those in water extracls. As can
be seen from Fig. 11 this difference is distinetly marked in the mor or
mull horizons, and especially in the vegetalion types I—II1 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
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Fig. 11. pH-values on soil samples from three horizons of the differenl vegetation
types.

units. Moreover, all these pll values are markedly higher than those of
the soil surface. The A,—B; horizon values have an intermediate
position,

Significant differences concerning the pll values between the vegeta-
lion types are found neither in the water extracls [rom any horizon,
nor in the potassium chloride extracts from \; or B/C horizons. TL is
only in the mor or mull horizon thal differences are notable in the
latter extracts. Thus the soils of types I and I1 are more acid than the
other. Type IV shows a large variation. reflecting the greal variation
in vegetation, Values from the limed plols deseribed on p. 326 are nol
included in type V.

The unimportant differences ol phl in water extracls suggest thal
other ecological conditions. e.g. the supply of water and available
nulrients, are of greater importance for the floristic differentiation of
the vegetation.

The pH values of the water exlracts are in good agreement with
those ol Kotk (1938) of corresponding plant communilies.
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Fig. 12, Bar graphs on tree layer data of the investigated old planted spruce forests,
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A: The age of Lhe lrees at breast height. — B: The stand density expressed as trees
per heetare. — C: The wood conlent (=the growing slock volume), expressed as

cubic metre solid volume over bark per hectare. The values are based upon the

estimations of tree heighi, tree diameter and number of trees'ha and are caleulated

from the volume tables of NAsLunp & HacieErs (19530), — D: The production caleu-

lated as the mean produection of wood per hectare and vear of the presenl remaining
sland, Le. earlier thinnings are overlooked.

d. Notes on the Tree Layer

In Fig. 12A D some noles on the Ilree layer of the investigated
stands are given. The age at breast height (Fig. 12 A} varies from 40
lo 85 vears, but the average age ol the different vegetation types differs
only slighlly. The number of trees per heclare (Fig. 12 B) varies from
250 to 1400. The average values are lowest in types I—III and highest
in IV and V. The absolule values of lhe growing stock volume indicaled
in Fig. 12C are founded on estimations, and must be very rough.
f-tests on the given values in Fig. 12 C, reveal that solid volume over
bark in types [ and II differ with a probability of 99 or 99.9 % from
the olher lypes, A difference in the solid volume could of course be
due to different thinning procedures bul the average values of the tree
densily do not advocate this, as in fact types I and II have a slightly
higher tree densily than e.g. 111, but slill a lower solid volume.
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In caleulating the production of solid volume per heclare and year,
the values of the growing stock volume were divided by an estimation
of the tolal age, obtained after adding six years to the age at breast
height of the vegetation types I and 1l five years to the others. Also in
productivity the vegetation types 1 and 1T differed with a probability of
99 or 99.9 % from the remaining types, There is an indication of lower
produclivity in the Sambucus type (V), bul Lhis can equally be due to
different management of the forests. It is, for instance, impossible to
know how much limber has been removed earlier by thinnings.

CHANGES IN VEGETATION WHEN BEECH FORESTS HAVE BEEN
REPLACED BY PLANTED SPRUCE FORESTS

The beech foresls included in this sludy (Table 3) represent the most
importanl types viz. the “heath beech foresls™, on podsolized soils with
mor, and the “meadow beech forests” on brown earth with mull (LIND-
GREN 1968).

The most prominent changes are thal species typical for the meadow
beech forests decrease while species tvpical for the heath forests in-
crease in the spruce forests, Thus e.g., Deschampsia flexuosa and
Maianthemum bifolium increase bul Allinm wrsinum, Deschampsia
caespitosa, Galium odoratum, Lamium galeobdolon, Mercurialis peren-
nis, Stellaria holostea, S. nemorum ssp. glochidosperma, and Viola
riviniana decrease, Slellaria nemorum ssp. glochidosperma, known as
a [airly acidophilic species, manages beller in the spruce forest than
e.g. Galium odoratum or Lamium galeobdolon. Among other species,
e.g. the nitrophilic species Rubus idaeus increases greatly, Also Oxnalis
acetosella is favoured in the spruce forests, bul Anemone nemorosa
decreases, Several olher 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
(p. 333). In particular several mosses and plants such as Dryopteris
austriaea and Sambucus racemosa appear. Similar changes are found
by Tl in the Ardennes (in NOIRFALISE 1964). He poinls out a drift
towards a shrub land flora on mor in the planted spruce forests. LoH-
MEYER (1964), in a report to NOIRFALISE, mentions Stellaria holostea as
a species that will disappear. Oxalis acefosella as one that will remain
unchanged. while e.g. Chamaenerion angustifolium, Mnium hornum,
Moehringia trinervia, Rubus idaeus, and Sambucus nigra will increase.
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Table 3. Vegetation survey lable showing the vegetation of some beech forests and
corresponding spruce forests situated side by side on the same soil. Typical beech
forest species are found in the upper half of the table. Below these the high
frequency species left from the spruce forest vegetation in Table 2 A are added

Beech loresis Spruce forests
Stond Moo
4 19 32 7 B 5 M 16 1z a0 s} & 19 32 7 8 B W 16 iz 10 18
Caver of Ihe tree crowns 75 70 90 80 B0 70 S0 0 30 60 90| GO BO B0 GO 65 75 65 GO 75 6O 60
Humber of irees ~ g0y X 1§ 42 25 % 17 M % 30 A 14 36|70 50 S50 S0 SO 85 ES GO 120 80 65
Drameter a1 breost hesghtiom (30 2 27 <5 35 40 &7 40 40 35 30|27 30 30 30 33 23 35 & 20 2/ 30
Height of the trees,m 2.1 27 ¥ M MM 2T |25 NI I O W™ zon 2327
Sy —lotol number of species] e 09 2 2m 30 3¢ 2% 15 21 3% 30|30 4¢ W N ! B’ % o} 0 W I
Vaccimum mystitius e e B T e S
Trenteis europoea Lo e i U TN O SR [ (ol | e [ M e S
Caren prividern SO a0 10t W0 o - = = = & - g oA =iy BN e S e e =
Deschompsia fiesuosa 1008 40" 30" 40 W - - = = - = |0 50 w - go* =0’ = 10" 70
Luzule piiose 10" 80 S0 900 ' g - - gt - - l30h 90 GQT - 80T - — - = = g0
Malanthemum bitolum & 0 10 = ¢ A 20t 7! g 80! 30! & W - 10 so 90 so' - 3
Orotis aeeioselin 70° 100 (00 90 10¢* 100+ 100* 00’ 8p} 100’ 100']100" 100% 100" 100 100" GO' 1DO° 100° 100° 90}
Aremane Aemeresa 10 we 100 0 u&:_@L 00" 100 60'l = = - M- = of 3d o0 100 -
Paa nemoratis S0 30 10 W0 80 W a0 W - e 0| - 90 - 0 - - W E0 + w0 10
Oryapters spinulosa W - - W - w30 - e - - 100" 80 10" 70' 40" 0" 00’ e0' SO’ s0' 20
Milium  effusum - & = - W - 50 + W[~ W - - N - 2 e — 3010
Oryapteris lia-mas S e e e ;o’ g]ﬂ | - “\9-9' w‘ = ;o’ T T
Rubus ‘daeus * 2 - ol - W 4 20°) 100 1 [l * m g
Deschampsio coespilose R R e o e gl IS:I
viola tiviniang - - W 0 W W se’ e |- - - 0 - - - 3 - 19 -
Stetiaris ho'l%mn w o w Lo @ - - ot g - = = % B - - - = =
Metico  unifiore - n - - = — En=d = il RS T
Lomium gaolecbdolon - Al - - %‘ 00w - m:_!jf W i e ey T ol TS e i
Galum odorotum - = = = o Wt W - - - - - - - 30 - - g
Steliaria nemorum  ssp. gloch i = = = — b s uw% = = - = = = uff w W 3 p
Urtica dwica T o | P, 7 TR o [ |, R - n -
Dactytis giomerala ssp oschers. [ -  — W = e Sl BN s e B o D) E T d ' 4
Mercuninlis perennig A st T e S e I b i o e
Hordelymus eurcporus A e M e L et o R T e e e T
Aegopad wm podagrara T e || B
Alllum  urstrum AT ) e o | e st e T | e [ ) Sk e et
Pleurczium  schreber i e = S S S e S TR, g = e e = e e -
Ouercus spp  {juvl W oe o o r e owow o= = =Wl g - = 0 200 1
Galium  saratie £ e PR = =l - W - - -
Mnium harnum S o= = W - == =~ = Led W - D W 20 = = 0 s
Sotbus aucuparia (juvl wow st ' — - w0t a0t — = |20 0 e S F om0~ -
Picea abies {iuvl 0! W - 60 W - - - — — — | o0 60" 80' 200 - 5o — 90 30
Pohiio nutans 15 A e e LR R Y e 1 R W+ - = = o
Dicranum scoponum 70020 - 2 w0 - - = - ~]og 0 0 0 W W - — - -
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Hypnum cupressiforme @6 — o6 — o - - o a0 - Vom0 w0 - - = -
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Chamaenerion angustifolum T T S e R R a0' 200 30 o B0 40 &0+ 100 u]
Bewata  spp (uvl S iy Tl Tk s S I I R [ G, R T e Al
Hylocamium spiendens i L T B e e e [~ L 4 e Pl
Plagiathrcum  undulaolum = e R e Caat el wet E U am el - m T T
Mrium  aftine ST Do i (e T e . eyt B O 7o b | R
Dryoplers austnoce e M e e el TEE e e e e | e ST =
Catiuna vulgaris TS Rt TS e o Tl o | TR e [
Dicranum  majus R e i AP Lo R g - e ST VR e s e
Piilium erista-costrensis S L it T e e e P =T T, - = = =
Sheub layer (%]
Sambucus racemosa e o Ty B g e S N e i i R e e
Sorbus  oucupona ST G o S — = = g = =2 = = i i !m

Bol. Notiser, vol. 123, 1970



334 BENGT NIHLGARD

Deschampsia [lexuosa, Galium saxatile and Mnium «affine are regarded
as new species in the spruce foresl.

CONCLUDING REMARKS

The development of the vegelation in planted spruce forests in Scania
is strongly dependent on the direct effects of thinnings. The light mus!
be regarded as (he limiting growth faclor for the bottom [ield and
shrub layers (cl. NIHLGARD 1969). The first species to invade the
naked loresl ground after the first Lhinnings 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 aclive growth of the botlom, flield 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. Cerlainly the vegelation 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, butl il is possible to establish some
types, due to the dominance of species in the boltom, field or shrub
layers, Such a “type” ol vegetation is usually found in connexion
with particular ecological condilions what concerns the soil, soil-waler
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 Lype
and the moss types belong Lo the driest, though the species have a very
wide ccologic range. Rubus idaeus, oflen characterized as a nitrophilic
species, is dominating on more moist soils with good humification
properiies, The Sambucns —— Oxalis type appears on @ similar soil
tvpe as the Rubus idaeus community, but often on soils with a higher
conlent of clay which are slightly wetter. However. the Sambucus
subtype V B occurs on former cullivated soils which could be fairly
dry, but there is still a porous humus layer. apparently with good
nitrificalion and characlerized as a mor/mull,

The Dryopteris austriaca community is obviously linked to soils
which are influenced by high bul drainable ground waler, and move-
over it is found mainly on stony and sandy moraine.

The dark—Ilight gradient especially illustrates that a primary Oxalis
acelosella vegelation can develop inlo many of the other separated
types. Moreover, this gradient indicates that vegetalion occurs and
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Pig. 13 Schematic ecological interpretation of the vegelation iypes in planted
Seanian spruee forests,

covers larger arcas at an ecarlier slage on soils wilh good humification
propertics or with a good water supply, than on drier soils with a
mor horizon.

Thus the different vegelation types are linked to certain ecological
conditions and these differences obviously also affect the production
of the tree layer. It is possible to separale the vegelalion types I and 11
as more low-produclive than the others, which show higher and
equal production, in spile ol apparently betler soil conditions in types
IV and V compared with lype IIl. This suggests (hat the oplimum
cultivaling conditions for spruce in Scania have already been reached
in type 11, and it further suggests that the ground walter is the limiting
growth factor (ef, TROEDSSON 1955 p. 183). Changes in vegelalion when
spruce forests have replaced beeeh forests, indicate that species which
can wilhstand a more acid milieu are favoured.

The studied vegetalion types are found in the first generation of
planted spruce forests in Scania. It is very probable that with further
generations the soil conditions will change in an acidifying and mor
developing way, which will lavour [he development ol vegetation types
I- 11L. The Sambucus and the Rubus idaens variants, indicaling a good
nitrification status, are likely to disappear with fulure generations. as
mor formalion with a delaved nitrification can be expecled.
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On the Typification of Papaver radicatum Rotth.
and its Nomenclatural Consequences

By Gunvor Knaben and Nils Hylander
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ABSTRACT

Kyvapew, G, & Hyvanper, N.@ On the Typiication of Papaver radiculum
Rotth. and its Nomenclatural Consequences, — Bot. Notiser 123: 338—345,
Lund.

Paprver radicatum RotTi. 1770 should be typified by the main figure
of the plate in RorrsoLL’s original publication, not by a fragmentary
specimen in herb. EGepr (C) as proposed by LOvE (1962 a). This figure
was evidently based on an Ieelandie specimen and corresponds so well
with the race described by LOve (1955) as P. nordhagenianum  ssp.
istandicwm, that this should he consid

ered the typical race of P.radicatum.
The last-mentioned name should thus nol be wused in the sense of
P. lapponicum A. Towm. coll, i.e. the d6-chromosomic taxa, as in LOVE
1962 a and b, but for the 70-chromosomic taxa, exel. P, dahlianum NoroH.,
in the same way as in KNasen 1958, The name P. nordhagenionum
Love 1955 becomes a superfluous synonym. By the wide concepl used
by LOveE (1962 b)), which includes P. relictum, the laller name should,
by the way, have been used as collective species name, not the 24 years
vounger P, nordhagenianum.

Papaver radicatum was described as a1 new species by ROTTROLL
1770 in a trealise on some collections of plants from leeland and Green-
land. As shown by LOVE (1962 a), the name was laler more or less
neglected until il was taken up again by MURBECK (1894) as designa-
tion for a group of arctic poppies with more or less sulphureous yellow
(rarely while] petals. low growth and shorl stamens, occurring in
Greenland, the Faeroes, and Seandinavia.

NORDHAGEN (1931}, in his study of the Scandinavian represenlatives
of this group, split it inlo four species. P, dahlianum, P. lapponicum
thased on P. radicatum ssp. lapponicum A. Towm.), P, relictum hased
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on P. nudicaule ssp. relictum . LUNDSTR.), and P. radicatum, the
latter including four subspecies, namely ssp. dovrense (correctly: ssp.
ovatilobum A. TowLm.), ssp. subglobosum, ssp. hyperboreum, and ssp.
laestadianum, to which he later (1940 added ssp. macrostigma (in
1931 a var. ol ssp. hyperboreum).

The chromosome numbers of these taxa were published by HORrN
(1938). He found the somatic number to be 56 in P. lapponicum and
P. radicatum ssp. laestadianum (which was, parlly for that reason,
raised to specilic rank by NORDHAGEN 1939}, bul 70 in P. dahlicnum,
P. relictum and in the P. radicatum subspecies ovatilobum, hyper-
boreum, macrostigma and subglobosum. Later LOVE & LOVE (1948)
published the number 2n=70 for the leelandic races they then called
P. radicatum ssp. faeroense (also in the Faeroes), ssp. islandicum (n.
nud.) and ssp. Stefansonii.

In 1955, LOvE uniled in one collective species all the Scandinavian
taxa with 2n—70, except P. relictum and P, dahlicnum, which were
kept as independent species (as also the two leelandie taxa now called
P. stefanssonianum and P. steindorssonianum, he latter corresponding
to Lhe Icelandic plants included in ssp. faeroense in 1948). The lwo
taxa with 2n=>56 were kept as P. laestadianum and P. lapponicum.
On the assumption that RoTrBoLL's P. radicatum should be typified
by a Greenland planl, this name was restricted lo a group ol 56-
chromosomic forms from Greenland and arclic Canada. For P. radi-
catum s. NORDHAGEN, thus left without a specific name, he ereated
the new name P. nordhagenianum: as the Ivpical subspecies, ssp.
nordhagenianum, LOVE chose P. radicatum ssp. hyperboreum. Under
P. nordhageniannm new combinations were made for ssp. macrostigme,
ssp. ovatilobum, ssp. subglobosum, ssp. faeroense, and the now validly
published ssp. islandicum.

Still using the same typification, LOVE 7 yvears later (1962 b) reduced
the species number and placed under P. radicatum as subspecies . lae-
stadianum and P, lapponicum (into which he pul as vars. lwo species
deseribed in the meantime by SEMENOVA-TIAN-SCHANSKAIA from lhe
Kola Peninsula), Al the same time P. relictum was reduced to a sub-
species under P. nordhagenianum, the taxonomy of which was widely

rearranged into 5 subspecies, 3 of which including (excepl the type

race) several varieties, infer alia the subspecies deseribed Irom Norway
by KNAREN in 1959. When doing so, LOVE did not observe that all these
Il new combinations (as well as two made by him in 19551 were
illegitimate, since with such a specific circumseription the name P,
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nordhagenianim must be replaced by P. relictum, which antedales the
former by 24 years. This was later pointed oul by NANNFELDT (1963).
who made, however, no new combinations.

By acceptance of LOVE's lypification of P. radicatum ROTTR., a cor-
recl 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 slep necessary? That depends, of course, on the lypifica-
lion of P. radicatum. Should this name be used in the sense of NORD-
HAGEN (and later by KNABEN and olther Scandinavian authors), or in
the sense ol LOVE or should it nol be used at all as having become
a nomen ambiguum? Although LOVE has been, unfortunately, followed
by BOCHER, HOLMEN & JAKOBSEN in their Greenland flora (1966), the
name P. radicatum should, in our opinion, nol be abolished bul should
be used in the sense proposed by KNABEN in 1958, for the 70-chromo-
somic complex {excluding P. dahlicanum| because in our opinion LOVE
is wrong both in his choice of type and in the inlterprefation of Romr-
BOLL's plate of P. radicatum.

In 1955, LOVE still based his Lypificalion on thal plale. This, he says,
shows “a planl with a small capsule. subeylindrical lo oblong with a
flat stigmalic disc the rays of which run almost to the middle of the
capsule. The plant must have been from Greenland, and there is liltle
doubl as to ils idenlity with P. radicaium ssp. occidentale described
by LunpstrOM (1923) from Sabine Island and Pendulum Island in
eastern Greenland . .”. KNABEN already in her paper of 1958 poinled
out that the organ shown as a detail in RoTTeOLL’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 malerial (many lhou-
sands of specimens) in cultivalion of this group she will now stress
this point and also point oul that the form of the gynoecium in Rorr-
BOLL's figure is thal shown at the same stage of flowering in Scandi-
navian and leelandic forms of “P, nordhagenianum”™. In his diagnosis
RoTTBOLL describes the “germen”, ie. the ovarium. as “oblongum™.
and the figure of the plate does not contradict this description. Nor is
there any reason for LOVE's assumplion that “RorrsOLL, in drawing
his plant, idealized his species on the basis of specimens from bolh
Greenland and Iceland™,

On the other hand. too much importance should not be aseribed to
the gynoecium detail in the plate, since we do not know from which
specimen it was taken; in fael, remembering the stage of flowering
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shown by the main ligure in Lhe plate, it is at least mosl probable that
it emanaled from another specimen in RoTTROLL's colleclions. The
important thing is the identification of the main figure and ils relation
to RoTTBOLL's diagnosis, since this figure must in our opinion be
selected as the type of P. radicatum.

In his “Nomenclalural Deteclive Story™ (LOVE 1962 a) on the typi-
fication of P. radicalum, LOvE gave, however, another molivalion lor
his emenduation of the concept P. radicatum and chose as type a
fragmentary specimen in the EGEDE herbarium in the Botanical Mu-
seum ol Copenhagen (C}. In comparison with the picture in RoTr-
BOLL's work this is very poor, consisting of a single flowering stem and
five, partly incomplele rosette leaves. all in a very bad state of preserva-
tion. [t is, therefore, only possible o guess that il belongs as LOvE
holds — to the 56-chromosoemic Greenland poppies, bul lo which
race within that it is impossible to decide. It may be, that this specimen
was among those seen by RoTTBOLL, slill one may ask why this should
be chosen as the type ol P. radicalum.

RoTTBOLL, in the introduction lo his work, says that, had it not
been for the collections made by Professor [EGEDE, he would not have
included any Greenland plants al all in his treatise. According 1o LOVE
(1962 a p. 118} “this indicales that although o substantial number of
the plants he discussed were recent collections from leeland the main
purpose of his paper was to deseribe the plants from weslern Green-
land found in this herbarium™. To us it means just the opposite,

As mentioned by LOVE, RoTTBOLL says thal he had a very large
malerial ol his new poppy from leeland. When he selected a specimen
tor the plate figure which should represenl the species, he look ol
course one which was well developed so that it would show the details
he considered as imporlant in his new species. in other words, one
which he himself considered typical of this. The first of these charac-
teristics, pointed oul just by the epithet radicatum, was the nature ol
the roots being unusually long and thick. These are present in Rott-
BOLL's plate, but not in the fragmentary EGEDE specimen. Further,
the seven-lobed type of leaves stressed by RorrsOLL. accords with
that of his ligure, not with thal in EGEDE’s specimen.

In the choice belween the good figure in the original plate ol a well
developed specimen showing the roots, the organ that caused the speci-
fic epithel, and a leaf type in accordance wilh that of the original
descriplion, and a [ragmentary herbarium specimen withoul rools and
with a leal type disagreeing with that described by RortTrOLL, there
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IFig. 1. RoTTtROLL's (1770) original figure of Papaver radicatum Rorte. Lectotvpe

of the species. Original size of the plate.
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Fig. 2. Papaver radicatum ROTTB. var. radicatuin P, nordhagenianum LOVE ssp.
islandicum LOve). — leeland. Bardastrandasysia: Brjpanshekuar, 28.V1L 1962, leg.
JooA: NANNFELDT, no. 17564 (LIPS}, — Pholo: F. HELLSTROM.
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should be no doubt that the former — nol, as LOvE urged the
latter — should be chosen as the type of P. radicalyum ROTTE.

Then the important question arises, to what laxon the plant of this
picture did belong. In our opinion there can be no doublt that it belongs
to the group called P. nordhagenianum by LOVE, in fact. as shown by
KNABEN 1958, the form of the rosette leaves matches extremely well
that in some races ol the latter species but differs decidedly from that
in LUNDSTROM's P. radicatum ssp. occidentale, with which LOve
identificd RoTTrOLL's plant. Contrary to the opinion of LOVE thal
the depicled specimen emanated from Greenland. it was certainly
collecled in [celand, and in all characteristics thal can be judged from
the plate, it coincides closely with the laxon deseribed by LOVE as
P. nordhagenianum ssp. islandicum. 'This should, therefore, be con-
sidered the type race of the species and. according lo the IR, be called
var. radicatum, in accordance with the systematic rank KNABEN con-
siders to be the more adequate and which will be discussed by her in a
[ollowing paper.

[t may be mentioned thal there is in Copenhagen (G} a herbarium
sheet labelled “Hb. RoTTBOLL™ with a well developed flowering speci-
men of a Papaver which clearly belongs to P. radicatum in our sense
(P. nordhagenianum of LOvE) and most probably emanaling from
Ieeland, since it agrees very well with specimens from Lhere, It also
comes close 1o the specimen in ROTTBOLL's plate. although il cannol
have been the “model” of that. Since there is. as also pointed oul by
LOvVE, no information about ils provenance, this specimen cannol,
however, be chosen as the type lor ROTTBOLL'S species his musl
be lypified by the main ligure of his plale.
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Studies in Galapagos Plants IX'

New Taxonomical and Distributional Records

By Uno Eliasson

Department of Systemalic Botany,
University of Goétehorg, Sweden.
Frolundagatan 22, 5413 19 Gdteborg

ABSTRACT

liniasson, Ut Studies in Galapagos Planls IX. New Taxonomical and
Distributional Records, ~— Bol. Noliser 123: 346 357, Lund.

Xiphapteris serrulata (Swanrz) KavLruss (Polypodiacear), Sida rupo
ULBrICH [Malvaceae), and Bowlesia palmata Ruiz & PavoN (Umbelliferce)
are reporled as new lo Galapagos. New distributional records are given
for Uroearpidinm insilare (KEARNEY| KRAPOVICKAS (Malvaceae), Pernettya
howellii SLECMER [Ericaéeae), Nama dichotomum (Ruiz & Pavos) CHOISY
{Hydrophyllaceae), and Nolana galapagensis (CHRISTOPHERSEN| JOHNSTON
i Nolanaceae) . o !

The species are treated in systematic order. All specimens examined
are deposited at the Riksmuseum, Stockholm (5.

Xiphopteris serrulata (SwarTz) KavLruss. IFig. |

Xiphopteris serrulata (SWARTZ) KAULFUSS 1824 p. 83, Acrostichumn
serrulatum SwaRrTZz 1788 p. 128, Polgpodium serrulatum METTENIUS
1856 p. 30. non SWARTZ 1801 p. 25. P. dunle MaxoN 1912 p. 61,

This small and inconspicuous tfern has not previously been recorded
from the Galapagos Islands. Here it has been collecled 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
(MAXxON 1914, COPELAND 1947].

L Contribution No. 123 from the Charles Darwin Foundation for the Galapagos.
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Fig. 1. Xiphopteris serralata (SwaARTz) Kavre, Specimen from Sanla Cruz ileft

Errasson 3620 and San Salvador (right, Ertassos 1131, Nole the dense sporangia

omerations on the right specimen,
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Collections studied: San Salvador. Eriasson 1131, the highland
in the north-western part of the island, alt. 850 m, Janvary 26, 1967, Epiphytic
on Zanthorylum fagara (1.} SaRG. — Santa Cruz. ErnassoN 362, bhelween
Bella Vista and ML Crocker, alt. 480 m, October 19, 1966, Epiphylic on Miconia
robinsoniana COGN,

Urocarpidium insulare | KEARNEY) KRAPOVICKAS, g, 2

Urocarpidium insulare (KEARNEY] KrRarovickas 1954 p. 631, Mal-
vastrum insulare KEARNEY 1952 p. 167,

Since the collections cited below diverge in several respecls from KEARNEY 'S
original description, a complete deseriplion, based on the specimens examined,
is given,

Annual, Stem ascending, up to 12 ¢m in length, richly stellate-pube-
scenl. Leaves sparse; the lower leaves on slellate-hairy pelioles to 15 mm
long, the upper petioles c. 2 mm long: slipules subulate. pilose, ¢. 2 mm
in length: leaf-blades ovate or subovate lo suborbicular, generally trun-
cale al base. more or less rounded al apex, irregularly serrate-dentale,
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 (1—) 2 4 { —10) mm long, stellate-
pilose, with subulate, very caducous bractlets ¢. 1T mm in length. Calyx
campanulate, (3—) 4-lobed, richly slellate-pubescent (IMig. 2 A, D), Lhe
lobes triangular, 23 mm Jong. Pelals 3 in number. adnate to the
stamen column, the free part obovale or subspathulate (Fig. 2B, C).
¢. 2 mm long. Stamen tube (Fig. 2F) 1.5 2 mm long, strongly dilated
al base, with a few simple trichomes: stamens 5 in number: Lhe free
filiments 0.3—0.8 mm long; anthers ¢. 0.3 mm long. Style branches 7
in number (Fig. 215, ¢. 0.7 mm long, al apex subeapitale. Mericarps
(Fig. 2G) 7—10 in number, subreniform, ¢. 1.5 mm long, muricale on
the back, prominently radially ridged on the sides, slightly stellate-
pubescent but becoming subglabrous. black when mature with the basal
part beak-like and slightly notched, the upper apex obtuse and promi-
nently notched.

The genus Urocarpidittm was established by ULBRICH (1916 p. 63)
on U, albiflornm ULBR. [rom Peru [lrealed as synonymous with Spheae-
ralcea arequipensis (JOUNST.) KRAPOVICKAS by MACBRIDE (1956 p. 506) |.
The characters on which ULBRICH (1916 pp. 63—066) referred his spe-
cies to a new genus were the single apical awn of the mericarps. the
close connection of the corolla with the stamen-tube, making them
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Fig. 2. Urocarpidium insulare (KEARNEY) Krarov. (Evriassos 2040 A: Calvx
shightly ceut up. The petals, basally adnate to the staminal column, have not yet
separated. — B—C: Petals. Note the syvmmelrical shape. Most other species of the
genus have asymmetrical petals. — D: Calyx-lobe. Nole the rich stellale pubescence.
— s Upper part of stvle with its seven branches. Pollen grains are atlached to the
subeapitate branch apices F: Staminal column. The anthers are emphied

fall off as a unil, and the allachment of the [ilaments to the summit of
the stamen tube, The genus belongs to the Iribe Malveae, having the
carpels borne in a single verticil, and shows affinity to the genera
Sphaeraleea St. HiL., Malpasirum A Gray and Lremalche GREENE
(KRRAPOVICKAS 1954 pp. 607 610).

Ten species, most of which had previously been included in Mal-
vasirum. were referred to Urocarpidinm by KRAPOVICKAS (1954, 1965,
19671 and were referred o a new section. Anurum. This section, to
which U, insulare of the Galapagos Islands belongs, differs from the

23 Rot. Notizer, vol, 123, 1970
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section Urocarpidium (=U. albiflorum) in Lhe lack of the long apical
awn ol the mericarps.

The delimitation of the genus Malpastrim has for long been a source ol con-
fusion. According to a re-definition by Kearxey (1955 the genus would
comprise perennial species ol tropical and subtropical America having a per-
sistent, triphyllous involucel, yvellow corollas and nearly indehiscenl carpels,
which are smooth dorsally and smooth or rugose laterally. The somalic chro-
mosome number has been found to he 12, 24, 32, 36, or 48 (SKOVSTED 1935,
Krarovickas 1954, 1967, with one exception indicaling the basic number to
be 6 (ef., SkovsTiEp 1935, pp. 268, 276, kravovickas 1954 pp. 611—613, 1967
pp. 30—311. The somatic number of I rocarpidivm has been found to be 10,
20 or 30 (Krarovickas 1954 pp. 612 613, 1967 pp. 29, 34, indicating the
hasic number ol this genus o be .

Urocarpidium is a genus of annual herbs, distribuled in mounlainous
and semi-arid regions of Mexico and South America, occupying two
areas separaled by lhe tropical zone of Cenlral America (KRAPOVICKAS
1954 p. 613). The Galapagos species differs from the mainland species
in having only 5 stamens (10 or more in the mainland species, 4 calyx-
lobes and 3 pelals (in most cases 5 ealyx-lobes and 5 petals in the
mainland species) and symmetrically shaped petals most. bul not all.
species on the mainland have asvmmelrical petals). The endemic Gala-
pagos species has been collected on the erater rims of Volean Wolf, Vol-
can Darwin and Cerro Azul on the island of lsabela, Previously it was
known only from the type collection from Volein Darwin (“Tagus
Cove Mountain”}.

Collections studied: Isabela. Eriassox 2040, Cerro Azul. on the
south-western part of the crater rim, all. 1530 m, April 26, 1967. Eriasson

2213, Volean Woll, on the north-eastern part of the crater rim, alt. 1600 m,
May 20, 1967,

Sida rupo Ursricu. Fig. 3

Sida rupo ULBRICH 1916 p. 75,

Since this species is very poorly known and has often been misinterpreted.,
a complete deseription, based on the specimens examined, is given.

Annual, 50 60 em tall. Stem erect, the lower hall unbranched. the
upper parl with infloreseenee-bearing branches: the lowest part glab-
rous, the upper part more or less densely pilose with simple trichomes.
Leaves allernate, successively smaller towards the lop of the planl:
petioles (2--)3-—5 em long. those of the lowest leaves thinly pilose,
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Sols oy

g 30 Sede rupo VLBRICH. (E11ASsoN 2007 — A: Calyx with malure mericarps. —

B Petals from two separate huds D1 Mericarps from the calyx shown

m A Nole the different length of the apical awns G Mature mertearp,. —

He Calyx-lobe. The calyx s stellate-pubescent with mterspersed simple trichomes. —

I Staminal column. — J: Upper part of style with branches. Pollen grains are
attached to the branch apiees

those of the upper leaves densely pilose or velulinous: leaf-blade palma-
tely 5 7-lobed: Lhe lowesl leaves ¢ 5 em long and 6 em wide. the
lobes subovate lo subelliptical, acuminate. irregularly serrale: the upper
and smaller leaves with narrowly elliptical lobes: leaf-blades on both
sides with 3-raved (2—d-raved| stellate hairs, above also with inter-
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spersed simple frichomes; especially the lowest leaves conspicuously
bluish when dried. Inflorescence paniculale: the axis and pedicels velu-
linous: pedicels 0.5—5 mm long. Calyx (IFig. 3 A} 5-lobed. ¢. 3 mm long,
with 3-rayed slellate hairs (Fig. 3H] bul wilh interspersed simple

trichomes: lhe lobes (riangular. Petals (Fig. 3B, C) 5 in number,
roundly obovate to suborbicular, in mature flowers ¢. 5 mm long. very
thin, easily caducous, violet. Staminal column (Fig. 31} 3
length, at base strongly dilated, the lower half with straight simple
trichomes. free filaments only in the uppermosl part, 0.5—1 mm long

4 mm in

(Fig. 31): anthers 10 in number. ¢. 0.5 mm long. Slyle branches (Fig.
3J) 57, recurved, minutely dilated at apex. Carpels as many as the
style branches, arranged in a single verlicil aboul a central columella:
cach carpel with a single pendulous ovule, Mericarps when mature 5

6 mm long, glabrous, irregularly wrinkled (IFig. 3 ]. at apex promi-
nenlly notched and partially dehiscent along the midnerve: the apices
of varying length (Fig. 3D
retrorsely barbed; differently armed mericarps often present in the
same flower.

The species group Oligandrae. to which this species belongs, is charac-
terized by palmately lobed leaves and small red-violet flowers. It seems
resiricted Lo Ecuador, Peru and Bolivia. MACBRIDE (1956 p. 579) lrealed
S. rupo as synonymous with S, jatrophoides L'HERITIER (1789 p. 117,
pl. 56)," but Ursrici's description of the first-named species does not
match L'HERITIER'S descriplion and plate of the last-named plant. Both
species have palmately lobed leaves, but the lobes of S. jatrophoides
are again irregularly but deeply lobed and serrate, while the lobes of
S. rupo are merely serrale. S. rupo has 10 anthers, while S. jatrophoides
has twice this number (FRIES 1947 p. 19, ef. MACBRIDE loc, cit.). To me
these Iwo plants are definitely distinct species.

7)., sometimes beak-like or lance-like.

S. rupo is new lo Galapagos. Previously it has been reported only
from Peru.

Collection studied: Isabela. TTriasson 2047, Cerro Azul, on lhe
south-western part of the rim of the caldera, all, 1590 m, April 26, 1967,

Bowlesia palmata Ruiz & PaAvon

Bowlesia palmata Ruiz & Pavon 1802 p. 28.

For a complete description of this species, the reader is referred to MATHIAS
& ConsTaNcE (1965 p, 521,

! The date of this work is 1789, not 1785 as printed [GARCKE 1891 p. 463).
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The distribution of this species ranges from southern Ecuador to
southern Peru (Marnias & CONSTANCE 1963). The genus is new o
Galapagos. The occurrence here is no doubt the result of a successful
long-distance dispersal, most probably by birds. The fruit of this as
well as of most other species of the genus is well adapted to synzooic
dispersal through the presence of coprinoid glochids.

Collection studied: Fernandina. ErnrassoN 1647, on the upper part
of the inner north-castern wall of the caldera, all, 1350 m, March 24, 1967

Pernettya howellii SLEUMER

Pernettya howellii SLEUMER 1935 p. 649.

The type locality of this endemic Galapagos species is ML, Crocker.
the highest parl of Santa Cruz. I have collected this plant also on the
rim and the floor of the caldera of Volecan Santo Tomas on Isabela.
According to SLEUMER (1935 p. 632) this species shows more allinily
to the Chilean . mucronata (1.. f.) Gatn. than to the species of the
Ecuadorian mainland.

Collections studied: Isabela. Eriassox 1478, 1479, Volean Santo
Tomils, on the castern part of the rim of the caldera, alt. 1000 1030 m, March
3, 1967, Errasson 1570, Voledn Santo Tomds, on the [loor of the caldera, alt.
870 m, March 6, 1967, — Sanla Cruz. FAGERLIND & Winom 2867, 3254, 3255,
April—May 1953, Harnivg 5162, Mt Crocker (type localily). alt. 860 m,
Mav 23, 1959. EriassoN 276, near Mt. Crocker, among Sphagnum in a wet
depression, alt. 760 m, October 17, 1966. ELiasson 1606, vicinity of Mt Croe-
ker, alt. 780 m. March 14, 1967,

Nama dichotomum (Ruiz & PAvon) CHOIsy

Nama dichotomum (Ruiz & PavoN] Croisy 1833 p. 113, Hydrolea
dichotoma Ruiz & PAvon 1802 p. 22,

This is a species of western South America, known from Ecuador,
Peru, Bolivia, Chile, and Argentina (GissoN 1967 p. 106). In Galapagos
it has been found at high elevaltions on the island of Isabela, Here 1
have collected il on Voledn Alcedo, Volean Darwin and Cerro Azul.
Previously the species was known only from Voledan Darwin (“Tagus
Cove. occasional in lava crevices at 4000 £1.", STEWART 1911 p. 126).

Colleclions studied: Isabela. Evrmasson 1281, Volein Alcedo, on
the south-eastern part of the rim of the caldera, alt. 1100 m, February 12,
1967. ELtassoN 1752, Volein Darwin, on the plateau in the south-western part
of the caldera, alt. 1180 m, March 28, 1967. Er1asson 2044, Cerro Azul, on the
south-western part of the rim of the caldera, alt. 1530 m, April 26, 1967,

Bot. Xotizer, vol. 123, 1970



Jad UNO ELIASSON

i

S A

Fig. 4 Dense stands of Nolana galapagensis (CHRISTOPH. | JoussT, on the Caamano

islet cTensen Island) in Academy Bav on the south side of Santa Cruz. In the for

sround  Amaranthus sclevanthordes ANprnss, Sesnpiom portnlacastrum 1o, Trian

thema portalacastruom 1o Heliotropimm curassavicwm Lo and Sporebolus virginicns
(T.] KvntH. — Photo: U. E. 18.3. 1967

Nolana galapagensis (CHRISTOPH.| JOHNSTON. Figs. 4—5

Nolana galapagensis (CHRISTOPH.] JOHNSTON 1936 p. 32, Periloba
galapagensis CHRISTOPHERSEN 1932 p. 89

For a complete deseription of this species, the veader is referred to JOHNS
o (loc. cil

The species is endemic o Galapagos. 11 grows on sea-shores. prefer
ably on shell sand on scattered localilies in the archipelago (g, 5)
Il flowers during Januarv—>March. During nine months in the archi-
pelago in 1966 and 1967 I found this plant on seven widely scallered
localities. It had nol previously been collecled on the islands of Isabela
and San Cristobal. The tyvpe locality is Turtle Bay on the south side ol
Santa Cruz. Ten or fifteen shrubs were seen here. growing on shell sand
between 30 m and 100 m from the sca. The largest occurrence of this
species 1s on the islel of Caamafio (Jensen Island). a low, flat islel
possibly 200 metres across. in the mouth of Academy Bay on the south

Bal. Noliser, vol, 123, 1970
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Fig. 5. Distribution of Nelana gelapagensis (Cnristor,) Joussr., as hitherto re-

Enpaficln

. 5

|

90"

corded. Filled circles represent records made by me in 1966—1967. The open cirele

on Floreana is a record made by Stewart (1911 p. 65) as “lizoacea (7] sp.”.
The western-most cirele on Santa Cruz represents the type locality.

side ol Sanla Cruz. Nolane is extremely abundant here (Fig. 4), forming
pure slands over large surfaces and being the most important plani
on the islel. The other species noted here are Amaranthus scleranthoides
ANDERSS., Cryplocarpus pyriformis 1. B, K., Sesuvium portulacasirom
L., Trianthema portulacastrum L., Portulaca oleracea .., Parkinsonia
aculeata 1., {a few trees), Coldenia sp.. Heliolropium curassavicum L.,
Lycinm minimum HrrcHe.. Eragrostis eilianensis (ALL.) LUTATL and
Sporobolus virginicus (1..) KUNTH,

N. golapagensis sels 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 lo
those of Peru. in spite of the less geographical distance of the latter
(JOHNSTON loc. cit.).
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Collections studied: Isabela, ELiasson 2176, Punta Albemarle, alt,
0—>5 m, May 19, 1967, - - San Cristobal. Eriasson 2245, Cerro Pitt, alt. 5-—10
m, May 26, 1967, - - Santa Cruz. Eriassos 266, Turtle Bay, alt, 5—10 i,
about 50 m from the sea. Eviassox 1206, Turtle Bay, alt, 5—10 m, February
3, 1967, Evrtasson 1614, 1621, 1623, Isla Caamaino (Academy Bay), alt. 0--5
m, March 18, 1967. — Seymour. ErLiassox 1835, south side, alt. e. 15 m,
April 7, 1967, — Tortuga. Eriassox 1805, 1808, alt, 20—50 m, March 31, 1967,
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Swansox, C. P Merz. T. und Youxs, W. J.: Zyvtogenetik. — Guslay
Fischer Verlag, Stuttgart 1970, 179 Seiten, 93 Abbildungen, flexibler Kunst-
stoffband. DM 19.80.

Dieses Bueh gehort zu einer Reilie von dhnlichen Schriften (Grundlage
der modernen Genetiky, von denen bereils fiinf Biinde erschienen sind. Die
Autoren sind Professoren bzw. der Biologie. Radiologie und Biophysik an
der John Hopkins Universitit, Baltimore, Das Buch kann als eine abgekiirzie
und modernisierle Fassung von Swaxsons angesehenem Cytology and Cyto-
geneties” (2nd ed., London 1960; betrachtel werden. Es heschiftiglt sich
hauptsiichlich mil Zyvtogenclik im klassischen Sinne. d.h. auf dem Niveau
des Lichtmikroskops. Gewisse elektronmikroskopische Beobachtungen und
biochemisch-genclische Verhiltnisse, z.B. die Ultrastruklor der Lampen-
biirstenchiromosomen und die Replikalion des DNS-Molekiils von Bakterien-
und Phagenchromosomen werden doeh erwiihnl. 12s mangelt doch an eciner
einleitenden Beschreibung des Baues und der Funktion des DNS, der viel-
leicht als bekannt vorausselzt wird und allerdings in Band 5 dieser Reihe
(Harrnman und Svskisp: Die Wirkungsweise der Gene) ausfithrelich behandelt
wird.

Die Zvtogenclik ist historish  gesehen eine Mischwissenschaft. Die im
Beginn dieses Jahrhunderls aufgestellte Chromosomentheorie der Vererbung
wurde erst mit der Arbeit der klassischen amerikanischen Drosophila-Schule
endgiillig bewiesen. Swanson, MErz und Youxe erstatten einen grindlichen
Bericht iiber den Verlauf der Meiose und die chromosomale Grundlage der
Kopplung und des Crossing-over. Der Mechanismus der Chinsma-Bildung wird
besonders ausfithrelich behandelt und versehiedene neuere Theorien von Unir,
Winrenovse, GRELL wa. werden diskutiert.

In zwei von den sieben Kapiteln werden strukturelle Verfinderungen der
Chromosomen bzw. Varialion ihirer Anzahl konzis und iiberblickbar besprochen.
Das Vererbungsmuster von Komplex-Heterozygoten und die Wirkungsweise
des Renner-Effckles werden durch gute Abbildungen erklivt. Polyploidie isl
doch elwas stiefmiitterlich behandell und Abb. 86 (S. 131, die die Bezichungen
zwischen Autopolypleidie, Allopolyploidie und segmenialer Allopolyploidie
darstelll, ist schwer zu denten.

Wie im Schlusskapitel erwithnt sind viele zytogenetische und zytochemische
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Verhiilinisse noch nicht hefriedigend erforschl. Die Natur der chemischen oder
physikalischen Krifle der meiotischen Paarung ist z.B. noch unbekannt. Prak-
tisch unerkEirt ist auch die interessante Tatsache, dass gewisse verhitltnismiis-
sig primitive Organismen (2B, das Lungenlisch) viel mehr DNS pro Chromo-
somensatz haben als Tiere von grosserer struktureller und funktioneller Kom-
plexitiit. Vielleicht enthallen besondere Chromosomen grosse Mengen von
dupliziertem DNS-Material, das durch anomale Replikation entstanden ist.
Am Ende von jedem Kapitel ist eine zT. kommenticrle Literaturauswahl
hinzugeltigt. Wahrscheinlich ist das Bueh als Lehrbuch fiie Universitiitsstu-
denten der Genetik abgesehen aber kann auch fiir Biosystematiker emplohlen
werden. Gewisse genelische Vorkenntnisse sind doch wiinschenswerl, da der
Text oft ziemlich konzentriert ist.
ARNE STRID

Stines, W, & CockinGg, E. C.: An Introduction to the Principles
of Plant Physiology. — Methuen & Co., London 1969, VIII + 633 pp.,
53 figs. DPrice £8.80.

The first thing that strikes the reader of this text when he glances through
the table of conlents is the appearance of compleleness. The book at leasl
touches upon all the different topics that by tradition have heen 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 fael, 126 of the 564 text pages have been
allotled to this subject.

The present edition is the third one, completed by Dr. CocrinG alter the
death of Professor STILES. STILES slarlted writing the original work in 19:
Making new editions of old textbooks, a way of renewing the literature appro-
priately called “the Strasburger method” certainly has ils drawbacks. It must
be admitled that Dr. CockinGg has made greal allempts to update the malerial,
and references have been included up to the time of printing. Still the treat-
ment of the subject. al least in many instances, must be regarded as old-
fashioned. This is obvious already in the first chapler, where old views about
the nature of the “protoplasm”™ are accounted for in rather great delail, while
the treatment of the endoplasmatic reticulum seems to be limited to two sen-
tences and the abbreviation e in a figure. The median vear in the reference
list at the end of the book seems o be near 1936,

Although there are 39 pages on respiration, the hexose monophosphate
shunt is not mentioned. In the section about fixation and reduction of earbon
dioxide, the Canvix evele is fortunately treated. There is no menlion, however,
of the Haten and Stack pathway, which would cerlainly be more worth a few
words than Wansure's theory about photolyvsis of a chlorophyvll-CO, complex.,

The chapler on helerotrophic plants, apart from the lack of all figures,
is put on the posilive side of my account. Such a chapter is often lacking
altogether in textbooks of plant physiology. At first I was shocked to find
Monotropa and several orehids listed under the heading “Saprophyies”. How-
ever, the mykorrhiza of these plants and others are later accounted for in a
correct wayv. It could have been mentioned that Monotropa develops best when
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the same mycelium associates both with the herb and with trees. 11 has also
been shown that phosphate and organie carbon are transferred from frees to
Monaotropa plants. The relationship should thercfore probably be deseribed
as svmbiosis beltween Monotropa, fungus and tree (on the borderline to para-
sitism by Monoltropa).

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 1o be all that the chapter deals with.
In the introductlion it is said that smost plants exhibit a daily periodicity in
their activities. Generally it is obvious thal this is directly (raceable to daily
rhytmic alternations of temperature and illumination:. Although in a later
chapter there is a section on autonomic movements (called automalic mov-
cments on p. 459, the lrealise seems lo completely disregard the cireadian
rhytms, the “biological elocks”™ which are 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 Biinning, other endogenous time-measuring systems” (i.e. other than the
P730 to PP660 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 cerlainly is to compress unduly the knowledge ol to-day, considering the
size of the book.

The text would have been easier to follow and to remember if there had
been more simple little [igures 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 it could be followed up a similar volume on “Recent developments
in plant physiology” it might be O.K., if a studenl could be found who is
willing to swallow two volumes of this size in his introductory course. In
real life compromizes must be made, | think this compromizing must start
with a trimming down of obsolete ideas. Some knowledge of the history of
seience, of the greal steps forward and of the great mistakes, hurts nobody.

I.. O. Biinx.

ScHMITHUSEN, J.o Allgemeine Vegetationsgeographie - Lehr-
buch der allgemeinen Geographie. IV, 3. uppl. — Walter de Gruvier & Co.

Berlin 1968. XXIII 463 sid., 275 figurer. Klothand., DM 48: —

Niir andra upplagan av denna bok, som ingir i en serie geografiska liro-
boeker, kom ut hade jag tilltille att ge nigra allméinna synpunkter pa boken ur
botanisk syvnpunkl (Bot. Notiser 113: 122—123}. Den nu ulgivna upplagan ér
i forsta hand en kraftig utvidgning jamfort med de bada tidigare men ocksa
en omfaltande nyarbetning. Textmalterialet har okat med ungefir 50 %o och
antalet bilder tordubblats jimfort med 2, upplagan samtidigl som dispositionen
i stort sett dr oftriindrad.
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Avsiklen med boken dr uppenbarligen att ge en allsidig vixigeografisk be-
skrivining av jorden. Bokens forsta del dignas i huvodsak at florvistisk viixt-
geograli. Diir finns en traditionell dversikt dver jordens [lorariken, olika livs-
formtyper ete. hos viixterna samt utvecklingshistoriska och ekologiska orsaker
till viixternas olika ulbredning. Den stirsla utvidgningen av boken [aller pa den
andra huvuddelen, diir fram{orallt dversikten av jordens olika vixtformationer
fitt ett viisentligh okat utrymme. I detta avsnitl behandlas ocksa viixtsociologin
och dess arbetsmetoder, vegetationsdynamik och vegetalionens plats i landskapel
med utgingspunkt fran gingse mellancuropeiska synpunkter. Eil teoretiski
avsnitt om vegelalionskartering och  dirmed forknippade problem saml en
jamtort med tidigare upplaga nagol ulvidgad tframstillning om de klimatiska
vegetalionszonerna ingar i bokens tredje och sista del. Tyvpografi och bild-
malterial ir genomgaende tilltalande och av betydligt hittre kvalité iin i férea
upplagan,

Urvalet av liro- och handbicker i allmin viixigeografi ir myeket litet. De
som finns behandlar dessutom vanligen endasl delar av viixtgeograficn. som
regel antingen enbart den floristiska och historiskt-gencliska viixigeografin
eller enbart den ekologiska viixtgeograftin och de klimaliskt betingade hogre
vegelationsenheterna, Sa tillvida ir denna lirobok bra som den behandlar
vixtgeografin relativt allsidigt och inte heller inriktar sig pa nagon speciell
dirldsdel eller region vilkel gor manga amerikanska Hirobdcker relativl ointres-
santa i Furopa. Detta medfor emellertid ocksi att den i atskilliga delar ur
botanisk synpunkl trots den betydande utékningen &r rilt ytlig, exempelvis
betraffande den historiskt-genetiska delen. Boken har som sa méanga andra
tyska lirobocker sin styrka i ferminologin och de beskrivande momenten. Jusl
da det giiller beskrivningen av vegelalionen och sambandet mellan vegela-
tionens lvsionomi och makroklimat jimte dirmed sammanhiingande forhal-
landen har boken betvdande fortjanster. Man saknar dock mera ingaende
ckologiska diskussioner, exempelvis kring temal vegetation -mark. Forfatta-
rens disposition av stoffet gor att tonvikten ligger pa den terrestra vegelation
som karakleriserar de olika vegelationsregionerna. Sadana landskapsekologiska
clement som myrarna. vilka ju fir betvdelsefulla bide pa norra och sédra halv-
kloten, fiar diarigenom en jimforelsevis stvwvmoderlig bebandling.

Med beklagande miste man alltsia konstatera att den nyva upplagan liksom
den tidigare innehallsmissigl inte uppfyller de dnskemal man ur bolanisk syn-
punkt skulle wvilja stilla pa en vixtgeografisk lirobok och behovel av en
modern, botanisk lirobok i allmin viixlgeografi fir alltjimt lika triingande.

N1L.8 MALMER

SINGH, AMAS: Plant Physiology., — Asin Publishing House. London
1968. XI-+-615 pp., 201 figs. Price 60 s.

The anthor opens with the following statemenl with which the reviewer
completely agrees: "Progress concerning an inquicry into the facts relating
to the domain of Plant Physiology has been appreciable in the recent pasl.”
A little further down the following is found: “This text book does cile in
quite an extensive manner the relevant literature on the subject.” The more
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surprising is it to find that the author has almost completely neglected the
seienlific progress during the past ten years. Oul of about 1260 references listed
at the end of the book, 1T have found only about 30 from the 1960°s (several
of them refer to the Encyelopedia of Plant Physiology and thus 1o older
researchi. T will mention only one example of what this negleet of the modern
literature has led lo. On 2 1/2 pages the author discusses the effect of light
on respiration. e divides his discussion in o "L View” and a “TL View”
“According to the sccond view therve is no effect of light on respiration”,
while according to the first there is. The reader must get the impression that
nothing is really known on the subjecl. The author refers lo chloroplasts as
“normal dark respiratory centres” which is, 1o say the least, misleading. Bul
be touches on the truth when he states that “Verv recently (sic!i Thimann
and others (1958) found an induced additional respiration in light”. In fact.
len vears later a special session of a large scientific congress was devoted to
photorespiration. [ consider it meaningless o mention anything at all aboul
light effects on respiration it the modern findings ave disregarded,

The book is specifically written for use at Indian universities. Therefore
some of the eritizism | would deliver if it were planned to be used in Europe
is rather irrelevant, Like the author 1 do think that a book for Indian vnmver-
sities is best written by somebody thoroughly aquainted with the specific
needs of Indian students, and of India. This country can, however. even less
than any other, afford to disregard the last ten vears of research in plant
physiology.

Chapter 2 is enlitled “Physiology of the cell” but deals entirely with osmotic
conditions. T do not consider the two syvnonyimous. Some technicalities, although
ol minor importance, are irritaling. The printing errors are frequent. Upper
and lower case letlers are used inconsistently, Hand-written letters are nsed
in many formulae and figures, which makes them tiring to follow, even if
the writing in mosl cases is perfectly legible. Phosphate groups are written
either as OPO3H,, as I or as Ph. The way of writing chemical formulae often
effectively hides the true nature of the compounds. One example is Cll,=
— GO ~ POH,COOH (p. 270). Who would understand that the second and
third carbon atom are directly united by a covalent bond, if he did not know
il already? Many such examples could be cited. The use of the abbreviations
DPN and TPN and the corresponding chemical names instead of NAD ete,
must also be considered obsolete by now.

1. O, Baoux
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