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Rubus lindebergii Pr. J. MULLER 1859

Stem arching. hairy: prickles 7—9 mm long, straight or faleate,
base 5 9 mm long, rather strong but relalively narrow; leaves (3)
S-foliolate, sparsely hairy above. softly pubescent, green—grey tomen-
tose beneath: terminal leaflet obovate: inflorescence narrow, long, leafy
below, prickles numerous, strong, hooked, glands absent; [lowers about
2.5 em oacross: sepals lomentose, light grey, prickles usually absenl:
pelals white, obovale; filaments about 3 mm long,

Normally, the stem is 3—5 m long, strong, with a creeping lip, live
tlat sides, and green or brownish red in colour: the prickles are rather
numerous and have a red base: the leat surfaces are flat, dark greyish
green above; the serration of the leallels is even and fine: the terminal
leaflet, except the short tip, 1s twice as long as the petiolule: Lhe sepals
are deflexed. R. lindebergii ollen grows in stony meadowlands or along
streamlels in forests. The species occur along the soulh-eastern coast
of Norway (Lillesand o Kragerol: in Sweden, it is rare in Halland,
Blekinge, and southernmost Smaland, but rather common on the ridges
of Skane; in Denmark the species is common on Fyen and sporadically
distribuled on Sjelland. Lolland, and eastern Sonderjylland.

Rubus armeniacus Fockr 1874

Stem arching. hairy: prickles about 10 mm long. palent or slightly
bent, base 8 12 mm long. strong: leaves 5-foliolate. glabreseent above,
while-felted benealh: terminal leaflet broadly obovate-—orbicular: in-
Jlorescence large, lax, pyramidal, lealy below. prickles straighl, small
in the branches, glands absenl: flowers aboul 3 cm across; sepals grey
tomenlose, prickles absenl: pefals pink or white, broadly obovate: fila-
ments aboul 6 mm long.
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PL XXXIIL Rubus lindebergii Pu. J. MULLER. — Remark: I refers to a d-foliolate leaf.

GENERAL LEGEND FOR THE PLATES

First-year growth (primocane): A. Stem with prickles, 1: 1. B. Prickles,
drawn from the side and from above. 1: 1. — (. Stem with prickles. glands,
and hairs. 4: 1. D. Leaves (without serration and petiole diameter shown).
1: 8. — L. Margin of a terminal leaflet with a petiolule. 1: 2, Second-year
growth (floricane): F. Inflorescences (without prickles, serration of the leaves,

Bot. Notiser, vol, 123, 1070
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Pl AXXNIV . Rubus armeniacus FOCkE. — Remark: 19 refers o a specimen collected

m December 1969,

and axis diameters shown). 1: 8. (. Rachis with prickles, glands, and hairs,
4:1. I1. Floral bud with prickles. 1: 1. — I. Petal (without hairs). 1: 1.
— J. Flower (without petals, glands, and hairs). 1: 1.

Bot, Notiser. vol. 123, 1970
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XXXV

PL XXAV. Rubus thyrsanthus Fockr. — Remark: The two upper leaves i D) refers
lo extreme varieties.

Bot. Notizer, vol. 123, 1970
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Pl XXXV Rubus vestervicensis . E, GUsSTAFSS0ON, — Remark: 18 refers to a

S-foliolate leaf.

Normally, the stem is robust, green, sparsely hairy: the prickles are
rather numerous, and have a relatively narrow base: the leaves are
large; lhe serralion of the leaflets is coarse: the sepals are deflexed:
the fruits, ripening late. are large and flavorous. R. armeniacus is cul-

Bot. Notiser, vol. 123, 1970
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livated for lhe blackberries: and where the climate is mild, the species
may oceur even as an escape oulside gardens.

Rubus thyrsanthus Focke 1877

Stem erect—arching, glabrous or with a few hairs: prickles 4—7 mm
long, recurved. base 3 6 mm long, rather strong: leaves 5-foliolate,
glabrescenl above, softly pubescenl, grey
terminal leaflet ovate; inflorescence long, narrow, dense. leafless, or

white tomentose beneath;

large, pyramidal, lealy, prickles few, small, bent. glands absent; flowers
22,5 cm across: sepals grey tomentose, rellexed, prickles absent: petals
pink. broadly obovate; filauents about 5 mm long,

Normally, the stem is 0.5—2 m long, recurved, sulcate. purple: the
leaves are shiny olive-green above; the serration of the leaflets is coarse
and uneven; the terminal leaflet, except the tip, is three times as long
as the petiolule; the flowers have a scent of apples; the fruits are small,
semisterile. R. thyrsanthus prefers slony ground in paslurelands and
forests. The species also occurs on sea-shores. In Norway, the species
occurs both along the south-eastern and south-western coasts; in
Sweden, it occurs along the east coast from the middle of Uppland to
Skine, but is rare along the west coast; in Denmark, the species is
known from dilferent parts of the counlry-

R. thyrsanthus belongs to a group of blackberries that are related lo
R. candicens WEINE, The leaflels of the former species display a great
sariety of shapes. When they are narrowly elliptic and long-acuminale,
this taxon may be confused with the lalter species.

Rubus vestervicensis (. E. GusTarsson 1938

Stem arching—ecreeping, hairs and glands few: prickles 4 -6 mm
long. straight or bent, base 3—7 mm long, bristles, somelimes glan-
dular, few or none; leaves (3) 5-foliolale, glabrescent above, grevish

green

grey tomentose beneath: terminal leaflet orbiculate or broadly
ovate—obovate. long-acuminate: inflorescence with a dense, relatively
shorl and broad, leafless apex and a few axillary branches below,
prickles few, small, straight, glands present; flowers about 2.5 cm
across; sepals greyish green, tomenlose, with a white-felted border,
acuminate: petals white—pink, narrowly obovate—spathulate: fila-
menls 5—56 mm long.

Bot, Notiser, vol, 123, 1970
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Normally, the stem is angled; the prickles are rather numerous: the
leaves are provided with rather rigid hairs beneath; the leaflels have
relatively short petiolules, the basal ones are sessile; the stipules are
about 1.5 em long, red, attached to the petiole 4—7 mm from the axil:
the sepals are deflexed. R. vestervicensis is known since 1915 from an
island (S. Malmd ) outside Vistervik on the east coast of Sweden. Gus-
TAFSSON (1938 has discussed the possibility that this blackberry is a
hybrid between R. bellardi WEIHE & NEES and R. thyrsanthus FOCKE.

In the next paper, | shall deal with R. vestitus W. & N., R, radula
WEIHE, R. faenicrum LINDEB., and R, fuscus W, & N.
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PLANT BIOMASS, PRIMARY PRODUCTION., AND ORGANIC MATTER 9

ABSTRACT

ANDERSSON. 170 Beological Studies i a Scanian Woodland and Meadow
Area, Southern Sweden. I Plant Biomass, Primary Production and Turn-
over of Organie Malter, — Bol. Notiser 123 8—51. Lund.

As a part of an IBP project “The productivity of the Soulh Swedish
deciduous woodland ceosystems and their secondary successional stages”
a comparison belween the distribulion of organie maller in a mixed de-
ciduous woodland dominated by Quercus robur. Tilia cordata. Corylus
avelluna and Anemone nemorosa and a tall herb meadow with Filipendula
ulmaria within the Nemoral zone in the Southernmost parl of Sweden
has been made,

Estimations of the plant biomass and production in the woodland was
made by a dimension analvsis applying allomelric equations. A ftolal
plant biomass of 240 { ha was found with 201 [ha and 39 Uha as above-
and below-ground figures respectively. The corresponding figures of the
net primary production are 15,6, 133 and 2.3 tha. A production of 0.77
t'ha is included for the above-ground production of the field layer. The
litter fall, fractions less than 30 cm long, during a three year period
amounted o 3.28 | ha with considerable variation between vears, Including
coarser litter fractions an yearly inpul to the ground of 6.5 t/ha was
found. After estimalion of the remaining litter hefore the leaf fall. 6.1 'ha.
the vearly turnover of the Litter layer is calenlated to 52 "o, As the humus
fraction amounts lo 218 t ha, the lolal contenl of organic matter in lhe
woodland ecosyslem thus s 463 t ha with an almost equal distribution
between above- and helow-ground portions,

In the meadow the distribution of above- and below-ground portions of
the organic matter is 149, calculated from the following figures: above-
ground biomass 47 | ha below ground biomass 132 Uha. surface litter
24 I/ha and humus 304 Uha making the lotal organic matler of the
meadow ecosystem 324 tha, The vearly above-ground production is esti-
mated to be 7.2 Uha and taking this as the vearlv litler input lo the
ground and faking the remaining litter inlo account a turnover of the
Titter laver of 75 "o is calcnlated. This suggests a more infensive turnover
in the meadow than in the woodland.

INTRODUCTION

The presenl investigalions have been extended from a study ol the
differentialion of vegetation in relation to the soil-water factor within
an area of mixed deciduous woodland and moist meadows in the vi-
cinily of Lund (I, ANDERSSON 1970). It was found that different soil-
waler regimes create obvious morphological leatures in the soil profile
wilh a distinet differentintion of humus types. These are a result of the
different waler regimes in the ecosvstems regulating the turnover of
organic matter. Wilh this tact in mind the investigations were directed

Bol. Notiser, vol. 128, 1970



10 FOLKE ANDERSSON

towards a study of the yearly formation and breakdown of organic
maller or in other words a study of the primary produclivily of the
ecosystems,

This general approach coincides with that of the International Bio-
logical Programme (IBP) and the present investigations form part of
an 1BP project entitled “Productivily of the South Swedish deciduous
forest ccosystems and their secondary successional stages” (F. ANDERS-
SON 1968) .

In this paper the resulls of the estimates and determinations of plant
biomass and partially primary production of a mixed deciduous wood-
land and meadow ecosyslems are given. Furlher, an approximation Lo
a functional analysis of the woodland and a meadow ecosystem is made
by considering the turnover of organic matter.

DESCRIPTION OF LOCALITY

Linnebjer is siluated 7 km ENE of Lund in the southernmost pro-
vince of Sweden (55°44'N, 13°181%) within a Silurian slate area. The
soil. a moraine of heavy clay. is shallow and has a depth of 1—2 m.
The hydrotopographical conditions, a moderalely sloping ferraine and
impervious properties of the shallow soil, render a superficial ground-
water, Lhe effect of which is easily seen in lhe soil profiles. They all
show hydromorphic features wilh o brown forest soil in the higher
situated woodland and mullgley-anmoorgley soils in the meadows,
which are situated in smaller depressions wilhin the area. A detailed
account of environmenlal as well as vegetational slructures is given in
F. ANDERSSON 1970.

INVESTIGATED ECOSYSTEMS

The study area of Linnebjer (Fig, 1) embraces an arca ol 23 ha of
which 22 ha is wooded and one ha is occupied by more or less open
moist meadows. In the northern part of the Wood a representative
area — lLhe Speeial Aren wilh dominating mixed deciduous forest
type ol Quercus robur and Corglus avellana and moisl meadows has
been selected as a measurement area comprising sample areas (IFig. 2).

As a eriterion for the identification of ecosystems the vegetation has
been chosen. Accordmg to the map in Fig. 2 seven ccosyslems have
been idenlified. The invesligations have mainly been resiricted lo four

Bot. Notiser, vol. 123, 1970
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Fig. 1. Schematic map of the Linnebjer Wood., The squares marked 1, 1T and I
show the situation of the analysed woodland stands, The seale is approximale.

of these. one woodland ecosystem and three moist meadow ecosystems,
viz.:

A. Quercus robur - Oxalis acelosella ecosyslem - mixed deciduous
woodland,

I£. Filipendula ulmaria ecosystem — lall herb meadow,

I'. Carex flacca ecosyslem — grass-sedge meadow,

G, Carex caespitosa ccosyslem tall sedge meadow,

The most intensive investigations have been carried oul wilhin eco-
systems A and E.

Bot, Netiser, vol. 123, 1970
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Fig. 2. Map of the Special Area showing ccosvstems and sample areas ey

A Quercas robur - Oxalis acetoselln ccosystem: B Quercas robur - Geam rioale
ecosystem: (o Quercas robur - Athyrivm filiv-femina ccosystem: Do Clearing phase
of ecosvstem A and B: I Filipendula nlmaria ecosystem: I Carer flacea ccosvstem
and G Carcx caespitosa ceosyvstem. In the sample arca of ecosystem A Jf and @

shows the situation of litfer traps and rain gauges respectively

Strueture of the Woodland

From the physiognomic poeint of view four dislinct layvers can be
idenlified in the woodland ecosystem (I, ANDERSSON 1970 p. 16):

Bot. Natiser, vol. 123, 1970


file:///ic/v

PLANT BIOMASS, PRIMARY PRODUCTION, AND ORGANIC MATTER 13

Ilig. &. Photo of the sample area 1 of the woodland ccosystem (A showing liller
traps and rain gavges. — Photo: Author May 1969,

Overstory layer or lree layer, > 15 m
Understory layer or upper shrub layer, 2 15 m

Shrub layer or lower shrub layer, <2 m
Ground layer or field and bottom layer

The overstory layer is composed of oak | Quercus robur) with lime-
tree (Tilin cordata) as a codominanl species. The understory laver is
formed of limetree and Sorbus aucuparia. An extremely well developed
shrub layer of hazel (Corylus avellana) is present (Fig. 3). A lower
shrub layer of the species mentioned and in addition Crataegus mono-

Baot, Notiser, vol. 123, 1970
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Quercus rabur Corylus avelana

C,
. Tl eordoia 239

us sueupaTa

Quercus  robur 20+ E_,—T

5 10 15 2025 30 3% 40 45 50 55 60 85 W) 30 35 40 L5 b 115 Diameter breast haight{Djcm

IYig, 4. Diameter- and height-class distribution of trees and shrubs in the woodland

ecosystem 1A}

quna, C. oxyacantha and Viburnum opulus occeurs. The ground vegela-
tion shows seasonal aspects wilh dominance ol Anemone nemorosa,
Convallaria majalis and Oxalis acetosella during spring, early summer
and late summer respectively. In particular the two former aspecls are
well developed with a complete cover of the ground. Bryophytes are
scaltered.,

The numerical deseription of the Iree stands (Fig. 4 and Table 1) as
well as the distribulion of the main tree and shrub species on classes of
heighl and diameter (IMig, 4) show the structure of overslory and under-
story tree- and shrublayers. In this tvpe of woodland a wide range of
diameters as well as heights is encountered.

The age structure of the stand has nolt been fully investigated and
therefore only informaltion from the annual-ring analysis of the sample
trees is availuble. The oak ranges from 125 to 190 vears. limetree 35
60 vears, Sorbus aucuparia 12—57 years and hazel up lo 50 vears. An
uneven-aged woodland is thus present.

The understory species. especially the hazel and the limelree, have
an average age of 40 vears. This corresponds to the lime period since
the last coppicing of the woodland (F. ANDERSSON 1970 p. 36).

Bol. Notiser, vol, 128, 1970



16 FOLKE ANDERSSON

Table 2. Survey lable of the vegelabion of the meadow ccosvstems G,

Filipendula ulmaria
Geum rivale

Geranium palustre
Ranunculus auricomus

Brachythecium rutabulum coll.

Lysimachia vulgaris
Caltha palustris
Myosotis palustris
Ranunculus repens
Angelica sylvestris
Crepis paludosa
Valeriana dioica
Equisetum arvense
Caliergonella cuspidata
Mnium affine coll
Cirsium palustre
Juncus conglomeratus
Lychnis flos-cuculi
Carex flacca

Carex Hartmanii
Carex panicea
Molinia caerulea
Juncus articulatus
Eriophorum angustifolium
Eleocharis uniglumis
Dactylorchis  majalis
Briza media

Carex caespitosa
Lophocolea bidentata

Ecosystem | Filipendula Carex Carex
ulmaria flacca |caespitosa
@ O O
o) + O
o 7
+ .
o] 3 o]
O o +
O O o]
o} O o
o O +
+ @) O
+ o] o
= O o]
o » O
+ @ 0
o O O
+ o} T
o]
@)
)]
O
E
. ®
O
+
+
+ ‘
: @
O

Frequency : + 25-50%
@ dominating

The overstory laver of oak has a height of 23 m (13—29 mj. The
diameler at breasl height (D) ranging from 325 lo 725 em. A few
individuals of limetree reach the top layver. A complete cover ol the
ground is given by the foliage of the over- and underslory components.
The understory with hazel forms a second canopy beneath that of the
overstory. The conspicuons layer of hazel has 500 stools/ha with 8 -
30 individual shoots per stool reaching a maximum height of 13 m.

The stand density (Huscn 1963 p. 203) has been desceribed in Table
1 in terms of slems/ha, basal area in m*'ha and parabolic volume in
m¥ha. The conic stem surface is also given. For the structure of the

050-75% O 75-100%
(O not dominating

ground vegetation see I'. ANDERSSON 1970 p. 47.

Bot. Notiser. vel. 123, 1970
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Fig. 3. Photo of the tall herh meadow ecosvstem (E|] with dominating Filipendula

ulmarin Photo: L. Pahlsson July 1965,

Structure of the Meadows

Three meadow ecosystems have been dealt with and the main species
composition is surveyed in Table 2. Two of the ecosystems are tall
grown. viz. lhe Filipendula ulmaria meadow (IYig. 5) and the Carex
caespitosa meadow. The lalter has a tussocky growlh. while the former
has an even distribution of species in spite of the tussocky appearance
ol Filipendula ulmaria, Finally, the Carex flacca meadow is a fen-like
ccosyslem characterized by lower plants compared with those ol the
previous ecosystems. It has a firm lawn of dense penetrating roots in

il Bot. Notiser. vol, 123, 1970



18 FOLKE ANDERSSON

the upper parl of the soil. Moreover. a more or less consistent layver
ol bryophytes exisls. For a detailed deseription see F. ANDERSSON 1970
73.

p. 61

TERMINOLOGY

The terminology adopted in this work is mainly derived [rom WEST-
LAKE (1963 p. 387--388). NEWBOULD (1967 p. 6—7] and MILNER et al.
(1968 p. +-5).

Primary production refers lo the process of formation of
plant maltter by photosynthesis. If considered for a specilic period ol
time it corresponds lo the gross primary production. Through
respiration a certain amount is losl and the amount present then corre-
sponds to nel primary production or simply primary pro-
duction. In an ecological sense the nel primary production is inter-
preted as the formalion of plant tissues and reserve substances ol plant
biomass which is incorporaled and translocated in an ecosyslem. In
fact, when regarded for a specific period of lime the net primary pro-
duction value corresponds Lo a rale and is termed the producltion
“ale or the produclivily. Plant biomass (phylomassy)
or. in this paper il nothing else stated, the biomass corresponds [o
the weighl of living plant matler al a given momenl in an ecosyslenm.
The biomass includes. in woody species. even heartwood and bark.
Branches wilhoul buds are regarded as dead and as long as they are
fixed to the living planl this fraction is termed “attached dead™.
The total plant biomass includes above-ground and be-
low-ground plant biomass.

Dead or living plant material which is rejected from the plants forms
the litter. The lilter fall designales in this study the finer frac-
tions of the litter as it is measured in litter traps (50>50 em) bul il
includes also coarser fractions (> 50 em) as branches and wood, The
surface litter is the litter present al any occasion on the soil
surtace. In the soil formation of litler occurs by the dying off from
rools and other below-ground organs. This liller is termed rool
litter.

The plant biomass and litler [raclions are expressed as dry weight
or dry maller. including the minor fraction of inorganic conslituents.
The weights of plant biomass are referred to 85 C. A correction factor
of one %o can be applied for obtaining weighls at 105°C. The organic

Bot. Notizer, vol. 123, 1970
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Overstory biomass
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}

Fine-root biomass

Iz, 6 Investigation model for the study of
plant biomass, net primary production and Main-root biomass
turnover of organic maller in a mixed de-

cidduous woodland. For the estimations the

following fractions are used: 1. Apparent 533:
growlh. increment — Ray. 2. Plant losses
by consumers (r. 3. Plant losses by death
and shedding - [. 1. Allached dead mate- HUMUS.

rial, not included in the plant biomass.

NI

matter of the soil, the humus. refers to 105 G and corresponds lo cor-
recled values ol loss on ignition (see p. 43). Usually the weights are
given as metrie ton/ha (I/ha), which equals 10% kg/ha,

INVESTIGATION MODEL

The estimalion of biomass and primary prodoction forms part of the
determinalion of the distribution of organic matler in the ecosvstems,
which is necessary for the analysis ol ecosystem funcltioning. As organic
matter occurs not only as above-ground and below-ground plant bio-
mass but also in dead organic fractions as litter and humus a model
designed for this type of investigations necessarily will include addi-
tional determinalions of the laller fractions.

A model (Fig. 6) was designed with respect 1o the sltructure of the
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invesligaled woodland described and the fractioning indispensable for
obtaining informalion on the yvearly production of organic matter. As
a guiding line m this work the method 2, according to NEWBOULD
(1967} is applicable, ie. estimalion of biomass once al the end of the
growing season including stem and branch analysis of sample trees
with a separation of plant matter into older and current year parls.
The latter tuken logether give the apparent production (Bzy). The net
primary production (Py) is estimated when consumed parts {G) and
losses by death and shedding (L) - - rejeels — are added. Thus Py=
Boyv+ L+ G. For Lhe lield layer production. the formula Py=AB+L—G
ought to be followed. AR stands for the change in biomass during the
period ti—1, (MILNER el al. 1968 p. 5). Usually AB is calculated as a
sum of changes in planl biomass between conseculive periods. With
this design the model is applicable to both woodland and such open
ecosystems as meadows.

The model comprises four main boxes or compartments. The rela-
tions or connecltions belween these as to lransferred and transformed
amount of organic malter reveal the functioning or the metabolism ot
the ecosystem. In this form the model reflecls the main pathways ol
the organic maltter and at the same time parls of the energy llow. The
biogeochemical cycle is possible to attach to this model,

METHODS O ESTIMATION PLANT BIOMASS AND PRODUCTION

Introductory

The present research requires methods (NEwpoULD 1967, MILNER
et al. 1968). which give not only estimales of biomass and productivily
but also further information as physiognomy, surface ol respiration
and photosvnthesis, biomass- and production relations between species
as paramelers in the study of dominance-diversity relations and com-
petition of plants, and in addition a basis for the study of mineral and
energy turnover. Beeause of a complex diameter and age structure of
the woodlund the applied methods must include all diameters and
heights present. The most adequate system of analysis of a woodland
ecosyslem is found in lthe dimension analysis as worked out
by WHIUTTAKER (1961, 1962, 1963. 1966), WHITTAKER et al. (1963) and
WHITTAKER & WOODWELL (1968, 1969 aj. The latter authors (1969 b)
give a general survey of the methods for the measurements of net
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primary production of forest and especially the dimension analvsis.
Teferences are also given to Kika & SHiper (1967). Information on
weneral foresl mensuration is taken from Huscn (1963). The ground
wvegetation has mainly been studied according to the seasonal maxi-
mum-minimum approach (NEWBouLD 1967 p. 29 30}. Cf. also MILNER
@t al, (1968 p. 22--24) and LoMNIcK! et al. (1968 p. 147—149).

I"'our basic steps can be recognized in the estimation procedure:

/. Stand analysis — non-destructive measurements.

L

Deslructive measurements or dimension analysis of sample Irees
and shrubs including above and below ground parts in order to
obtain allometric regressions of the lype y=ax" (Kira & SHIDEL
1967 p. 71) between non-desltructive paramelers as diameler at
breast height (D) and heighl (H) and destructive paramelers as tolal
weight of biomass derived from individual regressions of the sum
of various fraclions as currenl leaves and lwigs. branch wood and
bark, stem wood and bark.

4. Calculation of stand biomass and production by applying the data

from the stand analysis to the regressions found according lo 2.

#. Additional observation throughoul the year as collection of lilter
lall to obtain a value of the parameter L in the production equation
of the investigalion model.

In the following lhese steps will be deseribed in an integrated way
under the headings field-work procedure. laboralory procedure and
compulations.

IMield-Work Procedure

STAND ANALYSIS

Three sample areas of 4040 m (situation given in Fig. 1) were analysed
giving a total arca of 048 ha. Diameter al breast heighl (D) and heighl (H)
are the parameters recorded. The caliper is gradualed in mm. Heighl is mea-
sured in m with a tree height meler type Suunto PM 5/1120 P to the
nearest half meter.

TREATMENT OF SAMPLE TREES AND SHRUBS

Sample trees and shrubs are chosen according to the size-class distribution
of the stand table. Cf. discussion p. 26. Usuallv. 10 trees and 15 shrubs of
the dominant and codominant species are analysed.
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Sample trees and shrubs are felled and the length is recorded from base
to tip. As the limit between above-ground (shoot) and below-ground (rool)
parts, the lower ‘epiphyvie-limit’ is chosen (where epiphvles cease lo grow).
Heights and diameters for the stumps are recorded. Branches are faken off
one by one and the distance above the “epiphyle-limit'. basal diameler and age
(dises are sampled from every branch) are recorded. Sample branches from
upper, middle and lower portions of the crown are sampled (al least five
branches for cach tree and level mentionedi. The sample bhranches are treated
as above and, m addition, the number of current twigs with leaves, the num-
ber of fruits, the fresh weight of living sample branches, current twigs with
leaves and dead material. attached dead, is recorded. Subsamples of living
and dead woody material of the branches with different diameters are laken
for drying to constant weight at 85 C.

Twig samples are laken for determination of twig properties. These samples
are laken in upper, middle and lower portions of the crown. If the material
cannol be treated immediately after arrival at the laboratory, il is slored,
wrapped in polythene bags in a deep freeze.

After the branches are removed the stem is sectioned into logs 250 em long
{alwavs more than cight logs per tree). Diamelers are cross-calipered over
bark al the base, middle and top. Diameler al breast height (1) is measured
in the same way as log diameter. 10 cm dises are laken from the lower end
ol each log. The bark is pecled off and diameters are measured again in the
same directions and in the same places as over hark measurements. If possi-
ble, fresh weight is determined for each intact log. Fresh weighls are also
determined on bark and wood of the discs.

Woody species Tess than 2 1m0 long make a minor fraction and are therefore
treated in an approximalive way.

Rools of trees and shrubs are dug oul and collected down to 0.5 em dia-
meler giving the mainroot biomass (NEwnovrn 1967 p. 237). Piner
rools or roots having a diameter less than 0.5 em ineluding tree and shrub
rools and the below ground organs of the field laver ave sampled from pits
X H0 A60 em giving the finerool biomass Ten pits were taken in
a transect at a regular distance of two metres

SAMPLING OF THE FIELD LAYER AND ADDITIONAL FRACTIONS

The above-ground biomass of the field laver is sampled on occasions corre-
sponding to the maximum development of the seasonal aspeels. In the wood-
land production figures are obtained as the sum of the maximum figures of
investisaled species. 16 squares of 0.5 0.5 m are taken al random on each
sampling occasion. In the meadow the above-ground hiomass ol the ficld
laver is only determined once in squares of 05205 m randomlIy distributed.
Various numbers of squares have been used,

The below-ground biomass im the meadow is collected on 5030 em pin-
hoards of plywood with steel needles 8 em long, placed 5 em aparl (FERGEDAL
1967, SCHUURMAN & GOEDEWAAGEN 1965,
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The litter fall in the woodland is collecled in 16 litter traps (5050
30 em: sides made of wooden board and with a nyvlon net bottom: placed 20
cm above the ground surface) arranged in a syslemalic way (ef. Fig. 2},
Coarser lilter fraction as twigs and logs longer than 0.5 m is collected
vearly in a square 2020 m.

Random samples of surface lilter are laken lwice a year, before and
after the shedding of the leaves in 16 quadrates 5050 cm.

Laboratory Procedure

Subsamples of branches, dises and bark or other fractions are dried at ca.
377C. Final dry weight at 85°C is determined on further subsamples. Before
the drying of dises they are subject to annual-ring analysis for growlh on tour
radii over five or ten year periods, and lolal age determinations. The annual-
ring analysis is made under a stereomicroscope with slide eallipers fitted with
a vernier. Measurements are made to the nearest 0.2 mm. Twig samples are
treated for determination of total dry weight. number of leaves per lwig,
weight of blades, petioles and the rest of the current twig. Leal arca and
damaged leaf area are measured with a planimeter.

Sampled roots are washed and dried at the same lemperatures as above.
For the final weight no allowance is made for the mineral soil parlicles at-
tached the root material.

Computations

ABOVE-GROUND BIOMASS

Volume ol logs. By means of the end diameters (D and D,) over and
under bark and the length of the logs the log volumes are calculated as fol-
lows: V=D - x- 04, where V—volume in em?, D =mean diameler in cm
according to the formula U,H=]-""Ij;,?—]—_b;{—".-’? and { length of log in em. The
following log fractions are calculated:

Log volume (L) -— wood volume (W) =bark volume (5.

Mass of logs. When fresh weights of logs and dises are available the
dry weighls of log, wood and bark are obtained in the following way:

1. Calculate the quotient [resh weight/dry weight (f) of the dises.
2. Caleulale log dry weight (Ly) as Li=log fresh weight/f.
3. Calculale wood dry weight (W) as Wy=log dry weight (L] Xwood vo-

lume (Wyi/log volume (Ly ).
4. Calculale bark dry weight {Bg) as Bg=1log dry weighl (L) X bark volume

(By-)log volume (L) or Ba=Ls— Wg.

Corrections of the bark and stem weights are necessary due to differences
in their densities. Moreover, the furrows of the bark are included in the deter-
mination of the bark volume, which affects the value of the densily, The
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necessary corrections are made according to WHITTARER & WoobwELL (1968
p- 31

When total fresh weights of logs are not determined the weights are ob-
tained by multiplying the caleulated log volume by the wood and bark densi-
ties. All volumes and weighls for logs are summed to calculale the whole
stem value.

Mass of branches Trom regressions giving the relation belween
the basal diameler and the dry branch weight of the sample branches the mass
of all branches is obtained. The allometric equation of the tvpe y  ar’ corre-
sponding to log y=A-+b log X 1s used. End diameters of all branches of the
sample trees are measured and for the calculated regressions eslimales of
corresponding branch mass are obtained. These are summed to make up
weights of all living branch wood and bark, current twigs with leaves and
fruits of a sample tree or shrub.

ABOVE-GROUND PRODUCTION

Log wood production is caleulated using the resulls of the annual-
ring analysis according to the formula assuming linear growth: AW, —W . —
Weiin, where Wy is the volume al the lime of leaf fall and W' the volume
n vears ecarlicr. Oblained volumes are lranstormed lo weights by multiphea-
tion with the wood densilv.

Logbark production is caleulated from the regressions log diameter/
bark thickness and log age/bark thickness (WHITTAKER 1961). Results cal-
culated as volumes are transformed to weights using the bark densily.

Branch wood production is caleulated from branch weight,
branch age and b — the growth exponent from the allometric regression of
branch diameter/branch weighl. Thus the branch growth (Ag) i1s calculated:
Ay—b yle. where y—branch weight, b—growth exponent and x=hranch age.

Production of branch bark 1s ignored.

Production of eurrent twigs wilh leaves is obtained from
the regression branch diameter/weight of current twigs and leaves also in-
cluding fruits.

ADDITIONAL COMPUTATIONS

Below-ground plant biomass 1f possible the main-rool biomass of
trees and shrubs are correlated with non-destructive parameters and the regressions
are given in the same allometric equation as for above ground hiomass, The fine
rool biomass of the woodland and the meadows are caleulated directly on an area
hasis

Estimative ratios. In order to give a comprehensive description of the
stand [Table 10 from a forestry poinl of view the following units have been used
fef. WHITTARER & WOODWELL 1968 p. 13)

Basal area—the cross sectional area at breast height (1.3 m) of trees and shrubs
and caleulated as 7 - 2, where r=radius at breast height on bark;

Conic stem surface=x-r-h. where h=height of lree or shrub:
Parabolic volume of tree or shrub=05+z-1r-k;
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Estimated volume inerement (EVIj=05ahir—c*, where ¢ r—i; is
the annual wood radial thickness increment al hreast heighlt

These estumative ratios are also nsed for a comparison with similar values obtained
through dimension analysis (Table 4 and these latter values are then lermed true
wilues.

A pplication o Stand

The trealed calcul:ations give values of volume, biomass and weights
of varwous lree and shrub fractions. These are summed to give values
for the whole tree or shrub. New regressions are then calculated for
diameter (D) and height ([ expressed as D*H and whole shoot and
nmain-root dala. The non-destruetive paramelers (rom the stand ana-
Iy sis are then applied! to Lhese new regressions giving the stand biomass
and production. According lo the investigalion modcel data on biomass
and production of thee field layer as well as the litter fall must also be
added to those of Ireres and shrubs to give Lhe total sland biomass and
production.

The calculation olf total plant biomass and production have been
done in a compuler. A programme was written lo give nol only these
fizures bul on the saume time the lolal error involved at the estimation
procedure (sce p. 27),

RESULTS
Plant Biomass and Production of Woody Plants in the Woodland

REGRESSIONS

Allometric equatioms are widely accepted and are a necessary requi-
site especially when dealing with biomass and produclion estimations
of mixed and uneven-aged forests composed of several species and a
wide range of diameters and heights. As pointed out by Kira & SHinel

(1967 p. 71} nol only different species — even different lifeforms ac-
cording to WHITTAKER & WOODWELL (1968 p. 23] — but also species

from different localitiies may be treated together in one and lhe same
regression, The allomeetric equation y—ax” or log y=A+b log & thus
offers a tool for a struelural description ol the stand by using various
properties of the equation as interceptii)-value, correlalion and re-
gression coeflicient. amd. more important gives the possibilily of obtai-
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ning biomass and production figures for the whole stand as well as
for the individual tree or fractions of the Iree such as stem wood. stem
bark. branches, current lwigs and leaves,

The regressions are influenced by several factors (\Wnrrrakpn &
WoobpweLL 1969 b1 two ol which will be trealed in the following. viz.
the selection of sample trees and the choice of the independent variable.

According to thal mentioned in the methodological part earlier the
selection of the sample trees musl follow Lhe stand table approach
IBASKERVILLE [965). In the present invesligalions the sample lrees
were chosen in such a way that the range of diamelers was evenly
covered. However, oaks with the widest diamelers were avoided.
Furthermore, represenlalive trees were looked for and those showing
extreme forms and devialing growth were avoided. The reason for
omitling the larger trees in the analysis is purely mathemalical.

The slope of the regression line will be greatly influenced by these
values giving an overestimation of biomass and production values
when a common regression is applied for all the species.

The main aim has been lo oblain total biomass and production lig-
ures. Therefore the testing of independent variables in the allomelric
equation valid to the whole (ree for individual species or all species
combined has been restricted to variables including diameter and/or
height. In Table 3 a comparison ol correlation coefficients (r] and
mean square deviations (MS) between the variables diameler (D) and
the squared diameter limes height (D[} is given. Generally speaking
the DI expression simulates a volume and his gives a closer rela-
tionship to the weight ligures than does the diameler. This has earlier
been emphasized by inter alia Kira & Samer (1967 p. 71) and in accor-
dance with them I therefore use the D?H-basis since an improvement
in both biomass and producltion estimations is obtained. High coelfi-
cienls of correlalion are always oblained when using allometrie equa-
tions (BUNCE 1968 p. 763). In the present study this is also demon-
straled. However, the correlation coefficient of the produclion regres-
sions are lower.

Table 1 compiles regressions of various fraclions of the tree, whole
shool data for individual species as well as species combined. Some of
these are also given in Figs. 7 and 8. For comparisons with similar
investigations in the fulure this way of presentation is adequale. Up
to now il has been used by several investigators (WmTraker & Woob-
WELL 1968 p. 15—20]. The independent variable. however, varies. By
giving the A iintercept)— and lhe b (regression coefficienl) values it
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Table 3. Comparison of correlation coefficients and mean square deviations (MS)
for logiy dry weight of threes and shrubs with logyy D (diameter) and logy DEH
(squared dinmeler imes height) .

DEH | D o
n e —
| e ™ L r o} M8
Biomass

VI species e W e e =20 A0 D OuNkE (0072 [ IR 01320
Querens robIrE i o) e vmiiiding N 11 0438 00014 (.8agme® L0036
Tilio - Sorbas ot e 6 (1L YLy=es 01065 {0k 0.0021
Corylus avellanat .. ........... Sraie 18  0998%%= (0.0101 0.885*** 0.26563

Production
AL SHeRTES o s o g ceavea oon  AEDQOEEE . eppRE - GO e G532
CHeretts OGS Jisi s diiabe i ei T 11 0.B47#4% 00027 08114 0.00053
- S 0t i e Sl Ve wiee alie 6 0.904**k* 0.0567 DRIES LS s 0.0354
Coryluy avellana ............ ¥ 18 (.989% 0.0128  0.8349%¢* 0.2764

n = number of samples; r = correlation cocflicient; MS = mean square deviation from
regression. Significance level of r= 5% P~ 0.001.

is possible to conslruct the regression line. FFurther r (correlation
coefficienl) and E (relalive error of estimales of a logarithmic regres-
sion| are given.

WHiTTARER & Woonwern (1968 p. 1531 use 2 as a measure of the relative
accuracy of the estimation. In analogy with a linear regression the estimate
of the relative error (¢ or the spread of the poinls from a regression line
for a logarithmic regression 1s caleulated as the standard error of estimate

(SE} divided by the mean value of the dependent variable (y), i.c. r—i!;
. d : ¢
where SE \a g+ I the datter equation d = the difference between the actual
value and that from the regression estimated y value for a given x value and
n—the number of & and y values. An ¢ value of 0.059 for a linear regression
corresponds in a logarithmic regression 1o an £ value, which is obtained by
taking its antilog. thus giving I~ 1.15. The expected error will then range
from 1.5 ¢y to g/l 15,
This way of estimation the error gives a relative description of the aceuracy
withoul connections to the confidence limits of the regression line. The E
value fulfil thus only a deseriptive purpose.

In order to give an adequale calenlation of the total error of the
estimation the devialion (probability — 0.05) from lhe regression line of
each individual tree and shrub in the stands have been calculated icf.
Husch 1963 p. 401—1402). The deviations have been summed and the
lower and upper devintions from the regression line in percenlage of
the tolals of plant biomass and production were caleulated (Table 6.
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Table 4. I‘{‘ I'E‘..‘j.‘ii!lll.‘} of shoot dimensions for Irees and shrubs in the mixed deciduous
s
woodland t'(‘(')S_\'Nil’“l (.\) 2

Quercus Tilia cordaty Corylus All
'3 *ogrous apellana wecies
Louur feupari i SDSRICS
A. Whole shool regressions logyp D*H (em® m) (&) on
Biomass
Log, above-ground total dry weight (kgi (y)
W e s AR T -0.5000 -1.2382 1LABL3  —~1.4301
B comminiyiais e vnd o 0.7659 0.9039 1.0017 0.9699
S S A 0.938 0.995 0.994 0.998
! TR e T R i 1.028 1.106 1.063 1.146
Laog, stem dry weight (kg)
B kb T A R T —0.6702 -0.6931 -1.4441
B R e R e R e 0.7720 0.6297 0.9378
T e LA 0.900 0.827 0.995 -
? ¢ SRRl el 6 NN O 1.038 1.764 1.065 -
Log, stem wood dry weight (kg)
7 T T O % L —0.8376 - ~1.6335
R T e S e 0.7985 - 0.9675
T T T S T e g 0.905 - 0.988
B e L e e 1.039 - 1.894 -
Log, stem bark dry weight (kg)
A et e R R S -0.6037 - ~1.8164 -
B iz s a0 0.5398 = 0.8114 =
e R B R T e 0.831 A 0.908
e b T s e s RC Ay 1.056 = 4.453
Log, branch wood and bark dry weight (kg)
e s T e poaa e —1.357H -2.3522 -2.7737 -
B e R AR e 0.8240 1.0426 1.2425
e e L N R et e 0.809 0.4977 0,974
? R SO O e A SR 1.074 1.498 5.45H2 -
Production
Log, above-ground total production. dry weight (kg/vear)
7 SR P R e R RO AT I -1.2611 —1.0585 ~1.7905  -1.6184
N e SR S A NG RS 0.6311 0.5871 0.8169 0.7261
T e nren e T e R e 0.847 0.904 0.989 0,410
B R S o e 1.072 1.781 2,161 1.4950
Log, stem wood production (kg/vear)
AR e s e ~1.0285 —9.1850 ~1.8230 -
B T e e e E A RS 04627 0.7336 0.6211 -
R e N S e W 0446 0.904 0.985 -
B e i o o 1.27H 3.026 1.398 -
Log, stem bark production (kg/year)
A e R R e R -3.8484 - =
RS e TN 0.8195 = = £
g e N e 0.929 - -
I8 e R B G AR 1.410 - - -
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Table 4. Confinued.

Tilin cordata Corylus Al

{utezoas + Sorbus ¥
robur ; avellana | speeies
aucuparia |
Log, branch wood and bark production [kg/vear)
B R A R e e 15407 24362 -2.6341
B S T SR e R 0.7251 0.8404 0.8992
| AN of B et T T 50 0.821 0.983 0.980 -
B0 e e oS e TR R 6 R 1.101 1111 13.812 -
Log. current twig and leal production (kg'vear,
A e S s e ~1.8109 ~0.7005 ~2.3218
e T e R 0.6837 (.:36:31 0.8668
R e L R B 05826 .69+ 0.981 -
/e e Sl Wi 1.107 4.192 7.510 -
B. Branch regressions fogg em () on
Log, branch wood and bark dry weight (g) (gy)
L e e R R L PR -1.5315 -1.5319 -1.5744 -
B A A e g 26557 2.7886 29714 -
e e R e e et 0.973 URINE 0.968
D e I A TS 2.684 3.042 1.834
Log, current twig andl leaves dry weight (kg)
A e e e e -1.7844 -2.3568 ~1.6446 -
B s n e A 1.9028 2.4738 2.0046
e 0.962 0.842 0.911
N A on rly I C e 10.7490 22072 G647 -

All vegressions are in the: form fogi y=A + b logig x. b = regression coefficient, r = cor-
relation coefficient and /F = antilog of the standard error of estimale.

MEAN DIMENSIONAT., RELATIONS OF SAMPLE TREES
AND SHRUBS

IFrom the dimension analysis of the sample lrees and shrubs some
important and deseriplive characteristics ol the woodland are given
(Table 5a and b}, which give a furlther description of the woodland
structure. Some relationships (Table 5 a:lf) reveal even funclional
aspects of the woodland ecosystems,

Compared with
some extent. from those given in Table 5 a:A. This is a result of the

.

Iable 1 the mean diamelers and heighls deviale, lo

wiay in which the sample trees were selected as discussed in the pre-
vious section,

The proporlions of slem-wood biomass decreases and the stem-bark
biomass increases with decrease in size ol the plant (Table 5 a:(C) —
from tree lo shrab forms — and this is also valid within species. With
diminishing plant size a corresponding proportional increase in branch
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Table 5 a. Mean dimensional relations of sample trees and shrubs of the mixed
deciduous woodland ecosystem (A}, Weight figures at 857C.

nercus Sorb. aune, +
robur Tilia cord.

orglus
-1 apeflana

A. Mean shool relations

Number of shools investigated .......... 11 6} 18
Diameter al breast heighl femy oo 43.5 14.1 4.7
Heighl 3008 (et e aa s satee s asarreieds 19.7 12.0 6.8
PSSR LT ) S e S S o Sl ey A1 149 42 21
Biomass (dry Rgl .« oovicvomaesi s 987.8 105.7 14.2
Net production idry kgiyrl . ..o 42.6 11.2 2.0
Bark thickness fmm) ... iiveeiiiiiehais 16.4 3.0 2.6
Wood radial ineremenl (mmiyr) ..., 1.69 2,90 1.20

B. Volume (cm®)

Parabolic volume estimate .............. 1,235,000 151,600 12,600
Teue Stemy VO . ... .l dem nmnmnyasiss 1.490.000 175,900 18.800
T BT 1T | | S S et S S SRS 1.259,000 146,500 16,000
Istimated volume increment (EVI ... .. 19,500 2,300 770
True volume increment ,............... 24,200 65.800 930
C. Shoot dry weight distribution. % in:
SEM: WO oot b s siaidammis i it 64.6 39.2 231
Sterm Bark: ke vnsaninn e m T s .3 11.7 1.4
Branch wood and bark ................ 25.7 25.4 28.2
Currenl twigs and 18aves . .....coiverinns 24 3.7 6.0
T T e e ey 1.0
D. Root/shoot relations
Number of stumps investigated .......... 3 3 3
Mean rootl system dry weight ikg) ...... 165.3 28.3 19.4
Mean root/stem 1alio . ..ovvieinvivms v 0.17 014 0.26
Batio N arge teee e ot aaa 0,16 0.17 0.20
Ralio inospialldree: soui e v oalo 0.20 0.21 0.41
Mean biomass %/ in:
o4 LT E e s oV B e R LR Gl SRTR 62.2 ey %
339475 1T 11T, SR el ol i Sl o 229 82,9 793
Root crown and rools .......ovoeuines 15.6 145 0.7
2. Above-ground net production distribution, "o
SEOIANOOEE . oo oats s s ais b i a et die s 285 . "
S R s s e, e e 1.9 30.5 26.0
Branch wood and bark .............. 21.2 35.0 28.3
Current twigs and leaves . ............ 8.4 305 45.7
I, Interrelations
Biomass accumulation ratio .......... 23.2 9.4 T
[biomass/production)
Basal area increment/basal area (") .. 1.6 10,4 21.1
Shoot net production’leaf dry weight .. 3.08 548 212
Shoot net production/leafl area (g/m?) .. 113 164 158
[ BYT78 A 3T 13 ) R T, U W Sh i o 378.2 726 1.6
Leaf arca index for all species ........ ook
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Table 5b. Twig and leal data from sample trees and shrubs of the mixed deciduous
woodland ccosystem (A].

(uercus Lilin Sorbus | Corglus
robur cordata |ancuparia| avellana
Current twigs wilh leaves
Dry weight. twig with leaves /g ......... 9.132 D728 9.795 6,436
T WA s e e 31.1 18.3 17.6 13.2
%o in petiole: e i s 290 6.7 17.6 2.7
"o Made Slilermgs . it 00 635 84.1
Insect damage (Yo of blade) ... .. NALE L i s oy TR H4 < 1.0 1L6
Number of Teavesilwig .o ceoe cviasionon oo 7.7 4.1 2.7 L8
Leaf blade area per leaf (em?} ............ 2253 2045 9604 47.99
Blade dry weight/area imgiem?® .......... 357 195 3.00 737

For Sorbus aucuparia: 2.7 composile leaves per twig with 11.0 leaflets per leaf.
Weight correction for consumption is nol enfered.

wood and bark as well as an increase in current twigs and leaves wias
found. This is in accordance wilth earlier facls reported by inter alia
OVINGTON (1962 and 1965) and WHITTAKER & WoOODWELL (1968).

Confirmalion ol the general condition of decreasing shoot/rool ratio
wilh increasing Iree size is also apparent in the lable. However, lhe
ratio ol Corglus avellana does not follow this rule. A discussion of this
deviation follows on p. 35.

The percenlage distribution of the above-ground production (Table
5 a:lZ) shows thal Quercus robur has half the production in current
twigs and leaves. a third as stem wood and bark production and a fifth
in branch wood and bark production. The suppressed Tilia cordata
and Serbus aucuparia have an equal distribution with a third for each
fraction mentioned. The dominating shrub Corylus avellana had higher
production of branch wood and bark compared wilh Quercus robur
and similar figures for the production of current twigs and leaves. Tt
is striking to find that the small biomass fraction of leaves and twigs,
2.5—6 %o, from the production point of view corresponds lo percentage
figures of 35—050. when all species are considered, qually striking is
that the stem wood and bark percentages of 6572 only correspond
to production of ca. 30 %o,

In Table 5 b some data on twig and leaf relalions are given. which

makes recalculations of the ligures given possible. Also amongst the
duta the amoun! of insect damage lo leaves is given. If this is regarded
as consumed parts of leaves it corresponds to a consumption of 0.4
t/ha/year.

Bot. Noti=er, vol, 123, 1970
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ABOVE-GROUND BIOMASS REGRESSIONS
log y=b log x+A

Kg r Kg
a Corylus avellona Quercus robur
1000+ 0 Quercus robur . 1000}
L ® Sorbus aucuparia |
0 Tilia cordata
100+ 100
10 10~
lol Lol
E
mt O'H  o4F 0*H
i L — i i " i s i i | o | i L i
108 ol - 0P 0 0'cmm10°  10° 1. 1 10° 10 cmim10%
[
Kg Kg [
1000 L Sfolrbus aucuparia IUOUL Corylus avellana
L o Tilia cordata
iODf 100+
10+ 10+
lo}f lot
a
0af DH  Oaf D*H
— e ) el L 4 I L ] g

10° 10' 102 103 10*cm?m10® 100 10! 102 10? 10%cmi.m 10°

Fig. 7. Regressions of above-ground biomass of trees and shrubs.

ABOVE-GROUND PLANT BIOMASS AND PRODUCTION

By means of the non-destructive paramelers diameler at breast
height (D) and height (/1) obtained at the stand analysis and the
described regressions derived from the destructive measurements the
total above-ground or shoot biomass (Fig. 7) and production (Fig. 8)
of the slands have been caleulaled. The calculations of both biomass
and production were done from the combined regressions for all species
but oak. For oak the combined regression gave a considerable over-
estimation - an effect caused by the great oaks in the regression pre-
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ABOVE —GROUND PRODUCTION REGRESSIONS
log y= b. log x+A

Kg Kg
& Corylus avellana Gluercus robur
1000 0 Quercus robur 1000-

® Sorbus aucuparia
@ Tilia cordata

100- 100
i (x] L
10F 10F
1.0- 1.0 -
mt D’H  OaF D’H
g (B L e L i I Lk )

([ LI e 107 10° 0%emimi10®  10° 0o 10 107 10*emm10°

Kg { Kg
1000- ® Sorbus aucuparia 1000k Corylus avellana
L © Tiha cordata
100f
10+
(=Y
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(.Y
O D' 0= a D*H
ol PO | L S| prelh s b mes P I__|__ =¥ i L .

00 0 102 10°  10fcmimI0® 10° 100 102 10°  10%mPm 10°

Fig. 8 Regressions of above-ground nel production ol frees and shrubs

viously discussed albile precausions were laken in the selection ol
sample trees (p. 261, The overestimation of the oak shoot hiomass and
production amounted to 34 % and 76 "o respectively. To avoid this
shortcoming the use of the individual oak regressions proved to give
a salisfaclory result in spite of less accurate regression characteristics.
The above-ground biomass of Irees and shrubs amounts lo approxi-
mately 20 t/ha (£6.2 %) and the production to 11.4 (£8.3 %) (Table
6). The latler figure does not imply any correction for rejected and
consumed malerials,
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BELOW —GROUND BIOMASS REGRESSIONS

K “ |'
9 Guercus roour 9 o Sorbus gucupana ke | Corylus avellono
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Fig. 9. Regressions of below-ground biomass of Irees and shrubs. or Corglus

avellanan an approximate regression line was used al the estimation Independent
variable given as sopuared diameler mes height 1D7H).

BELOW-GROUND PLANT BIOMASS AND PRODUCTION

Informalion on the main-rool hiomass has been oblained from a
limited malerial of investigated root systems, viz. three oaks, Iwo Tilia
cordata, one small Sorbus aucuparia and three stools of hazel (Ilig. 9).
Trees and shrubs with representative diameters covering the actual
diameter range of lhe individual species were selected. The biomass
of the samples was expressed in the allomelric equation on a D*H
basis as the independent variable.

Encouraging resulls have been obtained wilh the very few samples
examined concerning Quercus robur and Tilia cordata together with
Sorbus auecuparia, while Corglus avellana shows a devialing regression,
The laller situation is easily explained by the facl thal the below-
ground parts of the stools are older than the above-ground parls. This
may also be the ease with the other [requently coppiced species. Tilin
cordata, bul those were avoided as sample trees. For obtaining stand
biomass of roots for hazel an approximate regression line was drawn,
Furthermore, the total sum of above-ground parts of each stool was
used as the independent variable. The combined regression of Tilia
and Sorbus has been used for other occurring species.,

A caleulation of the standard deviation (probability =0.05] ol the
regression gave for ouk. Tilia and Sorbus an error less than 120 %
for the mean tree. These ligares are higher than those of the error of
the above-ground estimations. Regarding thal the below-ground bio-
mass accounts for ca. 14 %o of the total biomass the estimated figures
are acceplable.

Bot. Natiger, vol. 123, 1970
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Table 7. Main-root hiomass of the tree and shruby Javers in the mixed deciduous
woodland ecosystem (A}, Figures given in metrie ton/ha dry weight al 85°C.

Sample area no,
bl and area in Bay.- Totals/ | Tolals/

HOSIGy 1 11 111 0.18 ha ha
_ 0.16 0.16 0.16
PG st [ 1 R RNy R0 e 3.6 +h 2.4 10.5 21.9
Frtla Cordatit . o vmvnnovim s ismpes s 0.2 0.6 1.2 1.9 4.0
Sorbuts QUERPATIQ v vowesiesimie 0.1 (0.01}) (0.08) 0.2 0.4
Prunus aviwm ., .. .. e e S 0.1 - - 0.1 0.2
Ulmus glabra oo ovsesvnmpmess S 0.1 - : 0.1 0.2
Bopulus HeMRIA oo sradmmisrasaim - - (0.02) (0.02)
Corglus avellana ..., ..o iivaaa 1.1 1.2 0.8 3.1 6.5
Tolal main-root biomass ............ 5.3 6.3 1.4 15.9 33.2

An average main-rool biomass of 33.2 t/ha was lound (Table 7). To
this figure the fine-root biomass (Table 8) is added to give the tolal
below-ground biomass of trees and shrubs. This parl has been esti-

mated to 3.4 t/ha, thus giving a total amount of 36.6 t/ha.

The distribution of the fine-rool biomass is mainly conlined lo the
upper 25 em of the soil. To deseribe the structure of the fine-root bio-
mass an approximative percenlage calculalion on weight and length
has been done based on the results from four of the examined pits,
The following was found:

Root fraction in mm . ... 25 1—2 L
Weighl %o .oive v M) 27 23
Length O sl 6 1 80
Length in m/m®* . ... ... 3.700 8.700 18,000

For further information on root systems see LR & HOFFMaN (1967)
and the literature cited there.

Due 1o its complexity any real studies of rool production have not
heen carried oul, As to the problems involved in such a study see
NEWBOULD 1967 and 1968 and the literalure cited there, 11 is ol general
inferest lo give a figure of the lotal stand production and in this situa-
lion, however vague the estimation may be, the assumplion of equal
production rates of above- and below-ground fractions has been aceep-
ted. IFrom the above-ground biomass and production (p. 34) and the
below-ground biomass of iree and shrub rools an estimated figure of
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Table 8. I'ine rool biomass of the mixed deciduons woodland ecosystem (A]L Sam-
pling time: June 1969, Tree and shrub roots less than 0.5 em in diameter are included
Figures given as arithmetic means ol fen pils 30 <50 <60 em in metrie ton/ha dry
weight at 857C. Within parentheses the 95 " conflidence limits as percentages

of the mean

Tree and shrub Iaver Rool fraction and weight ttha Totals/ha
Diameter in mm . .,....,.0... 2 2-5 1-2 <1
Weight in tonfha . ... .veeiivmanann 1.68 0.94 078 340 (X67%0)

2.1 I/ha is reached ol which the line-root fraction of Lrees and shrubs
gives, 0.2 Uha.

LITTER FALL

An important parameter in studies of forest ecosystems is the litter
fall. Firstly it is essential for the estimation of production. IFurthermore
il offers an index from which the dynamie stage ol the ecosyslem can
be mterpreted (OLSON 1963).

In Table 9 the resulls of the measurements during three years in
periods [rom April lo March are given. The litter traps were emplied
four times during the vear. viz. before and aller the bursting of leaves
and before and after the main leaf fall. The following fraclioning was
applied: leaves of oak. hazel and olher species; bud scales, flowers and
fruits: miscellaneous materials and finally bark [ragments, hwigs and
branches less than 50 em long. Coarser fraclions of the liller. espe-
ciully branches longer than 50 em and wood were collected annually
on a 2020 m area. Objections lo the searce emptving ol the traps
may be lodged as an instant and considerable leaching of the litter is
known lo occur (WrTkampe & OLsoN 1963,

An expected variation between vears was found. In order o explain
this further detailed and prolonged observations ol the litter fall in
connection wilh environmenltal parameters are necessary. The ob-
lained values of leal ltter and total Litter are in the same range as
those for similar ecosystems given by Bray & Gormam (1964). Car-
LIsLE el al. (1966). DUVIGNEAUD ct al. (1969) and Kira & SHiper (19671,
A comparison with some of these recent invesligations is given next.

Bot. Notiser, vol, 124, 1930
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Linnebjer  Virelles | Grizedale

1967/68 1967 /68 14964
Totals in kg/ha andyr.. 5201 5247 3,868
% distribution on:
Leaves:, e cieniaiee a9 60 ah
Bud secales, [Nowers, fruits 8 10 10
Miscellaneous .......... 10 3 )
Twigs and small branches 16 14 11
Big branches ........... 7 13 19

The figures of Linnebjer include the fraction ol longer hranches and wood with
128 kg'ha,

Noles on localities:

Virelles,  Belgium: Quercus robur, Carpinus betulus, Acer campestre, Corylus
avelluna, Hedera helic and Mercurialis perennis. Age 75—135
years height 21 m. DrviGNEAUD cb al, 1969 b,

Grizedale, England: Quercus petraea, Fravinus eceelsior, Corylus avellana, De-
schampsia [lexuosa. Age 10—120 vears. CARLISLE el al. 1966.

Plant Biomass and Production of Non-Wooedy Plants in the Woodland

Tabe 10 gives the biomass of the field layer, an addilional fraction
lo the total stand biomass and production. The sum of the maximum
above-ground biomasses of the individual species, which may be
regarded as a minimum estimale of the above-ground production, give
a production value of 0.77 t/ha. The maximum above-ground biomass

Table 10. Plant biomass of the field layer in the mixed deciduous woodland eco-
system. Figures given as arilhmetic means and in melric ton/ha dry weight at 85°C.
Within parentheses 95 "o confidence limits as percentages of the mean.

Anemone | Convallaria | Ocralis Other Totals/
e X otals/ha
nemorosa majnlis acetoselln species
Above-ground biomass
Maxe TUBE: oo 0,18 0.01 0.02 0.03 0.53
(22,4 %)
Jane: L6 cruiiiiong 0.02 0.04 0.03 0.07 0.17
September 1966 . .. .. 10.004) 018 0.02 0.21
Maximum biomass .. 048 0.04 0.18 0.07 0.77
(+26.9 %) (£17.0 %)
Below-ground biomass
Weight kg/ha ...... 2,32 0.29 261
(£17.7 %) [ £14.7 %)

Above-ground biomass derived from 16 squares of s m?® and below-ground biomass
from 10 pits 5050 60 em.

Bot. Notiser, vol. 123, 1970
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oceurs in the vernal aspect with 0.53 t/ha. The figures of the below-
ground biomass refers to an early summer determination and amounts
lo 2.6 tYha. When the corresponding above-ground figures are added
a total biomass of 2.8 t/ha is reached. An estimation of the below-
ground production according to the assumpltion discussed on p. 37 gives
a value of 0.2 Uha.

A delailed study of the biomass and production of the woodland
field layer has been carried out during 1969 (I°. ANDERSSON & BRUCE
in prep.).

TOTAL PLANT BIOMASS AND PRODUCTION OF THE WOODLAND
ECOSYSTEM

Summing up the various fractions ol plant biomass and production
presented Lhe total stand biomass and production of the mixed decid-
uous woodland is oblained [Table 11). A total stand plant biomass of
240 t/ha with 201 and 39 t/ha above- and below-ground respeclively is
present. The corresponding production figures found are 15.6, 13.3 and
2.3 t/ha.

The comparison below is restricted lo some recenl invesligatlions
carried out within the same biogeographical region as Linnebjer and
in which similar methods of investigations have heen applied, viz.
Virelles-Blaimonl in Belgium (AMBROES 1969, DUVIGNEAUD 1969, Duvi-
NEAUD et al. 1969 a and b) and Meathop Wood in England (BuNce
1969, SATCHELL 1969).

Biomass in Uha Production in t'ha Basal area
Total Above- Below- Tolal Above- Below-  of trees
g ground  ground = ground ground  m*ha
Linnebjer . .......... 240 201 39 15.6 14.3 23 31.38
Virelles! b A 156 121 30 144 12.2 2.2 21.21
Meathop Wood* ... 140 118 22 12,7 108 1.9 EL

Both Virelles and Meathop Wood are growing on Carboniferous
rocks and on shallow soils. Linnebjer on the other hand is also growing
on shallow soil. but which in general has a more ample supply ol soil
waler during the vear. Brown ftorest-soil conditions with mull prevail

U Deseription of locality see po 39 and DUvioyrarn & AMprors 1969, DUVIGNEAUD
et al 1969 b,

2 A mixed deciduons forest with Quercus robur and Q. petraea, Iraxinus excel-
sior, Betula spp.. Acer psendoplatanus. Corglus avellana, FEuonymus earopucus,

Rhamnus cathartica, Rubus fruticosus. Mercurialis perennis and Anemone nemo-
rosa. See further BUNCE 1969,

Bot. Notiser. vol. 124, 1070
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Table 11, Plant hiomass at the end of the growing season and nel prumary produc-
tion of the mised decidoous woodland ccosvstem AL Figures given as melrie fon ha
dry weight al 85 (

Biomass Production
Shoot

Overstory Irees . ... T I e X 155 6.3 -
Quercus robur o e 15318 - (.25

UndersloTy Irees s iiscssassssaisessssvas . 20 - 2.1 -
Litiee cordata . ... s S e - 25.6 -
SOTUS QHCUPIITE + v evesesssnsssssnens - 1.6 -
Prunus aviam .. e e S e S E AT - 0.6 - -
Ulmus glabra . - 0.6 - -
Populas dremula Jcodiveeieivssvansss = 0.2

07 2 k| T SR == ELE AR L 17 3.0 :
O AN il s st o v m A s b - 171 - 3.02

Fiekd layer ........ R R e S S = 0.2 08 )77

Planl losses by dealh and shedding (L, - - 07 =

Plant losses by consumers (G) . ... ..... 0.4

Total above-ground ... . .. ... pates 201 15.3

Root

Fraction 0.5 em () — Maimn-rool nomass 33 - 19 o
BT eSS LoD ivsvssevaniassspansssas ~ 21.9 = =
Underslory Irees ooveevvaeens s - 18 - -
COryins TUATEIH. oo saiis s s o o saidas w05 - 6.5 -

Fraction <<0.5 em Fine-root biomass i 0.4 -
Trepsand BREihE: il ve s s waressssve s 3.4 - 0.2
Fiold layer . ..... 20 0.2

Total below-ground ... S i e 39 - 2,3 -

d i | P e, Yous S reh e e s = o) 15.6 -

on all three loealities. The stocking of lrees in Linnebjer 1s similar to
the other sites. bul the trees have wider diameters and tend to be taller.
Further the understory trees and especially the shrub layer ol hazel are
denser and with a vigorous growth. Al the presenl stage it is too early
to go inlo a detailed comparison. but lhe figures so lar show accor-
dance in a decreasing order from Linnehjer to Virelles and Meathop
Wood of the distribution of plant biomass and production. lotals as
well as above- and below-ground portions, Further comparisons will
be carried oul when climatie and final information is available. For
a regional comparison with previous works see OVINGTON (1962) and
Ropin & BASILEVIC (1965, 1967, 1968).

Plant Biomass of the Meadows

A restriclted study of the plant biomass of the meadows has been
carried out and the figures oblained are mostly tenlative. As informa-

Rot, Notizer, vol. 124, 1970



42 FOLKE ANDERSSON

Table 12, Plant hiomass of the moisl meadow ecosvstems (£ —Gi. Figures given as
arithmetic mean in melrie ton/ha dry weight at 85°C. Within parentheses the 95 ®
conlidenee limits as percentages of the mean,

| l
Filipendula (arex Carex
ulmetria Jaeca caespilose
ecosvsiem ecosyslem ecosyslem

Above-ground hiomass

No. of Y4 m® squares . ........ H2 23 19
Filipendula wlmaria . ........ 3.24 1.37 0.68
CHher DerDs. o vummsg osamvin 1.26 0.21 0.490
Gramineous plants .......... 0.20 1.73 2.59
Totals cisusspieiisiesmssis 1.70 (£ 1.5 %) 3.31 (£1.4 %) 117 (1.4 %0)
53 v o1 i 151 I | 1.24 0.40

No. of /4 m* squares ..... s 3 3 3

Bange ooy VR S 0.04-0.04 1.24-1.24 0.39-0.42

Below-ground hiomass

NoL of SAUTples ..ocvmvesmmis 3 - =
BIGIIARSE o winmws sisan v v 13.2 -~ -
Range uisavanismisvdaeingn G020

Sampling time of the above-ground biomass: July 1966; below-ground biomass
June 1969, sampling depth 0—350 ¢,

lion on plant biomass of various ecosyslems are of interesl all figures
are given, even if incomplele and not all statistically significant
(Table 12).

If the uncertain figures of the ground laver are taken inlo account
the maximum above-ground biomass is fairly similar in all the cco-
syslems, wilth the highest figures found in the Filipendula ulmaria
meadow. In order to show the vegetational structure of the meadow
ccosyslems the above-ground biomass distribulion on the main life-
forms is given.

[nformation on the below-ground biomass is so far only available
for the tall herb meadow with Filipendula ulmaria. A tenlalive figure
of 13.2 t/ha was found in June 1969 (Table 12],

The production has not been studied neither is it possible to derive
it from these determinations of biomass. IFrom a melhodological study
(I'. ANDERSSON & ALDEN in prep.) of production and breakdown of
organic maller during the growth period 1969 in the Filipendula mea-
dow according lo a modified method of WIEGART & LivaNns (1964} an
estimaled yearly production of 7.2 t/ha was obtained., which exceeds
the maximum biomass by approximately 35 .
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Table 13. Amounts of surface litter at the end of the growth period in the mixed

deciduous woodland ecosvstem (Al Figures given as metric ton ha dry maller at

85-C. Within parentheses 95 "o confidence limils as percenlages of the mean
n=number ol sample squares,

Time n [‘l'_".r v“\l Branches Tolals
hranches
September 1987 ... ... .. 13 403 (t15.6%) 138 (£10.2%) 541 (£14.8%)
September 1968 . ... ... coe 160 399 (£22.3%) 243 (24.0%0) 642 (£23.0%)
September 19649 ssewosant, S, al) 1.21 6.41
Arithmelic mean .......... - 441 1.67 6.08

Distribution of Organie Maller in the Woodland and in the Tall
Herb Mecadow

In order to make as complete an assessment as possible of the or-
ganic maller of the ecosvstems some additional fractions must be
treated, viz. the surface litter and the humus.

Surface litter was collected in September before the leaf fall in both
the eccosystems. In the woodland (Table 13) the tolal surface litter.
excluding branches and woody malterial longer than 50 em. amounls
to 6.1 t/ha of which 4.4 t/ha is non-branch litter. An importanl, but
not studied, fraction of the surface litter is Lhe above mentioned bran-
ches and woody material longer than 30 ¢m. The yearly input of this
fraction to the ecosystems has been estimaled as 0.4 Uha. The supply
however, is greater,

The surface litter of the Filipendula meadow estimaled in 1968 and
1969 was 2.1 t/ha {195 %) and 2.6 t/ha (125.0 %) for 15 sample
plots of 0.25 m? Figures within parentheses give the 95 %o confidence
limits of the mean. A mean ol 2.4 /ha will be used in the following
calculations.

The humus fraction has been caleulated from the delerminations of
loss on ignition aller correclion for losses of volatile substances accord-
ing to Howanrp (1966}, The correction faclors are oblained by caleu-
lating the regression % loss on ignilion on % organic carbon. As to
determination and values of loss on ignition and carbon see F. ANDERS-
SON (1970). The point where the regression line culs the y-axis, is the
point where the conlents of earbon equals 0 and is the correction fac-
tor i.e. the intercept of the regression equation. For the woodland and
the meadow the following correction factors were oblained: 0 20 cm
3.3 and 3.3 respectively; 20—50 em 3.8 and 4.1. In the upper 50 cm
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Table 14. Dislribution of organic matter m the mixed deciduous woodland and the
tall herb meadow. Figures given as metric lon ha dry weight. % error=95 "o con-

fidenee limits as percentages of the mean,

Woodland 5 Mendow
Weight |"."'n of | o Weight [ * of

0y

Lha  [lotals |error Lha  Jtotals |error
Above-ground maller
Assimilaling parts
Field layer ....... PR S 08 1 T17 1.7 1 L2
"Preagiaritl shiuhsic o e i e 4.1 - =
Non-assimilating parts ... ..o00.. .. 197 12 GE - -
Attached dead . ... ... A T RN Y ! ! i - -
Surface litler
Material <M em .. .oeciiieeian 6.1 2 19 24 1 +22
Material ol emi: coaniiiivadess: ? ? ? - -
Below-ground matter
Tolal plant biomass . ... U e wite 349 8 <x20 13 |
Humus (D—50em)  cuwvenvasssees 218 47 T G 304 04 =
Tolals o chesiramis P e AP .. 463 100 =+ a21 100 + 9

ol the soil 218 L ha and 304 t/ha for the woodland and the meadow
was found of which the Ay horizon, the mull horizon, contained 102
and 201 t/ha respectively.

Another fraction for a complele deseription of the biomass distribu-
tion of the woodland is that of the above-ground biomass atlached
dead material. Insufficienl data are available al present to give a rea-
sonable estimate ol that fraction.

In Table 1 the various fractions of the organie matler of the two
invesligated ecosystems are summed and the percenlage distribulion
of fractions is given. Further, the error of estimations is surveved. The
striking difference in the distribution of the organic malter between
a woodland and a grassland is demonstrated with an equal distribution
of the organic matter belween aboves and below-ground portions ief.
MarmeRr 19691 and in the meadow as much as 98 o is found as below-
ground malter. The figures of assimilaling parts corresponds o maxi-
mum figures.

Turnover of Organic Malter

In the following a lenlative description of the functioning ol The
woodland and the meadow ecosvstems in lerms of turnover of organic
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matter is given. For this purpose the investigation model (Fig. 61 musl
be put into mathematical terms 1o deseribe the interrelation beltween
its components, Deciduous foresls have [from the turnover of organic
malter point of view been subject to special inlerest and Lherefore
models are available, OLSON (1963) has expressed the previous used
equations (JENNY el al. 1949, GREENLAND & NYE 1939) in an appro-
priale mathematical model valid for forests with conlinuous and dis-
crete litter fall. The latler has been used in the present study (see also
Kira & Sminer 1967 p. 844,

The turnover of organic maltler is associated with processes on and
in the soil and therefore the amount of organi¢c maller in the soil
profile including the litler, is essenlial. The amounl of organic matler
accumulated in the soil. X, at a given time, {, is described with the
relation

dX :
o L—EkX

where L is the amount of organic malter supplied to the soil and £
is a faclor for tlhe decomposilion rale. Assuming thal incomes
and losses are identical. a steady state condition is reached. The rela-

i 1 L : .
lion can be wrilten as L=EX or k= v By means of k the dynamics

of the litler (1,) laver can be characterized, but it can also be applied
lo the lolal organic matter of the soil. Even if this model is not designed
for meadow conditions the same [actors can be used for a general
description of the lurnover of thal ecosystem. L corresponds then to
the vearly production above-ground, which all becomes litler during
the vear,

326)

other characleristic paramelers can be derived, viz. lhe turnover

From the specific exponential equation (OLSON op. cil. p. 325

! : 2
e which uives Lhe

time reguired for decomposilion of the organic matter equal to the or-

lime or the reciprocal of the decomposilion rale.

ganic maller in the soil (JENKINSON 1966): the hall time. Lhe time
required for decomposilion of hall the organic matter present in the
soil. The exponential equation gives .h=e " or —1 n(0.5)/ k=0.6931/k;

the 95 % time. the time required for oblaining 95 "o decomposition
of the organic mualler in the soil. This corresponds to 3/k.

Table 15 gives the fractions necessary for the calculation of the turn-
over paramelers and the following characteristics were obtained:
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Woodland Meadow

Litter Total Litter Total

layer hunius layer humus
Decomposhzoniopte. e . Lo ol e 0016 0.039 0.750 10.045)
Half time, 06930/ ... ... ... ... 1.31 17.77 0.924 (15.10)
Turnover time, I/k ..o 000, Sl 1.93 2564 1.33 22,22
- Yontinresid e b e Sirme Tt h.81 76.92 4.00 (656,66

=g 0/

2 % of the surface litter is decomposed during lhe year in the wood-
land and the corresponding meadow figure is 75 %o, In weight organic
matter this gives 6.5 and 7.2 /ha respectively. Assuming the root litter
fraction of the woodland — estimaled as discussed on p. 34 and
the root litler of the meadow equal the above-ground produclion and
also are assumed to be fully decomposed during the year, il was found
that the turnover of the total organic matler in the soil of the wood-
land was 3.9 % and aboul hall a percenlage higher in the meadow.
With regard to the amount of humus present in the woodland and in
the meadow. 218 t/ha and 304 t/ha respectively, these percenlages
correspond lo a yearly turnover of 9 t/ha in the woodland and approx-
imatively 50 % more in the meadow. It must be stressed that the
assumption of root-litlter production is highly hypolthetical. especially
in the meadow. and so the estimales of Lhe turnover ol organic matter

Table 15, Yearly input to and total storage ol organic malter in lhe soil.
Figures given as metric ton/ha dry matler.

Woodland | Meadow
p I

Inpul
Surface litler
Leaves. bud scales, miscellaneous, twigs ..., 00e. .. 2.3
Tree and shrub branches ..., .. S e ey & 0.1 =
Flold B | oo v s A e e e e 4 (1.8 T
6.5 -
Root litter estimated .. ...... e s Al ol J1=% R hIs L Th 22 {7.2)
8.7 (1+.4)
Storage
Surface litler
ErHEE D bl Re SolT i e i b i e 6.5 7.2
Older Litter, liner fraclions ...... .. e SN L 4.4 24
Older Tilter, coarser fractions .........cccvvivienicveas 1.7 -
12.6 9.6
Rool lHer ... .ocnen S T R e R e 2.2 (7.2)
14.8 (16.8)
s D80 M avie s s i v semss s o 218 304
2 I T g R R o R e R R A R e e A 233 a21
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MIXED DECIDUOUS TALL HERB
WOODLAND MEADOW
rABOVE -GROUND BIOMASS ﬂ
27
r Quercus robur 155 T %)
| 5 _,_] f_' :I
= 7 Yearly
= litter fall
Cther trees ?GT [_— ; L2 2771
__ Shrubs +field layer 18T =—"" [ 1T | ] AT
| BELOW=GROUND EIOMASS' Surfuce
39T | ltter | 1327 |
= —— 3 v ¥
R i —— -
L@ | 65T | I[_T.z T lR'l;ot
2 —— J Litter
’a--/ Yearly 2
| HUMUS turnover HUMUS
287 of surface
litter 304 T
PRODUCTION: —
= Above - ground
4 1 Assimiating parts B2
Bx T Other patts e -
rAl | Selow - grourd r]
BiOMASS
W T Aboye - ground b3 T
39T Relow - ground 1327

Fig. 10 Schemalie diagram showing the disteibution and vearly turnover ol Organie
matter in a mixed deciduous woodland and a tall herh meadow ecosystem. Figures
given as melric ton (1) ha

regarding the tolal soil. However, these values are brought forward as
an incitement to further work in oblaining a more detailed assessmenl
of the organic malter. As a steady state is supposed to exist the inputs
o the ecosystems equal the outpuls.

CONCLUSIONS

In Fig. 10 the main resulls of these investigalions on plant biomass,
primary production and turnover of organic matler are summarized
and the principal differences between a woodland and a meadow eco-
system are shown.

From the methodological point of view the eslimation of plant bio-
mass and production of the woodland according to allometric equa-
tions has proved 1o be an excellent tool. However, the nature of the
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allomelrie regression must be carefully examined in order to avoid
overestimations and misinterpretations. An adequale sltand table ap-
proach is essenlial for escaping an overestimalion. In literature il has
often been slaled that a combined regression with material from dif-
ferent localilies and of differenl species gives beller regression charac-
teristics, This is obviously true due o the fael that a greater number
of variates is oblained by combining material from different localilies
and of dillerent species. However, exisling differences of species or
sites may in this way be concealed in the combined regression and
therefore the individual regression probably will reveal these differ-
ences if a sufficient number of variates are ineluded. The advanlages
of the combined regression in mixed forests must still be remembered.
mainly the reduction ol sample Lrees per species.

The resulls of the dimension analysis have, up to now. only heen
used for a structural description of the woodland. A delailed examina-
tion of area, volume and mass are. however. essenlial for the functional
characterization of the woodland in lerms ol production in relation to
such processes as pholosynthesis and respiration. The biomass/produc-
Hon relation is one important expression in evaluating the dynamical
stage of the ecosystem - conditions which will not be discussed with
references to the limited material presented here,

Investigations of meadows as well as olher open ecosystems need
proper methods lor determination of produclion and other fractions
essential to the caleulations of the turnover ol organic matter. In the
present investigation for example the use of the maximum biomass as
a measure of the above-ground produclion is inadequale and should
give an underestimation of 35 %o. In addition, from the methodological
point of view the estimation of below-ground production in meadows
as well as in woodlands is an unsolved problem.

The applied methods have given eslimates which prove to be salis-
factory. Thus the tolal organic malter. excluding the small parl of
consumers, has been determined with an error of £6 % and L9 %o
for the woodland and the meadow respectively. However, some minor
fractions must be determined with higher accuracy.

A comparison between the woodland and the meadow shows thal a
grealer amount of organic malter is present in the woodland than in
the meadow. 463 and 324 t'ha respectively. The above- and below-
ground distribution is almost 11 and 1/49. The above-ground produc-
tion is higher in the woodland than in the meadow. but the portion
relurned to the soil, the litter, is higher in the meadow as wood and
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bark incremenlt oceur in the woodland. PPossibly the atlached dead of
the woody species can give an additional amount of litter which equates
the vearly litter fall with that ol he meadow. Aceepling some of these
uncerlain estimations higher rates of turnover of organic maller are
found for the meadow. It is not possible to give a delinite answer from
the present results as some of (he litter fractions must be studied
further.

These latter speculative conclusions show the need for detailed and
prolonged research, especially when dealing with forests, if satisfactory
answers of the turnover of organic matter as well as energy and nu-
trient cycling shall be oblained. The main benelit of the present investi-
gations up lo now is the application of methods which give a detailed
information of plant biomass and net primary produclion of a wood-
land.
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Studies in the Aegean Flora XV

Chromosome Numbers in Labiatae

By Roland von Bothmer
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ABSTRACT
Borumer, R, voy: Sludies in the Aegean Flora XV. Chromsome Numbers
in Labialac. — Bot. Notiser 123: 52—60. Lund.
The chromosome numbers of 14 species of Labialae {rom the Acgean
have heen determined. For eight species the chromosome numbers have
not heen reported previously.

MATERIAL AND METHODS

The seed material used in the invesltigation was collected by Drs. RUNEMARK
(R.), SxogERUP (S). Lund, and NorpeENsTam (N), Stockholm, during exeur-
sions in the Aegean 1957—62,

FFor chromosome studies, malterial was cultivated in the greenhouses ol the
Botanical Garden, Lund. The plants were pretrealed by cooling at 2—47C over
night, fixed in the Svaltf modificalion of Navashin-Karpeschenko, cul in
microtome (sections 14 w), and stained with ervstal violet. The chromosome
drawings were made by means of a camera Tucida.

Amaracus tournefortii (S. & S.) BENTH. 2n=230 (Fig. 1 ()

Material: Am orgos: the monastery of Panagia Chozoviotissa S exp. cliffs
200—450 m s.m. (R&S 12321).

The chromosome size is 1-—1.5 u. The median, primary conslriclion
is very distinel in all pairs.

No chromosome number is reported earlier for the genus Amaracus.
The genus has been included in Origanum L. by Davis (1949), a
genus also having the basic number n=15 (cf. p. 54).

A. tournefortii is distribuled on the eastern Kikladhes and eastern
Crete (cf. Map 7 in RUNEMARK & al. 1960).

Calamintha exigua (S. & S.) Har. 2n—36 (Iig. 1 N

Material: Samos: SW part of mt. Kerki 400—800 m s.m. (R&S 19589);
mb. Kerki, the peak, 1000 -1400 m s.m. (R&N 16944).
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The chromosomes are rod-shaped or elliplic with a length of 1 2 .
A faint median constriction has been observed in some pairs.

(/. exigua is a letraploid species (x=9], and he chromosome num-
ber has nol been hitherto reported. Previously only diploid species
(2n=18} are known in the Acinos - group of the genus Calaminthna.

(.. exigua is distribuled in the eastern Mediterranean., Var. infegri-
folia Boiss., which is known from Crete and Cyprus, is low and has
an entire leaf margin: otherwise the species is rather homogeneous.

Coridothymus capitatus (1..) RcuB. 2n=30 (Fig. 1 I)

Material: Tkaria: 0—1 km E Ag. Kirikos, phrygana (R&S coll. 11.7 1958).
K e ros: the islet of Antikeros, phrygana (R&S 12361).

The chromosome number is not previously known. The chromo-
somes are rodshaped or elliptic with a length of 1-—1.5 u and with a
vague centromere. The chromosome numbers 2n=31 and 2n=32 have
been observed in occasional metaphase plales.

The genus Coridothymus is monotypic but closely related to 7Thy-
mus. The single species (. capifatus is omni-mediterranean and mor-
phologically homogencous throughout this area.

Lavandula stoechas L. 2n=30

Material: Naxos: valley 2 km E of Ag. Stefano, phrygana, 200—300 m s.m.
{R&S 10161).

The chromosome number 2n=30 is carlier reported by Garcia
(1942}, L. stoechas has an omni-mediterranean  distribution and is
rather invariable.

Majorana onites (L.) BENTH. 2n=30 (Fig. 1 A)

Material: Paros: 2—-3 km N the peak of mt. Prof. Elias, 450 500 m s.m.
(R&S 12694). Keros: I exp. limestone cliffs on the S parl of the island,
100—250 m san. (R&S 10829, Crele; Dia. “Middle Bay", limestone cliffs
(R&EN 16468).

The chromosomes are rounded or rod-shaped with a length of 1—
1.5 w. The chromosome number is not earlier reported.

M. onites occurs in the eastern Mediterranean and is slightly variable.
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Marrubium valgare L, 2n=34 (Iig. 1 L)
Material: N axos: the bay N of Mountsounis, al a vill (R&S 10499,

The chromosomes are elliptic with a length of 12 u. No constric-
tions have been observed. The chromosome number 2n=34 was pre-
viously reported by RuTLAND [(1941). TARNAVSCHI (1948), LIPLING
(1948}, and LArSEN (1960). WuLrF (1939) gave the number 2n—=36.

M. vulgare shows greal morphological varialion within its distribu-
lion range (LLurope and the Mediterranean areal. The investigated

material belongs to var. lanafum BENTIL

Mentha pulegium L. 2n—=20 (Fig. 1 B)

Material: ITkaria: the sandy beach al Pharos (R&S 12489, FEuboea:
N of Akr. Merouthi, al a rill, 0 -80 m s.m. (R&S 11873).

The chromosomes are rod-shaped with a faint median or submedian
conslriction, and have a length of 1—2 u,

M. pulegium forms a polyploid series wilh the basic number x=5
throughoul ils entire Luropean distribution range, MORTON (1956)
gave the numbers 2n—10. 20. 30 and 40 of plants from Central and
Southern Europe. Rurrre (1931) found the numbers 2n=20 and 40
in material from Central Europe. The letraploid number (2n—=20) was
also reported by Porya (1950) and TarNavscnr (1948). Besides these
counls, 2n=46 was reported by Nacao (1941),

Origanum heracleoticum L. 2n—30 (Fig. 1 ()
Material: N a x os: the chapel N of Oros Zevs, 600 m s.m. (R&S 12790},

The chromosomes are rounded or rod-shaped with a length of ca.
I-1.5 u. The chromosome number for Lhe species is nol ecarlier re-
ported, bul in the genus Origanum 2n—30 is known.

0. heracleoticum is dislributed in the eastern Mediterranean. and
shows great morphological variation. HaveEK (19311 and RECHINGER
[1943) distinguish two varielies differing in the shape ol the inflores-
cence, and the shape and colour of pefals and bracts, The investigated
malterial belongs to var, creficum (1..] HAL,

Prasium majus .. 2n=234 (Fig. 1 L)

Material: Sifnos: Ormos Kondros, 0—20 m s.m. (R&S 83481, Antimilos:
1 km S Akr. Zigrazo, phrygana, 50—130 m sm. (R&S 8737). Crete: Silia,
between Achladia and Parvaspori, ea. 200 m s, (R&S 18543),

Bot, Notizer, vol. 123, 1970
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Fig. 1. Chromosomes in Leabiatee. \. Majorana onites (1) BENTH. B. Mentha
pulegium 1., C. Amaracus tournefortii (SiaTH) BeENTHL, — 1. Pranelie vwlgaris L,
— E. Prasium majus L. F. Coridothymus capitatus (L.} RCHB. G. Origanum
heracleoticum 1., H. Saturejo thymbra 1.. — 1. Salvia pomifera 1. ssp. calycina
Sy HAYER J, K. Salvia viridis 1.. — L. Marrubiom ovulgare L. — M. Salvia
verbenacea 1., ssp. mualtifida Sy Brig. — N Calamintha exvigua (S.&5.0 Har.

The chromosome number is not carlier reported for this monolypic
genus. The chromosomes are 1—2 u long with a median or submedian
centromere, One pair of satellites sitlualed on a medium sized chromo-
some pair has been observed.

P. majus has an omni-mediterranean distribution and is very vari-
able in pubescence and leal shape.

Bot. Notiser, vol, 123, 1970
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S/
L c :
o smm
Fig. 2. Calyx shape m Salvia pomifera L. — A, B, ssp. pomifera, Crete [WALL 79 (S).
REvERCHON 185 (LD1]. C.ossp. calgeina (SML) Havex, Peleponnesos  RECHINGER

20021 (S, LDj].

Prunella valgaris L. 2n=28 (Fig. 1 D)
Material: Euboea: 3 km WSW of Akre. kalivevs, at a rill (R&S 11732,
The chromosomes are rounded and ca. 1 p long, No constriclions

or salellites have been observed.

Different chromosome numbers have been reported for P. vulgaris.
2n=32 was reported by HRuBy 11932, Bocugr (1940 ), MATTICK (1950,
and ITAra (1954). Bocuer 119491, however, contradicted his own and
HRrUBY's earlier reports and gave the number 2n—28. which was also
confirmed by LEVITSEY (1940). LOVE (19511, and LOVE & LOVE (1956)

Salvia pomifera L. ssp. ealyeina (SM.) HaveEK 2n—=14 (Fig. 1 1)

150 m

Material: ALtika: Porto Rafti, 1.5—2.0 km W of Ag. Nikolaos. 100
sm. (S 20333).

The karyotype shows chromosomes with median or submedian cen-
lromeres. Secondary constrictions have been observed on some chro-
mosomes. One pair of satellites is frequenlly observed on a ca. 2
long chromosome pair. One chromosome pair is distinetly larger than
the others, and has a length of ca. 3 u.

Bot. Notiser, vol. 123, 1970
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Iig. 3. Distribution range for Salvia pomifera L.: B ssp. pomijera (O literature re-
ports); @ ssp. calyeina (Sy) Havex (O literalure reports).

The chromosome number is not earlier reported for S. pomifera bul
within the genus Sadvia The basic number x=7 is known,

HAYER (1929]) rediuced S. ealycina SM. to a subspecies under S. pomi-
fera L., differing from ssp. pomifera in leal shape and pubescence of
calyx (ef. GREUTER & RECHINGER 1967). The calyx shape, believed lo
be of diagnostic importance (RECHINGER 19431, is in fact much vari-
able especially on Crete (Fig. 2). The distribution of the two subspecies
is shown in Iig. 3. Mosl of the specimens on the island of Kythera
and one on adjacent Peloponnesos must be classified as intermediate
forms (c¢f, GREUTER & RECHINGER 1967).

Baot. Notiser, vol. 123, 1970
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Salvia verbenacea L, ssp. multifida 15y, BriQ. { =ssp. clandestine (1..)
Batr.,) 2n—42 (Fig. 1 M)

Material: Crete: 1 km S of Ag. Nikolaos 0 —-20 m sm. (B&S 17488),
Folegandros: Pelagia, 30 m s.om. [R&N 146531, Tkaria: Ormos Yero,
0—10 m s.m. (R&S 6468).

The chromosome number 2n=42 was reported by REESE (1957). For
S. verbenacea the numbers 2n=>51 (BENOIST 1937). 2n—c. 58 (BIORK-
QvIST & al. 1969, 2n=59 (GADELLA & al. 1966), and 2n=64 (YAROV-
LEVA 1933 ) are also known.

S. verbenacea is omni-mediterranean. I is a very polymorphic species
which has been subdivided inlo several subspecies (cf. QUEZEL &
SanTa 1963, and GREUTER & RECHIGER 1967). Ssp. verbenacea and
ssp. mullifida |Svi.) Brig. are represented in the Aegean,

Salvia viridis 1.. (=5, horminium 1..) 2n—=16 (Fig. 1 ] and K]
Malterial: “horminum type” (with coloured upper bracts):

Sirina: the central part of the island. phrygana, 50--350 m sam. [R&N
14487} ; the valley S of the village. 20 -200 m s.m. (R&S 7407). Iraklia:
1—2 ki W ol the village Chora, phrygana, 100—270 m sim. (R&EN 13323},
“viridis type” [with green upper bracts):
Crete: Sitia, between Achladia and Paraspori, ca. 200 m s.m. (R&S 18557):
Sitia, Dionysades, Yanisada (R&S 18596): 1 km S of Ag. Nikolaos, 0-—20 m
s, (R&S 17479 ITraklia: Ormos Pegadi, imestone, 5 m sm. (R&S 5317).
Saria: L km N of Armyro Ormos, deserled field, 100150 m sam. [(R&S
7737).

The chromosome number 2n=16 has been reported by SCHEEL
(1931), YAKOVLEVA (1933), HHruBy (1934), LINNERT (1955}, and LIMA-
DE-FARIA & SARVELLA (1958).

The chromosomes are rod-shaped in both form series. 1— 2 p long.
and have a median or submedian centromere.

The taxonomic evaluation of “horminum”™ and “viridis™ yvpes has
been much discussed. BEcHINGER (1943) and HOLMBOE (1914] treat
S. horminum and S. viridis as separate species. IHHOLMBOE, however,
considers S. horminum as a probable variely ol S. viridis on account
of the much frequenl intermediale lypes. QUEZEL & SANTA (1963) and
GREUTER & RECHINGER (19671 treal the group as a single species.
which is in accordance with the opinion of the present author.

The  dislinguishing character. blue coloured and enlarged upper
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bracts in “horminum lype”. is extremely variable and all intermediate
types exist. In the cultivated material much variation has been observed
even in the progeny of a single individual,

Saturcja thymbra L. 2n=230 (Fig. 1 H)

Material: Anafi: the central part ¢f the island, phryvgana, 200—400 m s.m.
(R&N 14983).

The chromosomes are rod-shaped with a median or submedian con-
striction, and a length of ca. 1.5 .

The chromosome number is nol carlier reported for S. thymbra,
bul VaaraMa (19471 gives the same number i2n=30] for the closely
related species S. montana.

S. thymbra occurs in Lhe eastern Mediterranean and is morpho-
logically constanl in the Aegean.
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The Post-Glacial Immigration of Picea abies
into Fennoscandia
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ABSTRACT

MoEe, D.: The Post-Glacial Immigration of Picea abies into Fennoscandia
— Bal. Notiser 128: 61 66, Lund

This work shows that the continnous immigration ol Picea abies in
Norway and Sweden was not synchronous around 300 BC. This result is
based upon a distribulion map made by aid of chronological datings.

In some pollen diagrams from Southern Norway, there appears lo
Iie a lapse of lime belween the decline of Quercelum mixtum QM I-
pollen and the steep rise of Picea about 500 BC (NyYDAL 1960, LARSSEN
1954, 1955 and HAFSTEN 1956 p. 97, pl. 7. 8. 15). Normally in this
region the greal expansion in Picea-percentages has been used as an
indicator for the transilion between the Subboreal and the Subatlantic
periods (HAFSTEN 1956 p. 103). The argument for this has been thal
after the change of climate, around 500 BC, lhe spruce was able to
compele suceessfully with the deciduous trees. The spruce-tail back
into the Subboreal and Allantic periods in interpreted either as long
distance transport or as pollen from small groups of trees in front of
the conlinuouns distribution. depending on the height of the percent-
ages (e.g. HAFSTEN 1956 p. 97. FLoriN 1941 p. b67). In some few
Norwegian pollen  diagrams from Beiarn and Skjerstad. Nordland
county. in a sprucless area, I found up to 3 % Picea (of £ AP). My
opinion is that all this pollen is transported from North Swedish
loealitics more than 100 km away (MOg unpubl ). It is therefore pos-
sible that Picea pollen up to 5 % could be long transporied from a
distance of more than 50 km (Faerr & IVERSEN 1964). IFLEGRT (1950)
has made pollenanalyses of the small West-Norwegian spruce localities.
which were situated outside continuous distribulion. The size of the
stamds varied from 100 m in diameler (for instance al Botnavatnel] to a
forest area of 4 X 10 km (Skultletjern|. In the first area the spruce reached
a few per cent, in the last one up to 12 %, It we used my defination
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Source. locality and age ol malerial used for the map. (CY pge. T1/2 5568 :

Lo Frona B T8 Prastmon . vovscrs e immmr esmimssy svismss s ca. 1000 13
2, LuNpouisT, G 1957: Adakgroven (LUNDOUIST, G, 1956) . Picen after 1045+ 75 BG
3. Moe. D, unpubl.: Kosmoli conlinuous long transport ............ 790% 90 BO
4. PERssoN, C. 1966: Klockamyren ............covoveena.. ... alter 330% 75 BC
— T967 &; KIOCKHIMYTEN o .o aammm e soe e st sm s mavn before 1375 65 AD
A EUBT DY SIEINENEETRN o s b s s ¥ v i eirn e aobimis e, & s ca. L460E 65 AD
6, — 1967 a: Grovelsjomyren 10 %p group . oovvvveviniinen s ca. 415t 70 AD
T 1068 LOVASIYLEI i s s il D o e S TSR hefore 1875 AD
8. —=1906 SVendsJonrOsSan » vod sl o sl aii b before 1875 AD
9., AO0G BB ST OUSAN o bt s o o e, et et 5 ca. 82)% 70 BC

10, —1966; MellsabraiosEaI: vl gnsmma s s it n v By -~ 0Y; LI
— 1966: Mellstabromossan .. oo iviisieassiioivene vas alter 905% 80 BC
1966; Mellstabromossan v s sraamings before  70% 70 AD
L1 LONpOuIsT, T 19572 Grimirl s s vanmeiigm s s e s ca. 480+ 70 BC
 Fr e S L L o Gt s e SRR R R I e ca. 210% 65 BC

13. PERssON. C. 1966 a: Klaxsjomossan ...........e.c..,..... after RY 111
14 Rypan, R. 1960 Hollanljern .osmvivain vl O sl diie s ca.  130F 130 BC
i 0 LU o (1§10 o T s PR P e S L P s e B I ca. 4501150 BC
15, Frigs; M. 1951: Nordviistrd Golalamd: ..cos ivan sowmvnonss wes ca. 300 AD
16, DiGERELDT. G. unpubl: Trommen (VAXjo| 10 % ..., ca. 820100 AD
L7 VorreN, B ampubl. s Kirkm¥ s . ooies dvmms siamie - vaness i ca. 1030F 80 AD
18. Fries; M, 1962 Osbysjon 10 Yo 2ocoiisvacarpmiimna before 935 % 70 AD
< 1960 Osbysion 1000 e oinn it e s b ot wus o b after 220% 50 BC
19 LeNoouIsT, T, 1957 BrilennioSsen . oumie s we s o ae s wes ca, 480 70 BC
P et LT e 1o 1| N SO eyl e e - hefore 730+ 65 AD
2119597 Hallviksmyren - Goss i oo s dim i G aa S o s D s ca. 6601100 BC
22— 1969 Halldfloarna: o ov oS fan s s diakesmmd vare e ca. H00% BC
23, 19697 SIOOKBETERINYTEN 4 cxwconim e s e o e s psmb e s s 490t 75 BC
| B £ S0 B T Y T s e el S| e Oy 0 R L0 160+ 75 BC
26— A6 TWrantlon G e i avinie s e el just after 620+ 100 BC
26— 1569 Vattenfloen: 10 Yoo ovvvanaaiaiammiimdiasinpas v dot 70 BC
27. — 1969: Bldhammarsmyren 10 Mo <o ses o avinsas s 675 £ 100 BC
P IR it EA IV L1 16 ) e SR R PSS SN e e SR e ca. 415t 75 BC
29, 1969 Tringoravren 10 000 . oo v rvmavasesesionsssinee oy 180+ 80 AD
30, 1969 Tonningsfloarmp 10 %o cossay poguiinss s diomandise 8at 70 AD
3. Bercrusn, B E, 1966; Storemosse DI L BP I o000, after 1570+ 70 AD

in the first case, it does not necessarily indicate that the spruce exisls
in the area today. It is therefore dilficult with a small amount of
Picea pollen lo determine what is long-transporled and whal is locally
produced. Values belween 5 %o and about 10 %o seem 1o denole cither
the presence of considerable numbers of the tree in the area (F/EGRI
1950, Skulletjern), or probably spruce in adjacenl areas, 10 lo 50 km
away (listed as the 10 %o group). I wish to define a limil where I am
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IMig. 1. Present and past distribution of Picea abies in Fennoscandia, Open rings
with numbers indicate daled material, (see list).

wholly certain that the spruce in the area is part of a grealer regional
distribution (more than 15 %). and | have used this value as an in-
dicator of confinuous distribution. In front of this Picea-covered area,
one has to caleulate with small groups ol trees. It is therelfore extremely
difficult to make maps of the post-glacial distribution at different
limes based on pollen alone. Macrofossils like roots and stems ete. have
to be used, and care must be laken with fossils as cones and branches,
because of the possibility of transport by man (BERGGREN 1956).
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Somelimes we find a passing rise of Picea, up 1o 13—24 %o, in some
Swedish and Norwegian pollen dingrams in the subboreal period (FLO-
RIN 1944, Elgsjemossan, HAFSTEN 1956, Balsrudmyr). The authors
explain the material as locally produced pollen, and certainly this
could be a possibility. However, | do nol like lo use this malerial
before it have been dated by C' or some other relinble method.
since these lwo profiles are taken from basins which are filling in,
and the Picen-maxima are placed near the straligraphical border be-
tween limnic and telmatic material. The possibility for quagmires and
redeposition are therefore present [TROELS-SMITH 1956). On account
of all these problems I have based my map (Fig. 1.) of the continuous
distribution at different times on chronologically dated levels.

First Asr1o (1965) then AAROLAHTI [1966) made a map of the fossil
distribution for Pinland based on radiocarbon datings, and | have
attempled to continue this work in Sweden and Norway. The number
ol dating is small, but the map provides us with interesling informa-
tion. Mostly I have used C" datings. For localily 1 varve-chronology
is used. for loes. 7 and 8 ash-horizons which are historically dated. for
locs. 10 and 13 RY III horizons, and for loc. 15 a good archacological
daling.

From 1500 BC to 500 BC Picea expanded fairly quickly from the
northern part of Sweden and southwards, on an average about 9 km
per 10 vears, The forest of North-Sweden, belore the occupation of
the spruce, consisted mostly of Pinus and Betula (FRIES 1965). This
vegelation is a more lighl-open type than the QM-forest in the south.
Therefore the spruce could advance with greal facility al this slage.
A smaller, but useful spruce-colonization between 500 BC and 1 AD
has been favoured by the decline of the QM-forest. and il is logical
that it replaced il. The spruce produce much more pollen than QM-
trees (Ponr 1937) and therefore the spruce-percentages in the dia-
grams were necessarily higher than those of QM prior to decline.

Alter Picea had occupied, in the course of a couple of hundred years,
most of the places after the QM-deforestation, the condition for
further expansion was more difficult than previously, not only by
reason ol the denser vegelalion but also ol the meeling with the moun-
ain-range and cullivation by man.

The spruce in Wesl-Norway is young .varying in age [rom a few
hundred years ago up to 1000 years (FaiGrr 19501, In Trondelag. in
the middle of Norway. the age is surprisingly voung, and 1 think we
will find the spruce still younger further north in this part ol the
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counlry. It is reasonable to presume that the spruce will have greatest
expansion in this area, not least on account of the north-south direction
of the vallies.
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68 MATS SONESSON
ABSTRACT

SONESsSON, M.: Studies on Mire Vegeltulion in the Tornetriisk Area.
Northern Sweden. 1V. Some Ilabitat Condilions of the PPoor Mires,
Bot. Notiser 123: 67 111, Lund.

Results of investigalion of some ecologic gradients of poor mires {bogs
and poor fens] in a mountain area of North Scandinavia are presented.
A close relationship between situation of Ihe subsoil water table and
plant communities along the gradient hummock -mud-holtom is demon-
strated. In the upper levels ol siles containing permafrost usnally no free
water occur on the frost table during the growth period. High posilive
correlations were apparent belween total conlents of Al Cu, e, 5iO2.
Ca and ash in hummock peal. These showed no or negalive correlations
with Na, Zn, Mn and Mg. Decreasing values for Mg, Zn and K, as well as
for pH. with distance from the sea were oblained. A tendency of a similar
relationship with distance was also noted for Ca and Na. Increasing
values were evident for ash, Al and possibly also for Co. Ca/Mg quo-
tients are usually higher than 1.0 in hummock peat except in the wes-
ternimosl sites, The amounts of Ca, Mn. Cu. Al ash and Si0O» as well as
pH are correlated with the vegetational gradient poor rich. Zn contents
are higher in peal of higher rather than lower level in the sites. There is
a fairly close relationship between the concentration of Mg and Ca in
hummock peat and in precipitation. The K and Na conlents in peat are
better related to the total annual amounts in preeipitation. The chemical
stratigraphy of three bog-like sites was discussed. No o evidence of a
recently inereased supply of air-borne matter was seen. The increase in
content of most clements analvsed in the superficial peat is probably
due to retention by living organisms and capillary movements. Some of
the contents at the permafrost table are partly due lo previous [looding
but it is also suggested to be an effect of changed concentration of
elements in freezing water and an addition of colloids. When dedueing
whether the eonditions in the sites with an ombrotrophic position are
functionally ombrotrophic or minerotrophic to the plant cover neither
the floristic composition of the present-day community nor that of the
underlying peals would give conclusive evidence.

INTRODUCTION

In two earlier papers (SONESSON 1967, 1970} Lhe variation of Lhe
poor mire vegelalion (bog and poor fen vegetation) in the Tornetrisk
area, Northern Sweden, was discussed. Often the gradienls are diffi-
cull to separate and seem to be interdependent. In a separate paper
(SONESSON 1969) it was shown, that some of the varialion is allied
to differing winter conditions, but it was also shown thal some varia-
tion along the gradient chionophobous—chionophilous was better
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Fig. 1. Map showing the

-
situation of the sampling 5 =
sites  |= solid quadrals) - L
mentioned in the text : -~ SWEDEN RIie o0

related to the situation of the water table in the siles (han lo the
winter conditions per se. The variation along the gradienl poor—rich
was even more obvious bul seemed to be related lo a variation along
the gradienl hummock—mud-bottom as well. Any differentialion
along this gradient into bog communities and poor fen communilies
(ombrotrophic and minerolrophic communilies, according to DU
Rierz 19541 using crileria in the plant cover only, was nol possible
to make. Nor would any conclusive evidence from the hydrolopo-
graphy of the sites bhe found in all cases. Considering the extensive
material of macro- and microfossil analyses of peat from many sites
over the whole area (SONESSON in prep.| the possibilily or lemporary
minerolrophic condilions even for the presenl-day bog vegetation was
suggested (SONESSON 1970 pp. 29—30). However, a differentialion
into ombrotrophic and minerotrophic peal using macrofossils implies
a nutrient status of such peal corresponding to that which prevailed
for the peat-forming community. which remains lo be proved.

In order to elucidate these problems investigations of the silualion
of the waler table as well as the chemical conditions in peal were
carried out during 1962, 1963 and 1969 over Boreal mires representa-
tive with respecl o vegelalion [rom Holmvann near the Atlantic
Ocean to Tornetrisk ca, 100 km further east (I'ig. 1). The result of
these investigalions is presented and discussed in this paper as well as
the investigations of three selected peal profiles from Vassijaure.
Abisko and Tornetrask. This is to show some of the variation in
chemical stratigraphy found in the poor sites, Furlher straligraphical
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material., however, will be presenled in luture papers on the vegeta-
tional dynamies of the arca,

A full deseription of the investigation area, the mires and the mire
vegelation is given in SONESSON 1967 and 1970. The reader is referred
to these earlier papers, where the terminology. nomenclature and basic
environmenlal dala are also given. The winter conditions of the mires
are discussed in SONESSON 1969

SITES INVESTIGATED

Boreal mires which are representative with respect to lhe vegelation were
selected along a wesl—cast (ransect aboul 100 km long. Mires selected were
in the vicinity of Holmvann (about 150 m above seca level), Riksgriinsen
(470500 m;. Vassijaure [460- 480 mj, Abisko (360—380 mj, Slordalen
(340-—380 m; and Tornetrisk (340—360 m). See Fig. 1. A few samples (in
the Sphagnum lindbergii variant] were also colleeted in Alpine mires in
Vassivagge and on Mt Luovare (see map in Soxuzssoy 1970,

The snow depths in em at Riksgriinsen and Kiruna {about 50 km SE of
Tornetriisk} during late winter—early spring were :

1962 1963
April 15 25 April 15 25
liksgrinsen .. 100 (107) 82 (99) 145 (107} 144 {99)
REFURA s 95 ( 74) 43 (61) GO ( 74) a2 (61)

The normal deplhs according to AcEr (1964] are shown within parenthesis,
For further dala of the current precipitation and temperature during the
sampling periods, see SONESSON 1969 Table 1. The winds are mainly westerly
in the Tornetriisk area (HoLpar 1960 p. 2311,

The values of elementary conslituenls in precipitation shown in Table 4
are means calculated from data for the period 1955 62, These are, to some
extenl, unrevised data distribuled by the International Meteorological Inslitute
in Stockholm. Recordings at Riksgriinsen ceased in 1962,

METHODS

Water Level

The water level was measured approximately every four days from July
5th to September 9th 1962, The siles were visited and measuremenils carried
out in a standardized order. Sporadic measurements were also carricd out
during May and during the period July 18th to August 29th 1963, For refer-
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ence poles were struck down into the mires and marked at the level of the
surface of the bottom-layer. Levelling before and after the measurements
showed that the position of the poles during the period of 1962 had not
changed, whereas in some cases great deviations were found having occurred
during the winter 1962—63. Ior this reason some of the results from 1963
are not accounted for in IFig, 3. If open water was not available jonly so
in mud-holttoms] a water table was obtained by digging small pits ca. 75 em
deep (or lo the frost table), Precipilation was measured with aid of
rain gauges( “Perfekl”, Broderna Berglund Givle) placed at a height of one
metre in an open place in a neighbouring wood, one al each mire. No plot
was siluated more than 500 m [rom the gauge. To prevent evaporation oil
was added to the container. Primary dala from three of the mires, two
western without frost during summer and one easltern with permafrost, are
shown in Fig. 2 A—C. In all, 62 plots were observed and measured. Certain
of them were omitted due to lack of water during the whole period of observa-
tion in 1962, All these were situated in eastern hummock-sites. The frost
table was only slightly lowered and contained no or oo little waler to afford
measurements,

pH and Eleetrieal Conduetivity of Water

pll of water and peat as well as electrical conductivily measurements were
arried oul during 1960 63 on fresh samples collected from the middle of
the squares for vegetational analysis as well as in the pits for measurements
of the water level. Most waler samples were colleeled from the hollows dug
to obtain peat for the pH determination (time of sedimentation ca. one hour
or morel. In the mud-bottoms containing water in undislurbed condition
samples were taken before peal sampling was made. This means that these
pH and %, dala are referable 1o the same plols and occasion and that the
sampling covers a very wide range of time, geographical situation and
climatical conditions.

The conductivity measurements were made using a bright platinum electrode
(¢ approx,=0.3) in a standarvdized order within twelve hours. .., designales
the conductivity after reduction of the conductivity due to the hydrogen ions
(S1oOms 1952, MaLMER 1960,

PPeat

Sampling was carried oul during the summers of 1963 and 1969 over
different sites each year and within areas approximately 10.000—40,000 m®,

The 1963 samples were laken between ca. 4 and 15 cm below the peal
surface, the 1969 samples between 10 and 15 em below the hryvophyte/lichen
surface. The samples were slored in plastic bags in a cold store (ca. F4°C)
and were analvsed within three months. The peat profiles were collected using
a Niis-Odenlun eore sampler (diameter 25 mm, see NIis & ODENTUN 1958).

Hot. Notiser, vol. 123, 1930



MATS SONESSON

O TORLY [
65l / 108 108
]
B Eral “0L : {oc
AN A X 7
1960 NN E LA ]
pa e N ﬂ /, / 65t 09 : 08
o ,./.“.// \ / !
LRt * ol A N\ b
[66¢ s ! /= TN, ~ 108 / i
1751 /\ .V”...VA”,/_._ | . /ww_: | 69l ]
e / \<\/am: -07 107
it /. 1
1 NS NV E_ osi] |
//u‘ /.». \.,. = _E51] 10€ /, ‘1 “0¢
T //m\ i oz I
. “ELLT]I
,, . 0¢ walll 102
11091 e PSSRy 5%
7 P TR OES O el
I 15t ol e it B s |bw_.mm -0l -0l
s e L e _”._w._.u_,w:_ Wi
1 o e IR e S S e 1l . 1
|8A8) Jajpm aAND]al ELO 13A3] 13jDM 3AljDJR) Eu;o
Gl & 0 6 OZ & O § Of & 02 & oI o & 06 & o7 8 6 & U 82 02 G 00 &
sscwaidaeg Hmamz.q _m.sﬁ Jaqueldag 1snBny K
J 101 0l
d w1 X 0
JANVAISSYA ~ vonovdiard NISNVHOSHIY wonoydioad
H0¢ X Wlog

i

Bot. Notiser, vol. 124, 19



73

A

SK ARI

I'R

TATION IN THE TORNI

GE

MIRE VI

@l 1l
aanelissey

-1

SaIS JUAIR P Sy |,

T CuuEALI[Of]

quasaad syuepd uoy g

S[OAR] dsao] ) JO satunwwony g1 ]
g otuasunaRs Iy
SRREUL PUR WNDBY (RO |,
snpojroundaicp - ppppunjos  xain’)
uBwWOY Aq p2jeapul oae

‘HOTRIDOSS

SAIUNUIOY UME] J00,]

Slavep aaddn oyy jo soyunmuony oty
puafiar 'sajrs oowuny wod) jead 2oupins Ul Iapew ALp §jouni suwos
— uoyuosse snadosd sapopoundarg F uoyeosse wnrind i amufiogdg g tuol
windiposodong wmulop | - wmpposgdpurioy wnapadingg g
USRS Iy uonws (v rHojolosiow oy v uorpejrdi
o1 asopy uonejrdioad Jo Jumoww oyl mors suwnjor uad() FOG] FULINP SO 22I] Ul [T UM 1] [0 TOLISO]

N ELAS BRI UapBpIO]g O

fpuaiang
d sumingoa prjos

oSy
HUod wnisou
JOSSE w‘unm::.,uv.
STEI2WINU
_w.__..: ‘::

=¥ & iy

D)

05t BT . s - 0
owr 30} B \,D
ELa Dy
2l o La) ._Dw

[ 3
e o <
0o P N -
A
6 -0 Ve & - N
B < Ag
b..@ O.LQV\W d
[ &
g 0ol
: I
il
é
s T
¢ -a
Losi
(9£2) jouwr
Q @ 103 Looz

|
{
A
L -
\ \./m:
™ ;
S TR
o
ke § 20
Sov
v/ /
i
uvr‘ﬂ .-
DL Y ! / 8E
N 5 ,Di 1
5P el Lo
\Fa z
fm . ]
, SEN ]
A
: St : %.c&
OO & (€ G 07 SL Of G OES2 02 Sl O S
Jaqusidag 1snbBrwy Ainr

EnlE ol
3

uoljnyidioasd
WL

N3TVAH01S

0L

09

0s

oY

o€

[=]

[4

0l

0z

Notiser, vol. 123, 1970

Bot.



74 MATS SONESSON

the superficial samples, however, with a Holmen auger {culting edge area
100 em?®, see HOLMEN 1961 pp. 137— 138).

Peat samples for pll measurements only were collected during 1960 —63
al lhe same occasions as lhe vegetalional analysis and waler sampling (see
p- 71}). pH was always measured clectromelrically directly into fresh peat
with a glass eleclrode,

The analyses were mainly carried out according to the melhods deseribed
by MALMER and Si16RS 1955 and MALMER 1962 a.

The extractable calions (— Ext., including the dissolved fraction. ef.
TyLER 1968 p. 94} were extracled with 1 M neutral NILAc and 1 M HAe (25 ¢
Iresh peal to 150 ml extractant). The samples were shaken for at least two
hours (the 1963 samples for two hours, left overnighl and filtered, see MALMER
1962 a; the 1969 samples for twelve hours before filtering). However, one
hour proved to be sufficient according to a preceding equilibrinm extraction
series tesled for caleium (see, however, Boaraan & RoOBERTS 1963 p. 189).
The total contents (= Tol.) of metals and silica were oblained aller diges-
tion with HNOy and IICIO. The residue insoluble in ITCL is regarded as SiO..
The exchange capacity for melal and hyvdrogen ions (=C.E.C.}) was determined
using BROWN's method (BrowN 1943, cf. Marver & Sions 1955). The major
ions were analysed separately. In the 1963 solutions determinalion were made
for Na and K (flame photometer), Mg, Ca (EDTA titration), Mn, Fe, P (colori-
melrically) and S (gravimetrically]. Total N was delermined with a miecro-
Kjeldahl procedure. See MALMER 1962 a pp. 184— 189, In the 1969 solutions
Na and K were analysed wilh a flame photometer and all other metals by
means of an atomie absorption spectrophotometer, Ca after addition of LaCl,,

To oblain the deviations due to analytie errors and inhomogenclies of the
samples some duplieates were run, The average deviations from the means
(within 95 % confidence interval] of the duplicales calculated according lo
IaLp (1948) are shown in Table 1.

The peat samples [rom the vertical profiles were usually too small, [rozen
or of a waler content higher or lower than normal to permil determination
of the degree of humificalion according to voN Post’s method
(see PosT & GRANLUND 1926 and Kama 1956 p. 191, Therefore a colorimetrie
determination of extracts with 0.5 % NaOIl on the dried peat (1057C) was
made as an indes of humification (EEL-colorimeter, filter no. 626, This
means that the degree of humification is supposed 1o be related to the contenls
of NaOIl soluble organic maller in the peal. For further details and dis-
cussions on this subjeel see OveERRECK 1947, Katna 1956, Onavussox 1957,
Banuxsox 1968, All samples were pretreated and analysed in the same way.
Duplicates were run. Four samples determined with voN PosT’s method were
frequently run as a reference. The range of values oblained for these samples
is shown in Figs. 6—8 as well as their degree of humification according to
VON Post's seale (H1  H10), A selective decomposition of plant remains
seems to be probable, since there was often a weak correlation between high
decomposition as determined with these methods and the degree of corrosion
ol bryvophyles found in the peat (further in SONESSON in prep.),
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Table 1. Average deviatioms from the means of duplicates (al the 5% level) accor-
ding to llaLp 1918, Tolall condents as umolig dry maller, Number of duplicates
shwown within parenthesis, See text

Element: Class, standard devialion, frequency:
< 20.0 20.0-—<"50.0 50.0 -105.0
Mool +0.35 +1.78 +4.0
20 (21} 18)
< 5.0 5.0—<10.0 10.0—68.0
K s T0.28 £0.21 2.6
{251) [16i {19
2000 —<2.50.0 30.0—<2100.0 100.0 —-530.0
5 MR +1.87 +t12 +5.8
{131 {25) {22
< 0.20) 0.20—<70.50 0.50—1.00
M e +0.021 +0.037 +0.08
14} (24 (L2}
0,020 --<210.,200 0.200—< (.500 0.500—1.,160
TS e, F0.037 +=0.030 +0.18
{9) (24 (16)
<20.0 20.0—<250.0 H0L0-—<Z 1000 100.0 —256.0
Fa i +0.82 +5.63 +6.70 +926.2
(19} {15} (191 (7)

The cores for the micro- and macrofossil analyses (details on
methods in SONESSON 19168 and in prep.) from Abisko and Stordalen were
collected during 1963 ancl those for the chemical analyses during 1969, The
cores were taken as hall” metre lengths which were divided into ten equal
pieces for the chemiecal analyses. Smaller samples were used for the fossil
analyses. In each site all this sampling was carried out within the same area
(ea. 0.25 m?). The possilble differences in stratigraphy belween these cores
were tested for the macrofossil content. No differences were found, All data
from Vassijaure rvefer to lhe same samples and sampling occasion (1963).
This profile was dug and the peat was “peeled off” as broad sheets usually
nol exceeding 1 em in thieckness.

The level of reference nuentioned here coneerning the peat profiles discussed
is always the surface of the living bryophyte and or lichen layer.

In each sample used for pollen analysis 600 tree pollens or slightly more
were counled, excepl in ssome surface samples where a smaller number was
ccounted due to the sparse pollen content, In the pollen spectra shown here
(Figs. 6—8] a selection of the pollens (here meaning pollen grains as well
s spores) is made.

The chemical values of the uppermost sample of each profile refer to one
sspecies ol the living planl cover, viz. Plearozium schreberi in Vassijoure and
Dicranum elongafum in Abisko and in Stordalen. Most of these samples
spparently consisted of liwing malerial,

Bot, Notiger, vol, 123, 1970
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RESULTS

Water
Water Level

The water level is greally dependent on precipilation and the
amount of snow during late winter—early spring (g, 2 A—C, cf.
SIORS 1948 pp. 38 —42, 87). The differences found between the (wo
periods of measurements are obviously due lo a relatively higher pre-
cipilation especially during July 1963 (Kiruna) bul also to a greater
amount of snow in lhe western part this year [(Riksgriinsen). The
highest water tables were recorded during May 1963 and the lowest

during early summer and autumn 1962. During the observation period
in May 1963 only the castern sites had almost completely emerged
from lhe snow, while the weslern sites were, lo a large extent, covered
with snow (SONESSON 1969 p. 488). The weather was. however,
unusually warm during the period and a rapid melling ol snow occur-
red. Practically no free waler was seen, however, on the weslern hum-
mock-sites after digging up the snow cover, which indicates a rapid
run-off (SONESSON loc. cil.. ef. SonNEssoN 1970 TFig. 6). There are
reasons to believe that the maximum water level and (he maximum
water level on unfrozen mire (MALMER 1962 a p. 156) approximalely
coincide in the western sites but are usually dissimilar in the eastern
ones. This is mainly due lo absence or only a slight occurrence ol [rost
in the western sites and presence, although a variation in the situa-
tion of the frost table in lhe eastern sites during spring and summer
iel. SONESSON 1969 p. 488, 1970 p. 53).

The depths to the water table within the inlerquartile range (Fig. 31
are no doubt close to Ihe compensalion level (MALMER loc. cil.) bul
some of the tolal range shown here probably belongs to this level as
well, since the measurements were made during relatively short periods.

The effect of rain and droughl was approximately the same in the
western and in the eastern sites. In the hummock-sites a considerable
increase of the waler table is seen as a resull of the heavy rains at the
end of July and in the beginning ol August 1962, while the response
was smaller in the plots of the carpet-sites or in plots close to such
sites (ef. MALMER 1962 a p. 166

Plols belonging to ivegetationally and morphologically) different
sites have dissimilar responses to precipitation in the caslern mires as
well as in Vassijaure, bul not in the westernmost mire al Riksgrinsen.

Bot, Notiser, vol. 123, 14970
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This mire is a lyvpical example of the western mires with a relatively
even lopography where even lhe peat of the carpels is dislinetly firmer
than that usually prevalenl in eastern carpets. The vegetalion also
deviales, containing mire margin species to some extent in the western
ones (SONESSON 1970 p. 51 cf. MALMER 1962 a p. 219). The eastern
carpels are usually quaking having mire margin species localed more
distinctly to their margins. The small carpel-structure ol the Vassi-
jaure mire is in this respect ol an castern type. The peat is relatively
deep and the structure seems to receive an even influx ol water through
a small brook apparent in some places (SONESSON 1970 p. 94). Prob-
ably like many of lhe eastern carpels it mayv. in this way, be less
direclly dependent on precipilation than many of the western carpets.
Thus in easlern mires as well as in weslern mires with a deep peat
laver, there seems o be more diverse conditions as to hydrology than
in weslern mires generally.

Vegetational Gradients in Relation to Water Level

On the whole there is an obvious relalionship between the gradient
hummock—mud-bottom and the situation of the water lable isee Fig.
31. 1t should be emphasized that the relerence level was Lhe position
of the moss layer al the beginning of the measuring period of 1962
which means that much of the range of the eastern carpel and all the
mud-boltom values is apparent only.

In the plots of the hummock communilies the medians and
extremes are lower and the ranges wider than those of olher vegeta-
tion observed. The hummock communities are usually situated more
than 25 ¢m above the water table and seem to be situated above the
maximum water level as well (ef, MaLMER 1962 a p. 1561, The lowest
water levels are measured in lhe western sites. The low values from
castern siles are undoublly unnatural created by the digging, since
depths to the frosl table exceeding 50 cm are seldom measured (cf.
SONESSON 1970 pp. 31—32). Some ol the plots dug in stands of caslern
hummock communities are nol accounted for in IMig. 3 because no or
only small amounts of water were present during the whole period of
measurement. This indicates that much of the eastern hummock com-
munities (probably all of (he upper levels, cf. SONEssON 1970 p. 39)
has slight or only ocecasionally free water on the frost table during the
growlh period. Since the surface peat usually is slightly decomposed
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the run-off from peat underlying such vegetation is probably very rapid
in spring and early summer bul slower when the thaw has reached
more decomposed lavers.

The lawn communities are usually situated more than 10 em
above Lhe water lable but below the maximum water level, al least in
the eastern plols, The covering of water afier the snow thaw may then
last for more than one month [SONESSON 1969 pp. 188—490).

The carpel communilies are usually situated more than 5
cm above the water table. Many eastern carpels are probably situated
above the maximum waler level as well because of the quaking peal.
The range of values shown are in these cases apparent only. Tow-
ever, this is not the case lor the values from Riksgrinsen. The ranges
in this mire are similar to those of lawns. The vegetation of lhese
western carpets is also deviating due to the occurrence of mire margin
species [see above p. 77).

The bottom layver of the mud-bottom communities is
floating on the water table. [l is also often parlly submerged (see
SONESSON 1966 p. 396].

The gradient low—high waler lable is. lo some exlenl, parallelled
by the gradienl poor—rich as well. Fen plants are rarer in the stands
with a low water table (cf, MALMER 1962 a pp. 78, 168 -183).

pH and Eleetrical Conductivity

The relationship between pll and %, shown to be typical to Norlh
Fennoscandian mire walers by S1onrs (1952, see also PERssox 1962)
is also evident in the present malerial. Thus any correlation between
pH less than ca. 6.0 and %, is not obvious (n=230}. pH values higher
than 6.0 are. however, usually allied to higher values ol %,.,. Negalive
conduclivily values were oflen obtained after reduction for the hydro-
gen ions. especially in humus coloured waler. Obviously many of the
ions are retained as complexes with colloidal malter in the water (MaL-
MER 1963).

pH in water is generally higher than in peal [rom the same plots.
The average differences were approximately 0.5 units (n=170}. Such
a relationship is shown carlier bolh for the Tornetrisk area (PERSSON
1962 pp. 77 781 and for South Sweden (MALMER 1962 a p. 2031,

There was no general relationship apparent between pll in water
and the level of the water table during the observation periods. How-
ever, in spring a high waler table is obviously related to a high pH.

Bot. Notiger, vol. 123, 1970
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Later during the growth period occasional very high waler levels. prob-
ably much above the compensation level, are relaled lo great pH
deviations either positive or negalive (cl. MALMER 1962 b pp. 23 -24).
MALMER (op. cil. pp. 22—28) found a distinct relationship belween
reduced conductivity and the water level on one hand and conducelivity
and pH on the olher. However, a similar relationship may not be
expecled in the present material when considering conductivity values
lower than ca. 50 puS/em and pH lower than ca. 6.0 (cf, above].

Some chemical dala for intermediate mire waler in Lhe investigation
area are shown in SONESSON 1966.

Peat

Relationship Between some Constituents Analysed

EXTRACTABLE AND TOTAL AMOUNTS. There is no conclusive
evidence of differences belween extractable amounts derived in 1963
and 1969 in spile of the somewhat different sampling and analysis.
Similar results were obtained with NH Ac and HAe, excepl of K (oflen
higher amounts with HAc).

In Fig. 4 the extraclable amounts of Na, Kk, Ca and Mg are plolted
against the lolal amounls in the same samples.,

According 1o this material exiractable amounls are, on average
roughly 2040 lower than the tolals, The high total amounls of
K and Mg in relalion to low exliractable contents are most likelv due
to addition from the mineral soil (secondary ash) since these values
refer o inlermediate fen peal with a high content of Al, SiO. and ash
(> 200 pmol, > 380 mg and > 17 % per g dry maller respectively)
A conlribution of polassium and magnesium to the minerotrophic sites
seems possible due to various feldspars, micas ete. common in most
mineral soils. There is probably often dolomite in the soils as well,
al least in those rich in caleium. since Lhe bedrock of the investigation
area contains this mineral in many places (KULLING 1965, of. MAR-
TENSSON 1956 and PrErssonN 1962).

The wide range apparenl for the Na values is obviously lo a large
extent due 1o a lower accuracy in the Na delerminalions. As suggested
above some of the range ol the K and Mg values is due to the devialing
properties of the peals analysed.

The relationship between extracted and tolal amounts of metal cal-

Bot, Notiser, vol. 123, 1970
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Pig. 1. Relationship between NH Ac extractable and total amounts of some elements

m different kinds of surlace peat as wmol/g dry matler.

ions in peat is earlier investigated and discussed by GORE and ALLEN
(1956) and by BoaTman and ROBERTs 11963). GORE ¢l al. showed the
often greal differences oblained due to different kinds of peat and
Boaryan el al. the differences due to the extractants used and to the
time of extraction. Considering the differences between extracted and
total conlents of K found by them these range approximalely belween
0 and 40 % which is similar to the range for the material presented
here when excluding the highest totals.

CORRELATION COLEFFICIENTS BETWELEN SOME CONSTI-
TUENTS. In Table 2 is shown the correlation coefficients belween the
contenls of some constituents in peal from the higher levels of the
hummock-sites (SONESSON 1970 p. 391 These are parts of the mires
which are mosl likely to be nourished by air-borne nutrients only,
viz. being ombrotrophic (Du Rierz 1954). In all. forly samples were
collected during the sammers of 1963 and 1969, from diflerent sites
cach vear at the following localities: — Holmvann (9 samples, vege-
tation=no. 1 in Table 3}, Riksgrinsen (4 samples from one site in

6 Bot, Notiser, val. 123, 1970
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1969, vegetalion=nos. 2 and 3], Vassijaure (6 samples, vegetalion=
nos. 2 and 3), Abisko (8 samples, vegetalion=nos. 5 and 6), Stordalen
(6 samples. vegelalion—=nos. 5 and 6), Tornelriisk (7 samples, vegeta-
tion=nos. 5 and 6.

Al Cu, Fe, 8i0,, Ca and ash show high positive correlations. How-
ever, the coefficient between silica and calcium is not quile significant
at the 5 %o level (0.1 >p > 0.05). These constituenls including K and
Mg as well as small amounts ol Mn are common in mineral soil (se-
condary ash).

As shown in the next section (pp. 104— 107} the ash content of the
peal profiles presented there is nol higher al the surface than in the
lower slrata, which il it were, would indicate a recenlly increased con-
tribution of secondary ash as reporled lor Soulh Sweden (sec e.d.
MarTsox el al. 1955 p. 363). Neither is there any considerable in-
crease evident in the content of Al, However, macroelements important
in living organisms such as Ca. Mg and K usually increase towards
the surface. Na, Mn and Zn increase too. This is also evident in a
palsa profile from Tornetrask (SoNEssoN unpublished). In all surface
peal samples studied after ashing mineral particles were present, but
whether they were more abundant than in the lower sirata was not
invesligated.

The low or lack of correlation hetween Al, Cu, Fe and SiO; on one
hand and the other elements on the other may be due lo a smaller
contribulion from secondary ash of the latter than thal retained near
the surface by living organisms (e.g. K} or continuously supplied by
air-borne drift (e.g. Naj. However, similar results would be obtained
il o major parl of these constituents were unevenly distributed over
the invesligation area and or in the peat profiles within the standardized
sampling level. The weslerly distributed Mg and Zn accordingly show
no or slightly negalive correlations with the ash as well as with some
of the ash consliluents separately which have a lendency lo increase
easlwards (see p. 84). There are also indications that the sampling
wilhin peal Iavers with a relative “depletion™ ol some elements could
have occurred more frequently in eastern than in western sites (sce
pp. 71. 100 105).

Vegelational Gradients in Relation to Chemistry of Peat
REGIONAL GRADIENTS. Of the two regional vegetalional gra-
dients distinguished (SONESSON 1967 p. 272} the gradient west—east

Bot, Notiser, vol. 123, 1570
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is studied wilh respect to the chemical condilions of the peal. The
dala plotled against distance [rom the sea (Fig. 5) refer lo those samples
of the upper hummock levels mentioned before pp. 81—=82]. These
data are accordingly arranged along a west—east transecl as well [see
Fig. 1). It should be noticed that the distance is measured lo the Ofot-
fjord at Narvik, nol lo the open sea proper. The sites on the Nor-
wegian side are siluated ca. 150 m above sea-level and those on the
Swedish side ca. 350 500 m above sea-level.

The contenls are calculated both on natural fresh volume basis and
on dry weight basis. There is great inlralocal variation evident which
complicates the interpretation ol the resulls in Fig. 5. The following
conclusions and discussions should therefore be regarded as tentalive
only, awaiting further investigations. These should primarily lake
into consideration the variation within the separale sites, both hori-
zontally and verlically.

The correlation between the content of elements and dislance from
the sea is evidently greatly dependant on the calculation basis used.
Negative correlations were reccived for Mg both on dry
malter and on volume. for Zn and K on dry malter basis only. Accord-
ing to the present material magnesium decreases by about 3 umol per
10 em? or 6 umol per g and 10 km distance, These values differ signi-
ficanlly from zero (p << 0.001). Zn decreases by ca, 0.04 pmol (0.01 >
p = 0.001) and K by ca. 0.6 pmol (p < 0.0011 per g and 10 km dis-
tance. pll decreases by ca. 0.1 unit and 10 km (0.01 > p > 0.001],
which means more acid conditions in the easlern than in the western
hummock-sites. On dry maller there is a lendency towards decreasing
conlents for Ca (0.1 >p>0.051 and for Na (0.1 >p>0.05) as well.

Positive correlations were received for ash (fresh volume:
0.05 > p >0.02) and for Al (fresh volume: 0.02 > p >0.001: dry weight:
0.01 > p > 0.001). When excluding the two highest values on fresh
volume a regression coefficient of 0.27 was received for Al (0.01 > p >
0.001) corresponding to 2.5 umol per 10 em” and 10 km distance from
the sea. There is a lendency lowards increasing contents for Cu on
volume basis (0.1 > p > 0L05) but not on dry weight basis. No correla-
tion is seen for Mn, Fe or apparenl density (=volume weighl of fresh
peal).

The variation in contenl of K. Na, Zn and Ca seems to be posilively
correlated with the variation in organic matter of the peat while Cu
and Al are negalively correlated. Although weak. there is a lendency
towards higher calion exchange capacity in western than in easlern

Bot. Notizer, vol. 128, 1970
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hummock peat (see Table 3). The relationship between cation exchange
capacily of peat and degree of humification seems lo be slight (Puust-
JARVI 1956), whereas dilferent kinds of plant remains often mean dif-
ferenl exchange properties (PuusTiirve 19551 No difference in degree
of humification is apparent in the present material. lHowever, the humi-
fication determination method used is far from being perfect. Different
kinds of living plants may have different sorbing qualities as well (ef.
BELL 1959). Considering the presenl material the conlenls ol e.g. Ca
and Mg in Pleurozium: schreberi were 41 and 26 pmol/g dry weight
respeclively (one samplel whereas in Dicranum elongatum 48 86 and
32 68 umol respectively (three samples. see Figs, 6—8).

Similar regressions for some of the elements in relation lo the dis-
lance from the sea were received by BoaTrMan (1961) working with
mires within distances smaller than 20 km from the sea (30 km Irom
open sea) in Southwestern Ireland. According lo his resulls (11CI-
leachable amounts) Na decreases by ca. 9 umol and Mg by ca. 11 pmol
per g dry matter and 10 km distance from the sea (ea, 0.2 pmol and
6 umol in the present investigalion areal. pll was found lo increase
with increasing distance froni the sea. Fe and K showed no change
but Ca a slight tendeney to inerease with distance. The dillerences in
resulls are seen mainly in the relatively smaller amounls received in
the present invesligalion area. However, opposite results were oblained
concerning pH and Ca,

The concentration of’ elememts in mire waler in relalion lo distance
from the sea is disenssed by e.g. WiTTING 1948, MaLMmer 1961 and
SPARLING 1967.

In the presenl malerial there is a variation in some peal consli-
tuents which thus parallels the varialion in the vegelalion of the
upper hummock levels along the gradient west—casl. Considering the
other communities investigated, similar relationships are not seen with
certainty in the malerial

Comparisons belween other areas concerning peal chemistry are
often difficult to make due to incomplete descriptions of the vegela-
tion of the sampling sites. Different methods of sampling. storing and
analysis are also commonly used which further complicale com-
parisons.

Some hummock samples from Dalarna in Central Sweden reported
by Si0Rs (1961 ) arve referable to a vegelalion similar both lo the Cal-
luna- Plearozinm - Sphaynum  fuseum  variant and (o the Ledum -
Pleuroziam varianl ol the present investigalion area (see Table 3 and

Bot, Notiser, vol, 123, 1970
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MIRE VEGETATION IN THE TORNETRASK AREA 91

SoNESSGN 1970 p. 43]. These samples contain approximalely similar
amounts of extractable Ca as corresponding samples from the Torne
iriisk area, even when considering the different calculation bases (loss
on ignition - dry matter). MALMER (1962 a} reports lower values from
hummock-sites in South Sweden where no species indicating minero-
trophic conditions are present. In the peal samples from the “Cladonia
series” with Eriophorum angustifolium (obligate fen plant according
to Du RIETZ 1949, 1951), however, the exlractable amounts are similar
faboul 40 wmol/g D.W.}. The “Cladenia series” of communilies are
best related lo the Calluna- Pleurozium - Sphagnum  fuscum variant
[see MALMER 1962 a p. 99. cf. also MALMER & SIORS 1955). HOLMEN
(1961 p. 165) mentions similar total amounts of Ca lo those shown for
the Tornetrisk area in peats of a partly drained and cultivated mire.
These peats refer to “community no. I which bears some resemblance
to the caslern Ledum - Pleurozium varianl, BELLAMY and RIELEY (1967)
reports a total Ca content of approximately 46—70 pmol’g D.W. in
peal close to the surface ol a Sphagnum fuscum hummock in Wesl-
morland, England. The vegelation described is elosely related to the
Caltuna - Pleurozium - Sphagnum fuscnm variant. All the communities
used in this comparison are regarded as ombrotrophie or very poor
minerolrophic communities by the authors.

The molar Ca/Mg quotient of peat is often used as an index of the
degree ol ombrotrophy, being lower than 1.0 in true ombrolrophic
sites (see discussions on pp. 106—107). From Fig. 2 D is seen that Mg
in excess of Ca was obtained in weslern sites, However, a few samples
referable to the higher levels of the eastern sites show similar values as
well.

LOCAL GRADIENTS., Poor-—rich. The amounts of Ca, Mn, Cu,
Al ash and SiO, are correlated with this gradient. See Table 3. Higher
quanlities are obtained in peat of the richer communilies than in the
poorer ones. Acidily allso shows a close relationship. However, as shown
before (pp. 81 82) al least some of them do not vary independently.
The range within each community along the gradient is wide and
sometimes possible to relate to other gradienls. especially west —easl
and hummock—mud-bhottom (see below ). The differences along the
gradient poor rich are still greater when considering the values eal-
culated on a volume o1 an organic maltter basis. This would then result
in higher values for the communities with a high contenl of ash, viz.
the richer communities. Data for corresponding poor communities on

the northern side of Lake Tornetriisk (PErssox 1962 pp. 66—69) are

Bot. Notiser, vol, 123, 1930



92 MATS SONESSON

similar to those shown here. Considering the intermediate vegela-
tion (“Calliergon sarmentosum - Paludella vegelation”) the exlractable
amount of Ca in peal is higher (median ca. 250. tolal range 90—415
umol per g D.W., n=19). The two values reported from the most
closely corresponding association to that of Table 3, the “Calliergon
sarmentosum - Paludella association” amounls to approximately 130
and 350 pmol. The vegelational differences along this gradient between
intermediate communities on the northern side ol Lake Tornetrisk
according lo PERSsON 1961 and 1962 and those invesligated in the pre-
sent investigation area obviously have a parallel in the difference in
the amount of Ca |see SONESSON 1970 p. 75). From rich carpel vegeta-
tion. referred to the Scorpidinm vegetation. PERSSON reports Ga values
approximately 220480 wmol (n=3| which are slighlly higher than
those of the mud-boltom variant presented in the table and belonging
to the same associalion.

A close relationship between pH and communities along the gradient
poor—rich is obvious. Considering the material sampled during 1960—
63 (see p. 71, cf. also values in Table 3 and in IFig. 31 the median value
in peal of the Carex rolundata - Drepanocladus schulzei vegelation ac-
cordingly amounted lo 4.2, tolal range 3.6
ripariwm vegetation to 4.8, lotal range 44 4.9 (n—3). in Paludella -
Sphagnum teres vegelalion to 4.9, lolal range 4.3—5.8 (n=063). in Dre-
panocladus procerus vegetalion to 5.0, total range 4.7—5.2 (n=22) and
in Scorpidium vegetation to 5.5, total range 1.8 —6.3 (n=233).

5.1 In=252), in Sphagnum

Hummock—mud-bottom. The variation in conlents of in
particular Mn. Fe, 8iOs, Al and ash runs parallel with this gradient
as well as with the preceding one. This means thal the contents are
greater in peal of the richer communities as well as in communities
of the lower levels in the siles, even the poor ones. The amounl of Zn
in peat is higher in western poor sites as well as in peat of the higher
levels of such sites in the whole arca. Peat of the lower hummock
levels and peal of the communities usually occurring in depressions of
the hummock-siles contains only about one hall to one quarter as
much Zn. There is a tendency towards low values in the intermediale—
rich mud-bottom siles as well. Relalively large amounls are present in
the peat of the intermediale carpel vegelalion. however. These dif-
ferences shown may be due to a varying solubility relaled to the obvious
differences in acidily of the peat icf. WEAR 1956). The high Zn values
in the inlermediate carpet peat are puzzling but may be due to the
small number of samples.

Bot. Notiser. vol, 123, 1970



MIRE VEGETATION IN THE TORNETRASK AREA 93
Elements in Precipitation and in Peat

There are obvious differences between Riksgriinsen and Kiruna con-
sidering the relalive molar amounts of Na and Mg in precipitation
{ Table 4. At the formeer locality the Na/Ca quotient is 2.4 while 0.8 at
the latter, The Mg/Ca quotienls are 0.5 and 0.3 respeclively. The rela-
tive amounts for K and N are similar at the two localities. There seem
to be similar concentrations of Ca and K bolh al Riksgriinsen and al
Kiruna when calculated as annual mean; Ca is possibly a liltle higher
al Riksgriinsen; howewver, for Mg and Na about twice and three times
Lhe concentrations respeclively are recorded al Riksgrinsen. Approxi-
mately similar values are evident for Ca and K throughout lhe vear
at the two localities. However, the concentralion of Na and Mg is lower
during the growth period especially at Riksgrinsen. This indicates a
Larger amount of seca salts (ERIKSSON 1959 pp. 7—12) during aulumn,
winter and spring than during summer {cf. SPARLING 1967 p. 4).

[However, the lolal annual supply of elements does not derive from
precipilation only, For some clements the contribution from dry de-
position may be more than Iwice as much as thalt [rom precipitation
{ ERIKSSON 1959 pp. 45—48, cf. Tamm 1953 p. 91 and MALMER 1961
pp. 140—142). Even when considering the tolal annual amounts derived
from precipitation only (Table 4) they may nol he closely representa-
tive of all sites investigated. This is especially apparent for the siles
ol the Abisko valley where the mean annual precipitation is less than
300 mm (see SONESSON 1970). Also. amounls calculaled per mm pre-
cipilation may not be strietly proportional due to differenl wind velo-
cities and different sizes of the particles (LErIkssoN 1959 pp. 2228,
cf. ALLEN et al. 1968 p. 501).

The peat samples used for comparison are those ol the higher
levels of the hummock-sites mentioned before (pp. 81 82}, In western
samples the Na/Ca and K/Ca quotients are aboul the same or only
slightly higher than in the eastern samples, while the Mg/Ca quotient
is aboul twice as high in weslern than in eastern samples,

There are no differences apparent in content in peal of K and Ca
when caleulated on fresh volume basis but there are increasing con-
tents towards the west apparent when calculations are made on dry
weight basis (see p. 84). A tendency of a similar western increase is
also seen in precipitalion concentration of Ca bul not of K (see above).

There seems to be a fairly close relationship between lhe concen-
tralion in peal and in precipitation concerning Mg and Ca but nol for

Baot Notiser, vol. 123, 1970
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MIRE VEGETATION IN THE TORNETRASK AREA 95

Na, K and N. The K and probably also Na conlenls in peat (on dry
weight basis) are beller related to the differences in tolal annual
amounts. N in peal seems to be unrelated to the concentrations as well
as to the total annual amounts, The high N values in eastern peat are
thus correlated with a low concentration and a low total annual amount
from precipitation.

\ close relationship between (he total annual amounts from preci-
pitation and contenls in peat would be apparent for copper since this
element is likely to be sorbed almost quantitatively iCOLEMAN et al.
19536, RUHLING & TyrLer 1970). llowever. as seen on p. 84 copper
contents have a slight tendency 1o increase eastwards. The supply by
dusl of this element is probably greater than that by precipitation.
This would accordingly be one indication of a conlribution to the mires
other than that by precipitation only.

Even supposing an annual peat production of about 1 dm?*'m? as
reported from South Sweden (NILssoN 1964 p. 25, see also DURNO 1961
the heavy loss of nutrient derived only from precipitation by run-off
fexcepl N1 is obvious. this loss being grealer in the west than in the
easl. However. there are evidences of a much smaller hummock peal
formation in the Tornetrdsk area, probably less than 0.5 dm?*m?
and year (see next section, p. 104]. Supposing such an annual peat
produclion the greal deficit in N supplied by precipilation solely is
striking. Such a deficit may. to a large extent, be salisfied by an influx
ol ammonia directly from the air (Tamm 1953 p. 94, MATTSON ct al.
1955 pp. 323—324). Some conlribution of animal origin may also be
possible (see OsSVALD 1925 p. 74 NORDHAGEN [927— 1928 p. 362, MaTT-
SON el al. loc, ¢it., SONESSON 1970 pp. 19, 22,

Stratigraphy of some Sites

Introduction
The peal profiles shown here (IFigs. 6 8) are from Vassijaure,
Abisko and Stordalen, respeclively. The Abisko site is siluated in the
central part of the investigation area characterized by soft bedrock
and soils rich in calcium while the other tlwo are from parls with
hard silicious bedrock and soils poor in calcium. The peal [ypes dis-
tinguished correspond to different peat-forming communities. The
reconstruction of these is made with aid of the plant remains of the
peat. They are named after those present-day communities which they
Bot. Notiser, vol, 123, 1950



96 MATS SONESSON

most closely resemble floristically thereby assuming thal they have
modern equivalents. No differences are ever seen in the appearance
of the macrofossils in relation to corresponding modern plants, The
stratigraphical border belween the living plant cover and the peat is
seldom possible to determine with a high degree of accuracy. The
living bryophyte layer is probably only a few centimelres in height
whereas most of the living roots of the vascular plants obviously are
situated within 30 cenlimelres level of the bryophyte surface.

The dynamiecal implications of these profiles will be treated in a
future paper [SONESSON in prep.) where also delails of these and other
proliles will appear. Here only short deseriptions will be presented.

Deseription of the Profiles

Vassijaure. The profile was located near the middle ol a small
hummock-sile carlier described (SONEssoN 1970 p. 94, Figs. 16 A and
1724 b, mear poinl “717}. The main bryophyle components are in-
dicated in Fig. 6. No remains of exclusive fen plants were found above
the 60 em level. The peat between 70 and 80 ¢m below the surface
(no. 5) was composed ol bark and wood, probably of dwarf shrubs.
and remains of grass-like speeies (shools and leaves of Carex species?
— c¢f. the high Cyperaceae-pollen frequency immediately above this
layerj. Selerolia of Coenococcum graniforme were also found. The
peal between 120 and 145 em (no, 7) conlained mainly rootlets of
Carex species and. lo a minor extent, also remains of Equisetim fluvia-
file. Al 105 c¢m below the surface the lowest {inds of apparently living
roots were seen. The colour of the peal varied between light vellow
and dark brown excepl between 53 and 60 cm where the peal was
blackish and of an amorphous strueture with abundant ericaceous twigs.
This was the only layer with apparently highly decomposed peat. The
remains of bryvophytes were sparse but well preserved. Other peal
seemed to be only slighlly decomposed. The waler conlent was lower
than normal. It was nol determined in this profile. The contacl with
the mineral ground (silt and sand) was sharp. No gyllja was seen.
The present-day communily is: 0. Empetrum hermaphroditum - Vac-
cininm microcarpum association: Vaeeininm myrtillus - Pleurozium
variant (no fen plants presentj. The (other) peal-forming communities
distinguished are: 1. —27 cm, Empetrum hermaphroditum - Vaceininm
microcarpum association; 2, 27—40 cm, Carex rotundata - Drepanocla-

Bot, Notiser, vol, 123, 1970
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dus schulzei associalion: 3. 40—62 cm, Empetrum hermaphroditum -
Viaceinium microcarpum association; 4. 62—70 em. Paludella - Sphay-
num teres vegetation: 5. 70—80 em, dwarl shrub community, probably
intermediale: 6. 80 119 em, Paludella - Sphagnuim teres vegelation: 7.
119147 em. Carex dominaled community; 8. 147 198 em, Scorpidium

association,

Abisko. The profile was localed near the margin of a big hum-
maock-site, perennially frozen. described earlier [SONESSON 1070 p. 96,
Fig. 18 a- h, below poinl “1007, see also SONESSON 1969 Fig, 2 B,
It reached about half-way down towards the mineral ground. The pol-
len profile has been published earlier [SONEssoN 1968 Fig. 2). The
main bryophyte components are indicated in Fig. 7. No remains of
exclusive fen plants were found above the 50 em level (cf. also the
high Cyperaceae-pollen frequency there). Apparenlly living roots were
not seen bhelow the 30 em level. The colour of the profile was light
brownish, but darker thin strata were seen in the upper, unfrozen
level. The present-day community is: 0. Empefrum hermaphroditum -
Vaccinium microcarpum association: Dieranum elongatum - Sphagnum
fuscum variant (no fen plants present). The (other| peal-forming com-
munities distinguished are: 1. —75 em, Empetrum hermaphroditum -
Vaeeinium microcarpum association: 2, 75—90 em, “Sphagnum warn-
storfianum - parvifolium association”™ (PERSSON 1961): 3. 90——150 cm,
Scorpidium association: 4. 150—180 cm, Empetrum hermaphroditum -
Vaceininm microcarpum association,

Stordalen. The profile was localed near the margin of a big
hummock-site. perennially frozen, described earlier (SONESSON 1970
pp. 96—104, Fig. 19 a-b, below point “407]. Il reached about half-
way down towards the mineral ground. The main bryophyle compo-
nents are indicated in Fig. 8. Exclusive fen plant remains were appar-
enl near the surface (Calliergon sframinewm|. The peat belween 48
and 93 cm below surface was composed mainly of wood. bark (Betula-
bark abundant] and remains of grass-like plants (Carex? — cf., how-
ever. the low frequency of Cyperaceae-pollen). Belween 93 and 130
em the peal was composed mainly of Carexr remains (leaves, roollets
and utricles) but also of stems of Equisetum fluviatile and leaves of
Calliergon sarmentosum. The colour of the profile was greyish-brown
excepl at the level of the frost table where il was blackish brown. The
present-day community is: 0. Empetrum hermaphroditum - Vaceinium
microcarpum association: Cetraria nivalis - Dicranum elongatum vari-

Bot. Notizer, vol, 123, 1970
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anl (no fen plants present). The (other] peat-forming communities dis-
tinguished are: 1. —148 em, Carex rotundala - Drepanocladus schulzei
association: 2. 48—93 cm. fen vegelalion with birch in the tree or
shrub layer; 3. 93130 cm. inlermediate community probably referable
to the Drepanocladus procerus vegetation or lo some magnocariceta:
4. 130 138 em, ditto. but may also be referuble to the Paludella -
Sphagnum teres vegetation; 5. 138—185 cm. Scorpidium association.

Results and Conclusions

Considering the caleium contents. the peal corresponding to the poor
Empetrum hermaphroditum - Vaecininm microcarpum associalion in
the Abisko profile (no. 1) shows a median calcium value (355 umol,
range 83 505 umol] exceeding those received in peat of presenl-day
rich mire communities (Table 3)). In Vassijaure such peat (no. 3
shows wvalues only slightly higher imedian 93, range 86—106 pmol)
than those received in the corresponding living community. Peats cor-
responding to the poor Carex rotundata - Drepanocladus schulzel asso-
ciation (Vassijaure no. 2. Stordalen no. 1) and lo the intermediate
Paludella - Sphagnum teres vegelalion (Vassijaure nos. 4 and 6) show
higher and lower values respeclively, in relation to the modern condi-
tions. The three tolal values referable to “Sphagnum warnstorfianum -
parvifolium association”™ (PERssoON 1961) in the Abisko profile (no. 2)
are more than 50 %o higher (median 467, range 399—502 wmol] than
the lwo extraclable values given by PERssON 1962 [(ca. 180 and 260
pwmol per g D.W.}. The caleium content of peal corresponding lo that
of the rich Scorpidium associalion was much lower in Vassijaure
(no. 8) but about equivalent to the presenl-day values in Abisko (no. 3).

Considering the other constituents analysed, the median contenls of
K are smaller in peals below the 30 c¢m level than in peats of the
modern communities, Na contenls are fairly similar bul those of other
constituents show dissimilarities to modern conditions.

The depth for peat sampling in relation to the bottom layer of the
living plant cover never exceeded 30 em. Usually it was less than
20 em (see p. 71). This range is certainly reduced during the fossil-
izing process. Even taking such a stralification into consideration the
hypothetical mineral status of the peat-forming communilies usually
differs much from whal is normal for their present-day equivalents.
Properly speaking the mineral status should be compared with that in

Bot. Notiser, vol. 123, 1970
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living plants as well, since there are probably great dilferences con-
cerning some constituenls in relalion to the condilion in peal (see
KIviNeN 1933, MALMER & SJORrs 1955, MALMER 1958. 1962 b. BELL
19591. However, the superficial samples probably conlain much living
maller as well which render them 1o some extenl intermediate between
those of the peat proper and Lhe living plant cover. This would make
the comparisons more justified.

The comparisons made show either that quile different nutrient con-
ditions for the peal-forming communilies in comparison with modern
conditions once prevailed or that greal changes in peat chemistry have
occurred during the development of the sites. So many differenl eco-
types/physiological races with ecologic conditions deviating so greatly
from their present-day equivalents. now extinct 8000 vears ago or less,
seem improbable, The great changes are more likely to be secondary.
with the exception of those of the superficial peal.

The mosl obvious changes in the calion conlenl are seen in the
minerogenous strata, at the mineral ground, at the frost table (in the
eastern prolfiles) and in the superficial layers. Such changes may have
arisen in differenl wavs: —

1. The addilion from the environment can have been altered. e.g.
by flooding of water rich in electrolytes or by an inereased supply of
air-borne matter. Such an altered addition may arise il the climatieal
conditions change. According to the present material the great chemical
changes are apparently not related primarily to the great changes in
the pollen spectra nor to the great changes in the peal types of the
sites. This is especially apparent in the profile of the Abisko site (see
also Fig. 2 in SONESSON 1968 ). This is situaled close to a minerotrophic
site partly covered with rich mire vegetalion [SONESSON 1970 Fig.
18 a —b}. An obvious rise in the level of the subsoil walter table more
than 3500 years ago resulted in a flooding of the poor hummock peat
ino. 4). Hall a metre of rich fen peal was then produced no. 31. This
stratigraphical change look place al the end ol pollen zone T 3. viz. at
the end of a period with a relalively continental climate [SONESSON
1968, 1970 p. 18). The high calcium values near the permalrost table
in the Abisko site (about 300-—500 umol| have smaller equivalents in
Stordalen (about 150200 umol) and in Tornetrisk (30 60 wmolj.
This changed course of the Ca curves {as well as in Mg but nol in
e.g. K) is allied to obvious changes in the pollen spectra and in the
macrolossil conlenl in Stordalen bul not in Abisko (not investigated
in Tornetriisk). The peat-forming communily no. 1 in Slordalen was

Bot. Noliser, val, 124, 1930
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wet-growing bul whelher more wel-growing than the preceding one
mo. 2] is uncertain. Il there has been a [looding of these frosl table
layers too it must have been of a short duration in the Abisko sile since
any evidence of wet-growing communilies above ca. 70 cm level 1s not
found. Some ol the changed course may also be the result ol a rising
frosl table altering the concentrations ol elements in peal water and
drainage water. The lower strata will then successively be incorporated
into the frozen peat. A precipitation of colloidal malter in the water
(cf. MALMER 1963, INGRaM 1967) due to freezing and or a changed
redox potential may also be possible. This would increase the exchange
capacity of the peat. An increased decomposition due lo repealed
thawing and freezing (regelation) seems probable loo. HHowever, the
relalionship between the extinclion values for NaOH soluble matter in
the peat and the cation contents is not very close and is in some
cases ambiguous (see e.g. the Abisko profile: level 30—70 em). The
possibility of some addilion through migration of small mineral par-
ticles in the peat can not be excluded (¢f. ROWLEY & ROWLEY 1956
but such a contribution is probably slight only (GODWIN 1934 .

The superficial changes in Vassijaure (Fig. 6/ may be due to a pre-
vious temporarily increased influence of water [ef. peat type no. 2)
but these changes are quite obvious even below the highly decomposed
layer between 33 and 60 cm (see furlher below).

The hydrographical conditions of a mire may be allered due to
dynamical changes within the mire vegetatlion without a corresponding
regional change (PosT & SERNANDER 1910). However, lhere are more
obvious signs of tlooding also in the lower strala of some profiles in-
vestigated indicated by the abundance of mineral soil (sand- gravel)
within limited strata. This was seen lor example in the profiles at
Stordalen (see SONEssON 1970 IMig. 19 a—b) and in some profiles of
sloping fens from the northern side of Lake Tornelrask junpublished},
It is possible thal some of the strala discussed are synchronous in-
dicating regional hydrological changes. The superlicial increase in
several of the curves evident in all profiles is related to the same pollen
zone (T'4) but it obviously begins at different times during this period.

There is no certain evidence of a changed supply of air-borne matter
in the present material. The Mg/Ca, K/Ca and Na/Ca quolients are
mosl similar to modern conditions (see Table 3] in layers close lo the
surface and in those rich in (secondary) ash. In other layers they are
usually lower, which is most likely due to secondary alteralions in the
contenls, On the whole the Na/Ca quolients are highest throughout

Bot, Noliser, vol. 123, 1970
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the whole profile in the westernmosl site investigated (ef. Boarman
1961 ).

The ash content of the two easlern profiles below the surface is
high throughout (as is also evident in the unpublished Tornelrisk
profile}, much higher than that reporled for ombrolrophic peal. e.g.
from South Sweden (see MATTSON el al. 1955, OLAUSSON 1957. ASSARS-
SON 1961. MORNSIO 1968). Some of it is probably due to a previously
higher contribulion of secondary ash, since low peat production and
decomposilion [see furlher below) alone are obviously insufficient lo
explain the high content. Neither is there any evidence of great dif-
ferences in decomposition of the superficial peal layers. At least some
ol these high ash and aluminium conlents may be due to flooding
ralher than to an allered supply of air-borne matter.

2. The addition from the environment can have been unchanged even
although there has been an unequal peatl production during the devel-
opment ol the sile. In the Vassijaure prolile the average annual peal
accumulalion between 80 and 120 em (no. 6) amounted to 0.7 mm,
The content of many elements in this peat is also relalively low. The
obvious increase in lhe upper peal lavers is allied to a much smaller
annual peat accumulation {about 0.2 mm). Some of the lowesl values of
the profile are apparent in layer no. 7 which has a similar low accumula-
tion. However, contenls only related to the quantity per unit ol time
from environmenl are nol probable (ef. pp. 93 951.

4. Differences in the degree of humification may also have been im-
portant during the development in affecting he mineral conlenl of the
peat. However, in the layer between 53 and 60 em in the Vassijaure
profile, which obviously is highly decomposed, a correspondingly
greal alteration in content is not obvious, Neither is any alteration in
ash content evident. The course of the Cu-curve is especially instruc-
live. Of the divalenl elements investigated copper is likely to be re-
lained most strongly by the colloids (COLEMAN et al. 1956, RUnLiNG &
TYLER 1970).

b. A greal mineral conlenl may arise in peal where living organic
tissues present have sorbed the elements from adjacent peat (see MATT-
SON el al. 1944 p. 105) and or direclly from the almosphere. This is
probably the main reason for the increasing conlents in the superficial
layers. Much ol the elements essential for Lhe living organisms, e.g.
K. Mg. Ca, Mn and Zn, are conlinuously retained in such peat (pos-
sibly also elements such as Na, cf. GOODMAN & PERKINS 1959 p. 467 ).
A capillary transporl of the componenls in the peat {ASSARSSON 1961)

Bot. Notiser, vol. 123, 1070
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as well as in the plant cover (MALMER 1962 b) may be of importance
too. This superficial increase is obvious above the 20 em level in the
easlern sites bul as low as at ea. 75 ¢em in the western. which approxi-
mately corresponds to the differences in root depths found (pp. 96—98).
The frost table is usually situated between 30—50 cm in the eastern
hummock-sites bul normally no frosl is present in the western ones
during summer (see SONESSON 1970 pp. 31 -35). The hummock com-
munities of the castern and the western hummock-sites are usually
different (SONESSON op. cit.).

The Gradient Ombrotrophy—Minerotrophy in the Investigation Area

It seems improbable thal the elevated parts of most ol the eastern
hummock-sites nowadays are influenced by free water other than
precipitation water normally. A free water lable on the frost table of
such structures has not been observed olher than temporarily after
prolonged rain and as an obviously secondary resull ol previous
digging. Influence of minerotrophic subsocil water is more possible on
many western hummock-siles since they are unfrozen and often occupy
a lower position than the adjacent terrestrial sites. The occurrence of
obligate fen plants is more abundant in western than in easlern
hummock-sites. Whether such planls are always related 1o mine-
rotrophic conditions in the substrate is unknown. however, since there
is a lack of invesligations into the distribution along the gradienl
ombrotrophic—minerolrophic siles in Northern Fennoscandia,

IHowever, lemporary minerolrophic conditions of the present-day
bog vegelation of the upper levels in some of the eastern sites may
result during vears when the frost table is lowered more than normal.
This is likely to occur during unusually cool and rainy summers when
an altered thermal diffusivity of the superficial peat cover would result,
During the period in which these poor mires have been studied (since
1960} a considerable variation in weather has been experienced. How-
ever. any consistenl change in the usual position of the frost table
has never been apparent, Thus depths o the frost lable exceeding
50 ¢m in the elevated structures of such siles have been measured
only rarely (normal range during growlh period 30- 50 e¢m, see
SONESSGN 1970 p. 31). Most of the subterranean parts of the mire
communities are obviously localed al a level less than 30 ¢m below
surface. Sparse. apparently living roots were, however. often found
in the cores close to and below the frost table in the easlern siles. in

Bot. Notiser, vol, 123, 1970
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a few cases as deep as 70 em (SONESSON 1970 p. 30). Much deeper
occurrence was observed in the western unfrozen sites (el. eg. p.
96 in Lhis paper).

When deducing whether the conditions in the sites are functionally
ombrolrophic or minerotrophic to the plant cover neither the [loristic
composition of the present-day communily nor that of the underlying
peals would give conclusive evidence in all cases (ef. SONESSON 1970
pp. 27 31 38, 74 795, A similar discrepancy between the floristic
composition and chemistry of the peal was also obvious in Northern
Finland (KIVEKAS & Katma 1957) and in South Sweden (MORNSIO 1968).

The Ca/Myg quotienls (on equivalenl basis) are often discussed as
an index of ombrolrophy—minerotrophy, being less than 1.0 in true
ombrolrophic sites (see e.g. MATTSSON el al. 1944, BOATMAN 1957,
OLAussoN 1957, Sj0Ors 1961, MOrNss6 1968). The low ralios are
considered to be related to a correspondingly low ratio in the salts
supplied by precipilation (Matrson et al. 1955 p. 323). However,
Ca/Mg quolients of ombrolrophic peats lower than 1.0 are also recorded
from the interior ol Fennoscandia ([sce e.g. MALMER 1962 a and
MoORNSIO 1968) where the equivalent of Ca has been in excess ol
Mg in precipitation as long as continuous recording of chemical dala
of precipilation has been carried out (since 1955, cf. p. 70). Such
relationship of precipitation may be a recent phenomenon only due
to an enrichment of caleivm from human aclivities (ef. ¢.g. MATTSON
el al. 1955 p. 364) bul may also be a primary condilion. A great
excess of air-borne Mg from dusl in these parts of Fennoscandia
seems less probable.

The presence of conslituents in ombrotrophic peal which are common in
mineral soil has been widely discussed mainly as a result of the often obvious
greater ash content of the surface peal than in lower strala. It may be due
to the contribution from the lerrestrial surroundings by air-drift. This contri-
bution is supposed to have increased recently. However, since some of these
constituents are important in living tissues, they may be retained continuously
by e.g. the plant cover loo. and are nol or are only slightly incorporaled in
the peal proper. This would also explain some of the increase towards the
surface. As pointed out by HoOLMEN (1964 p. 175): ", . . the air-borne matter
must be important hecause most of the ash is composed of silica and
aluminium compounds, which probably cannot reach an ombrotrophic site
in considerable quantities in any other way than through the atmosphere . . .7
Obviously both possibilities should be taken into consideration, See Post 1925,
MALMER & SJ0RS 1955, MATTSON et al, 1955, Kama & KIVERAS 1956, OLAUSSON
1957, ERIKSSON 1959, AssanssonN 1961, Marmer 1962 b, CHApMAN 1964,
BeErramy & RisLEy 1967, MORNSIO 1968,
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Ca/Mg quotients lower than 1.0 are rarely measured in surface
peals of the invesligation area excepl in the weslernmost sites (Table 3.
[ig. 2 D). Considering Lhe present chemical straligraphical material
all quotients investigated exceed 1.0 also in such peal which obviously
is ombrotrophic. judging from its floristic composition as well as its
altitudinal position in the sites. The lowesl ratios were always recorded
in the superlicial peat samples.

[t is shown that Ca/Mg quotients are different in living and in dead
Sphagna or peat and thal there are differences belween lhe species
in this respect (ANscitTz & TEssNER 1954, Mapver & SiOms 1955,
PurusTiirve 1955, 1956, Kivekis & Kaina 1957. BErr 1959, MALMER
1962 b). Obviously the Ca/Mg quolient is nol a function ol the con-
tribution ol air-borne salts only. Changes in the relative conlent of
the mineral constituents arise during fossilization, and such changes
miay not be the same or of the same magnilude in all sites with an
ombrotrophic position,

Considering the chemistry of hummock surface peat in a west—
east direclion there is an obvious gradient in acid-base status. The
lower pH in eastern than in western peal scems more likely to be an
effect of different redox polentials than of differences in decomposi-
tion and peal production (see PERSSON 1962 pp. 33 —36. MALMER
1962 a pp. 191— 194, 1962 b p. 24, CLymo 1964 p. 429). In the elevated
parts of the eastern hummock-sites normally no free water is present
during the growth period. However, in corresponding western siles
thie water level is much raised after the snow thaw and after prolonged
rain. The sparse snow over eastern siles sharply contrasts with the
deep and lasting cover over western sites [SONESSON 1969). Obviously
there ought to he better reducing conditions near the surface in western
than in eastern sites (ef. SPARLING 1967 pp. 1. 12). This is allied to greal
differences in the cation supply and cation concenlrations in precipila-
tion which would also cause a higher pH in peat of the weslern than
in the eastern sites. The effect of this supply is seen e.g. in the higher
conlents of Ca and Mg in the wesl.
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Wiborgia apterophora R. Dahlgr., a New Species of
Leguminosae from the Cape Province

By Rolf Dahlgren

Department of Systematie Botany
University of Lund. Sweden
(0. Vallgatan 18, § 223 61 Lund

ABSTRACT
DaHLGREN, H.: Wiborgia aplerophora R. Dahlgr. a New Species of Legu-
minosae from the Cape Province, Bot. Notiser 123: 112—111, Lund.

Wihargin apterophora R. DARLGR. sp. nov.. Leguminosae, is deseribed
and illustrated, It deviates trom all the previously known species of the
genus Wiborgia by ils small, relatively thim-walled and inflated fruats,
which lack a prominent wing on the upper (placentaly margin The winged
fruit has previously been considered a generic character for Wiborgta In
olher features the new species does not differ particularly from the other
species of the genus. Il 1s known only [rom the Giftherg Mountain, Van-
rhynsdorp Divison, Cape Province, Soulh Afriea.

Wiborgia apterophora R. DAHLGR. sp. nov.

Type collection: Cape Prov., Vanrhynsdorp Div., Giftberg, In sand al edge
of lands. Alt. 2,000 f1, 14,10 1953, E. ESTERNUNSEN no. 22,042 (BOL. holotype)

Shrublet. decumbenl. with slender, somewhal angular, reddish-brown
branches sparsely and adpressedly puberulous on the vounger parls.
— Leaves with prominent lubercular base, exstipulale, with a flattened
petiole only 12 mm long and adpressedly pubescent, and with three
linear-spathulale leaflets usually 5 9 X 0.8—1.3 mm large, with narrow
puberulous base and acute—apiculale apex: basal half of laminae often
canaliculate-compressed. distal hall slightly canaliculate —flat: laminae

smooth. subglabrous, — Flowers usually 2—6, in sparse racemes ler-
minaling the branchlets, — Pedicel slender, usually 1.5 2.5 mm long.
short-sericeous, — Braet and bracteoles (the latter situaled ca. 1-—2 mm

from the pedicel base) caducous, generally falling off before anthesis,
subulate-linear, ca. 0.6 1.2 mm long (the bracts larger than the brac-
teoles), £ pubescent. — Calyr tube campanulate. somewhat shorter on
the upper than on the lower side, ca. 2.0—2.2 mm long and almost
equally wide. glabrous, rather smooth: lobes short. the upper and lateral
four ones broadly triangular and ca. 0.5 mm in length. the lowest nar-
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Fig. 1. Wiborgia apterophora K. DAnLGr.: ESTERHUYSEN no, 22042, All details <5,

— A Leaf, — B—C: Upper and lower side of Teaflet apex. — D—1I5: Bract and

bracteole from flower bud, -~ F: lower.  — G: Vexillum (early stage). I1:; Ala
petal. — 1t Carina petal, — J: Pistil K: Fruit. — L: Short and long anther.

rowly triangular and ca. 0.7—0.8 mm long. — Pelals delicale, parlly
pale brown  pink, glabrous, Veadllum with a claw ca. 2 mm long and
a somewhat triangular lamina (see Fig. 1 G} ea. 5.5 1 mm large,
twisled backwards al an early stage. — Alae wilh claws ca. 2 mm long
and laminae 4 4.5 2 mm large. often twisted in the [Mowering slage;
basal broadest parts of laminae with undulate transverse folds on the
upper half, — Carina wilh claws ca. 2 mm long and laminae ca. 5.5 < 2.5
mm large; laminae wilh rather prominent upper basal ears and distinct
laleral spurlels: the upper sides only slightly curved (see Fig. 1 I} and
the apex obtuse. - Pistil with long slipe and slender style: ovules 2.
Fruit with a stipe up to 2 mm long, ovoid, somewhat inflated, excl.
stipe and style (and in laleral view) ca. 42 mm large, more than
2 mm thick, glabrous, wingless, bul with a broad obluse ridge on the
placental side. IFruit walls thinner and more fragile than in the other
species of the genus. Seed solitary.
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I'ruticulus decumbens, ramulis adpresse puberulis, fusco-purpureis. Peliolus

1—2 mm longus, pubescens. Foliola lineare spathulala. plerumque 5—9 <
0.8—1.3 mm, subglabra, truncala cum acumine (apiculata). Inflorescentia
racemosa, sparsa, fere 2—6-flora, Pedicellus 1.5—2.5 mm longus, breviter
sericeus. Bracteae et bracteolae deciduac. lineares vel late subulatae, 0.6—1.2
mm longae, Tubus calyeis campanulatus, extus glaber; lobi breviler triangu-
lares, 0.5—0.7 mm longi. Petala pallide rosea, glabra. Lamina vexilli anguste
triangularis, 5.5X4 mm, apiculata; unguis ca. 2 mm longus. Laminae alarum
ci. 4 4.5 <2 mm. Laminae carinae lunatae, oblusae. ca. 55X 2.5 mm. Fruc-
tus longe slipitatus, ovoideus, ca. 4X2 mm ([slipite et stylo excl), > 2 mm
crassus, fere intlatus, glaber, apterophorus, supra late el obtuse erasso-cristala,
— Typus speciei: ESTERUUYSEN no. 22042 (BOL holotypus).

W. apterophora differs from the other species in the genus mainly
in the fruils, which are exceptionally small, turgid, and thin-walled,
and which lack a prominent wing on the placental side. In the pre-
viously known Wiborgin species the fruits are larger, hard. L compres-
sed, and provided with a marked or even broad wing on the upper side,
Sometimes the lower side is winglike as well, and in certain species the
fruils bear winglike appendages also on the sides (sce DAHLGREN 1963
fig, 80 K on p. 265). Thus they could be classed as samaras,

Morphologically W. apterophora comes closest to W. obcordata
THUNB.

The genus Wiborgia is geographically most frequenl and variable on
the lowlands belween the Malmesbury and Vanrhynsdorp Divisions.,
but ranges into Little Namaqualand in the northwest and past Swellen-
dam in the southeast. It is important in the vegetation of the sandy
lowland areas west and north of the Cedarberg Mountains.

The problems of specific delimitation in the genus are great because
of the vegetative similarities between the species. the variability of the
fruil shape. and the shortness of collected material with flowers as well
as fruils. The difficullies partly lie in combining flower and fruil
malerial,

The genus contains approximately 10 species.
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Wind Dispersal of Allium Bulbs

By Lars Ekberg
Department of Plant Geography,
University ol Gothenburg, Sweden

ABSTRACT
EkBERG, L.: Studies in the Genus Allium 1L, Wind Dispersal of Allium
Bulbs. — Bol. Notiser 123: 115— 118, Lund.

Under eertain circumstances. bulbs of AMlinm stocksianam Boiss., which
grows in subdesertic conditions, may be dispersed by the wind, They are
well protected against dryving out by thick lavers of reticulate-fibrous
tunics, The same kind of bulb tunics occur in many unrelaled species
growing under similar conditions and are considered lo he an adaplive
feature.

INTRODUCTION

SERNANDER (1906} pointed out several methods ol wind dispersal
{anemochori) in Allinm. He recognized three tvpes of diaspores:
1. Seeds (from ballistic anemochorsi.
2. Capsule surrounded by the persistenl membranous tepals and with
a part ol the pedicel.
3. The whole inflorescence.

SERNANDER considers the Iwo first alternatives as the more impor-
tanl, Examples of all the tyvpes are found in the Allinm species of Cen-
tral and South Wesl Asia. Examples of the second tvpe are: A. cucul-
latum WENDELBO and A, mirum WENDELBO both of sect. Thaumasio-
prason WENDELBO and A, spirophyllum WENDELBO of sect. Scordon
C. Koch.

The third [ype is also important. Good examples are Allium cristophii
Travry. ol seet. Acanthoprason WENDELBO and the species of sect.
Kaloprason (., KocH, such as A, caspinm (PALL.) M.B.. . protensum
WENDELBO and A. schubertii Zvcce., where not only the inflorescence
but also the shorl, somewhal inflated and fistular scape lorm the
diaspor.

Bot. Notiser, vol, 123, 1970
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Mg, 1, Alliwm stocksianmm Boiss, W 7247 The reticulate-fibrous bhulb lunics are

partly unrolled to show their thickness and lexture,

A possible fourth Ivpe of anemochori in lium is described below:

4. The diaspores are either a single bulb or a few bulbs in a cluster.
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STUDIES IN THE GENUS ALLIUM I11 117
WIND DISPERSAL OF BULBS IN ALLIUM STOCKSIANUM

During a plant collecting expedition in Afghanistan in 1969 the very
characleristic Allium stocksianum Boiss. (Fig. 1] was eollected in many
places. It grows in subdesertic conditions in Soulth Afghanislan atl alti-
tudes between 750 and 1800 m and is usually tound on slopes of small
gravelly hills with o very sparse vegelalion. Belween Kajkai and Khu-
mari in the province of Helmand, bulbs of A. stecksienum HEDGE &
ExkBERG W. 7212) were found lying on the ground which was rich in
gravel and small stones. The bulbs were. as is typical tor the species,
enclosed in a thick brown coat consisling of many lunics of reticulate
fibres that must give good protection againsl desiccation. They were
fresh and seemed to be in a good condition. In several cases there were
a few bulbs within each coat due o vegelative reproduclion from the
main bulb. Parls of the fibrous tunics were found on the ground in
many places showing that the bulbs musl have blown along the sur-
face. During this movemenl it is possible that bulbs are loosened from
the cluster, analogous lo seeds falling oul from a moving inflorescence
(tvpe 3) above. Most probably the bulbs are washed out of the ground
by heavy winter rains or have come lo lhe surface as a result ol strong
wind erosion. In places where the soil accumulates the bulbs may again
be covered and thus find good growing conditions.

FIBROUS BULB TUNICS IN ALLIUM: A CASE OF
ADAPTIVE CONVERGENCY

The thick lavers of fibrous lunics covering Lhe hulbs of Allium stock-
stanum apparently may be seen as an adaption to more or less deserl-
like conditions and is known in many species of Allium. The import-
ance ol the outer tunics in Allitn systematies is testified by. e.g.,
VVEDENSKY (1965 p. 113) bul it must not be overemphasized as mosl
probably we have here a case of adaplive convergence. The systematic
value of the ouler tunics are more on a specific level. Examples of
Southwest Asialic species with fibrous tunies, belonging to dilferenl
seclions are: 4. borszezowiit REGEL. A hamrinense HAND.-Mazz., A lon-
gicollum WENDELRG and .. viride GRossH. of secl. Aium: A. fibriferum
WENDELBO of sect. Megealoprason WENDELBO: 1. pogonotepalum WEN-
DELBO and A, scabriscapum Boiss. & ky. of seet. Rhizirideum Koci;
and A, callidictyon C. A, MEY.. A. desertorum TFORsK.. A, tonandrum
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WENDELBO, A, registanicum WENDELBO, A. sindjarense Boiss. &
HavsskN., A. stocksianum Boiss. of secl. Scordon (. KOCH.

The tunics mainly consist of the basal parls of leaf-sheaths which
split up into a reliculale or a reticulate-fibrous pattern. Due to the
dryness of the climate the tunies do nol decay and will accumulate from
year to vear. Undoubtedly the thick coat of tunies that is found in the
species mentioned above must be important as a proteclion against
desiceation of the bulb. In subgenus Melanocrommyum (WEBB &
BerTH.) WENDELBO, the main parl of the tunic consisls of the old stor-
age cataphyll which has been sucked out. This cataphvll is surrounded
by remains from the leaf-sheaths from the last vear.
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Studies in Montia L., Claytonia L. and Allied Genera

IV. The Genus Crunocallis Rydb.

By Orjan Nilsson
Department of Systematie Bolany,
University of Lund. Sweden.

. Vallgatan 18. $-223 61 Lund

ABSTRACT
NiLssoxn, O.: Studies in Montia L., Claytonin L. and Allied Genera. IV.
The Genus Crunocallis Rydh, — Bot, Notiser 123: 119—148.

Crunocallis Ryps, (sublam. Montioideae, Portulacaceae) an American
genus related to Montin 1, and Clagtonia L. The genus is desceribed and its
relationship to Monfia and Clagtonia is discussed. Wilh the aid of a series of
characters il has been possible 1o give the genus a natural circumseriplion
and delimitation against the other genera. It agrees in several respeets with
Montia to which it shows a clese relationship. The remaining genera of
Monlioideae are more different. The two species. (. chamissoi (LEDER.)
Rype. and €. calcicoln (STANDL. & StEYERM.) (. Niss, are deseribed.
(. chamissai has a weslern distribution in North America, from Alaska
to southern California and New Mexico. The species shows vegelative
reproduction by stolons and bulblets. Some anatomical and morphological
structures and the different (ypes of reduction in the inflorescence have
heen discussed in detail. €. caleicole is a local endemic of Guatemala. It
shows a great resemblance to €. chamissoi, differing in a dwarfish habit.
smaller leaves and flowers, and a reduced inflorescence. Originally it was
deseribed as a Montia species. In the descriplions particular attention
has been paid to gross morphology. bul additional characters of anatomy
and pollen morphology have been considered,

The mosl important characters in  distinguishing  Crunocallis  from
Montia are: 1. the perennial habit, 2, the stolons, J. the lype of stem
branching, 4. stomala, with subsidiary cells, on hoth sides of the leaves,
G, live almost free, equal tepals. 7. five stamens, & extrorse—laterorse
anthers, 9. the presence of a style. 10. a three-suleate capsule dehiscing
to half of its length. Among the characlers in common of the two genera

the following are important: 7. decussate leaves, 2. scorpioid cyvmes in

terminal or pseudolateral position with similar reductions. 3. similar

seeds, 4. similar panlocolpate pollen grains.

INTRODUCTION
This paper is a contribulion to the author’s studies in the subtam.
Montioideae |(Portulacaceae) previously published under the title Stu-
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dies in Montia L. and Claytonia L. and Allied Genera (NILSSON 1966,
1967).

The generic difficullies of delimitalion in the sublam. Meontioideae
have caused serious faxonomical confusion. The subfamily comprises
perennial and annual herbs with pentamerous flowers and a superior
ovary wilh basal placenlation. The fundamental floral siructures are
comparatively uniform, whereas the vegetalive parls and the pollen
grains exhibil great diversily. The species involved are usually ordered
in Clagtonia or Montia in current [loras and manuals. bul nol con-
sistently in the same genus, The present study is intended to give the
genern more definite limils and present their natural relationship based
on a thorough examinalion of their morphology. analomy. pollen
morphologv. eylology and other characleristies.

The subfam. Mentioideae (sensu Pax & HorFFMan 1934 p. 257) can
be divided into two main groups. One group (the Claytonia group| is
composed of the genus Claytonia, and to this group the genus Lemisio
Purst of the sublam. Portulacoideae probably can be added (ef.
NILSSON 1966 p. 266, 1967 pp. 327. 337). The other group (the Montia
group) comprises the genera Mona O. NiLss.. Maria . NiLss.. Nuio-
crene (TORR. & GRAY) RYDB., Neopaxia 0. N1uss., Montia L.. Limnalsine
RypB., Crunocallis Rype., and perhaps also the more deviating genus
Montiastrum (GraY] Rynp. The two main groups ol Menfioideae
appear lo represenl lwo different evolutionary lines, quile distinclive
for a long lime, at present divergenl in several important characters
fef. N1LSSON 1967). In the Montin group the morphological differences
between some laxa. particularly in their vegetalive parts. have become
more accentualed than in the Claytonia group and therefore it is natural
to treal the segregales as separale genera. The genus Crunocallis has
two species.

MATERIAL AND METHODS

Herbarium material has bheen used for this study. No living material has
been available. Experience from parallel investigations on living material from
related genera is considered, however. The malerial used covers almost the
entire distribution area of the genus (cf. Appendix p. 1441, No complete
herbarium revision is made. Material (bul not the entire material of all
herbarin) from the following herbaria has been studied: BM, €. CAN, COLO,
E, F, GB, G, JE. LD, LE, M, MT, POM, PR(, S, SMU. UPS, US, W, WRSL
{the ablbreviations follow Index Herbariorum, Ed. 5, 1964]. To the directors
and keepers of these herbaria 1 would like to express my gratitude.
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Anatomical and pollen grain preparations have heen made of herbarium
specimens.

The illustrations of organ details are camera lucida drawings made [rom
full preparations in which the vascular system has been stained with safranin
and the surrounding tissue made transparent with lactic acid. The dry material
was boiled wilh walter before the preparations were made. In the study of
the inflorescences the accompanying drawings are highly simplified.

CRUNOCALLIS BRynusrre Bull, Torrey Club 33 139, 1906

Clagtonia 1. p.p. in SPRENGEL 1825 p. 790: Clagtonia (§, scct.) Alsinastrum
Torr. & GrAY 1838 p. 201, p.p.: Clagtonia scel. Alsinastrum Tore, & Gray
sensu FENZL in LEDEROUR 1843 p. 151: Claglonia sect. Alsinastrum Torg., &
Gray sensu V. POELLNITZ 1932 po 209, p.p. (Clagtonia § Limnta ™" Alsinastrum
Torr. & Gray sensu Gray 1887 p. 282

Montia L. p.p. in GREENE 1891 p. 180: Moentia (sect.) Limnia L. p.p. sensu
RopiNsoON in GrAy 1897 p. 273; Montia sect. Alsinastrum (Torr, & Gray)
Pax & K. HorrPvasy 1934 p. 259: Montia secl. Montia sensu SWaANSON 1966
P 232, pp.

Tvpe species: Crunocallis chamissoi (LEDEBR.) Ryps. (ef. Byppera 1932 p.
313).

Perennial. glabrous, somewhal succulent. stoloniferous herbs of mod-
erate or dwarlish size. sometimes forming loose mals by means of
vegetative propagalion. Aerial stems terele, slender. rooting at base,
with one branch [rom alternaling nodes, wilhering aflter fruiting.
Stolons axillary from the slem base, filiform. rather long. terminaling
with buds or bulblets, with small opposile seales. starch-storing and
hibernaling. Leaves simple. decussate along aerial stems and hranches,
enlire. flat and = horizontally directed. sessile or shortly petiolale,
oblanceolate obovate or spathulate, pinnalely veined: leal apex with
a distinel. swollen hydathode. Stomala on both sides of the leal:
subsidiary cells two. usnally distinet, one on each side, parallel to
the guard cells: guard cells with a very minute or lacking internal
ledge: epidermal cells square— rounded wilh straight or usually slightly
undulating side walls. cuticle thick. smooth excepl along leal-margins
where wrinkled. Inflorescences o few (1- 4], lerminal or often pseudo-
lateral and axillary, scorpioid cymes with few flowers and a scarious.
small bract opposile the lowermost pedicel, varving with regard to
devolopment ol peduncle, axis, internodes and number of flowers.
Pedicels evenly recurved after anthesis. Involucral leaves two, op-
posite. equal sized, obluse or retuse. the outer clasping the inner
one, shorter than the capsule. persistent. Tepals five. equal. 2—3
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+ obovate. obtuse emarginate,

times longer than the involuerum.
petiolate. all shortly. lalerally connate at base, white —pink. Stamens
five, about 2/3 of tepal lenglh, free from each other bal shorlly adnale
to the tepals at the base: anther medilixed. extrorse or somewhat later-
orse: tepals and stamens fading rapidly after the anlhesis. Style of ovary
length or longer. falling ofl after anthesis. Style branches three. with
the stigmalic area conlined to the inner side, diverging during anlhesis.
Capsule obovoid -pear shaped. at base three-suleaie, grooves ending
at top with a small bulge (when dryj: valves three. dehiscing to Lhe
grooves, becoming reflexed and involule. Ovules three. Seeds obovoid,
compressed wilh a rounded top withoul keel. about 1—1.3 mm long, with
a distinet attachment plate and a small. flat, whilish strophiole: tesla
colliculate with distinct. low. blunt. rounded tubercles in concentric
rows. Pollen grains spherical, pantocolpate. sexine tectale. punctate and
spinulate or smooth (NPC — 763). Chromosome number unknown.
(The generic characters in common are usually not repeated in the
descriptions of the species.)

Diseussion

The discussion will mainly concern Crunocallis chamissoi, which is a
well-known species with a wide distribution in western North America.
C. calcicola was recenlly described and has not yel appeared in floras
or monographs.

SPRENGEL (1825 p. 790) placed the species in Claytonia. It was
treated in this genus until 1891, when il was transferred by GREENE lo
Montia. Torrey and GrAY (1838) established wilhin Claytonia four
“sections™ in one of which, named Alsinagstrum, they placed C. chamissoi
together with €. flagellaris BoNG. FENZL in LEDEBOUR (1843) retained
€. chamissoi within section Alsinastrum bul translerred €. flagellaris
lo another section. According to Horm (1905 and 1913). C. chamissoi
was Lhe only species of section Alsinastrum. In his monograph of the
genera in Monlioideae, vVON POELLNITZ {1932] kept . chamissoi in
section Alsinastrum but added . halli Gray which is a Monlia species
(Claytonia chamissoi var. tenerrima GrAY as a synonym). and in Lhat
he followed HOWELL (1893 p. 37).

In current floristic works and manuals the species has been variously
placed in Montia or Claytonia, The same is true of several other species
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in Montioideae. This has made the limit between the lwo genera diffuse
{ef. NILSSON 1966 p. 265).

In 1906 RYDBERG crected the new genus Crunocallis for this species.
His reasons were: “This genus has the flowers of Claytonia, but the
general habit of Montia; the mode of propagalion and the sceds are
different from both.” His gencric conception has been [ollowed here.

SWANSON (1966 p. 232) emphasized the habit and life-forms and
pollen morphology of the species in Montiotdeae, while [loral characters
were somewhat neglected. He retained only the two genera Montia
and Clagtonia. the laller of which he gave a natural limitation. The
genus Montia was subdivided inlo lour sections. The species here in
question was placed in the seclion Montia, together with M. fontana
L., M. australasica (Hook. 7.) Pax & lorrm., and M. howellii S. Wa1S.
In this way he conglomerated species which have very vague characters
in common and do not show any closer relationship jef. NiLssoN 1967).

Crunocallis belongs to the second main group of Monlioideae (cf.
p- 120) and is deflinitely separate from Claglonia (cf. NILSSON 1966 pp.
467- 368: 1967 pp. 326— 326: Swansox 1966 p. 231).

Among the genera ot the second group. Montia and Crunocallis have
a particular posilion. They have a closer allinily to each other than
to the remainder. The following morphological fealures in commaon
may be emphasized: 7. the decussate leaves. 2. the scorpioid inflo-
rescence, 3. the shape of seeds, 4. the pantocolpate pollen grains (the
colpus length is different, ¢f. N1.ssoN 1967). The characters in common
are imporlant, and it may seem doubtful whether the two genera
should be kept separate or treated as sections of Montia. Tlowever.
there are other reasons to treat them as separate genera. as will be
advocated below,

The mosl important characlers  distinguishing  Crunocallis Irom
Montia are, 1. the perennial habit, 2. the mode ol vegetative propagation
by stolons, 3. the type of stem branching with one branch per node.
4. stomala (with subsidiary cells) on both sides ol the leaf, 5. the
recurving of the pedicels after anthesis. 6. live almost free. equal tepals
distinetly longer than the involuerum. 7. five slamens. §. extrorse—
laterorse anthers with two-celled thecae, 9. the presence of a style with
stigmatic areas only on the inner sides of the style branches, /0. a three-
sulcate capsule dehiscing 1o hall of ils lenglth (ef. p. 142). Of these
characlers the floral ones must be considered with regard to the
predominant aulogamy in Monfia with its consequent floral reduclions.
However, Crunocallis caleicola seems to be autogumous too and in this
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species the floral reductions follow a somewhat differenl pattern to
thal of Montia, Rarely reduced flowers with three stamens may occur
in species which normally have five stamens per flower. This phenom-
enon is common to the whole familv. Bul in Mentia and some olther
genera the flowers regularly have three stamens.

Il is evident that Montia and Crunocatlis are the most closely relaled
gencra within Monfioideane. Compared with the other genera of the
sublamily, some more original morphological fealures seem to have heen
preserved in Crunocallis. ¢.g.. the perennial habit and the complete
flower with five large. equal tepals, five stamens, and a long siyle.
The Montia species seem 1o be more advanced - they are mainly
annuals with a rapid life cycle and have reduced flowers well adapted
to aulogamy. This view is confirmed when the distribution of the two
genera is compared. Montia is an almost cosmopolitan genus. Crunocallis
is endemic in North-—Central America where the subfamily has ils
widest differentiation. It seems reasonable lo assume that Crunocallis
originated more recently in this area: the original arca of Montia is very
uncertain,

Key to the Speeies of Crunocallis

A. Stolons with bulblets. aerial stems usually 8—15 c¢m long, leaves 1 7 em
Tong, 0.2 2.7 em broad, inflorescences normally with a pedunele and axis,
flowers abonl 0.6 1.5 em wide, white—pale pink, anthers with parallel
thecaw . iy vmin, R Rt bk o S ey T 1. (. chamissoi p. 124

B. Aecrial stems 1 -6 c¢m long, often bhranched from base, leaves 0.5 1.7 em
long, 0.2—0.6 em hroad, inflorescences without peduncle and axis, flowers
aboul 0.3—0.5 em wide, bright pink, anthers with theeae diverging at
Dase: . . ... R e L e T S A e TR b MG AT U D P T R )

1. Crunocallis chamissoi (LEDER.) RyDBERG Bull, Torrey Club 33: 139,
1906 (" Chamissonis™ )

Clagtonia Chamissoi LEDEROUR in SPRENGEL 1825 p. 790. — Clagtonia
Chamissonis "Esch{scnorTtz) in litleris! LEDEB. SPRENG.” in Chnayisso 1831
p. 562, (Non “Clagtonia chamissoi LEDER.” sensu DE CANDOLLE 1828 p. 363.)

Montia Chamissonis (LEDER.) GREENE 1891 p. 180. Montia (hamissoi
(LEDEBR.) Durann & JAcksoN 1903 p. 282, — Montia Chamissoi (LEDER.)
RopiNsON & FERNALD in GrRAY 1908 p. 388

Original collection: Unalaska, Escuscunontz (LIS lectotype; isotypes
in C, 8, and GII, some of the original specimens were sent to A, Gray), (“Type
locality: Unalaska”, ef. PipER 1906 p. 250.)
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Fig. 1. Crunocallis chamissoi. — A: Top of aerial stem with a pair of leaves and a

lerminal inflorescence: 1. axis, 2. pedicel. 3. bract, 4. peduncle. B Inveluerum

and capsule, — C: Seeds, the upper in laleral view, 1}: Part of festa. — E. Pislil.

-F: Capsule, — G: Part of perianth with stamens, — 11 Involucrum, the upper leaf
is the inner one.
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Claytonia stolonifera C. A, MEYER 1829 p. 139, tab. 3. [Amer. Ross., Sitcha,
MERTENS: LE lectotype: GH, LD isolypes.

Claytonia agualica NUTTALL in Torrey & Gray 1838 p. 201 corrected to
Clagtonia Chamissonis in Torrey & Gray 1840 suppl. p. 676, (Oregon,
NuvrTaLl: GH lectotype.i

(Claytonia chamissoi var, fenerrima Gray is a Montia sp.]

The use of “in” inslead of “ex” in the auctors of Clagtonia Chamissol is
somewhal uncertain, bul it is probable that SPRENGEL oblained information
and the specific name from LEpEBoUR, who had the original material at hand,
and that SerENGEL then redacted the text {ef. Inl. Code Bot. Nomenclature
1966, Art. 461, In this wav the established use of LEDEBOUR as auclor can
be preserved.

Moderately sized herb. Subterranean stem usually short, up to 15
em long, about 1—2 mm thick, £ horizontally and shallowly ereeping
with fibrous adventitious roots particularly from the nodes. short-
lived and soon withering in the distal part. rarly branched and
wilh one or occasionally a few aerial stems. Aerial stem erecl. ascending.
decumbent or somelimes in part creeping or floating, 2-—32 em long

(usually 8 15 em). 1—3 mm thick, weak and somewhat sappy. usually
with no or a few lateral branches at the top {cf. p. 130). sometimes rooting
at basal nodes, length and numbers of internodes variable | 0.5—8 ¢m
long and 2—21 respectively on flowering stems). Stolons one at cach
node of the stem-base (Fig. 2 A), spreading shallowly in the ground,
1 mm thick, usuvally 10—30 em
bul up to 50 em long, occasionally very shorl, 0.4—1 cm long (Fig.
2 F), internodes of variable length, 0.5—12 cm long, often pinkish or
white, ending with small pointed buds or bulblels: with thin. usually

usually branched, filiform, 0.3

small. 1—4 mm long. ovate, subacute, opposite, semiamplexicaul scales,
scales somelimes replaced by ordinary leaves on supralerrancous parts,
transitions belween stolons and normal branches oceurring  some-
times (ef. p. 131). Bulblets terminal on stolons (Fig. 2 A, D. ). solilary,
ovoidal, 2.5 —7 mm long, 2-—5 mm thick, while or pinkish. scaly, with

37 pairs ol opposile. closely set, [leshy scales on a short axis (cf.

Fig. 2. Crunocallis chamissoi. — A: General habit of plant. somewhat simplified. —
B: Diagrammalic drawing of A showing type of branching. — G: Diagrammalic
drawing of stem parl, to show position of lateral branches marked with X:
Al indicates the main stem. D: Growing bulblel with main shool and laleral
stolons, — E: Growing bulblet with main shoot and advenlitious roots. — F: Portion
of stem base with a subsessile bulblet. — G: Two flowers, the lefl in “male phase”,
the right in “female phase” {further explanation in texti. — H: Variation in tepal shape
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p. 133). Leapes 2—21 pairs (vsually 4= 10 pairs) on flowering stems,
the lowermosl often withered at anthesis. oblanceolate. narrowly elliplic
or obovate. the basal ones often spathulale (Fig, 3 A), 1—7 c¢m long.
0.2- 2,7 em broad. longer or shorter than the internodes, sessile or
the lower subsessile or often shortly petiolate: peliole winged, shorter
than blade: pinnately veined with the first branches from or near
leaf-base (Fig. 1 A): leal-base slightly dilated. almost half-clasping.
sometimes with narrow scarious margins: leal-apex acute -obtuse,
hydathode often dark on dry leaves, Stomata on both leaf-sides. some-
whal sparser and sunken on the upper (ventral) side; subsidiary cells
usually distinet (Fig. 3 I'); culicle particularly Lhick on the upper
side of the leaf. Inflorescences 13 (rarely more). each with usually
2— 8 flowers, occasionally one or up lo 13, axis usually elongale,
straight., erect, olten wilh two [lowers in anthesis simultaneously
fel. p. 134, Figs. 1 A, 41. Peduncle 0.5—5 em long, rarely very shorl or
missing. Bract one (very rarely lwoj. obtuse acute, ovate, ¢. 2 mm
long. scarious or occasionally leaf-like. opposite the lowermost pedicel,
Pedicels at anthesis 0.5—2 em long. thin, erect, after anthesis up to
4 em long. recurved from lhe base and bow-like. becoming straight
and erect again at maturily (ef. p. 134). Involucral leaves ovale — broadly
ovate, 1.3— 3 mm long, obtuse or the inner oflen retuse, bolh growing
somewhal alter the anthesis. usually shorter than the capsule (FFig. 1 B.
H). Tepals 3.5

shape, 22 3.5 times as long as the involuerum. flal, ascending or

9.5 mm long. 1.5—5 mm wide. ol about equal size and

patent at the anthesis. obovate-pandurate, obtuse. retuse or slightly
emarginate. shortly petiolate. petioles all laterally connale in Lhe basal
half up lo ¢. 0.5 mm. white or pale pink (Figs. 1 G, 2 H). Stamens 2.5-
6.5 mm long. filamenls at base dilaled and adnate to the tepals. Iree
part of filaments 2 5.5 mm long; anther often lavender in colour,
dorsifixed. 1 -2 mm long. 0.5 1.5 mm broad with parallel sides,
extrorse (Fig. 1 G): [lower prolandrous, Style thin. 1.5—4 mm long.
aboul twice the ovary length, not sharply sel off from ovary, falling
ol after anthesis from a distinel point (Fig. 1 E). Style branches three.
ather short with sparsely set, low papillae on the inner face, extended
and diverging during the late phase of anthesis {ef. p. 134). Capsule
2—3.5 mm long. three-sulcale al base. grooves of aboul half the length
of the capsule (Fig. 1 ). Opules three, all ol which only sometimes
developing lo seeds. Seed 1.0 1.3 mm long. blackish (Fig. 1 C. D).
Pollen grains 44 —47 pin diameter, colpi 16—18 @ long, teclum almost
smoolh.
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Fig. 3. Crunocallis chamissoi. — A: Variation in leaf shape: 1—7 leal series of dilferent
specimens, the left leal is the lowermost. — B: Cross-section ol the aerial stem at
a node. — C: The stele of aerial stem: 1. endodermis, 2. fibre cells. 3. cambium, 4.
xvlem parl of vascular bundle. 5. hollow of pith. — D: Cross-section of stolon with
epmdermis, starch-storing cells in cortex und the stele. — 15 Stolon, portion of
epidermis, — I: Part of ventral leal epidermis with stoma; hatched cells are
subsidiary cells. spotted cells are guard cells. — G: Section of stoma.
q Bot. Notiser, vol. 123, 1950
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Discussion, with Morphological and Anatomical Comments

Crunocallis chamissoi is a geophyte with a rather wide varialion
in ils vegelative parts. Variable fealures are: the number and length
ol internodes. the shape and size of leaves (IFig. 3 A), lhe number and
length of stolons. the branching. the number and position of inflores-
cences. and flower size. Allerations also occur in the inflorescences.
¢.g.. in the number of flowers and length of internodes. However, the
varialion does not seem o be confined to cerlain geographical areas
or ecological niches. It appears mainly modificative. The plants have
the same high phenotypic plasticily everywhere and thus the species
‘an be regarded as comparatively uniform within its entire area. Different
specimens evidently belonging lo the same clone may differ in, e.g..
the leal shape and the development of the inflorescences. The plant
follows the general pattern of modification. ie.. in moist and shady
places the plants are tall. branched. with long inlernodes. large leaves
and the inflorescence is long and many-flowered. On the other hand.
plants on open and drier places are smaller with short internodes
and smaller leaves and lhe inflorescences are oflen solilary and [ew-
flowered. and the flower are oflen deeper pink.

MODI OF BRANCHING. The branching of the stem is usually
confined to two different regions (Fig. 2 B). The basal part (often near
the ground] is usually more ramified than the lop, but the stem part
in between is normally unbranched. The basal branches are mainly
stolons.

In the apical part of the stem the first inflorescence often lerminates
the main shool while a lateral branch conlinues the growth of the
vegetalive shoot. In this case the inflorescence acquires a pseudolateral
position (Fig. 2 A). Thus the apical part of the shool can have a
sympodial type of branching. The same opinion is expressed by Hows
(1905 p. 29). who says thal the shool is not monopodial but terminated
by an inflorescence. In olther planls the shoot may be terminaled by
an inflorescence which has a truly lerminal position (Fig. 1 A).

The remaining part of the shool seems lo have a monopodial type
of branching with a main stem with lateral branches. The monopodial
branching is evident in the growlh of the hulblets. The axis ol the
bulblet is terminated by a bud. After hibernation this bud develops
and its internodes elongale. The direet continualion of the axis of the
bulblet forms the main stem of the new plant (Fig. 2 151, I side branches
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develop from the bulblet they have a later and weaker development.
forming only slolons {Fig. 2 D},

The branching of the shoot almost always follows a distinel pattern,
As a rule only one branch develops at each node. The leafs are
decussate. The branching become four-sided {in herbarium specimens
usually two-sided). Two branches in succession are at right angles,
Two branches in a row above each other are separated by four inlernodes
(Fig. 2 C}. Also the “lateral” inflorescences are included in this type
of branching. The mode of branching in Montia is different. In this
genus there are often Iwo opposite branches al each node. This has
been seen only very occasionally in Crunocallis specimens. Such “sec-
ondary” branches are usually very short and delicate, however: nor-
mally they never develop.

STEM ANATOMY. The anatomy of the aerial stem shows a greal
resemblance to that of other members of the subfamily (Fig. 3 B). The
epidermis has a rather thick culicle which is prominently wrinkled.
The cells are long and have straight side walls. The stomata are sparse.
Inside epidermis there is a thick parenchymatical cortex. Its thin-
walled cells are rather short with obluse ends and have a rounded
outline in cross section. This lissue is open and assimilatory. Its inner-
most part is differentiated as an endodemis of thin-walled cells with
distinet Casparian dots. In the stele (Fig. 3 C] there are two broad.
strap-like. collateral vascular bundles, and lwo thinner ones in an
alternaling position. These bundles change places in the following
internode; the smaller ones are replaced by the hroader. Immediately
inside the endodermis. opposile the larger bundles. there are some
thick-walled fibrous cells. The bundles are surrounded by a sheath of
parenchymatous cells. A cambium is presenl. The cenlre of the pith
is usually hollow. The stem lacks collenchymatic and stereomatic lissues
(ef. Horm 1905 p. 35). The aerial stem withers after fruiling.

STOLONS. The stolons can be regarded as basal. subterranean. lat-
eral branches (long shools) with a function in vegelalive reproduc-
tion. The internodes of the stolons are often long and the stolons are
often many-branched (Fig. 2 A). The branching follows the system of
the stem. The leaves of the stolons are usually very small and scale-like.
The stolons and the scales are white or pinkish. The stolons normally
lack adventitious roots. The development of stolons can slart in connec-
tion with the growth of the bulblels in the spring. Al the lime of
flowering often a rich system of stolons has developed. Flowering
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specimens wilh up lo 12 many-branched stolons occur, but the usual

number is 2—5, The length of the stolons is variable. Stolons longer
than 50 em are not met with in the herbarium malerial. but the
stolons are often very delicale and may easily be broken. Occasionally
there occur in lhe basal leal axils very short slolons, ¢. 0.5 em long.
with a lerminal bulblel (Fig. 2 F). The terminal. small buds continue
the growth of the slolons,

The lowermost aerial branches can be lranslormed inlo stolons. In
such a branch the supralerranean part has ordinary green leaves while
the sublerranean parl is slolon-like with scaly leaves and bulblels.
Such (ransilions are nol uncommon. The reverse condition, with stolons
passing over into aerial branches, does nol occur.

According to IHorsm (1905 p. 311, the vegelalive propagation starts
al a very early stage in the plant's life, already in the same year when
the seed has germinated, The first slolon can develop from an axil of
the colvledons.

[HorLm also deseribed a seedling. It was provided wilh a pair of
minule, hairy. epigeic colyvledons. The primary root was long bul very
thin and sparsely ramified. Its duration was not more than one season.
Then the root was replaced by advenlilious rools which lacked secon-
dary thickness growth and were nol contractile.

The anatomy of the stolons is similar to that of the aerial stem. Tl
differs in some details (Fig. 3 Di. The cuticle is wrinkled but also
provided with two distinel longiludinal ribs, one at each cell margin.
In cross section the two ribs look like two small lateral horns (Fig. 3 7).
The epidermis lacks stomata. The cortex consists of closely packed
starch-storing cells of the same form as in the aerial slem. The starch
grains are rather large, oblusely angled. No thick-walled fibrous cells
occur inside the endodermis. There is no cambium and thus no secon-
dary growth. The pith is narrow and not hollow (cf. Horwm 1905 p. 351.
The stolons are annual but probably hibernale and can conlinue growth
by the buds.

LEAVES. The leaf has a distinet palisade lissue in the upper iventral)
side and an open pnenmalic tissue in the lower. No mechanical tissue
occurs, The guard cells of the stomala have a rather dislinel upper
ledge bul the lower one is lacking or is very low (Fig. 3 G]. According
to HoLMm (1905 p. 36) the mestome bundles are surrounded by a thin-
walled parenchymatous sheath.
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BULBLETS. The bulblets develop terminally on ihe slolons. They
are shorl shools with small sealy opposile leaves closely sel on a shorl
axis. The axis is terminated by a minute bud nhidden by the seales. The
lwo basal scales are thin and miembranous and remain on the stolons
when the bulblels are shed. The remaining scales are fleshy and starch-
storing (blue with iodinel.

The bulblets are organs for hibernation and vegelalive reproduction.
They can become separated from Lhe stolons. Afler anthesis the bulblets
have a continuing growth. In spring they are considerably larger than
on flowering specimens, \t “germination”™ adventilious roots are formed
at the nodes ol the bulblel and they foree a way oul between the scales
(Fig. 2 E). The apical bud starts growing. From the original short shool
a long shoot is formed which develops into the new plant. Usually only
one plant is formed from a bulblet. Sometimes lateral branches may
develop from the bulblet; these become new stolons (Fig. 2 Dj.

One llowering specimen with 27 bulblets has been recorded in a
herbarium specimen. Probably they may be more numerous but the
slolons are easily broken and the bulblets come loose easily.

The bulblets seem to have their main importance in local reproduction.
However, il is reasonable to assume that loose bulblets can be trans-
porled by waler or otherwise and play some role in long distance
dispersal.

Small simple hairs somelimes occur on the scales of the bulblets.
According o Hora (1905 p. 36). the colyledons and lowermost leaves
of the seedlings are hairy loo. €. chamissoi is the only species in the
subfamily where hairs of any lype oceur.

The epidermis of the bulblet scales has no stomata. The mesophyll
is represenled by a compacl homogeneous lissue ol starch-storing cells,
Only three vascular bundles oceur in the scale, one median and [wo
lateral.

INFLORESCENCES. The inflorescences exhibit numerous irregu-
larities (Fig. 4). One lype, here called the normal type, is found in aboul
75 % of the investigated malerial. One specimen can have more than
one type of inflorescence. In such specimens the lowermost inflorescence
is often of normal lype while the remainder can be reduced. The
irregular inflorescences usually can be inlerpreted as derived from the
normal type.

The normal type is a pseudolateral or terminal scorpioid eyme. The
inflorescence has a stalk. here called peduncle. which is the basal part
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ol the pedicel of the lowermost [Tower (FFig, 1 A:4). Is lenglh is variable
but usually it is as long as the leaf of the axil. The lowermost flower
of the inflorescence has a minute sealy bract in an opposite position
(Fig. 1 A: 3). Other bracls are lacking. In the inflorescence the hasal
parts of the pedicels form a sympodial axis which is T slraight and
elongate 1(Fig. 1 A: ). but coiled while in bud. The number ol flowers
varies: usually they are 3 6.

Fig. 4 A -E shows the normal lype of inflorescence and a hypothetical
explanation ol il, and a number of irregular inflorescences (Fig,
4 D V). The latter are often reduced forms of the normal lype. bul in
some inllorescences additional organs ean occur — some examples of
irregular inflorescences: the internodes of the axis are nol developed,
the flower can be a single one, the bracl can be absent. another opposite
usually leal-like bract can occur. the normal bract can be leaf-like,
Iransitions between ordinary leaves and scaly bracts occur, the peduncle
=an be very shorl, only very rarely is it entirely lacking. The dilferent
reductions and additions can be combined in several ways and coales-
cences and additional branching can also cause irregularilies, Some of
the most anomalous inflorescences cannot be accurately explained.
Several of the irregularities in the inflorescence of €. chamissoi occur
also in some Montia species, However, in this genus the peduncle is
consistently lacking.

According lo Hors (1905 p. 281, the inflorescence is a regular cyme
(a dichasium) al least in the lower portion of the stem. here called
in pseudolateral position, HowrM is of the opinion that, while one laleral
branch becomes a few-flowered leafless monochasium. the other branch
develops as a vegetalive shoot. However, terminal inflorescences with
lwo lateral vegelative branches al base can occur (Fig. 4 T). which
makes Horm's explanation less probable,

ANTHESIS. In inflorescences with several flowers there may be two
(or three) in anthesis simultaneously. The filaments in the upper
flower are straight and the anthers dehiscing. The style is short and

Fig. 1. Crunocallis chamissor, variation in inflorescences, highly simplified. — A:
Hypothetical explanation of the normal inflorescence lype. — B—C: The normal
type. B: in pseudolaleral position; C: in terminal position. — D—=G: Reductions in
flower number. ;1 with short peduncle; G: without bract. — H —I. Reductions in
the mlternodes of axis. — JI: Leaf-like bracl.  — K: Withoul bract, — [.—N: Coales-
cences of different tyvpes. 0: Reduction of peduncle. — P—Q. S: Additional
bracts. — R: Leaf size reduction in normal leaves. — T: Additional lateral vegetalive
branch, — U—Y": Branched inflorescences,
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the style branches converge firmly. In the lower flower the lilaments are
usually slack and the anthers emply. The style has grown and reached
the same height as the anthers of the upper flower. The sligmatic areas
become exposed because the style branches have diverged. The flowers
are prolandrous.

The protandry follows a pattern which has been thoroughly examined
in olher species of the subfamily. The flowers can be expected to have
a rather shorl duration, probably only 2 or 3 days, During the “male
phase™ of the anthesis the stigma is probably nol receplive. Al the end
of the “female phase™ the style drops. Then the flower wilhers rapidly.
The ripening of the fruit is also rapid. In an inflorescence with 8 flowers
the lowermost capsule had dehisced while the apical flower was still
in bud. The seeds are probably actively thrown away some distance,
as in other species with a similar tvpe ol capsule.

FLOWLERS. According lo SWANSON (1966 p. 231). (. chamissol has
somelimes a sympelalous and asymmelrical corolla and the stamens
are frequently reduced to three. Ie also says that the flower only some-
limes is unreduced. These statements scem to be somewhat overem-
phasized. The tepals are laterally united at the base but only for a very
shorl distance (ef. p. 1281, In Montia the tepals are often united for
hall their length, but the perianth has also one median very deep slit.
The tepals of Crunocallis chamissoi can be slightly unequal in size and
rarely also in shape. Two tepals are then smaller than lhe remainder:
in one case the larger ones were 8.7 mm long while the smaller were
8.5 mm long. Such small differences occur in most genera of the
subfamily and can usually be ignored. In Montia the difference in size
is much more obvious, No flowers with originally three stamens have
heen observed by the present author in the material studied: thus it
cannot be a frequent condition. However. during the Tate phase ot the
anthesis the stamens have often faded and sometimes one Lo all can be

lost.

SEEDS. The formation of seeds is often very sparse and irregular in
€. chamissoi. In 148 examined capsules 42 had ripe or ripening seeds.
In the remainder (he ovules had failed 1o develop, Sell-pollination
is probably effectively prevented by the prolandrous system, which is
proved in other species. But cross-pollination may take place withoul
any obstacles. Either pollination is not forthcoming in full or 1he
development of the seeds is prevenled by other causes. When seeds
are developed. often only one or two of the three ovules develop. It is
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a common condilion thal plants with an effeclive vegelalive reproduc-
tion have a reduced sexual one.

According lo BRANDEGEE (1894 p. 87), the cotyledons have an
accumbent posilion in the seeds,

Distribution and Habitat

Crunocallis chamissoi is a North American species wilh ils main
distribution in the mounlainous areas of the west. It oceurs [rom the
Aleutian Islands and Alaska in the north lo southern California. Arizona
and New Mexico in the south. It also has some isolated localities easl
ol the mountains in Manitoba and in the driftless area of lowa and
Minnesota. The southernmost localities are in California in the San
Jacinto, Palomar and San Bernardino Mits. In the Uniled Slates the
species occurs in the Rocky Mlis.. particularly on the ecaslern slopes.
in the Sierra Nevada and Cascade Range. It has an almost continuous
distribution in the following states: California. Arizona, New Mexico,
Nevada, Utah, Colorado, Oregon, ldaho. Wyoming, Washington, and
Monlana (cl. RYDBERG 1932 p. 314 and Hrrcucock el al. 1964 p. 239).
The area is widest south of the Canadian border, along a line from
Colorado to California, and there the species is rather common
(ef. Appendixj. North of the Canadian border the distribulion area
becomes narrower and follows the coast from northern British Colum-
bia to Alaska. In Alaska it occurs mainly in (he western coaslal districts
bul also in the MI. McKinley area. IFrom the Kodiak Island it follows
the Aleutian [Islands lo their weslernmost point. the Attu Island (cf.
HurTeN 1968 p. 409). A general map, Fig. 5. shows the distribution
of the species.

The distribution area of €. chamissoi in North America is rather similar
lo lhat of some other species of sublam. Montioideae, ¢.g.. Claytonia
sibirica L. and Naioerene parvifolia (Moc¢.) Ryps. llowever. most ol
these species do not exlend their distribution so far north and south
and Lhey usually lack easlern outpost Iocalilies. Phylogeographically
Crunocallis chamissoi has many parallels in other groups of [lowering
plants in western North America (ef, HULTEN 1968).

In the southern part of its distribulion €. chamissoi oceurs in the
mountains from the foothills to middle elevation, usually below the
timberline; in Sierra Nevada Irom an elevalion of 1200 m to aboul
3000 m. in Nevada from 2000 m up to 3700 m. in Oregon Irom 750 m
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to 2000 m. In Alaska the species has localities on seashores probably
only a few meters above sea level. but also in the mountains ol the
Alaska Range at an allitude of 1000 m.

C. chamissoi grows predominantly in wet habitats: stream and creek
banks, maoist meadows, marshes, open moist woods, sandy and moist
seashores, and in springs and shallow water, also in brackish water.
The species prefers comparalively open habitats where, however. it
usually oceurs in the shade of scaltered trees or bushes. e.g.. aspen,
willows. vellow and Jeffrey pines, cte. The plant may form loose mats
on naked soil, but more oceasionally in a closed, high-grown vegetation.

Flowering Period: In the south (California) the flowering
of the species may starl in May and continue till September. In Alaska
flowering usually begins in late May and ends in August.

2. Crunocallis Caleicola (STaNDL. & STEYERM.) O. NILSSON Grana
Palynol. 7: 359. 1967

Montia caleicola STANDLEY & STEYERMARK 1944 pp. 48 19,

Original colleclion: Guatemala, Dept. Huehuetenango, Cerro Chémal

summit of Sierra de los Cuchumatanes. alt, 3700 3800 m, Aug. 8, 1942, J. A
STEVERMARK no. 50508 (17 hololypel.

Dwarfish herb, forming loose mals. Subterranean stem rather short,
up to 10 ¢m long, slender, 1 —1.5 mm thick, shallowly creeping, wilh
fibrous advenltitious rools both from nodes and internodes, often many-
branched and usually with several aerial slems. Aerial stems erect—
ascending. olten branched from base, short. 1-—6 ¢m long, 1 -2 mm
thick with lateral branches or small buds in the lowermost axils, inter-
nodes 2—6, 2—7 mm long (Fig. 6 A). Stolons spreading shallowly
beneath the ground. sparsely branched or unbranched, often pinkish.
0.3—0.7 mm thick, up to 10 em long. inlernodes ¢. 12 em long,
ending wilh minute pointed buds (bulblets not observed). with thin.
0.8—1.6 mun long. ovale, acule. opposite. semiamplexicaul seales, scales
somelimes replaced by small ordinary leaves (Fig. 6 A). lransitions
between stolons and normal branches occurring sometimes. Ledaves
2—6 pairs. the lowermosl * wilhered al anlhesis, somewhat succulent.
sessile or subsessile with an indistinel broad petiole. shorter than the
blade, leaves 0.5—1.7 em long. 0.2—0.6 em broad, longer than the inler-
nodes, oblanceolale—narrowly elliptic or basal ones narrowly spathulate;
leaf-base distinctly widened. half-clasping. often with narrow scarious
margins: leaf-apex subacute. Stomafa with Lwo, rather distinet sub-
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Fig. 5. General distnibulion of Crunocallis chamissei in North America, hatched
arcas: outside the map the distribution continues to Attu in the Alentian Islands,
A markes oul the locality of €. calcicola in Guatemala.

sidiary cells; epidermal cells with slightly undulating side walls. Inflo-
reseences 1—3. pseudolateral and axillary, with T -4 flowers. axis
and peduncle lacking (IFig. 6 3, C). Brael one, c. 2= 3 mm long, scarious,
often with a green apical point, ovale, acule. opposite the first flower.

Bot. Notiser, vol, 123, 1970



140 ORJAN NILSSON

Pedicels al anthesis 3—7 mm long, © erect, alter anthesis up to 10 mm
long, recurving like a bow. involucral leaves broadly ovale, 1.5 mm
long. the ouler clasping the inner al least at the base, obluse or slightly
emarginate, both growing somewhat after anthesis, distinetly shorter
than the capsule (Fig. 6 E). Tepals 2—3 mm long. 0.8— 1.0 mm broad,
of about equal size and shape. 1.5—2 times longer than the involucrum,
ascending in anthesis. obovate, subacute— obluse with a short petiole,
tepals connale at base lo aboul 1/7 of their length. bright pink (Fig.
6 1)). Stamens of about equal length, ¢. 1.5—-1.7 mm long. filaments
with & broad base adnate to lepals; anther medifixed, 0.3- 0.5 mm
long. + cordate or square with pointed lobes * diverging at the base.
somewhat laterorse: [lower probably autogamous (IFig. 6 D). Style rath-
er thick and short, ¢. 0.5 mm long. aboul as long as the ovary. and
distinctly set off (rom the ovary (Fig. 6 H). Style branches three, short,
wilh rather closely set long papillae on their inner side, exlending and
diverging in lale anthesis, Capsule 1.5 mm long, at base Lhree-sulcate,
grooves of about half capsule length (Fig. 6 G}. Ovules three. all of
which usually develop to seeds. Seed 1.0 —1.2 mm long, 1 mm broad,
alistening, dark chestnut hrown  blackish. Pollen grains 46—49 p in
diam.., minulely spinulate.

Discussion

Crunocallis calcicola may be regarded as a diminulive €. chamissol.
Among the characters in common some can be emphasized. The two
species are perennial geophytes with a very effective sublerranean
propagalion by means of stolons and stems. The anatomy and
morphology of the stolons show greal resemblances, e.g.. in the starch-
storing tissue and epidermis (ef. p. 131]. But no bulblets of €. calcicola
have been seen. The analomy and morphology of the stem and leaves
and the type of branching are similar. The flowers, capsules. seeds,
and pollen grains are also similar in several respects.

There exist. however. some important morphological differences which
muke it appropriate to treat the two taxa as separale species, C. calcicola

Fig. 6. Crunocallis calcicola. — A: Portion of a plant, somewhat simplified. 1.

stem, 2. stolon, 3. bud, 4. inflorescence, the flowers are cut off. — B: Highly

simplified drawing of o bhranch with inflorescences, —— C: Branch with inflorescences,

1. scarious bract, 2. pedicel, 3. laleral hranch, 4, semiscarious bract. — D: Tepals
and stamens. — F: Involuerum and eapsule. — G: Capsule. — H: Pistil.
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is a dwarfish herb with a many-branched subterranean stem. The
inflorescence is always in pseudolateral position and lacks both axis
and peduncle {¢f. p. 133}, both of which normally occur in €. chamissol.
The flower exhibits several diverging characlers. some of which. how-
ever, may be regarded as different adaptions in consequence of the
allogamy of €. chamissoi and the probably predominant autogamy of
C. calcicola.

STANDLEY and STEYERMARK (1944 p. 49) referred C. calcicola to the
genus Moniia, It is obvious that €. caleieola has some resemblance lo
several Montia species. e.g., in general habil. leaf arrangement. inflo-
rescence and small flowers. However, there are several importanl
characters which make it natural to place the species in Crunocallis.
Some characters of the Montia species are given below for comparison
icf. also p. 123). The plants are mainly annual without hibernating
stems or stolons. The stem has often a different type of branching with
lwo lateral branches from each node. The stomata lack subsidiary cells
and are resiricled to the upper side of the leaves. The pedicels become
hook-like after anthesis. Usually the tepals are dislinelly unequal in
size and they are uniled up lo about hall their length. The perianth
has a characteristic deep median slit, The stamens are normally three
ad there is usually no style. The anthers are introrse. The capsule
is usually not sulcate and its valves become separated almosl to the base.
There are some small pollen morphological differences too in. e.g.,
colpus length (ef. NiL§SON 1967 pp. 351—352).

The malerial of €. calcicola is sparse. About 30 specimens have heen
examined. At present only two collections are known. Therefore nothing
definite can be said of the intraspecific variation. It is nol impossible
that the taxonomic rank of €. cafcicola might be altered when more
exlensive malerial becomes available.

In the collections. both fruiling and flowering specimens are present.
There is only one flower in anthesis in the same inflorescence. Flowers
and almost ripe fruils can be present simullaneously in an inflorescence
or on a flowering stem.

Distribution and Habitat

Crunocallis ealcicola is known at presenl only from Gualemala in
Central America. It seems to be a local endemic plant restricted to the
Sierra de los Cuchumatanes in the department of Huehuelenango. The
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species has been collected in two places, L Cerro Chemal, and 2.
Tojquia. Another collection from Guatemala referred lo this species.
Volean Tajumuleo, Depl. San Marcos. 1940, J. A, STEYERMARK no.
35596 (7). 15 incorrectly delermined.

The species must have been isolaled [rom closely related species for
some considerable lime in this mountainous area. The soulhernmost
localities of (. chamissoi are in southern California. The only other
member ol the subfamily occurring in Guatemala is an annual Claytonia
species.

(. caleicola grows in alpine arcas al an altitude of 3700~ 3800 m,
In STaNDLEY and STEYERMARK (1944 p. 49] the allitude of the collec-
fion STEYERMARK 50127 is assigned Lo 2700 m. bul on Lhe original label
the altitude is 3700 m. The speeies occurs on ME. Cerro Chémal in woods
of Juniperus standleygi. In the alpine arvea of Tojquia it grows in lime-
stone blulls.

Flowering period: August
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APPENDIX

List of malerial examined.

Crunocallis chamissoi (LEDER.) Rypn.

USA. ALASKA: Unalaska, EscuscHorLTz (LIZ). Unalaska, Cimayisso in itin. (GH).
— Ex Unalaska, ded. Leprsour (Cl. — Unalaska, ex herb. Krarr (S). — Amer,
Bor.. EscHsCHOLTZ, ex herbh. LEneBour (Si. — Amer, Ross., Sitcha, MerTeENS (LE).
— Siteha. Merrexs (GH, LD. LEi. — Shumagin Islands, Popof Island, 1899, T.
KINcaID (S). Lake llimna Region, 1902, M. W. Gormax 123 (BM]. — Kodiak
Island. vicinity of Karluk. 1903, C. Rutrer 219 [C}. — Baranof Island, Haanus Bay,
1917, E. P. WarLker 1175 (C). — Kodiak Island, Three Saints Bay., 1931, W. .
EYERDAM 322 a (BM, GB, LD. Si. — Aleotian Islands, Umnak Island, Nikolski, 1932,
F. HULTEN 5729 (81, — Aleutian Islands, Altu, 1932, I8, HurTis 6821 (5). — Aleutian
Istands, Unimak Island, False Pass, 1932, W, . EveErnanm 2038 (5], EvErDAM 2057
(C, 81, Everpasm 2107 and 2157 (81, — Seward, 1930, . W, WENT 276 (LD}, —
Meier's R, H., RicHARDSON Hwy 175, 1935, J. P, ANDERSSON 2076 (LD. §]. — Kodiak
Island, near cannery, 1936, L. W, LivTciison 206 (BM). — Seward, 1937, E. SCAMMAN
547 IGH). — Seward, 1939, J. . ANDERSSON 5051 (S). —— Haines, 1946, M. WILL1AMS
& L. STONEHOUSE (S}, — King Salmon. heach of Naknek River. 1952, W. B. Scuo-
FIELD 2270 (S). — King Salmon. margin of Naknek River, 1952, W. B. SCHOFIELD
2598 (COLO). — Alaska Range, Tangle Lakes, along Denali Hwy e. 20 miles W of
Paxson’s. 2900 feet, 1953, G. SayTH 2092 (S,

ARIZONA: Willow Spring, 1874, J. T. Roturock 219 (GIH). — Willow Spring, 1890,
E. PALMER 570 (C, GH, §), — Bill William’s Mt.,, 1893, 1I. 1. Russy 534 (S}.
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CALIFORNIA: Soda Springs, 2700 m, 1863, W. H. Brewen 1707 (GH). — Yosemite,
1872, A, Gray [GH). — Sierra Go., 1874, ). G, LEmmoxs 27 (GH), — Near Truckee,
1878, SORME (C]. — Nevada Go., Soda Springs, 2300 m, 1881, M. E. JoNes (POM).
San Bernardino Mts., Bear Valley, 1882, §. B. & W, I, Parisn 1492 (BM, GH, §).
- imigrant Gap. 18820 M. I Joxes 2628 (BM, LE. POM,. Yosemite Valley, 1886,
H. N. Boraxnrr 374 b (GH|. — Tulare Co.. Long Meadow, 3000 m, 1888, E. PALMER
197 (BMj). — Alpine Co.. Twin Lakes, e. 3000 m., 1892, G. HANSEN 516 iBM, WRSL|.
— Alpine Co., Cahle Lake, c. 3000 m, 1892, . Haxsen (JE). Plumas Co., 1843,
M. . P. AMeEs (GH). — Goose Lake Valley, 18953, R. M. AvstiN 470 [POM,. -
Lassen’s Peak, 2000 m, 1897, M, E, Joxgs (BM, POM) - San Jacinto Vallev, along
creeks of Tamarack Valley, 1901, 11 M. ITaLn 2362 (). — Natural Bridge Meadow,
1700 m, 1904, CrLBerTsoN H027 (POM|. — Tuolumne Co., Toulumne Meadows near
Soda Springs, 1800 m, 1907. R, A. WaRe 2635 ¢ |GH. 'resno Co., Kearsarge Pass,
1910, 1. Crevmens (POM!'. — Yosemite Nal. Park, Yosemite Valley, 1300 m. 1911,
L. R. Asnrams 1147 (GH. POM). Tahoe City, Lake Tahoe Region, 1912, A TasT-
wooD 438 (G . Humboldt Co., Buck ML, near the summil, ¢ 2000 m, 1913, I. P.
Tracy 4169 (E1. — Calveras Co., Lake Tahoe Region. ML San Joaquin, c. 3000 m.
1916, H. M. Evans (Fi. — Fresno Co., Tamarak Meadows near Dinkey Grove of Big
Trees, 2800 m, 1917, A. L. GRANT 1189 (POM . — San Bernardino Mls., Huntsacker
Flats, 1700 m. 1919, . A. Mu~xz & D. M. Joaxstox 2907 (POM!. — Sutter Co., 1 mile
below Susko Meadow, 1921, H. M, Evans (Fi. — San Bernardino Mts,, Bear Valley
2 miles E of Bluff Lake, 1922, 1. A. Muxz 3619 (POM). — San Jacinlo Mts..
Tahquits Valley, 2400 m, 1922, . A. Mo~z 5991 (POM). — San Bernardino Co., San
Bernardino Mits, Bluff Lake, 2400 m, 1922, P. A, Mu~z 10440 (POM). — San
Diego Co., Palomar Mts., near Doane Valley, 1600 m, 1924, P, A, Munz 8307 (POM).
—= Tuolumne Co., Aspen Valley, 2100 m, 1932, L. Benson 3761 (POM). — Ventura
GCo, ML Pinos, head of Bitler Creek, 2800 m, 1933, J. A, Ewan 7764 (POM|. —
Tuolumne Co., Pine Crest Reercalion Area, Stanislaus Nab Forest, 1934, 1. L. WicaGins
6797 (LD). — Siskiyou Co. Siskiyou Mts., Jayne's Canyon, 2100 m, 1935, L. C.
WHEELER 3705 (GH|. — San Bernardino Co.. San Bernardino Mis, Bluff Lake,
2500 m, 1936, C. B. VoLr S016 (GHI San Bernardino Co., San Bernardino Mts..
near South Fork, 2400 m, 1937, 1. Roos 334 (POMj. — Modoc Co., between Likely
and Jess Valley, 1940, A. Eastwoon & J. T. HowgLL 8076 (GH). Mono Co., Sierra
Nevada, Mammoth Lakes Post Office, 2500 m, 1942, L. BeENsON 11238 (POM|. —
Inoy Co., Sierra Nevada, Onion Valley W of Independence, 3000 m, 1942, A, M.
ALEXANDER & 1. Kernnooa 3191 (GH). — Madera Co.. Pumice Flat Forest Service
Campgd, along upper San Joaquin River, 7800 feet, 1956, E. K. Barrs 10957 (8. - -
Mono Co., White Mountain Boad, at Campito Meadow, 10600 feet, 1963, R. M. LLovp
3173 (C).

COLORADO: nr. 7887 (L.LD). — N. Sierra Blanca, J. D. Hooker & A. Gray (GH). —
U'te Pass, 1861, Fraces (G} — Rocky Mts.. 1862, C. C. Parny (GH). - Rocky Mis., 1862,
IZ. HALL & J. P. HarsoUR 81 (GH). — Rocky Mis., 1868, G. VASEY 88 1GlI1). - - Alpine.
1872, €. C. Parry (GH). — Georgetown, 2800 m, 1878, M. E. Joxgs 345 (BM. GB, POM).

— Boulder Co., 1881, J. I. Mer. (COLO)., — Monles, 2000 m, 1886, A. IFaAsTwoobD
(LD). — Palmer Lake, 1887, A, Eastwoon (COLO). — Bear River Flats, 2000 m.
1892, C. S. CraxpaLL (GH|. — Ranche, Como, 1892, E, L. Hvces 9 (GHI. — Colorado

Mis,, aboul the head waters of Clear Creek, near Empire, 2800 m, 1892, H. N,
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PATTERSON 174 (GH). — Moon’s Ranch, 2800, 1894. C. 5. Cranparn 101 (GH.

Moon's Ranch, 14 miles W ol Livermore, 2300 m, 18904, €. J. Bager (POM.

Larimer Co., Moon's Ranch, 1894, C. J. Baker (POM). — Steamboal Springs, 1894,
(. . Baker (POM). - - El Paso Co., Ute Pass, 1896, Bioraonre 1983 a and 1983 b
(S]. — Boulder Co,, 1896, F. ). MosLEY 278 (COLO), Beaver Creek, J200- 4000 m,
1898, 14 (LD}, - Long's Peak. aspen zone, 8600 feet, 18949, T, Horsm (S}, — Bulfalo
Park. 1901, W. C. FErrIL (COLOj. -~ Magnolia, 1800 m, 1901, 1I. N. WneeLeRr 351
(COTL.OJ. Eldora, 1902, . BAMALEY B 12 (COLO:. — Cumbers. 1902, W, C, FERRiL
(COLOL. — Grant, 1901, W. M. HvesTis (COLO). Near Florissant, 1800 m, 1905,

F. RAMALEY 1360 (COLOJ. — S Boulder Canyon, 1906. W. W. Rosrixs 1630 (COLO).
— Lake 1/4 mile below Tolland, 2900 m, 1907, I'. Ramarey & W. W. RorBins 3377,
(COLOY. — Tolland, 1909, I, Ramacey & W. W. Ronreins (COLO). Park Lake,
Lindland, 1910, W. W, Ronpins 7827 (COLO| and 1913, Boppins 10141 (COLO), —
Loveland, 3000 m, 1919, P. A, Muxz 3224 (POM), — Istes Park, 1924, W, PENFOUND
363 (COLOJ. — Larimer Co., Rocky ML Nal. Park, Longs Peak Valley, 2300 m,
1928, W. Kiengnr 2046 (COLO). — Boulder Co., 3 miles below Ward on left hand.
1932, H. W. CaMpPBELL 98 (COLO). — Boulder, Estes Park, 2300 m, 1933, H.
LLENANDER (5}. Cuchara Valley, above Cuchara Pass, 3500 m, 1934, B. M. STIGALL
(COLOI. — San Luis Valley. Almosa Canyvon, 2000 m. 1936, F. RamaLey 15810
1COLO. San Luis Valley, Roek Creek Canyon near Monte Vista, 3000 m, 1936,
I. Ramarey 15632 (COLO). — Chalfee Co., Four Mile Creek, 8 miles NI of Buena
Vista. 3200 m, 1936, R. C. RoLrins 1388 (GB). — Deep Creek. near Creede, 2900 m,
1937, B. K. Stewanrt 820 (COLO|. — Deep Creek. 2 miles S of Creede c. 3000 m,
1937, B. K. STEWART 855 (COLO}. — Estes Park, Fall River, 1937, C. 1L KNOWLTON
(GH}, — Deep Creek, near Creede, 2900 m, 1938, B, K. STEwaRT 1285 (COLO), —
Middle St Vreain Canyon, 1939, H. L. Zoser (SMU, UDPS). — San Luis Valley,
Parlin-Saguache Hwy 12 of Cochelopn Pass, 3000 m. 1939, I". Ramarey & W,
GAMBILL JR. 16933 (COLO). — Wason, 3000 m, 19390, B. K. Stewarr 1454 [COLO).
— Clear Creek Co., near edge of Echo Lake not far below timberline, ML Evans,
1941, U. T. WATERFALL 3381 (GH]. — Larimer Co.. Rocky Mt. Nat. Park, Beaver
Park, 1947, £, WHITEHOUSE 18922 (SMU|. — Grand Co.. near Tabernash, A. Peler-
sen’s Ranch, 17, . WHITEROUSE 19034 (SMU!, — Boulder Co., Wagoner's Tahosa
Valley on Branch of N St. Vrain, 172 mile S of Meeker Lodge. 2700 m, 1949, L.
BOUGERE 1793 (SMU). - Boulder Co., trail from Wild Basin River S5 to Thunder
Lake, Bocky Mt Nat, Park, 2000—3200 m, W. A, WEBER 5741 (SMU). -~ Roult Co.,
Trail from Columbine to summit of Hahn's Peal, 25003500 m, 1951, W, A, WesER
6903 (COLO). — El Paso Co., along Black Squirrel Creek near its head, NI of
Colorado Springs, 1953, L. §. Rose & W, A, Weper 8192 (COLO]. — Boulder Co.,
FFront Range Trail, above Nederland, 8500 feet, 1962, (. N. Joxes 43062 (S).

1IDAHO: Lath Co.. Liltle Pottaleh River, 1892, D. L. Mc Dovaan 398 (S). — Lalah
Co.. 1892, 1. H. SaxpeerG (GI1. — Latah Co., head of Little Pottalch River, 1892,
J. H. SANDBERG el al. IBM. GH, POMi. — Near Keltchum. 1892, A. J. Mvrrorp (GH). —
Washington Co., Goose Creek, 1800 m, 1899, M. L. Joxes (POM). — St Anthony,
1901, . D, MeErmLL & E. N. WiLcox 860 (GH). — Owyhee Co.. Jordan Valley,

1911, J. F. Macsmpg 960 (GIH, POM, SMU), — Owyhee Co., House Creek., 1912,
A, NEwson & 1. F. Macsripe 1802 (E. GI1, §, SMU). Blain Co., Corral, 2000 m,
1916, J. I°. MaceripE & E. B, Pavson 2042 (E, GH, POM!. Fremont Co., Buffalo
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River. 1934, G. N. Joxgs 5183 (GHI. — Idaho Co.. near Cottonwood. 1937, 1. H.
CHIIST 7553 (SMUI. — Idaho Co., aboul 1/2 mile N of New Meadows. 1938, . G.
MEVER 1462 (BM, GH|. — Adams Co.. 4 miles W oof New Meadows. 1946, M, & G, B,

OWNBEY 2707 (S, SMU).

MINNESOTA: Queen's Bluff, Dreshach. 1889, J. M. ToLzinGer (POM). — Base of
Queen’s Bluff, 1895, J. M. Ilovzinaer (COLO, GH. POM). — Winona Co.. 1896,
J. M. HorziNGER (G, 1897, HOLZINGER (SMU}. — Winona Co., Queen’s Bluff, 1919,
(.. 0. RosEXDAHL 3839 (GH).

MONTANA: Gallalin Co., West Yellowstone, 2200 m. 1920, 12, B, Pavsox 1935 (GI),

NEVADA: Reno, F. H. Hinusman (POM). Iarallat Mis,, 2000 m, 1868, S, Warso~
(GH), — Esmeralda Co., White Mls.. 400 m, 1888, W. Il. STockLeEy 590 (GHI, -
Reno, foothills, 2000 m, 1897, M. X, Joxgs (POM). — Ormsby Co.. Kings Canon.
1700—2000 m, 1902, C. F. Baker 901 GH, POMI. — Jarbidge, 2300 m. 1912, A,
NELsoON & J. F. Macsmne 2056 (GHJ. Washoe Co., Thomas Canyon, 2700 m,
1912, P. B. KENsEDY 1877 (GH). — Washoe Co.. Lemmon Valley. 2000 m, 1913, P. B.
KeENsEDy 2088 (15, G Duch Creek, Schell Creek Mis., 1924, M, E, Jones (POM]).
— Esmeralda Co., Chintoviteh Creek, While Mts., 2450 m, 1931, V. Drnrax 3079
(¢, E, GH. LD, POM, PRC, 5). — Nye Co., Monitor Range, Toivabe Nat. Forest,
Seuffe Pasture, head of Baily Creck, Table Mt 3100 m, 1945, B. Macuireg & A, 1L
HoLMGREN 25732 (GH. W),

NEW MEXICO: Colfax Co.. Intervales, 1896, Q. St. Joun 85 (GH). — Rociada.
1005, J. E. DANDELIN (GH). — Pecos River Nat. Forest, mouth of Pouchuelo Creek.
2800 m. 1908, P, C. STANDLEY 4092 (GH],

OREGON: Ex herb. J. A, Lowrrnn 1201 (GI. €. AL GEYEr 531 (BM). Oregon
1866, NurTaLL (GH). — Banks, Shunap, 1872, M. W. Harrixgton (GH), —
Grant’s Pass. 1881, T. HowerL (Cl. — Waldo Co.. Grant’s Pass, 1884, T. HOowELL
(GII. — Malheur Co., near Harper Ranch, 750 m. 1896, J. B. LEIBERG 2111 (BM. GH.
POM. §i. - Klamath Co.. Keno, 1920, M, FE. Pecg 9348 (GHI. — Klamath Co.,
Swan Lake Valley, 1923, . 1. AprrLEGATE 3559 (LD, Josephine Co., Bolar Lake,
Siskivou Mts. 1700 m, 1935, 1. W, ‘Tnoneson 12505 (LD}, — Lake Co., 4 miles N
of Lakeview, 1940, C, L. Hrrencock 6738 (POMI. — Crook Co., Indian Creek just

N of Big Summit Prairie, Ochoco Mts.. belween Prineville and Mitehell. 1700 m, 1953,
A. CroxguisT 7375 (LD, S).

UTAH: 10 miles N of Fish Lake. 3000 m, M. E. JoNgs 5831 (BM. POMI. —

Uinta Mis., 2000 m, 1869, S. WaTson 181 [GH). — Fish Lake, 1882 and 1894,
M, I Joxes (POM), — Utah Co.. ML Timpanogos, Wasateh Mis. 2200 m, 1927, A, O.
GarnerT 36566 (LDI. — Blacksmith Forks Canvon, 1800 m, 1932, B. & R. MAGUIRE

A351 (GH. POM). Garfield Co. Pleasant Creek Channel, near Wild Cat R, Sta., I£
IFace Aquarius Platean. Powell Nat. Forest, 1932, H. Dixox 646 (7).

WASHINGTON: J. 6. Cooper (GHI. Cimeoe Mis., 1880, T. J. HoweLL (GBI, — Roy.
1889, O. H. Avres 93 (GH). — Faleon Vallex, 1890, W, N. SUksporr 958 (GHl. —

Pullman, 1893, C. V. PreEr 1712 (GH}. — Spokane Co., near Rock Creek, 750 m,
1804, J, H. SanpRERG & J. B. LEmsera 88 (BM, C, GH., S), — Whitman Co., Pullman,
1807, A, DL E. Ermer 818 (POM). — Kittitas Co., N of Ellensburg. 1942, J. W.
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TraoMmprson 8361 (C, GH, LD}, — Asotin Co., 1/2 mile W of Analone Butte, 10 miles
SW oof Anatone, 1500 m, 1949, A, CroxguisT 5927 (COLO, 8, SMU).

Wryosming: Pole Creek, 1895, A, NELsSON 1337 (8). — Green lop. 1897, A, NELSON
3250 (BM, POM|. — Yellowstone Nat. Park, Yancey's, 1899, A, & 2. NELsoN (BM,
GH, POM, S, UPS, WRSL). — Head of Lake Sybille, 1894, A. NeELso~x 309 (GH). —
Albany Co., Chug Creck, 1900, A. Nersox 7343 (COLO. GIl, LD, POM, §). — Big
Horn Co., Canon Creek, 1901, I.. N. GooppmNg 401 (GH). — Yellowslone, 2600 m,
1907, E. O, Essia (POM). — Dale Creek, 1908, J. CLEMENTS [GH). — Hawk's Ranch,
25 miles S from Laramie, 1918, J. R. Covrcminn (GHY. Yellowstone Park, Gibbon
River 1921, K. M. WitGanNp el al. 875 (F) .— Yellowslone Park, Havden Valley,
1925, . H. HAwWERINS (MT). — Albany Co., Douglas Creek., Medicine Bow Mls., 1929,
G. J. GoopMax 899 (M), — Albany Co., Along Crow Creek, Laramie Mts,, 1934, C. L.
PORTER 1469 (58], — Albany Co., in the vicinily of Vedawoo Glen, Laramie Mts., 2800
m, 1935, R. C. Roniuins 993 (GH). — Albany Co., Pole ML, Region, 2800 m, (. L.
PORTER 4023 (GH, SMU, UPS), PorTER 4029 !S).

Canada. BRITISH COLUMBIA: Vancouver Island, 1875, J. MacouN {CAN). — Vancou-
ver Island, vicinity of Comoy. 1893. J. MacouN [BM). -— Vancouver Island, Comoy
1893, J. Macoun (GH). — Vancouver Island, Somas River, Alberni, 1916, J. K
Hexry & W. R, CARTER 9050 (GH}. — Vancouver Island, Alberni, Sproat Lake Falls,
1917, W. R. Carrer 149 (GH). — Vancouver Island, Sproal River, near Sproat Lake,
1907, C. O. Rosexpanr 1937 (C, GHJ.

Crunocallis calcicola (Stanpr. & StEvERM.) O, Nirss.

Guatemala: Depl. lHuehuetenango, Tojquia in Sierra de los Cuchumatanes, 1042,
JoASTEYERMARK 50127 (19, US).
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Studies in Galapagos Plants VIII'

Chromosome Numbers of Some Endemic Species

By Uno Eliasson

Department of Systematic Bolany.
University of Goteborg, Sweden

ABSTRACT

Ilrrasson, U.: Studies in Galipagos Plants VIIL Chromosome Numbers of
Some Endemic Species, — Bob Notiser 123: 149—154, Lund.

Chromosome counls of seven speeies of endemic planls of various
families in the Galapagos archipelago are reported. The following somatie
numbers have been found: Pleuropetalum darmwinii Hoox, v, (Amaran-
thaceael 2n=34. Nolana galapagensis [CHRISTOPH.) JOHNST. (Nelana-
ceae) 2n=24, Sealesia affinis Hook, v. (Compositae) 2n=068, S. crockeri
Howern 2n--68, S, hopkinsii Rowins, 2n=068, S, microcephaln RopiNs.
2n—==68, Lecocarpus [oliosus DECAISNE (Compositac) 2n 22,

MATERIAL AND METHODS

Chromosome counls were made from root tips of plants, aboul wo years
ol age, grown in green-house condilions in the Botanic Garden of Goéteborg.
The plants were grown from seeds collected in the Galapagos during the
vears 1966 and 1967,

The method used was a modification of that described by OSTERGREN and
HENEEN (1962}, Excised rool tips were pretrealed for three hours with a
solution of 8-hydroxy-quinoline {concentration 0.002 mols/litre}, and [ixed
for one minute in Carnoy (three parts alecohol, one part glacial acetic acid).
After hydrolysis in 1 N HCI for eight minutes at 60°C, the roots were stained
in Schiff’s reagent for three hours, and then left for two hours in a solution
of 5% pectinase to make the cells more easily separable. After treatment in
45 % acelic acid for twenty minutes, the root tips were squashed on a slide
under a cover slip of Vipolon plastic. The preparations were sealed by the
applicalion of a rubber solution around the edges of the cover slip. The
rubber solution was left to dry for some hours. The slides were left in acetone
over night to dissolve the plastie cover slip. Afler removal of the rubber
frame and the plastic cover slip, the slides were transferred lo a mixture of
equal parts of acetone and xylol, and then to xylol. The preparations were
mounted in DPX under a glass cover slip.

This method vielded good results for the genera Scalesia and Lecocarpus.
In Pleuropetalum and Nolana lhe chromosomes were very faintlv stained.

1 Conltribution No, 118 from the Charles Darwin Foundation for the Galipagos,
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although sufficiently so lo make counts possible. A closer study of the siroe-
ture of the chromosomes has not been possible.
The drawings were made by camera lucida.

RESULTS
Pleuropetalum darwinii 1TOOK. F. Fig. 1 A

SEED COLLECTION: Errassox 1271, I:la Isabela, Voledn Alcedo, near the
gevser on the southern inner slope of the crater. alt. ¢. 900 m. 12 Feb. 1967.

CHROMOSOMLI COUNT: 2n=234. Il was possible lo count the num-
ber in five cells, All counts originate from one plant.

The species is endemic to Galipagos and known from the islands of
Isabela, San Salvador and Santa Cruz It is a shrub 1—2 m tall. The
genus comprises live species in Cenlral America and tropical South
America, I have been unable to find any previous reporls of the chro-
mosome number in this genus. Within the family (Amaranthaceae) the
same somalic number (2n=34] has been reported in several species of
Amaranthus (cf. e.g. SHARMA & BANIK 1963).

Nolana galapagensis (Cnristorin) Jouxst, — Fig, 1B

SEED COLLECTION: Lr1asson s, Isla Santa Cruz, south side, Turtle
Bay, alt. 010 m, 11 May 1967.

CHROMOSOME COUNT: 2n=24. Counts were made in six cells. all
from one plant.

This endemic species is rather wide-spread in the archipelago and
grows on shell sand near sea level, forming rounded shrubs about one
meter in diameler. The main distributional area of the genus (and the
family Nolanaceae) is the coastal regions of Chile and southern Peru.
JOHNSTON (1936), in his monographic treatment of the family. recog-
nizes 57 species of Nolana, but according to WILLIS (1966) the genus
should comprise aboul 80 species. T'he Galapagos plant sets the extreme
northern limit for the genus.

The chromosome number of Nelana galapagensis agrees with the
number found by previous authors (CAMPIN 1925, WHYTE 1929, SAUN-
DERS 1930, DATTA 1933, SUGIURA 1936) in the mainland species “N. atri-
plicifolia”, “N. grandiflora”, “N. prostrata® and “N. lenella”. Since no
author combinations have been cited in the works mentioned, il is not
quite clear on what species the counts have been made. JOHNSTON
(1936) gives the following synonymy (valid names in bold face):
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Fig. 1. Squashed chromosome plates. — A: Plearopetalum darwinit HOor. v, —
B: Nolana galapagensis (Curistori.) Jousst. — G: Sealesin affimis Hook. F
D: S, crockeri HOWELI I S hopkinst RoBixs. — F: S, microcephala ROBINS, —

G Lecocarpus foliosus DECAISNE
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N. paradoxa LINDL. = N. atriplicifolia D. DoN = N, grandiflora LEH-
MANN. while N. grandiflora 11ERzoG — N. acuminata Miegrs. and N. pro-
strata L. = N, humifusa (Gouvax) Jounst. N. paradora and N. acumi-
nata are both Chilean, while N. humifusa is Peruvian. N. fenella LINDL.
is considered by JOHNSTON {op. cil. p. 81} to be of garden origin and a
chance hybrid of N. humifusa and N, paradoxa,

Scalesia ARN.

Scalesia is an endemic genus of the Compositae (Heliantheae - Ver-
besininae). HOWELL | 1941). in his monograph of the genus, treats
cighteen species, but the delimitation of several laxa is slill unsatistac-
tory. especially concerning the species wilh lobed leaves.

Chromosome counls have been made previously by ONO (1967 a)
who counted 68 chromosomes in somalic cells of S. affinis HoOk. F
and S. pedunculata HooK. v. He (1967 a, b) also discussed the sysle-
matic relationship of the genus from the data of chromosome numbers.

[ have counted chromosomes in S. affinis and in another three species
nol previously investigaled in this respect. In all of them the somatie
number was found to be 68.

Scalesia affinis Hoox. v, — Fig. 1 C

SEED COLLECTION: Eriassov s.n., Isla Santa Cruz, Academy Bay, alt.
¢. 10 m, Nov. 1966.

CHROMOSOMI COUNT: 2n=68. Counts were made in len cells, all
[rom one plant,

The species forms a shrub or small [ree, up to 3 m lall, and is dis-
tributed on the islands of Fernandina, Floreana, Isabela and Santa
Cruz. Specimens from different islands are somewhat divergent, and
three subspecies have been distinguished (ef. HARLING 1962).

Sealesia crockeri HoweLL — Fig. 1 D

SEED COLLECTION: Lriasson 1990, Isla Santa Cruz, norih-cast side,
Punta Carrién, all. 5—10 m, 21 April 1967,

CHROMOSOME COUNT: 2n=68. Counts were made in eight cells,
all from one plant.
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The species forms a low shrub about 1 m tall. 1L is restricted to lava
cliffs close to the sea on the north-east side of Santa Cruz and on the
associated islands of Baltra and Seymour.

Scalesia hopkinsii RosiNs. — [Fig. 1 12

SEED COLLECTION: Eviassox 2146, Isla Pinta, south side, alt. 200 m,
17 May 1967

CIHIROMOSOME COUNT: 2n=68. Counts were made in about twenty
cells, all from one plant.

The species forms shrubs or small trees, up to 3 m tall. In a restricted
sense. the species 1s known only from the island ol Pinta, but the deli-
mitation from olher species with deeply lobed leaves is nol altogelher
salisfactory.

Sealesia microcephala Rosivs, — Tig. 1T

SEED COLLECTION: Errassox 1301, Isla Isabela. Voleian Alcedo, on the
castern slope of the voleano, alt. 800 m, 13 Feb. 1967

CHROMOSOME COUNT: 2n=68. Counls were made in seven cells,
all from one specimen.

A small tree. 2—4 m lall. This species forms low-growing forests at
high levels on the islands of Fernandina and Isabela.

Lecoearpus foliosus DECAISNE Fig. 1G

SEED COLLECTION: EriassoN sn.. Isla Floreana, Floreana Peak, alt
350 m. 22 Nov. 1966.

CHROMOSOME COUNT: 2n=22. Counls werc made in six cells, all
from one plant

A monolypic genus of the Compositae (Heliantheae - Melampodinae |,
restricted to the island of Floreana. This low shrub, up to 1 m tall,
grows on lava ficlds near the shore as well as on the inner parts of the
island.

Chromosome counts have hitherto been published for only a lew
genera within this subltribe, but the basic number 11 has not been found
previously. The genera closest related lo Lecocarpus seem o be Melam-
podium L., and Acanthospermum ScCHRK. The only chromosome counts
hitherlo in these genera seem Lo be those of TUurRNER and FLYR (1966),
who found n=10 in two species of Melampodinm.
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Studies in South African Liliaceae

III. The Genus Rhadamanthus

By Bertil Nordenstam

Museum of Natural History,
Stockholm 50, Sweden

ABSTRACT
NORDENSTAM, B Studies in Soulh African Liliaceae, 111 The Genus
Rhadamanthus. — Bol, Notiser 123: 135—182, Lund.

In the presentl revision ol the genus Rhadamanthus SALISB. | Liliaceae-
Seilleae) all three previously described species are recognized, viz. the type
species 1, convallartoides (1. v} Bak., R, grantherus DYER, and R, cyanel-
foides Bak, Six new species are added, viz, K. monlanus B. Nonrp., R
arenicola B. Norb. R. secundus B. Nonrp., R. platyphyllus B. Norp.. R.
fasciafus B. Noro., and R. albiflorus B. NorD. The genus is closely allied
Lo Urginea, from which it differs chiefly by the mode of dehiscence of the
anthers. Rhadamanthay is conlined to southern Africa, and mosl species
oceur in arid regions.

INTRODUCTION

The genus Rhadamanthus was eslablished by SALISBURY in his
posthumously published fragment ol “The genera of plants’ (SALISBURY
1866). The genus was originally monotypice, including only Hyacinthus
convallarioides 1., F. Among the many new genera proposed in this
work, the only one subsequently accepted by BAKER was Rhadamenthus
(BAKER 1871). In "Flora Capensis’ BAKER added a second species bul
hestitalingly, viz. “R. ? cyanelloides”™ BARKER (1897). A third species.
R. urantherus DYER, was described in 19314

The present study was initialed during my stay in South Afriea in
1962— 64. when | experienced some difficulties to name properly a
few small bulbous lilies. which I had brought into cultivalion (in
Kirstenbosch, and later in the Botanical Garden of Lund, Sweden).
One of my planls appeared lo be a very distinel new species of Rhadea-
mernthus, characterized by its wo (lat and broad leaves. The other two
collections were less clear-cul. however. and 1 finally realized that a
revision of all available malerial of this small genus was necessary.
This study was acceleraled by a request from Professor MERXMULLER
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of Munich lo examine the South West African material of the genus
as well as some other collections of obscure affinity within the Iribe.
The investigalion gave Lhe surprising resull, that my own three collec-
tions represented as many undescribed species and thal another three
new species would have to be added.

The alflinities of Rhadamanihus are very clearly wilh the large
genus U'rginea. The chief difference is found in the mode of anther
dehiscence. The anthers of Rhadamanthus are said lo open by apical
pores. A more correct description is thal the anthers dehisce incompletely
by introrse longitudinal slits. When the sutures reach down below the
middle of the thecae, as in R. fascialus and R. albiflorus, the difference
from the complele dehiscence in U'rginea may seem frifling,

Some other characters may be thought of as typical of Rhadaman-
thus, e.g. the constantly hysteranthous leaves. the slender peduncle,
the spurred bracls, the pendulous gamophyllous and bell-shaped peri-
gons, and the black discoid seeds with a firm endosperm. All these
characters occur in species with complele anther dehiscence, however.
and thus have little diagnostie value in the present classification. The
importance of a gamophyllous perigon as a generic character was
stressed by Comprox. who defined the monolypic genus Urgineopsis
from Urginea on this single character (Compron 1930}, Two years
earlier Durnie had distinguished a section Pseudurginea of four
Urginea species with tepals united al the base (DUTHIE 1928]. ADAMSON
(1942) in a discussion of this character concluded that Urgineopsis
must be included in Urginer. Until the generie limits wilhin the South
African Seilleae have been revised. Rhadamanthus is best retained as
a genus. In its present circumscriplion the genus gives the impression
of a natural group ol species, wilth the exception of R, cyanelloides.
When better known the latter species certainly will have lo be excluded.

The present revision will serve to illustrate our mcomplete knowledge
ol several species. Roolstock. leaves. capsules and seeds are unknown
in R. eyanelloides. and in olher species information is lacking in one
or more of these respects, 1t is recommendable 1o sludy the planls in
cultivation. They readily set fruils and seeds and are probably aulo-
gamous. Other aspects needing further study include pollen morphology,
cylology and bulb anatomy.

The revision is based on herbarium material from the following herbaria
{abbreviations according to Laxjorw and Stariev 1964 wilth the addition of
WHK: B, BM, BOL, G, GRA, K, L. LD, M. NBG, PRLE, S, SAM, UPS. W, WHK
(= South West African Herbarium, Windhoek, South Wesl Afriea).
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RHADAMANTHUS Sipiss,

SALisBURY 1866 p. 37; Baker 1871 p. 434: BENTHAM & HOOKER 1883 p. 808:
BAKER 1897 p. 444 TuoN~NER 1915 p. 128: PinLLies 1926 p. 151: KRAUSE 1930
p- 341; Pmiceaes 1951 p. 190,

Caudex a thinly tunicated bulb; bulb seales sometimes only loosely
imbricated or even separale and stalked, apically (especially the inner
ones| oflen produced into short or rarely elongated papyraceous
sheaths: these distinetly or obscurely fasciated with £ raised cross-bars.
Roots several, fibrous.

Leaves hysteranthous. radical, erect or spreading, 1 or 2 or several—
numerous, lilitorm—linear or ovate—oblong, glabrous or pubescent.

Seape solitary, simple. erecl. lealless, glabrous or minutely puberu-
lous—scabrid with numerous small hairs or exerescences arranged in
several longiludinal rows.

Inflorescence a lax lo subdense, few- to many-flowered, oflen some-
what unilateral bracteale raceme. Bracts membranous. shorter than
the pedicels (in one species of equal length); lower bracts usually
distinclly spurred basally. Pedicels erecto-palent—spreading, £ curved
near the apex (upwards in bud and fruit, downwards during anthesis).

Perigon campanulate- subglobose; tepals  hall-closed 1o almost
spreading during anthesis, subequal or somewhat unequal, midribbed,
connale basally or up to above the middle, seldom free from the hase.

Stamens enclosed. Filaments basally adnate to the perigon or almosl
Iree, shorter to somewhal longer than the anthers. Anthers often some-
what connivent around the gynoecium (in R. cyanelloides permanently
connale inlo a cone), yellow  greenish, basifixed —medifixed. dehiscing
introrsely with incomplete longitudinal slits, which remain apical and
pore-like or proceed down to the middle of the theca or somewhal
more: thecae basally rounded or apiculate—caudate, glabrous or bar-
bellate.,

Ovary sessile. globose—ovoid—subquadrate. often lrilineate and
somewhal Iriquelrous. glabrous or papillate  puberulous. Style colum-
nar— subclavale, thick and shorl (seldom longer than the ovary) or
lacking: sligma capitate and faintly lrisulcate or craleriform with
shallowly lobed margin.

Capsule ovoid subglobose, somewhat triquetrous, often carrying the
withered perigon as a hood. glabrous, with a somewhat glislening
surface, loculicidally three-valved.
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Seeds several-—many. flattened. discoid. black or blackish brown:
tesla thin and papery. linely reticulate—rugulose, often wrinkled or
folded. Endosperm lirm. whitish.

Type species: R. convallarioides (1. ¥.] BaK.

Species 9, one of which (K. eyanelloides) may have lo be excluded
upon further study,

Distribution: Arid parts of South and Soulh West Alrica and monlane
habilats in southweslern Cape. From Central South West Africa in the
north to Stellenbosch-—Swellendam—Oudtshoorn Divisions in the south,
and in the interior reaching eastwards lo Bloemfontein. The deviating
species R. cganelloides has also a distinet distribution, being known
only from Komgha Division in the Eastern Cape Province,

Key to the Species of Rhadamanthus

1. Anthers connate to a cone, dehiscing wilh small apical pores. Tepals free
from the base. Scape stout, 40—60 em long .......... 9. R cyanclloides
1. Anthers [ree. dehiscing with apical slits sometimes reaching below the
middle of the heea, Tepals basally connate. Scape = slender, rarely up
lo 40 em long,
2. Bulb scales separate, stalked. Raceme curved to the north, distinetly
secund. Pedicels very short (1—2 mm long) . .......... 5. R. secundus
2. Bulb scales sessile, loosely or densely imbricate to a normal hulb. Raceme
ereet, all-sided or somewhat unilateral. Pedicels 3—15 mm long.
3. Anthers basally rounded and glabrous.
4. Seape quite glabrous and smooth throughout. basally surrounded
by a bwisted, distinetly cross-barred sheath. I"‘il;um'nlﬁ free from
Lhe 1117 T e TR B VAR S TR . R fasciatus
4. Seape puberulous or minutely w:lluul. ‘1[ least hcls.lll\' Sheaths,
if present, not twisted and only faintly cross-barred. Filaments
basallv adnate to the perigon.
5. Filaments very short (0.5 mm long or shorter), curved.
Flowers white, expanded ................ 8. R.albiflorus
5. Filaments almost as long as the anthers or longer (0.8—1.5
mm long). Flowers brownish—pinkish. subglobose or cam-

panulate.
6. Scape distinetly puberulous throughout or nearly so. Pedi-
cel usually shorter than perigon .... 1. R convallarioides

6. Scape minutely scabrid (or rarely pubernlous] in the
basal parl onlv. otherwise smooth. Pedicel usually longer
33T B YN (TR Ry e SN oM B o e e J 2, R montanus

3. Anthers hasally caudate. apiculate, or barbellate.
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7. Anthers bhasally  barbellate. Filaments  papillate—puberulous,
Leaves 2. broad and [lat, densely and shortly velutinous above . .
........................................ 6. R. platyphyllus
Anthers basally apiculale or caudate. Filamenls glabrous. Leaves
several. filiform—Ilinear, glabrous.

8. Bulb scales loosely imbricale wilh separate tips. Scape gla-

S |

brous. Anthers basally apieulate .......... 4. R.arenicola
8. Bulb seales densely imbricate. Seape puberulous throughoul.
Anthers basally caudate . ivo vinncvivnnes 3. Rourantheruts

1. Rhadamanthus convallarioides (.. r.) Bak.

BAKER 1871 p. 434: DURAND & Scuinz 1895 p. 373: BARER 1897 p. 444
ComprToN 1931 p. 277. — Hyacinthus convallarioides L. v.. LINNE FiL. 1781
p. 204; Toessera 1794 po 64 WinLpENOw 1799 p. 168: THUNRERG 1823 .
326; RoemeRr & SCHULTES 1829 p, 684: Kuxti 1843 p. 305, - Orig. coll:
THUNBERG, karroo below Roggeveld (Herb., THUNBERG 8519, f. c. m. THUNE,,
UPS lectolvpe: herb. LiNnyNarvs 438:12. H. e, m. L. r., LINN: ex herb.
ALSTROEMER, S: ex herb. MONTIN, §).

The species was founded on a Toespera collection, the locality of which
is given in THUNBERG 1823. MASSON's specimens in BM were no doubt collected
at the same occasion. In selecting a lectolype I have been in a dilemma. The
sheet in the Linnean Herbarium of London. with the name in the handwriting
of the vounger LINNAEUS, may scem most suitable, ITowever, on the sheet
in TarNpera's herbavinm DyER has written “Lype!” and he has also in print
expressed his opinion that the sheet in Uppsala represents “the tyvpe” (Dyver
1934). Since it is not known who first proposed the species, THUNBERG or
LINNE FIL. {(or perhaps his father), there is no reason lo depart from Dyer's
suggestion.

The combinalion R. convallarioides has always been ascribed to Savispury
(1866). According to the present rules of nomenclature (Art. 33) the combina-
tion was nol validly published by Savisetviy, who merely cited Hyacinthus
convallarioides under his new genus Rhadamant hus. Instead, the combinalion
musl be aseribed 1o Baker (1871),

Tllustr.: Fig. 1A -D. (JacQuin 1797 refers to R, montanus). — Map 1,

Bulb subglobose—ovoid. 1.5—3 ¢m in diam.. with silvery white or
greyish thin ouler tunics. Basal sheaths (withered leaf bases) short,
laxly and faintly transversely banded. apically normally pink— pale
purplish. Leaves several (c. 4—10), erect, filiform, 410 (—15] cm
H-ribbed when dry. acule

long and ¢. 1 mm thick, glabrous. green, ¢. 3
or subacute. Seape erect, often gently flexuous, 8 25 em long. 0.8—2
mm thick near the base. densely puberulous up lo below the raceme
or somelimes higher up with patent or somewhat deflexed short and
stiff acute hairs. brown or pale brownish lo straw-coloured (rarely
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reddish or purplish brown). Raceme 2.5—-10 (—12) ¢m long, somewhat
unilateral. lax lo fairly dense, 5—2)-lowered. Bracts deltoid ovate.
1—2 mm long, acute- acuminate. lower ones spurred with a 0.5—1.5

mm long spur. Pedicels = patent, some curved during anthesis to form
a subsecund raceme, (2 ) 3—10 mm long. usually aboul equalling
the perigon in length or slightly shorler, glabrous or rarely minutely
and laxly scabrid-puberulous. Flowers nodding, normally several in
flower simultaneously. Perigon broadly campanulate. Tepals narrowly
oblong-ovale or narrowly elliptic-oblong, 7—10 mm long. 2.5

3 mm
wide, connate for 2—3 mm basally, obluse, pale brownish to pinky
while with a darker midrib, puberulous-lipped. Filaments inserled
1.7—2 mm above the perigon base: the free parts linear to oblong.
L.5—2 mm long. 0.2 0.4 mm wide. flal. Anthers rich or orange yellow.
1.5 2 mm long. 0.7—1 mm wide, dehiscing wilh apiecal slits down 1o
1/3 or 1/2 of the theca length, basally rounded, glabrous. Ovary

narrowly ovoid, 2.5- 4 mm long, 1.7- -2 mm wide, glabrous [or micro-

scopically papillate), distinetly 3-lined. Style columnar—subclavate,
1.5—2.5 mm long, 0.4 0.6 mm wide: sligma capilale, shallowly tri-
sulcate. Capsule subglobose, slightly Iriquetrous, trilineate. ¢. 5 mm
long and broad, dull green with a somewhat glittering golden yellow
tinge. Seeds many, 2—2.5 mm long, ¢. 1.5 mm wide, & obovate, black,
somewhal wrinkled and finely reticulale,

Flowering period: Ocl.—Dec.

COLLECTIONS

CAPLE PROVINCE. L. Namaqualand Div.: Near Garies, X1. 1939,
ESTERHUYSEN 2610 (BOL). — Vanrhynsdorp Div.: Klaver, X. 1944,
LerroLpT (BOL, K, PRE): cull. in Kirstenbosch. XI1I. 1945 (NBG). - Clan-
william Div.: Clanwilliam, hills near the village, 200 ft, LEroLDT 517
(BOL) Behind Synnotts Location, Clanwilliam, 360 ft, X1I. 1897, LEroLpr
660 (GRA) — Pakhuis Pass, XIL 1934, Savrer 5025, grown at Bolus Herb.,
leaves added VIIL 1936, flowers XIL 1936 (BOL), grown in Mr. PILLANS
garden, leaves added VIIL 1935, flowers XI. 1935 (BOL) — Rondegat, X. 1938,
L. Borus, herb. BOL 30630 {BOL) — 10 miles NW by N of Clanwilliam,
slopes to Olifants River, X. 1958, Acocks 19758 (PRE) Slope of Kafferskraal
off Nalional Road, ¢. 20 miles S of Clanwilliam, 1000 1500 ft, XI. 1963,

Tavionr 5550 (PRE) - - Pakhuis Pass, X. 1964, colour photo and leaves from
cult,, Harpy 1749 (PRE), Calvinia Div.: Lokenburg. between Nieu-
woudtville and Boter Kloof, XII. 1946, LEicaTON 2359 (BOL) -~ Lokenburg,
flowered in cult.. XI. 1956, Acocks 18203 (PRE). Sutherland Div.:
Koedoes Mountains. X, 1950, II. ITan 284 (NBGj. — Laingsburg Div.:
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5

Fig. 1. A—D: Rhadamanthus convallarioides (Tayvonr 55501, — A: Flower, <5, -

B: Tepal and stamen, >3, —— C: Stamen, > 20, — D: Gynoecium, *10. — E—I:
R, montanus (NORDENSTAM 3308). — E: Bract, 5. - It Flower, 0. G: Stamen,
220, — H: Gynoecinm, =10, I Ovary, transverse seclion, =10, Jo Rourantherus

(BARKER 126), slamen, - 20,

Whitehill, XI. 1935, leaves added XI. 1936, Compron (BOL) — Whitehill
Karroo, XI. 1944, Compron 16387 (BOLJ, grown in Karroo Garden, X1, 1944
(NBG). — Sine loeo: TnusserG (LINN, UPS). ex herb. ALSTROEMER (S),
ex herb. MoxTiN (S) (Karroo below Roggeveld, fide Tuusserc 1823) —
Massox (BM) Bolus Herb., flowered in cnlt. X1, 1940, L. Borus (BOL).

This species was already by JacQuiN (1797) confused with another
species more common in the southwestern mountain districts of the
Cape (see further under R. montanus).
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R. convallarioides is found in karroo and dry aspecls of fynbos
(“near fynbos™ and “arid fynbos”), and il grows on slony slopes as
well as in sandy soil. The distribution ranges from L. Namaqualand
in the north to Clanwilliam in the south and eastwards to the karroo
parts of the Wittebergen in Laingsburg Division. Most localities recorded
are from low altitudes (below 500 m sm.),

2. Rhadamanthus montanus B. NORD.. sp. nov,

Hyacinthus convallarioides auct. non L. F.; JacQuin 1797 p. 42,

Orig. coll: EsTERHUvVSEN 11456, Cape DProvince, Stellenbosch Div.,
Jonkershoek Twins, ledges, NE side. 3000-—4000 ft, 12.11. 1945, leaves added
VL. 1945 (BOL holotyvpe. K, NBG).

Illustr: Fig, 1 E—I; Jacquix 1797, Plate 81. — Map 2.

Bulbus subglobosus—ovoideus vel pyriformis tenuiler tunicatus. Vaginae
inconspicuae vel destitutae indistinete transverse paucistrialae, Folia pauca
numerosa  erecta  filiformia—Ilinearia  glabra. Scapus ereclus prope basin
scabridiusculus (raro minutissime puberulus) cetera glaber plerumque cupreus
vel rufescens. Bracteae inferiores distinele calearatae. Pedicelli filiformes glabri.
Tepala elliptico-oblonga oblusa dilule fusea — rubella brunneco-costala basi
connala. Antherac luteae glabrae. theeis desuper ad medium fere dehiscentibus
basi rotundatis, Filamenta antheras longitudine aequantia vel eis paulo longiora.
Ovarimm anguste ovoideum trilinealum glabrum in stylum columnarem vel
subelavatum productum. Semina complanata nigra  fuscoalra splendentia.

Bulb subglobose—ovoid or pyriform, 1.5— 4 { -3} cm in diam.. with
light grey or lransparenl lunies. Basal sheaths inconspicuous or lacking,
with or withoul a few faint cross-bars. Leaves few—many (from 3 4
up lo c. 25), erect, filiform—Ilinear. 3—10 em long (in cult. rarely up
to 25 cm), 0.8—2 (-~ 2.5) mm thick, semiterete, 5 7-ribbed (when dry)
or indistinetly veined, green or slightly glaucous, glabrous. rarely
minulely seabrid along the veins. obtuse— subacule. Scape straight or
somewhal flexuous, 5—30 (— 40) em long, 0.7 2.5 mm thick near the
base, glabrous to the naked eye bul under the microscope minutely
scabrid wilth small excrescences on the basal hall onlv. usually reddish
brown. Raceme 2—18 (22} em long. ¢. 5 50-flowered. almosl all-
sided or somewhat one-sided. Braets ovale-acuminale or Iriangular-
cuspidate, 12 mm long with 0.5—1 (—2) mm long spur. upper ones
shorter and indistinelly spurred, often purplish and with somewhal
denlate margins. Pedicels erecto-patent- patent, 3—15 (—18) mm
long, glabrous. FFlowers nodding. bul mature capsules erect on curved
or ereclo-patent pedicels. Perigon campanulate—subglobose. Tepals
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4.5—8 mm long, 1.5—3 mm wide. elliplic-oblong, pale brown to creamy
pink with brown median stripe. obluse, basally connale for 1— 2.5 mm,
Filaments inserted ¢. T mm above the perigon base; Lhe free parls
linear, flat, 0.8 2 mun long. Anthers 1—1.6 mm long. yellow, dehiscing
to about the middle of the theca. Ovary narrowly ovoid—subconical.
1.8—3 mm long. trilineate. glabrous. Style columnar—subclavate. 1 1.5
mm long. Capsule subglobose broadly ovoid, subtriquetrous. 4-—6
(—7] mm long and broad, dull or pale green to purplish with a some-
what glistening golden linge. Seeds many, (lattened, narrowly oblong—
elliptic-obovate or somewhat broadly lunate in outline, 2.5—4.2 mm
2 mm wide: testa easily wrinkled or deformed. glossy dark

long. 1.5
blackish brown—Dblack with a minutely and faintly rugulose surlace.

Flowering period: Nov.—Jan.
g1

COLLECTIONS

CAPE PROVINCE. Clanwilliam Div.: Pakhuis. Heuning Vlei, XII.
1941, ESTERHUYSEN (NBG) -~ Pakhuis, summit of peak, XII. 1941, ESTERHUY-
SEN 7423 (BOL) Summit of Pakhuis Peak. 3500 ft, XII. 1948, ESTERHUYSEN
14953, grown al Bolus Ilerb., flowers added I. — I1. 1950 and 1951, XII. 1951,
1953 and 1954, leaves added V1. 1949, eapsules and sceds added T.—11. 1949
(BOL. 2 sheels, on one of which 3 scapes of R. platyphyllus have been errone-
ously mounted) Cedarberg, Wolfherg, XIL. 14953, leaves added V. 1954,
ESTERHUYSEN 22474 (BOL). — Ceres Div.: Visgal, XIL 1946, ESTERHUYSEN
13391 (BOL) Onderboschkloof, 1. 1948, EsTERHUVSEN 14298 (BOL)
Above Witels Kloof. off Michell's Pass. XI1. 1948, grown at Bolus Herb.,
leaves added VI. 1949, EsTERnUyseN 14738 (BOL) - Elands Kloof, Cold
Bokkeveld Mts.,, 3500 ft. 111, 1951, flowers added 1. 1952 and 1953, leaves
added TV, 1953, ESTERHUYSEN 18449 (BOL} —  Michell's Pass, N slope, XI.

1952, EsTERHUYSEN 20724 (BOL). — Piketberg Div.: Piketherg, upper
W oslopes ol Levant Hill, XIL 1963, NorpexsTam 3398, also grown in Kirsten-
bhosch and Lund (§). — Worcester Div.: In convalle flum. Hex. 1700

fl. 1. 1908. leaves added IV.—VIL., Borvrs 13210 (BM, K) — Du Toits Kloof,
above Elands Kloof stream, XI1I. 1943, grown at Bolus Herh., leaves added 1X.
1945 and 1946, ESTERAUYSEN 9694 (BOL) — Stettynsberg, 4000 ft, XII. 1944,
leaves added V1o 1946, ESTERHUYSEN 11445 (BOL) — Waaihock Mis., lower
parts of Jan du Toils Kloof, I. 1949, EsTErRBUYSEN 15065 (BOL, K, UPS) —
Elandskloof, off Du Toits Kloof, XII. 1952, leaves added V.- VI, 1953,
ESTERUHUYSEN 20983 (BOL). — Paarl Div.: Near French Hoek, 1. 1932,
Savcter 1935, flowered in cult. 1. 1933 (BOL). leaves added VII. 1932 (BM.
BOL) — Bains Kloof. I. 1940, HENRY. NBG 1001/34 (NBG) — Bains Kloof, N side
of Sebastians Kloof, V. 1940, EsTERHUYSEN (BOL), NBG 407/40. flowered in
Kirstenbosch 11, 1945 (NBG) and 1. 1951 (NBG) Slanghoek Mts., Observa-
tion Peak, 3500 1, 1. 1943, EsTERHUYSEN 8614 (BOL) — Groot Drakenstein
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Mits., Devil's Tooth, XI11. 1943, flowered at Bolus Ilerb, 1. 1946, ESTERHUYSEN
9518 (BOL) — Bailey's Peak. Bains Kloof Mts. 30003500 ft. 11. 1954,
leaves added at Bolus ITerh. X1. 1954, LsTERHUYSEN 22738 (BOL, Kk, PRE).
— Stellenboseh Div.: Banhoek, 1. 1941, CoMprToN 10346 [NBG) —
Jonkershoek Twins, NE side. 3000 4000 0t 11 1945, EstiginusseNy 11456
(BOL, K. NBG) — Emerald Dome (7), in pot at Bolus ITerb. marked 4/44,
NIL 1945, EstTEruvyses, herh. BOL 30627 (BOL) — Guardian Peak. summil,
4600 f1, 1. 1955, ESTERHUYSEN 24132 (BOL) - - Langrivier. Jonkershoek,
3700 ft, below bwin peaks, I1. 1966, Kenvroor 5675 (NBG), — Ladismith
Div.: Seven Weeks Poort, LEwrs, NBG 2671/32, flowered in kirstenbosch
XIL 1939 (NBG). — Prince Alber!l Div.: “Prince Albert”. NEETIILING,
NBG 1447/16, flowered in Kirstenbosceh 1. 1923 (BOL. — Sine loco;
Kirstenbosch, nursery, 11. 1932, herb. BOL 30631 (BOL) Bolus ITerh. in
tin, 1. 1936, leaves added X1, 1936, herh. BOL 30626 (BOLJ.

R. montanus is no doubl closely allied lo R. convallarioides. trom
which it differs in several morphological details as well as in ecology
and distribution. In the latler species the basal sheaths are usually
distinet, laxly fasciated and apically pink or purplish. and the scape
is distinctly puberulous for the grealest length and more or less pale
coloured. In R. monfanus the shealhs are lacking or inconspicuous and
only faintly fasciated. and the scape is minutely scabrid in ils basal
part and typically coppery or reddish brown in colour.

In its present circumseription R, monfanus is the most variable species
of the genus. The varialion is considerable especially in size of flowers
and [loral details and in length of scape and pedicels. Very gracile and
small-flowered specimens oceur in the northernmost parl of the distri-
bution area, viz. the Cedarbergen. In a few ol these colleclions the
leaves are minutely scabrid. whereas in other regions only quite smooth
leaves have been observed.

R. montanas is a montane species ol the western Cape mountain
districts with essentially fvnbos vegelation. The species ranges from
Cedarbergen in the north to Stellenbosch in the south and eastwards
to about Gamka River. It grows in shallow soil on stony slopes and
especially on rock ledges and in pans on boulders. al allitudes mostly
belween 600 and 1500 m s.m.

3. Rhadamanthus urantherus Dyer

Dyenr 1934 text to Plale 3247, — Ovrig. coll: Barkenr, GCape Province,
Oudtshoorn Div. | mile I of Oudtshoorn, 1932, hort, kew 933:32, flowers
added 11 1933, leaves X, 1933 (K hololype).

Il1Tustr.: Fig. 1 J: DyEr 1934 Plate 3247. Map 1.
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Maps 1—3. — 1. Rhademanthus convallarioides (®) and R, wrantherus (0], — 2,
R. montanus {© = inexact localityl. — 3. K. arenicola (®) and R, secundus (O],

Bulb subglobose—ovoid, 2—3.5 cm long, 1.5 3 em in diam.. with
grey——hrownish ouler lunies. Basal sheaths short, greyish, laxly trans-
versely banded. Leaves filiform. erecl, several (2- -8 fide DyYER), 4—6
cm long, ¢. 0.5 mm wide, subterete, green, glabrous, obluse—subacute.
Scape erect, 12—20 (in culltivation —30) cm long, 0.7—1.5 mm thick
near the base, pale brownish, minulely puberulous throughout. Raceme
gracile, lax, c. 5—10 (—12) cm long, c. 10—25-flowered. Bracts 1 1.7
mm long. triangular-ovale. acuminate: spur distinct, linguiform. 0.5
1.5 mm long (in upper bracts shorler ar obsolete]. Pedicels [erecto-

patent—) spreading, slender. filiform. 3—12 mm long, minutely and
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sometimes indistinelly scabrid-puberulous. Flowers nodding. Perigon
subglobose. half-closed. 5>—6 mm in diam. Tepals basally connate (for
c. 0.8 1 mmj, elliptic-oblong. ¢. 4 mm long and 2—2.5 mm wide, light
brown with somewhat darker midrib: apex rounded, minulely and
sparsely puberulous. Filaments basally adnate (o the perigon: the Iree
parls lincar from a broader base, ¢. L mm long. Anthers 1.5—1.7 mm
long (incl, tails], yvellow, basally distinctly and aculely caudate, dehiscing
with apical pore-like slils reaching down lo the middle of the theca or
less. Ovary pyriform— bluntly conical-ovoid, somewhal triquetrous, 2
2.5 mm long, 1.3—1.5 mm wide. puberulous. without produced style.
apically truncate with shallowly three-sulcate stigma. Capsules and
seeds unknown.

Flowering period: March—Apr.

COLLECTIONS

CAPE PROVINCE. Oudtshoorn Div.: 1 mile Ib of Oudtshoorn, 1932,
Barkenr, hort, hew 933 32, [Mowers added 11, 1933, leaves N. 1933 (K):
Oudtshoorn, 1V, 1933, Barker 126 (BOL p.p., K.

R urantheruas in habil resembles slender and small-flowered forms
of R. convallarioides and R. montanus bhut is on closer examination
readily distinguished by the caudale anthers and the puberulous ovary
without a produced style. The scape is puberulous throughout, in
contrast o R. montanus. and also in contrast to the probably closely
related R. arenicola which has a glabrous scape.

The sheel in BOL is helerogeneous. only the two left specimens
belonging to R. urantherus. The olher speeimens consist of inflores-
cences and lealy bulbs pertaining to R. monfanus and have evidently
been added by mistake from some other material cultivated at the
Bolus Herbarium.

The single locality known lies within the Little karroo. and the bulbs
were said to be growing “amongst stones™. Il is quile possible that this
easily overlooked species will be found in other Karroo areas as well.

4. Rhadamanthus arenicola B. NORD., sp. nov,

Orig. coll: Proans, herb. BOL 18253, Cape Provinee, L. Namaqualand
Div., 0.5 mile S of Walle Kraal, sandy ridge, X, 1924 (BOL holotype).
Illustr.: Fig. 2 A—F.— Map 3.
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Bulbus ambitu fere globosus: bulbi squamae imbricatae, apicibus distinetis
roseis vel dilute purpurcis leviter faseiatis. Folia filiformia plura erecta glabra.
Scapus erectus glaber. Flores nutantes m racemo laxo dispositic pedicellr lon-
gitudine flores superantes. Tepaln ad medinom vel ultra connata subinaequalia
obtusa—truncata. Antherae basi apiculalac. Ovarium ovoideum. Styles bre-
vissimus, stigmate crateriformi.

Bulb + globose in oulline, 2.5-—5 em in diam.: bulb secales somewhal
loosely imbricate, ovate—lanceolale. 1—3 em long. 0.5 1.5 em wide.
brown when dry {white—pinkish when fresh?), apically pink—purplish
blue and £ acuminate with a linear-subulale laxly and indistinetly
cross-banded sheath. Leaves erect. lililorm, several, a few cm long,
glabrous. Scape (5 ) 10—15 em long. 1—1.5 (—2) mm thick basally,
glabrous, dark brown to lighl greyish brown., Raceme lax, all-sided. c.
8—25-flowered, 37 cm long. Pedicels — patenl and curved down-
wards (after anthesis slraighl and spreading. finally curved upwards
or erecto-patent). 4—10 mm long. Bracts ovate—subdeltoid. 1—2 mm
long and 1—1.5 mm wide, acule—acuminale or short-cuspidate. lew-
toothed or subentire, shortly spurred. Perigon campanulate or sub-
globose and half-closed, 3—4 mm long and wide. Tepals elliplic-oblong,
connile to about the middle or slightly more, 3.5 + mm long, 1.3—2
mm wide, subequal, whitish or light brown, with a brown midrib.
obtuse—truncate or somewhat cucullate. Filaments adnate lo the
perigon for ¢, 0.8—1 mm; the free parts narrowly oblong—Ilinear from
a broader base, flal, ¢. 1 mm long. Anthers 1 1.2 mm long. dehiscing
with apical slits down to ¢. 1/3 from the apex, basally apiculate (=with
a short acute basal appendage). Ovary ovoid, 2--2.5 mm long. 1.5—1.8
mm wide, subtriquetrous, minutely papillate. Stgle obsolete or shorl.
up lo 0.5 mm long: stigma crateriform. concave with auriculately lobed
margin. Capsule ovoid- rounded, 4—5 mm long. Seeds narrowly oblong,
complanale. 3.7—4 mm long. 1 1.5 mm wide, shiny black, coarsely

wrinkled and finely rugulose,

Ilowering period: Ocl.— Nov,

COLLECTIONS

CAPE PROVINCE. L. Namaqualand Div.: Sandy depression N of
Withanlk, X. 1926. PILLANS 5362 (BOL) — 0.5 mile § of Walle Kraal, X. 1924,
PILLANS, herb. BOL 18253 (BOL) — 18 miles S of Violsdrilt, V1. 1963, flowered
in Kirstenboseh NI 1963, Norprssram 2847 (S). Vanrhynsdorp
Div.: Ebenezar, stony dry hills, below 500 ft, XL, Drice (“Hyacinthus
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convallarioides ¢”) (1., S} — 11 miles S of Nuwerus on Vanrhynsdorp road,
I1. 1968, KErs 2204 (S). — Laingsburg Div.: Matjesfonlein, sandy flats,

X. 1921, FFoLEy 121 (PRE).
Some of these collections are incomplete and only with some hesitation
referred Lo this species (DREGE, KERS, NORDENSTAM],

In this species the bulb scales are more loosely imbricated than in
lhe preceding species. This tendency has reached an extreme devel-
opment in the following species, R. secundus. The relalionship between
R. arenicola and R. secundus is further enhanced by some olher fealures
in common, e.g. the glabrous peduncles, the strongly gamophyllous
perigon. and the basally apiculate anthers. The closest affinily, however,
appears o be with R. urantherus. From the latter. R. arenicola is
sufficiently distinel by its peculiar bulbs. its glabrous scape, and its
shorter and less distinelly eaudate anthers.

R. arenicola seems lo prefer sandy habitats and is hilherlo known
from a few localities from Matjesfonlein in the south up to northern
Little Namaqualand.

5. Rhadamanthus secundus B. NORD., sp. nov,

Orig. ecoll: Gruss 2350, S.W. Afriea, Distr. Liideritz-Siid, Kovisberge,
301X 1959 (M holotype, WIHK].

[MMTustr: Fig. 2 G—-L. — Map 3.

Bulbi squamac discretae fusiformes stipitatae carnosae ¢ rhizomale brevi
enatac. Folin plura lineari-filiformia glabra. Scapus glaber erectus ad septen-
triones versus distinete curvatus. Bracteae ovatae aculae vel breviacuminatae
basi breviter ealearatac. Flores brevipedicellati in racemo subdenso secundo
dispositi. Tepala ultra medium connala subinaequalia obtusa truncata. Anthe-
rae basi apiculatae. Ovarium subglohosum. Styvlus brevis, stigmate erateriformi.

Bulb scales several— -numerous. separale (excepl perhaps the most
cenltral scales) and forming a lax rosette. stalked from a shorl rhizome,
clavate or ellipsoid - fusiform. carnose (probably very juicy and pellu-
cidj. whilish or somewhal pinkish. ¢. 1.5 4 mm long and 1—2 cm
wide, apically lapering or contracled to a L withered pinkish mem-
branous subhyaline sheath with a few fainl cross-bars. Rools {ibrous,

FFig. 2. A1 Rhadamanthins arenicofa (A—R: PiLLans 18253, C-—170 Fouey 121).
— A Habit, =05, — B: Bract, x5, — C: Plower, > 5 D Tepal and stamen.

%h Ior Stamen, <20, — F: Gynoecium, =100 — G L R secundus (G: DINTER
6402, H- GIESS 240501, —— G Leaves, x0.5. I1: Habit, <0.5. — I: Bract, =5, —
J: Flower, laid out, >3, — K: Stamen, <20, — L: Gynoecium, > 10,
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numerous from the rhizome. long and somewhal thickish. Leaves
several-—many, mainly [rom the central bulb scales (central bulb?).
ereel, often somewhat {lexuous, narrowly linear-fililorm, 5—8 ¢m long,
I— 1.5 mm wide, green. glabrous. flaltish 7). faintly 5-veined, obtuse

subacute. Seape erect, distinetly curved lowards the north. 8 15 c¢m
long, e. 1.5 mm Lhick. terele, glabrous, basally slraw-coloured, upwards
light brown or purplish. Raceme fairly dense and spike-like. distinelly
secund. 255 c¢m long. c¢. 10
long (lowermost bracts oflen larger|. acule or short-acuminale, basally

25-flowered. Bracts ovate. 1— 2 mm

shortly spurred: spur up to 0.5 mm long. Pedicels = palenl. straight
or curved, 1—2 mm long. Perigon campanulate. open for a short time
(subglobose in bud, acutely lachrymiform after anthesisi. 4 5 mm
long and up to 4.5 mm in diam. Tepals connate to above the middle:
the free lobes ovate—ovate-oblong, 1.5 -2 mm long, obtuse truncate
and often somewhat cucullale. brownish with green median stripe,
whitish membranous margins and rosy tips. Filaments inserled 1.5—
1.8 mm above the perigon base. linear from a dilated base, 1-—1.5 mm
long. Anthers ¢. 1 mm long, light vellow, basally apiculate, dehiseing
wilh apical oblique pores c¢. 1/3 the length of the theca. Ovary sub-
globose, 2—2.5 mm wide and long, glabrous; style very short, ¢. 0.5 mm
long: stigma concave with minutely auriculately lobed margin. Capsule
and seeds unknown.

Flowering period: Sept.

COLLECTIONS
SOUTIH WEST AFRICA. Distr. Ludevitz-Sud: W side of Buchu-

berge, VII. 1929, DinTER 6492 (B, BOL, M. 5} Kovisherge, IN. 1959, GIEss
2350 (M, WHK.

In gross morphology this peculiar species looks very different from
its congeners. The close agreement in floral morphology especially with
R. arenicola removes any doubl above the relationship, however.,

The complete separation of the bulb scales is a very unusual feature
in the family. A similar and probably homologous type ol caudex
exists in Drimia haworthioides Bak. (cf. MArLoTH 1913 p. 101).

The inflorescence is more distinetly secund than in any other species
of the genus. Because of the short pedicels [he raceme is almost spike-
like in appearance, and it always leans genlly to the north. This con-
stant inclination of the stem towards the sun is not a unique case.
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Fig. 3. Rhadamanthus platyphyllus (NORDENSTAM 33911, — A: Habit, x1. —
B: Leal. dorsal view, 2 G Leal transecl, «2. — 1) Leaf surface near apex, >5.
— E: Flower, =5. — F: Flower, dorsal view, ¥ 5, — G: Stamen. adaxial view. 20,

— H: Stamen, abaxial view, <200 — I: Gynoecium., ¥ 10, — J: Ovary, transverse
section, » 10, — K: Bract, »e. 2.5 — L Raceme m fruit, « 1.~ M: Capsule, dehisced.,

dorsal view, -0, N: Seed, x5,

Another example is afforded by the famous Pachypodinvm namaquanum
(Apocynaceae) ol the same phytogeographical region.

R. secundus is known only from the southernmost part of South
West Africa. where il has been found twice in Namib coastal desert
mountains. DINTER's colleclion has bulbs and leaves only. and Mr.
GIESS™ specimens are in flower and leafless, It is nol proved, bul very
likely. that the two collections are conspecific,
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6. Rhadamanthus platyphyllus B. Nonbp.. sp. nov.

Orig. coll: ESTERHUYSEN 18135, Cape Province, Clanwilliam Div., Ceder-
berg Tafelberg, 3500—4000 ft. 16.XI1 1950, leaves added IV, 1951 (BOL holo-
Lype).

Illustr.: Fig. 3 A

N. — Map 4

Bulbus subglobosus vel ovoideus leviter tunicatus. Folia duo subopposita
patentia plana late ovata—elliptico-oblonga integerrima supra dense et minute
velutina apice obtusa —rotundata. Scapus dense puberulus sanguinens vel rufus.
Pedicelli filitormes scabridiusculi vel glabrati. Flores sanguinei—rubelli —
dilute carnei. Tepala basi vel ad medinm fere connata. Antherarum thecae
basi divergentes barbellatac. Filamenta papillata--pubernla. Ovarium ovoideum
~—subquadratum glabrum. in stylum columnarem produetim

Bulb subglobose—ovoid, 2—3.5 (—4) em in diam.. up to 4 (—5) em
long. whilish—Ilight brownish, soft and fleshy. Leaves usually 2, sub-
opposile (the base of the first leal encloses that of the second),
horizontally spreading, broadly ovate—elliptic—elliptic-oblong, 1--4
em long, 0.6—2.5 em wide, completely entire. flat, dull green, usually
with two longitudinal impressed furrows. indistinetly veined, minutely
and densely velutinous on the upper surface. glabrous below, with
obtuse—rounded apex. Scape 3— 15 (—30) em long, 0.5 1.5 mm thick
basally, densely and shortly papillate-hirsule with palent or somewhal
declined papilliform hairs in straight lines, usually reddish brown or
purplish red. Raceme moderately dense, 1.5—10 (—12} c¢m long, 5—50-
flowered, all-sided. Braets ovate-triangular—lanceolale. acute acumi-
nate. 1-—1.5 (—2.5) mm long, dislinctly spurred: spur up to 1.5 (- 2)
mm long. Pedicels filiform. erecto-patent— spreading, 3 10 mm long.
minutely scabrid-papillale or glabrate. Flowers nodding. but capsules
finally erect. Perigon urceolate subglobose. Tepals connate for 1/4—
12 of their length, ovate-oblong - narrowly elliptic-oblong, 3.5 6 mm
long, 1.2 2.5 mm broad. reddish brown—ecreamy pink with a broad

purplish—green median stripe, wilh puberulous obtuse and somelimes
subcucullate tips. Filaments adnale to the perigon for ¢. 0.7 mm: the
free parts 1—1.5 mm long. whitish. laxly papillate-puberulous with
spreading hairs. Anthers yellow, 1 1.8 mm long. wilth basally diverging
thecac. dehiscing with apical pore-like slits 1/3 12 of the theea
length, basally barbellale with spine-like or papilliform excrescences.
Ovary ovoid—subquadrale. 1.8 2 mm long and 1.2—1.5 mm wide,
light green. glabrous. Sfyle columnar. terete, e. 1 mm long. white.
Capselde 4.5—7 mm long and broad. broadly ovoid  subglobose. sub-
triquetrous. somewhat glossy golden green or purplish brown. Seeds
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compressed. unequally elliptic-oblong 1o reniform. 3—4 mm long, 1.2—
1.5 mm wide, shiny black, irregularly folded and wrinkled and finely
reticulate.

Flowering period: (Nov.—)Dee.—Jan.

COLLECTIONS

SOUTH WEST AFRICA, Rehoboth Distr.: Arveb, Granilkuppe, 1929,
WETTSTEIN 244 (M, PRIE),

ORANGE FREE STATE., Bloemfontein Div.: Mazelspoort, sleep side
of hills. XI. 1952, MosTERT 720 (PRE}.

CAPE PROVINCE. Clanwilliam Div.: Elands Kloof, E e¢nd, XIL

1940. ESTERHUYSEN 3985 (BOL) — Below Cederberg Tafelberg, 3500—4000
ft, XII. 1950, leaves added IV, 1951, EsTERHUYSEN 18135 (BOL| — Welbedachl
Cave, Cederberg, 35004000 ft, IV. 1952, ESTERHTUYSEN (BOL). Pikel-

berg Div.: Twenly Four Rivers Kloof. near Saron, XIL 1950, Ester-
HUYSEN 17948 (BOL) Piketberg, Levant Hill. upper W slopes, XIL 1963,
NORDENSTAM 3394 (S) — Piketherg M., on top. IX. 1965, {lowers added 1.
1966, fruits 11, 1966, Barker 10308 (NBGI. — Cerves Div.: Ezelsfonlein,
lower N slopes of Tlex River Mlis,, IX. 1952, flowers added XIL 1954, [ruits L
1955, ESTERHUYSEN 20331 (BOL. Ki. — Paarl Div.: Paarlberg., 2000
3000 ft, XL—XIL., Duicr (“Hyacinthns convallarioides ¢”) (G). Wor-
cesler Div: Kloof on 8 slopes of Du Toits Peak, 25003000 11, XIIL. 1949,
leaves added IV.——VI1, 1950, fruits 11, 1950, Esternuysey 16631 (BOL, K) —
Fairy Glen Kloof, at fool of Audensberg Ridge Peak, . 1950, leaves added VI
1951, ESTERHUYSEN 16675 (BOL) —- N end of Du Toils Peak, 30003500 ft,
X. 1951, flowers added [ 1952, ESTERHUYSEN 18924 (BOL) Blaauwkop.
near Keeromsberg, lower W slopes, XIL 1951, leaves added VIIL 1952, EsTER-
HUYSEN 19627 (BOL.). Robertson Div.: Klaasvogds, at fool of Lange-
berg. 1. 1954, flowers added 1. 1955, leaves VI. 1955, fruils 11. 1955, EsTER-
MUYSEN 22686 (BOL).

R. platyphyllus is a very characteristic species. The flat and broad
leaves are unique in the genus as are also the barbellate anther bases
and the papillale filaments. The leaves are nearly always two in number
and have a minulely velvely upper surface. The scape is pubescent
throughout its length, and even the pedicels are puberulous, though
somelimes indistinctly so, or glabrescent.

The distribution of R. platyphyllus is remarkable. The main range
falls within the [ynbos region of the western Cape, and here the
species in its ecology much resembles R. montanus. (On the Piketberg
I have found both species growing together). In addition there are Two
widely distant localilies known. one in Soulh West Africa and one
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in the Orange Free State. The material [rom Lhese two oulpost localities
is certainly meagre, bul I have discovered no significant differences
from the Cape forms.

R. platyphyllus grows in shallow sandy soil on rock ledges and cliffs,
amony stones on slopes. and in rock pans and shallow basins, mainly
in situations with a northern or weslern aspect.

7. Rhadamanthus fasciatus B. NORD., sp. nov.

Orig coll: LEstyvenr 1983, Cape Provinee, Kimberley Div., Nooitgedacht,
c. 10 miles SE of Barkly West, c. 3800 ft., 15.X. 1960 (PRE holotype, LD).

Tllustr: Figs. 4 (pholograph). 5 A—C. Map 5.

Bulbus oveideus— pyriformis tenuiter tunicalus. Vaginae albidac  argenteae
conspicue fusco-fasciatae denique productae torsivae. Folium solitarium lin-
eari-filiforme glabrum. Scapus erectus glaber. Bracteae breviter vel indistinete
‘alearalae, Tepala elliptico-oblonga oblusa hasi connata. Antherae flavovirentes,
thecis basi rotundatis glabris desuper usque infra medium  dehiscentibus,
Ovarium subglobosum-—ovoideum glabrum, in stylum colummarem productum.

Bulb ovoid—pyriform, up 1o 4 em long and 3 cm in diam.. with a
thin brownish—greyish skin. Basal shealhs white— silvery grey. even-
tually 3—10 131 em long and spirally twisted around the scape
base. distinetly cross-barred with firm and raised brown stripes. Leaf
solitary, linear-fililorm, glabrous. Seape (6] 10—25 ¢m long. 1—1.5
mm thick basally, glabrous, usually brownish. Raceme often elongale,
lax o moderately dense. 3 11 em long, all-sided. ¢. 10— 30-flowered.
Bracts deltoid—broadly ovate. often somewhat irregularly and coarsely
dentate, 1 1.5 mm long. minutely and often obscurely spurred basally,
acule. Pedicels palenl or nearly so, H—11 mm long and c. 0.2 mm thick,
terete, glabrous, Flowers nodding, at least in bud. becoming more erecl
during and after anthesis. Perigon broadly campanulate. Tepals con-

nate basally (for ¢. 1 1.5 mmj, elliptic-oblong. 3.5 5.5 mm long.
1.7 2.8 mm wide, whitish to pale yellow or light brownish pink with a
brown median siripe. obtuse. puberulous-lipped. Filaments free. nar-
rowly oblong but somewhat tapering above, 1-—1.7 mm long. 0.2 0.5
mm wide. flat, white pinkish. Anthers 1.8 2.3 mm long, 0.7 1 mm
broad (near the base), green or greenish vellow, basally rounded,
glabrous. dehiscing with apical slits which eventually proceed down
to below the middle of the theca. Ovary subglobose—ovoid, ¢. 2 mm
long and 1.8 mm wide. glabrous. Style columnar. ¢. 1.5 mm long and
0.4 mm thick. Capsule and seeds unknown.
Flowering period: Aug.—Oct.
Bot. Notiser, vol. 123, 1970
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Fig. 4. Rhadamanthus fascicdus (LEISTNER 2400 from Kenhardl). Photograph by

courtesy of the Botanical Research Institute. Pretoria, South Afrvica, The scale is

in inches,
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COLLECTIONS

SOUTH WEST AFRICA. Windhoek Distr: Farm Binsenheim, VIILL
1956, VoL 11078 (M. Rehoboth Distr: Blasskranz, X. 1939, VoLk
922 (M). — Maltahohe Distr. (?): Damas. X. 1939, VoLK 788 (M)
(Probably also Rehohoth Distr.). Keelmanshoop Distr: Klein
Kuaras, X, 1923, DiNrer 5071 (B).

CAPE PROVINCE, Kenhardt Div: Kakamas, XL 1930, Furirer 0 26
(PRE)] — Gannapoorl, 22 miles SE of Pofadder, flowered in Pretoria X, 1961,
LEISTNER 2400 (PRLE, pholograph in 8, see Fig. 4). — Ilay Div.: Top
of Langehergen at Bergenaars Pad, X. 1936, Acocks in herbh, IIArsTROM 1098
(PRE. S} — Lecuwfontein, X, 1936, HArsTROM 1074 (S5). — Herbertl Div.:
Ruigtefontein. X. 1936, Acocks 1617 (PRE) Kimberley Div.: Nooit-
gedacht. e. 10 miles SE of Barkly West, ¢ 3800 1, X. 1960, LE1sTNER 1983 (LD,
PRE}. — Prieska Div.: Prieska, X 1910, Bryant 846 (PRE).

Only after some hesitation 1 refer this new species to Rhadamant hus.
since il lakes a posilion somewhal transilional to the relaled genus
Urginea. In herbaria the species may be found under this genus, and
WILMAN (1946 p. 290) cites it as “Urginea sp.” The anthers dehise by
longitudinal slits, which often eventually reach below the middle or
even to near the base of the theca. The dehiscence is never complete.
however, and the opening remains somewhat “pore-like”, having its
greatest width near the lop of the anther (Fig. 5 C).

This species is insufficiently known. since information about leaves.
capsules and seeds is incomplele or lacking. From leal remains and
label annotations it seems that a solitary hysleranthous leaf is developed.
In this connection il should be mentioned, that a minor part of the
collection Giess 9040 (S. W. Africa, Rehobolh Distr., Nabitsaus at Gr.
Aub. in herb. M and WHK)} may belong to Lhis species. viz. altogether
two bulbs, each carrving a single filiform leal and with the characterislic
cross-banded sheaths of R, fasciafus. The major part of this collection
consists of fruiting specimens. which cannol be referred to this species,
by characters of stem puberulence and bract shape (Urginea sp. ?].

The perigon ol R. fasciatus is furnished with small rectangular cells
(visible in microscope after soaking in hot waterl. which reflect the
light and add a certain brilliance to the olherwise fairly dull coloured
flowers. Similar bul more distinet and almost scale-like bodies oceur
on the basal sheaths (like in some other species of the genus).

R. Jasciatus is restricled to South Wesl Africa and adjacent parls of
the northern Cape Provinee and Griqualand West. The species grows
in rock fissures or in shallow soil. usually in a brown sandy loam,
on rocks ol dolomile. diabas or quarlz.

Bot. Netiser, vol. 123, 1970


http://olherwi.se

THE GENUS RITADAMANTIHUS 70

/ | | ¢

! |

1 j |

i |

I|\ ,ll

L/
Fig. 5. A—C: Rhadamanthus fasciatus (LE1STNER 19831 A: Tepal, 5. — B:
Gynoecinm, X 10, — C: Stamen, >20, - - F: R, alhiftorus (ACOCRKS 23242), -
D Tepal, > 5. -~ 120 Gynoecimm, > 100 — 1 Stamen, 20, — G—K: R, eyanelloides
(FraNvacan 573). — G: Tepal, 5. — I Stamen cone. =5, — It Stamen, X5, —

J: Top of anther, > 20 K: Gvnoecinm, <10,

8. Rhadamanthus albiflorus B. NORD., sp. nov,

Orig. coll: Acocks 23242, Cape Province, Swellendam Div., IHes-
quaspoort, ¢. 800 ft, 20.XI11. 1962 (PRE holotype).

ITTustr.: Fig. 5 D—F. - Map 5.

Bulbus ovoidens—pyriformis, Vaginae albidae leviter et rarve fasciatae. Seapus
erecins dense el minute scabrido-puberulus saltem in dimidio inferiore. Brac-
teae inferiores distinete calcaratae. Perigonium late campanulatum, tepalis per
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anthesin subpatentibus elliplico-oblongis obtusis albidis conspicue fusco-costa-
tis basi connatis, Filamenta bhrevissima, Antherae flavae, thecis desuper tandem
infra medinm dehiscentibus. Ovarinm oblongo-ovoideum  glahrum, apice in
stylum columnarem productum.

Bulb ovoid—pyriform, 2 3 cm long, 1.5— 2.5 cm wide, with silvery
white—greyish thin tunics. Leaves unknown., Basal sheaths thin and
papery, up to 2 em long. whilish, faintly longitudinally slriate, sparsely
and rather indistinclly transversely banded. Seape straight or gently
flexuous, 12—25 em long, 0.7—1.2 mm thick in the basal part. reddish
brown. densely scabrid-puberulous in the basal hall or somelimes higher
up with shorl and spreading or slighlly deflexed whitish hairs. Raceme
moderately dense to fairly lax. 2—6 cm long. c¢. 6—I13-{lowered. Bracts
ovale-lriangular, 1—2 mm long. acule— acuminale, distinctly {al least
the lower ones) spurred with an up to 1 mumn long lingulate or sub-
evlindric spur. Pedicels erecto-patenl  almosl spreading. filiform, 3 —%
mm long, glabrous. Flowers nodding. Perigon broadly campanulate to
almost flat. Tepals connate to ¢. 1/4 (or ¢. 1.5 mm), elliptic-oblong,
. 5.5 mm long and 2.5 mm wide, white with a distinel brown midrib,
obluse. Filaments shorl, adnale lo the perigon for c. 0.5 mm: the free
parts only 0.3—0.5 mm long, 0.4—0.5 mm wide. broadly oblong, [lal,
curved towards the gyvnoecium. Anthers yellow, 2.5 2.7 mm long. c.
[ mm wide, glabrous. rounded al the base, dehiscing with apical slils
down to or below middle of the thecae. Opary ovoid-oblong, ¢. 2 mm
long and 1.3 mm wide. glabrous. Stgle columnar, ¢. 1.8 mm long.
Capsule and seeds unknown,

Flowering period: Dec.

COLLECTION

CAPE PROVINCE. Swellendam Dive: Hesquaspoort, c. 800 fl, NII
1962, Acocks 23242 (PRE).

The remarkably short filaments al once distinguish this species from
all its congeners. The open. almost flat flowers and the white tepals
with sharply contrasting brown midribs also serve to characterize the
species,

R. albiflorus was found. according fo its collector’s note, in marginal
fynbos on northern aspect and was said to be fairly frequent. It is an
urgenl task to recollect the species and to study it in cultivation in
order to oblain informalion aboul leaves. capsules and seeds.
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9., Rhadamanthus eyanelloides Bak,

Baker 1897 p. 444 — Ovrig. coll: Fraxacan 373, Cape Provinee,
Komgha Div., grassy vallevs near Prospect Farm. 2100 ft, XII. 1889 (K
holotype, PRIZ). — (FLANAGAN 573 in BOL was according lo the label collected
in 1895, cerlainly in the same localily).

ITtustr.: Fig. 5 G—K. — Map 4.

Sublerranean parts and leaves unknown. Seape erecl, 40—60 em
long. 2 -3 mm thick basally, glabrous. straw-coloured—bhbrownish.
Faceme 1 6 cm long. all-sided, 12 —-20-flowered. Bracts ovate-acumi-
nate and wilh one lateral tooth or lobe on each side (hence ‘tricuspi-
dale’). e. 4 mm long. submembranous. the lower ones distinelly spurred
with a narrowly eylindric spur up lo 5 mm long, upper ones nol
spurred. Bracleole present, axillary. 1—2 mm long, filiform-subulale
or almost linear. membranous, Pedicels ereclo-patent. (3—1 510 mm
long. straight. glabrous. Flowers = erect. Tepals biseriate jouter 3 dis-

tinetly overlapping inner 3). [ree from the base. almost palent during

the anthesis. oblong—narrowly ovate-oblong, c¢. 7.5 mm long and
2.5 3 mm wide, with a distinet brown midrib. obluse and minutely
puberulous at the apex. Filaments free, 1 1.5 mm long. flat. ovate-
oblong, widest (0.6 0.7 mm) near Lhe base. Anfhers vellow, 5 6 mm
long, 1 mm wide or less at the base, evenly tapering upwards. per-
manently connate into a narrow cone surrounding the gynoecium.
dehiscing by small inlrorse apical pores. Ovarg oblong-ovoid. ¢. 2 mm
long and 1.2 mm broad. glabrous, marked wilh numerons small longi-
tudinal streaks. Stgle columnar. e¢. 3 mm long. Capsule and seeds

unknown.

Flowering period: Dec.

COLLECTIONS

CAPE PROVINCE. Komgha Div.: Prospect Farm, 2100 ft. XI1. 1889,
FLaxacax 373 (K, PRE) — Near Komgha, 2000 ft, X1 1895, FL.ANAGAN 573
(BOL).

This enigmalic species was with a question mark referred tlo
Rhadamanthus by Baker. who added: “Most likely a new genus”. 1
am inclined to share this view, but it seems inadvisable to describe
a new genus on the basis of the limiled and incomplete material
available. BAKER'S laconic descriplion, “rootstock, leaf, fruit and seeds
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unknown”, is unfortunalely still valid. The species should be searched
for and further studied, preferably in cullivation.

The most striking differences from olther Rhadamanthus species are
the long and stoul scape. the presence of bracteoles. the polyvphyllous
biseriate perigon. and especially the connate anthers forming a cone
around Lhe pistil and dehiseing by quite small apical pores.

The single locality lies in the neighbourhood of Komgha in the eastern
Cape.
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Notes on the Biomass and Productivity of Below-
ground Organs of a South-Swedish Hay-Meadow

By Jan Nilsson

Department of Plant Eeology,
Universily of Lund, Sweden,
O, Vallgatan 14, S-22361 Lund

ABSTRACT
NiLssox. J.o Notes on the Biomass and Productivity of Below-ground
Organs of a South-Swedish Hayv-Meadow. — Bol. Noliser 123: 183—191,
Lund.

A preliminary report on the distribution of organic matter and ils turn-
over in g South-Swedish hay-meadow is given. Ahout 91 % of the organic
maltter in the ecosvstem consists of humus, The below-ground biomass is
aboul five times as Lhe above-ground biomass. Rools and rhizomes are
concentrated in the upper lavers of the soil. In five of the six siles 87—
97 %% of the below-ground organs is found in the upper 30 cm,

The below-ground productivily has been determined as the difference
between maximum and minimum values of biomass of monthly samplings.
The variation of biomass is very regular, with the peak value at the end
of June. There is then o gradual decrease with minimuom values in Lhe
spring. The difference belween highest and lowesl values is of the ovder
1100 g/m? (11 t/haj. This is approximately 50 %o of the maximum dry
matter measurement, suggesting o lurnover for the “rool system”™ as a
whole every second year, although certain parts may persist for a longer
or shorter period,

INTRODUCTION

Many sludies on terresirial vegetation have, during later years,
deall with the produclivily ol ecosyslems, Most of them concern the
above-ground plant parts only. This may he ascribed to the difficulty
in sampling below-ground stems and rools. The quantity of roots and
their verlical distribution is ol greal importance lo the above-ground
production. In addition, the below-ground parts play an equally im-
porlant role in their effects upon the soil, especially ils content of
organic matter., An understanding of the cylie processes associated with
rool growlh and decay is ol special importance in studying hayv-mea-
dows, as most of the aerial components are removed each year.

Our knowledge of these processes in eslablished grass-swards is
scanly, MILNER and HucHEs (1968 p. 4] write: “The studies of BrRAy
(1963) and DAHLMAN and Kucira (1965 are among the few which
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have been concerned wilh the dynamies of root production and its
effect on eslimates of net primary produclion.”

The purpose of this paper is to presenl preliminary dala on the
dynamic aspect ol below-ground organs in a South-Swedish hay-mea-
dow. I prefer 1o use the concept of helow-ground organs inslead of
rools, as this ineludes rhizomes and bulbs. These (ractions ought to
be separated in further studies, because of their different funclions
in the ecosyslem (WEINMANN 1961]).

The data presented in this paper have been obtained in connection
with a research on the temporal variation of some mineral nulrients in
the soil. Consequently sampling methods have not been chosen espe-
cially for the investigation of below-ground organs. However, the study
has produced valuable ideas of how lo invesligate “root systems”. The
figures presenled below also give valuable information on the below-
ground biomass in hay-meadows. The studies will be continued using
more adequate methods.

LOCATION AND DESCRIPTION OF THE STUDY AREA

The studies have been carried oul on Lhe island of 166 (lat. 5639,
long. 3753 W Stockholm), located in Lake Mickeln in the southern
part of the province of Smaland. Soulh Sweden. The mean annual
precipitalion is approximately 700 mm. The soil-lype is a brown-carth,
lying on a diabase. There is a low conlent of clay (<10 ). A more
detailed description of chemiecal and physical properiles of the soil
will be given in a later paper.

Only hay-meadows, which are still managed, have been invesligated,
The meadows have never, as far as is known, been manured. They
are mowed practically every year, as a rule in July., In August and
Seplember they are grazed by bullocks. These meadows have probably
been used for hay production since the 16th eentury and perhaps even
earlier. It is a fundamenlal ecological problem how the productivily
ol these meadows has been maintained during hundreds of years,
without manuring. The hayv-meadows occupy an area of aboul 6 ha,
divided into several smaller parts by arable lands and pastures. There
is a varialion in vegelation within the area. This is caused among
others by the varialion in exposure and supply of oozing waler which
leads to differences in water content and chemical properties of the
soil. Most of the invesligations have been done in six homogeneous
sample points, whose mosl important species are shown in Table 1.
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Table 1. The main speeies on the six sample points. The first figure represents the
small square frequency and the second the characteristic degree of cover (sce
MALMER 1962 pp. 48—19).

Sample point 1 s | 4 | 20 15 13
Exposure S W SW E NW NW
Slope angle 20° 20° 5° 5° 10° 20°
Number of species (in 20 m?)

aj grasses (¢ e ¢ 12 13 11 11
b herbs 25 \ 28 31 29 28 BE
Helianthemum chamaecistus ... .. 100.14 - — — = s
Hierncium pilosella .. ..., 91,2 S =% LT e (i
FROHITION.  ODLIIL variiimvsitn sk YRR 1004 01.3 — 18.1 9.1 27.1
Trifolivm medinm . . .c.oviiiiii 274 1005 1005 1003 1002 9.1
Leontodon hispidus .............. ab.1 9.1 9.1 1002 18.1 9.1
Lathyrus montanus .............. — 91.1 821 100.1 821 1002
ETHIING  OBEIE: voonaidisnes oo s i o 55.1 100.3 821 61.1 64,1
Cantauren JOCBR wvicivaa i i - 100.4 .1 — —
Deschampsia [lexnosa ... 0000 .. —_ 18.1 18.1 — 100.1 100.2
Hypericum maculefum ............ — 5.2 64.1 1001 1004 73.2
Convallaria majalis . ............. — 27.1 - — 1004 1003
Anemone nemorosa o . .....ooeeven.. —_— ! — 21 100.2 100.2
Potenititleperatlin: v rnitas vemnhrin — — 9.1 18.2 731 1003

A more detailed description of the vegetation is under preparalion. In
addition lo the six previously menlioned sampling poinls, a few mea-
suremenls have been made al other points within the area.

METHODS

A core sampling method was used o make quantitative determinalions of
the below-ground organs, Steel evlinders with an inner diameter of 7 cm and
a height of 10 em were used.

In the six sites, three suceessive 10 em levels were investigated about once
a month during the periods 1.5—8.11 1965 and 8.3-—21.5 1966, In addition,
three snmples were laken al each level lo a depth of 90 em in Seplember 1966,

The fresh soil samples were sieved (meshes 2 mm). Some smaller roolts will
pass the sereen during this procedure. STEEN (1957 ai estimated this quantity
to be 5 % of the total below-ground biomass. After most of the fine earth
wias sieved, the sereen reluse was washed with water (meshes 0.6 mm|. Some
very fine rools passed through the sieve. This part was nol collected, bul
occasional measurements showed that ils quantity was very low in comparison
with the fotal mass (about 1 %). As the clay conlent is low, the rinsing was
casy to perform. No dispersing agent was used. After washing, the below-
ground organs were dried at 80°C and weighed. Values ol living organic
matter were not corrected to combustible material only. Thus they include the
inorganic conltent, if not otherwise mentioned.

When easily distinguishable, dead rools and rhizomes were separated. In
many cases it was not possible to do this visually, A more objective method
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to separate dead and living material ought to be used in fubure studies.
Unfortunately, there are no suitable methods availuble for this as yet. The
dead fraclion seems to be of low importance in the studied samples,

The greatest deviation from the mean value by triplicates for the whole
profile al the sampling in September 1966 was as follows: 2 %, 7 O, 1 %y,
3 %0, 5 %, o %o (cf. SCHUURMAN & GOEDEWAAGEN 1965 p. 42). This indicates
that there is an even distribution of the below-ground organs in these hay-
meadows. However in further studies a larger sample musl he taken.

The conlent of carbon in soil has been determined by wet combustion
(Jansson & Varparaa 19601, In order to convert organic carbon measurements
to estimates of organic matter, the factor 1.72 is generally adopted. Some
scientists have raised objections against the use ol this conversion laclor
(ef. SILVERBERG 1937 p. 15). It seems obvious that the factor must be deter-
mined for cach soil type and horizon under consideration. T have mulliplied
the carbon values by 2.00. This conversion factor has been caleulated on my
own material according lo Howarn (1966). Most values lay between 1.97
and 2.03. In some samples, with a deviating mineralogical composition,
higher values have been received. This is ascribed to mineral deslruction.
which has been verified by ignition at different temperatures.

pIl has been determined on fresh fine earth with glass electrode i extracts
of waler. A volume ratio soil/liquid 1: 1 was used.

THE DISTRIBUTION O ORGANIC MATTER IN THE ECOSYSTEM

The tolal mass of below-ground organs at the sampling in Seplember
1966 (total profile] varied between 916 and 1839 g/m?* (Table 2}, Many
authors, in studying grassland vegelation. have reported values of the
same order, of which some are gathered in the following Table.

Author STEEN | OLOTSSON I‘,.f[,‘“‘”:_‘: :Q KmocH di“}'.' [T‘Mf:{]:
Year of publication 1957 a, b 1963 Iii;!ﬁ\ i 1952 ‘}f_.l'
Qa6 | 1965
Number of sample points 4 13 7 104 1
Below-ground organs
O0—30 cm, gm2 ... 8117600 11102350 4401690 170—6400  1190— 1620

The relative distribution of organic maller on above-ground bhiomass,
below-ground biomass and humus is almost equal in the six sample
points. Mean values from these points are represented in Fig. 1. Figures
on biomass from each point in turn represent mean values from three
sampling occasions, 1.7, 22.7 and 20.8 1965. I'or below-ground hiomass
values from September 1966 for the level 30 40 ¢ are added.

About 94 % of the organic maller in the meadow consists of humus.
The varialion within the points was 91.8 %o to 95.2 %0. 99 "o of the
organic matter in the ecosystem is found in the soil. The below-ground
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B Above-ground biomass
Il Below-ground biemass

Humus

1000g/ m®

Fig 1. The distribution of organic matler on above-ground biomass, below-ground
biomass and humus (level 090 ¢m). Mean values from six siles,

organs constitute only a small part ol the total organic malter. On lhe
other hand. ils quantity is generally several times greater than that
of the aerial parls. It makes up 4.0—7.1 % (mean 5.4 %) in the six
sites, and above-ground biomass conslitutes 0.5—1.3 %o (mean 0.9 ).
In real figures the mean values correspond to 1.9 kg/m? and 0.33 kg/m?
respeclively.

The quotienl below-ground organs/above-ground organs varies be-
fween 3.1 and 9.3. Il decreases with increasing pll (cf. KMocH 1952),

THE VERTICAL DISTRIBUTION OF BELOW-GROUND ORGANS

The quantities of roots and rhizomes al different levels of the profiles
are seen in Table 2. The greatesl concentration occurs in the top 10 cm.
In the uppermost 30 em 8797 %0 of living below-ground organs are
found. Only site 35 shows a lower value (66 %), This is ascribed to
special conditions in the profile with a marked concentration of humus
al 50—80 cm. The reason for this is not known,

In the samples taken monthly only the upper 30 ¢m have been
studied. Caleulated on the quantities in this layer, the below-ground
organs in the level 0—10 em constitute 77 82 Y. Again site 35 is
characterized by a lower value (69 %),

The vertical distribution ol below-ground organs seems o show a
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Table 2. The below-ground plant biomass in the soil profiles in September 1966.
Dry malter, g/m?®.

Sample point
Depth em

R - N B CT R B i [ 1
010 .... 991 860 683 879 812 993
10—20 .... 158 934 296 83 54 989
T R 126 11 51 29 934
B e 119 13 30 20 126
FhES e T 92 18 19 5 o8
5060 .... 17 87 9 12 9 19
BO_ST08 wirrD ) 214 122 3 17 | 16
TO—80' s D] 120 9 6 = 9
80—90 ... 9 79 2 e s 6
090 .... 1280 1839 997 1097 916 1720

general picture in most grasslands, with a high concenlration in the
upper part of the soil profile. This is shown by STEEN (1957 a. b) and
OLOFSSON (1963} in Sweden, LINKOLA and Turikka 11936 in Finland,
Kymocn (1952) and Kvaep (1943) in Germany and many others in
northern Europe. A very good survey is given by TroucuTon (1957
p. 43). The greal concenlration in the upper parts may be ascribed to
al least three facls. Many species have a very dense “rool-system”,
which does nol penctrate very deep. Mosl grasses belong o this group.
A second reason is, that roots are much thicker in their proximal parls,
even if they do not funclion as absorbing organs. I‘'urther. the rhizomes
are reslricted to the upper parts of the soil.

BELOW-GROUND PRODUCTIVITY

The below-ground biomass al the monthly sampling occasions are
given in Fig. 2. In order lo reduce lhe effect of non-homogenilies the
mean values for the six sites have been calculaled.

There is regular variation, which cannot be due to sampling errors.
The same tendeney is maintained al all sample points. At some points
there are some irregularities. which, al least Lo a large degree, may be
ascribed to helerogenities,

The below-ground biomass increases from May to the end of June.
Then there is a gradual decrease until the following spring. At corre-
sponding dates 1965 (22.5) and 1966 (21.5) lhe guanlity of subler-
ranean organs is almost the same. Sampling has not been done often
enough to follow small fluctuations, [t is impossible to say if the real
maximum is reached during the last days of June, or some weeks be-

Bat. Notiser, vol. 123, 1970



BIOMASS AND PRODUCTIVITY OF BELOW-GROUND ORGANS 189

2 Below-ground
g/m Biomass
24004
20004
16004
12004
800
400 o =%
- -
o-"°/ 3. "°-.____'°______° Goe »
[} o o Bte i e o o - ]
"May June July = Aug. Sept.. Oct. = Nov. ' March April = May |
1965 ) y g 1966 v ¥

Fig. 2. The variation of below-ground biomass during a year for different levels
(g'm?. Mean values from six sifes.

fore or after. Similarly, no aulumn increase has been recorded (cf,
KONEKAMP & ZIMMER 1955 p. 164, Kmocn et al. 1958 p. 131). The
decrease during the summer and autumn means that the decomposition
is greater than the production of new organic matter,

Deducing root productivily from the biomass change probably gives
a loo low value. The increase in biomass between two sampling oceas-
sions is inlerpreted as the production of new living organs. This method
will give an underestimation, as a consequence of infer alia the fol-
lowing reasons,

1. There is a simultancous dying off. When there is a decrease in
biomass eventual production of new rools is masked, and consequently
there is an underestimation of the productivity. This is especially rele-
vant in studying grass-swards, as the rhythm varies belween species.

2. Additional growth may slill occur after the period of grealesl
recorded measurement. More frequent samplings would increase the
probabilily ol assessing lhe greatest mass of below-ground biomass.

[n some cases a variation in biomass may be ascribed lo translocalion
ol carbohydrates up in the growing top or down lo below-ground or-
gans (cf. TROUGHTON 1957 p. 51, WEINMANN 1961).
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The difference between the highest and the lowest mean values is of
the order 1100 g/m? (11 thal. Summing lhe different levels gives a
difference. 1300 g/m? (13 t/ha) (Table 4). The corresponding increase
in aerial organs is about 3300 g/m? (3.3 t/ha). This means thal the
below-ground increase in biomass is three lo four times that of the
above-ground. The lotal productivity is of the same order in this mea-
dow as in lemperate forests. Bray (1963) gives values of 7.8—15.6 t/ha
for arboreal species,

The variation in biomass at differenl levels is seen in Fig. 2. The
maximum value is in the uppermost level reached al the end ol June,
At lower levels there is a delay in the inerease of biomass. This may
be aseribed to lower and more conslanl temperatures, As lhe maximum
growth ol below-ground organs is not quile simultancous at different
levels, it is nol advisable o treat the whole soil block to the appropriale
depth as a unit. It ought to be cut off in separale layers.

Additional measurements have also been made at another site (31).
This sampling point is very wel. Carex panicea, Menyanthes frifoliata
and Cirsium palustre are dominating species. The below-ground bio-
mass is given in the following Table.

PR e st e 225 2948 237 208 110 811 83 274 21.5

below-ground organs
204 Ve LI+ U R P 1950 1300 1070 990 940 1330 — 1040 1980

The piclure of variation is principially regular, but it has a different
rhythm to that of the other drier siles. Peak values are obtained in the
middle of May bolh vears. It ought to be pointed oul. that there was
soil frost only lwo weeks in November. During the summer and autumn
there is a gradual deerease, so that the quanltily in Oclober is aboul
half that of May 22, Nexl spring a great increase was registered. In
this wel site, the peak of below-ground production precedes thal of
the above-ground. The “root” horizon is aboul 15 em in this site, so
thal the given values approximaltely give the tolal productivity. This
amounls to about 1000 g/m?.

The fact that the quanlity of below-ground organs in grassland
varies during the year. seems to be a general opinion (el. TROUGHTON
1957}, Three lypes of vearly variation may be distinguished. A common
opinion is that the production of roots precedes the development of
the above-ground parts (STUCCKEY 1941, KUBLER 1954). Some studies
have shown that the greatest production of below-ground and aerial
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organs are simullancous (KONEKAMP & ZivMyeR 1955, Kmocn et al
1958), Finally other authors {ind that the increase in rool biomass is
agrealest after the grasses have flowered, even during winter (KAUTER
1933, TroveHTON 1951, Site 31 in my investigation belongs to the
first group. and the other sites to the second group.

L.yr and HOrFFMANN (1967) have summarized our knowledge of the
growlh periodicity ol ftree rools. Lven with trees dilferent growth
pallerns are to be seen. In most cases. the largest annual increment is
recorded in spring and early summer,

Most statements in lilerature regarding the quanlily of below-ground
vearly production concern single species one or two years aller planting
(BrAY 1963, LierH 19621, The greatest value in Bray's list (op. cil.)
fall on Beta with 6.6—13 t/ha. Cereals and some meadow species re-
ported vary commonly from 1—>5 Uha (ef. my values of 10 t'ha). Only
a lew reporls deal with established grass-swards,

Koxekanme and ZivMmer (1955) found 2.2 Lha, and Kmocn et al.
(1958) 23 t'ha. For prairie vegetation 4.3 tha is reported (DanLMAN
& KUCERA 1965). The biomass in early spring amounled to 4.8, 4.8 and
11.9 t/ha respectively.

THE BELOW-GROUND ORGANS AND THE HUMUS CONTENT

In hay-meadows most of the above-ground biomass is removed by
mowing and grazing. Renewal of the humus content of the soil thus
has to occur by the death of roots, rhizomes and microorganisms. Net
annual increment and lurnover value are given in Table 3. Annual
increment in the three levels represents the difference belween the
high and low seasonal lotals of the enlire below-ground hiomass in
cach layer.

The ratios of annual estimated production lo The maximum total
rool mass, or turnover values, were greater lor the deeper profile levels,
For 0—30 em the turnover value is 0.50. This suggests thal about half
of the “root system™ as a whole is replaced each year, although certain
parts may persist for a longer or shorter period. Il is a rongh estimate.
The vegetational composition is not identical in the different sites, and
the rhythm of rool production is therefore not quite the same. This
means that some of the lurnover may be levelled oul, if the mean
from several sites is used. This is elearly seen in Table 3. The turnover
value of all the single siles are grealer than the turnover value. based
on the mean. In this table il is scen that on average aboul 60 % of the
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Table 3. Relalion between the annual increment and the maximum tolal biomass
al different levels in the soil (g/m?}.

| Maximum |

Period of 2 Annual e -
Site Depth em greatest below- increment ToraGyee
g 1 lifference around +/m? value
5 organs g/m? &
Mean values of the six siles
010 June—March 1700 850 0.50
1020 July—April 420 450 0.79
20—30 July—0Ocl. 180 120 0.67
0—30 June—April 2180 1100 0.50
The individual sites
S 0—10 June—March 16490 1040 0.62
10—30 June—Nov. 160 280 0.61
B v 0—10 May—Aug. 1900 980 0.52
10—30 June—Mav 1040 830 0.80
. 0—10 June —April 1270 930 0.73
10—30 July—May 310 230 0.68
20 s 0—10 Aug.—April 1530 850 0.56
1030 July—April 580 450 0.78
1 cnavains 0—10 June —Nov. 1750 990 0.56
1030 July—April 670 570 0.85
5 3 (R LN 0 10 June—>March 2260 1660 0.73
1030 July—Oct. 620 520 0.84

biomass is replaced each year. Even this value is certainly too low,
as lurnover in roolhairs has probably been only partially registered.

In these well-drained soils lhe quantilies of both humus and below-
ground biomass decrease with depth (ef. Table 3--4). The amount of
biomass decreases more rapidly than that of humus. Moreover, there
is no correlation between the humus content and the annual increase
of below-ground biomass (Table 4). The quotient between these compo-
nents increases with depth. This may be due to several reasons. Organic
matter will be washed down in the soil, partly as alluviation, partly

Table 4. The relation between humus content and annual combustible inerement
of organic malter (mean values from the six sites, g/m?).

Ratio of
Annuul total humus
Depth em | Humus g/m? | increment a
E Lo annual
gim*
growlh
0—10 .... 7690 773 10.0
10—20 .... 3930 294 13.4
20—30 .... 3030 107 28.5
0—30 .... 14670 1174 12.5
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as colloids, In the deeper layers the temperatures are lower. llence
lhere is decreased microbial aclivily. Perhaps also the way of minera-
lization is differenl, The aclivity of carthworms leads to a net down-
ward transport ol organic maller,
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21 FEBRUARIL Professor PErR WeNDELBO, Giteborg, hill foéredrag om
»SEiklet Alliam pia det iranska hoglandets, Inledningsvis behandlades
sliklels utbredning och systematiska slillning. Allium har sitt geografiska
centrum i Flora Iranica-omriadel och angriinsande delar av Sovjetunionen: i
Flora Iranica urskiljer foredragshallaren ca. 135 arfer, medan VVEDENSKY's
bearbelning for Flora SSSR(1935) upptar 226 arvter. Totalutbredningen om-
fattar storre delen av norra halvklolel frin Etiopien till subarktiska trakter.
Enligt foredragshillaren talar overviigande skil, bl.a. eytologiska och embryo-
logiska, for all Alliiun placeras i familjen Liliaceac.

De odlade arterna Allinm salivam, A, porrum och A, cepa antas ha upp-
kommil ur vildviixande former i Cenlralasien, diir biade vilda och odlade
Allium-arter spelar stor roll i den dagliga koslen, tex. i Afghanistan,

Stirre delen av foredraget upptogs av en redogorelse for olika utbrednings-
typer i Flora Iranica-omradet, villka exemplifierades med arter och seklioner
av Allium. Karthilderna kompletlerades med landskapsbilder fran féredrags-
hallarens firder i omradel samt niirbilder av blommande Allium-arter.

28 MARS. Universitetslektor Kiernp loLsen, Kopenhamn, holl fdredrag
om »Gronlands bolaniske udforskning, specielt i 1700- og 1800-tallets, - De
forsta botaniska uppgifterna fran Gronland hiicstammar  fran missioniiren
Haxs EGEDE, som bosatte sig vid nuvarande Godthab i samband med den
danska kolonisalionen under lidigt 1700-tal. Hans son PavL EGEDE insamlade
ett herbarium, som nu utgor den dldsta viixlsamlingen i Kopenhamns Bolaniska
Museum. I etl arbete av den tyske missioniiren Davip Cranz tran 1770 finns
den firsta systemaliskt uppstillda artlistan éver Gronlands viixter.

I borjan av 1800-talet gjordes omfattande insamlingar av den tyske minera-
logen K. L. GIESECKE, som veste i Vistgronland For Gronlandske Handels riik-
ning saml av M. Wormskionn, eley till Flora Danicas rvedaktor J. W,
HorNEMANN. En annan av HORNEMANNS elever, JENS VauL, gjorde 1828 —36
betvdande insamlingar lings hela Viistgronlands Kkust, bearbelade sjilv sitt
material och beskrev flera nya arter. Svensken §. BERGGREN deltog 1 A, E.
NORDENSKIOLDS expedition (il Vistgronland och ulgay den [drsta omfattande
listan Over Gronlands mossor.

Under 1800-talets sista decennier leddes Gronlandsforskningen av den ar
1878 bildade »Komision for ledelsen av de geologiske og geografiske under-
sogelser i Gronlands. Vegelalionsbeskrivningar birjade utges och olika cxpedi-
tioner lriingde allt Kingre upp kings nordostkusten.
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9 MAJ., Ovdforanden holl parentation over foreningens hortgangne heders-
ledamolt professor NiLs SyLves.

Ordforanden meddelade all foreningen erhallit en donation pa 1.000: Kro-
nor fran en person som onskade forbli anonym. Beloppet skall enligl styvrelsens
beslhat Liggas till SvaxTe Murpecks fond

Foareningen beslot enhalligh utse professor HeExNING WEARCK till heders-
ledamol

il lie. Uso Errasson, Golteborg. holl (oredrag med rubriken »Nagol om
Galapagosoarnas vegetation och floras. Som Regnellstipendial har tore-
dragshallaren tillbringal ca. 9 manader pa denna ogrupp. tillhorig Ecunador och
belagen omkring 1.000 km viaster om Syvdamerikas fastland. Oarna antas ha
upphkommil genom vulkanisk aktivitet: flertalet har dnnu verksamma vuolkaner
och tacks till stora delar av sterila lavatalt

Efter en exposé over oarnas unika djurliy overgick foredvagshallaven Gl en
beskrivning av flora och vegelation och valde darvid att skildra re exkursions-
mal. namhigen oarna Santa Cruz. Isabela och Fernandina. Floran omfallar totalt
ea. 600 Kirlvixtarter, varvid 35 %o ar endemer. Fyra endemiska slikten tore-
kommer, samtliga compositer,

Pa de hogre oarna kan man urskilja olika vegetationszoner. Innanfor den
egentliga strandzonen foljer pa Sanla Cruz ett bretl lorrbalte med endemiska
Cereus- och Opunfia-arter. Det endemiska composilsliktet Scalesia spelar en
framtradande roll 1 skilda vegetationstyvper. Pa 400500 meters hojd fore-
kommer [uklig skog av Scalesia pedunculata med rik epifytvegelation ay
mossor och ormbunkar. Ovanfor skogsbiltet foljer pa Santa Cruz tridlisa
grasmarker.

Oarna Isabela och Fernandina ar kronla av vulkankrabrar med il vegelation.
Fernandinas Kkrater hade nyvligen ett uthrott, varvid vegetationen pa de inre
sluttningarna forstordes och kraterbotten sinktes fran 700 till 900 m under
randen.

8 JUNIL Under ledning av docent Akr PeErsson och docent LIans Rune-
MARK forelogs en exkursion med privata bilar till Soderasen med deltagande
av 29 personer. Sedan den miarkliga Odensjon beskadals, fortsatte farden il
Skogvangshus. dir Haxs RUNEMARK demonstrerade Polystichum branmii. som
forckommer 1 ett 60-tal exemplar langs en back i en bokskogsslutining till-
sammans med den pa avstand snarhika Dryopteris ftliv-mes.

Fram Gll 1500- och 1600-talen vir Soderasens slultningar bevoxna med
skogar av ek och bok, som emellertid suceessivt avverkades och kom att
ersattas av oppna belesmarker med ljung och en. Dessa marker nadde sin
storsta ulbredning vid mitten ay 1800-talet: under senare tid har allt slorre
omraden planterats med gran. Gillastigs falad Gr del storsta kvarvarande om-
radet av fuklig junghed kring Soderasen: dess karaktar ar i hog grad beroende
av betning. Iar kunde bla. foljande arter studevas: Arnica montana, Dacty-
lorchis maculala, Erica letralix, Juncus squarrosus, Pedienlaris  silpalica,
Plantanthera bifolia, P. chlorantha, Succisa pratensis, richophorum cacspito-
sum ssp. germanieunt. och Valeriana dioeca

Fran platsen for Skaralids gamla turisthotell vandrade sallskapet lings
backen in 1 den smala och branta Skiralidsdalen. Soderasens djupa dalgangar
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ar troligen sprickdalar, som forstorals genom erosion och sannolikt var lhekta
av stillahiggande 1s under sista istiden. Pa de Flesta stillen har rasmarkerna
inviderats av hedhokskog eller QOuercus petraed. Pa nordvianda sluttningar
finns en rik kryptogamflora. dar inslaget av nordligan och vastliga arter ar
pafallande. Bland levermossorna marks Bazzania trilobata, Mylia taglort och
Porella leavigata, varav den sisiniimnda har sin enda svenska lokal 1 Skaralids-
dalen. Busklavarna Cladonia alpestris och €. bellidiflora har har sina svd-
ligaste forekomster 1 Sverige.

Kulturpaverkan 1 Skiralidsdalen har beskrivits av AkE PERSSON 1 en upp-
sats 1 Skanes Natur 26120, 1969 Dalen har 1 pastan hela sin Tangd utnyijals
{Or slatter och hele. Pa gamla slattermarker aterfinner man nu ett tradskikt
som huvudsakligen bestar av ask saml 1 nagon man ck, ronn. avenbok och
apel. Orterna. bla. Hypericum maculelum. Lathyris monlanus och Polentilla
erecta. utvisar att marken tidigare varit oppen. Slattern torde ha upphort strax
cfter sekelskiftel, varefter angen annu nagon tid utnvitjades for bete. Pa
fuktigare particr finner man nu hogorlang med bla. Aegopodium podagraria,
Cirsium  oleracenm,  Filipendula  almaria, Thalictrum  agquilegitfoliom och
Prollivus caropaens. Skogsavverkning 1 sjalva dalen har skell forst pa 1910-
ltalel. Pa de gamla hyvggena har boken nu 1 stor utstrickning ersatts av hjork.,
ronn och avenhbok.

Som avslutning pa dagens botaniska studier besoktes Anderstorps enskog.
som demonstrerades av markagaren. il omrade pa 8 hekiar domineras hir
helt av en och omradels karaktar vidmakthalles genom rojning samt betning
av notkreatur. Skogen domineras ayv hogvaxta, rakslammiga pelarenar. men
enstaka plymformiga eller kvypande exemplar forckommer,

28 SEPTEMBER. I Klart och kyliglt hostvader foretogs en exkursion till
Hallandsasen med deltagande av 21 personer forutom ledarna, fil. kand
LeENNART LiNpGrEN och docent TTaxs RUneasarg. I anslutning till den statliga
bokskogsutredningen har Lixperes gjort en dversikthg vegelalionsanalys ay
det svensha hokbestandet. som totall omfatlar ca. 43.000 heklar, varav 10,000
ha 1 Malmohus lin och 27.000 ha 1 Kristianstads Line Arvcalen minskar arligen
med ea. 800 ha Enbarl vid oktoberstormen 1967 {alldes vid ett och samma
tilltalle ca. 900 ha bokskog. Huvuddelen av denna arcal har nu planterats med
gran. Utredningen foreshar att ea. 1000 ha avsalles som naturreservat, medan
viterligare en del kan Komma atl skvddas pa annat satt

Olika typer av hokskog studerades vid Larkesholmssjons norra del 1 Orkel-
ljunga, vid Stavershult 1 Rossjo socken och pa asens nordsluttning 1 Hasslovs
socken 1 Halland. Vid Liarkesholmsans ultopp i O. Spang kunde etl praktfulll
hestand av Osmnnda regalis studeras.

Till folyd av den torra sommaren och hosten var svampfloran mager, men
pa asens sydsluttning norr om Rossjoholmssjon kunde RUNEMARK demon-
strera bla. [oljande arter: Vilgul. vil. rodnande och ringlos flugsvamp. honungs-
skivling, svavelgul och tegelrod slopkivling, foranderlig tofsskivling, rvnkad
och blekviolett spindelskivling. stinksvamp. strecknagelshivimg. rotnagelskiv-
ling. lokbroskskivling, blodsopp. Tarksopp. karl Johansvamp. sammelsopp och
rutsopp.
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31 OKTOBER. FFil. lic. Orsaxy Nimsson holl foredrag om  »Sydsvenska
vildrosor». Sliktet Rosa éir nordhemistiriskt och forekommer huvudsak-
ligen i tempererade trakter. Enligt modern uppfalining innehalller det ca. 150
arter. [ Sverige har foredragshallaren urskiljt 16 vilda och naturaliserade arter
{jfr. serien »Drawings of Scandinavian Plants» i Bol. Notiser 1967).

Efter en genomgang av den viktigare systemaliska litteraturen och en redo-
gorelse for canina-gruppens siregna fortplantningsmekanism presenterade fire-
dragshillaren de sydsvenska Rosa-arterna i ord och bild. Material for bestim-
ning bor helst insamlas strax [6re fruktmognaden och bor omfatta en del av
arsskottet samt ctl nyponbiirande skott.

Arterna Rosa rugosa, R, camtschatica och R, rubrifolic anses med siikerhet
qara  inforda; den forstniimnda dr nu helt naturaliserad pa sandiga och
steniga striinder i sodra Sverige, trots att den birjade upplrida pa sidana
lokaler forst under 1920-1alel.

21 NOVEMBER. Forcningen forrittade val av slyrelse for 1970, Valda
blev: Docent 1Taxs RuseEmaRrk, ordférande; docent SVEN SNOGERUP, vice ord-
[orande; fil. lic. ARNE STRID, sekreterare: fil. kand. Jisimy Persson, vice sck-
reterare; ovriga ledamolter: fil. lic. FOLKE ANDERSSON, tridgardsmiistare Joun
Krarr, fil. lic. LExxart LiNperex, fil, lic. Orsax Niusson, docent Sune
PETTERSSON och direklor HELGE Ricksan, - - Till revisorer valdes fil. mag. ULy
OrssoN och fil. lie. Toreyy vox WACHENFELDT: till revisorssuppleanter fil.
mag. LENyNarT ENGSTRAND och fil. kand. MATS GUSTAFSSON.

Docent Hans BuseEMmarg holl foredrag om »Floran pa de egeiska darna»., —
Den centralegeiska arkipelagen, som omfattar ett 30-lal hebodda och ea. 200
smiirre, obehodda dar, utgor resterna av en landbrygea som fram il tidig
Pleistocen forenade sédra Grekland och stdra Turkiet,

I omradet férekommer ca. 1.300 arter av higre viixter, ett for Medelhavs-
omradet timligen Ligt antal. Manga arter torde ha dott ut i samband med
klimatfluktuationer under och mellan de nordenropeiska istiderna.

Enligt foredragshallarens framstillning kan man i nuliden urskilja foljande
floristiska element: 11 Mesofil flora, 2) Radiola/lsoétes-samhiillet, 3) Maechia,
4) Frygana eller garigue, 5) Klippflora, 6) Smadflora och 7) Egentlig strand-
flora. Gariguen med kuddformiga, laga buskar ulgdr den dominerande vege-
tationstypen. Den slumpmiissiga utbredningen av manga garigue- och klipp-
arter, etl forhallande som torde std i samband med lokall utddende under
klimatiskl ogynnsamma perioder, belystes med uthredningskartor.

Den nu avslutade inventeringen av de eyvkladiska darnas flora har |jinat
som bas [6r mer detaljerade experimentella undersokningar Over varialionen
inom enskilda arler och arlgrupper.

13 DECEMBER. Fil. lic. Oriax Nisssox foredrog revision ay riken-
skaperna for 1967, varvid ansvarsirihel beviljades kassoren.

Foreningen beslutade om dindring av paragraf 3 i sladgarna. Sista meningen
utgar och i stillet tillkommer: Hedersledamdéter, korresponderande ledamdéter
och stindiga medlemmar erhaller kostnadsfritt foreningens organ Botaniska
Notiser. Arligen betalande medlemmar erbjuds Botaniska Notiser till ett redu-
ceral pris..
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Med. kand. €. I Junnan visade sina bada féargfilmer »Skansk orkidé» och
sViderovallfarts, — Den forra visar med ett fatal undantag samtliga skinska
orkidéer, varav :datskilliga rarviteter, medan den senare skildrar en forsommar-
exkursion till Iallands Viiderd.

Arne Strid

Avdelningen for Systemalisk bolanik.
Lunds Universitel, Lund

Announcement
Key to the speeies of Aspalathus

A limited number of reprints of “Comprehensive key to the species of
Aspalathus (Leguminosac!” in Botaniska Notiser 122: 512548, is available
al a price of Sw. Kr. 3. They should be useful especially as a complement to
the “Revision of the genns Aspalathus” published in Opera Botanica vol, 4.
6G(2), 8(1), 10{1), 11(1), 21, and 22, and in Botaniska Notiser 121: 165—208.
The order can be placed with Mrs. E. NorpstriOwm, Instilule of systematie

hotany, 0. Vallgatan 18, 8-223 61 Lund. Sweden.
THE EDITOR

Berichtigung

In unserem Artikel iiber die Flora des Njuonjevare-Gebietes (Bot, Noliser
122 284--293) soll der zweite Satz des zweitten Abschnittes aunf Seile 290
lauten: Nach SONESsoN (1967 S, 279} ist dies das einzige bisher bekannte Vor-
kommen in Moorvegetation im Tornetriisk-Gehiet.

KurT LiNxpBERG und BErrr RiNa
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Brief Articles and Reports

(Smarre meddelanden)

Stellaria nemorum ssp. glochidosperma Found in Smaland,
South Sweden

(Stellaria nemorum ssp. glochidosperma funnen i Sméaland)

ABSTRACT In connection with an mventory of beechforests in Sweden,
Stellaria nemornm ssp. glochidospermea has been found in the provinee of
Smaland, South Sweden. This subspecies is not carlier known from that part
ol the country

Under arbete med en vaxtekologisk inventering av hokskogar i Sverige har
cn lokal for Stellaria nemorwm ssp. glochidosperma konstaterats 1 Smaland
Lokalen i fraga ar en hokskog — Maras kronoskog —— ¢ 4.5 km N IIylebruk
1 Jonkopings lin. Skogen som helhet var narmast av Oralis acetosella-tvp med
vissa mera hedartade partier. Inom ett mindre omrade var vegelationen betyd-
ligt rikare och dar aterfanns underarten tillsammans med bla. Milinm effusium
och Viela riviniana.

Stellaria nemorum 1. har tva subspecies: ssp. nemorum (S, montana PIERR
1880, 5. nemorum ssp. montana Murs. 1899} och ssp. glochidosperma MURRB
1891

Lanligt Huvrress atlas (19500 ar ssp. nemorum mycket vanlig 1 Norge och
Balticum. Aven i Mellansverige och siodea Finland ar den pa vissa stillen
vanhigs T SKane finns enhgt Wemnvianreks flora et tiotal lokaler. T Danmark ar
den sallsvnt. For sspo glochidosperma vader del motsatta forhallandet. Den
ar vanhig 1 Danmark och Skane, men forckommer norrul endast pa el fatal
lokaler (Blekingekusten. Gola alv-dalen. Kinncekulle, norra Oland). Ssp. glochi-
dosperma ar vanlig art 1 skanska angsbokskogar cch dominerar 1 vissa lall
faltskiktsvegetationen

LExyART LiNnDGREN

Avdelningen for Vixtekolog
Lunds Universitet. Lund.
O Vallgatan 14 5223 61 Lund
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BRIEF ARTICLES AND REPORTS 201
Hicrochlo@ alpina (Gramineae) 2n=66 in Northern Finland

ABSTRACT. The chromosome number 2n=66 was found in a collection of
Hierochloé alpina {rom Enontekio parish, Finland. From different parts of
the distribution area of the species the number 2n=>56 was previously known.

Previous reports give the chromosome number 2n-— 06 of Hierochloé alpina
(Swanrzp ROEMER & SCHULTES (BowbDEN 1960 p. 551, Canada: Baffin Island,
Southampton Island, Essex Co.; FLovik 1938 p. 301, Spitshergen: Heppina
1967 p. 310, Canada: Baffin Island: JoHNsON & PACKER 1968 p. 414, Alaska:
Ogoloruk: JORGENSEN, SORENSEN & WESTERGAARD 1958 p. 12, Greenland:
Nugssuaq, Clavering Island: KNxApiEN & ENGELSKION 1967 p. 15, Norway: Troms:
Love & Rrrcme 1966 p. 432, Canada: Southamplon Island: SOKOLOVSEAJA
1960 p. 44, USSR: Sachalin Island: Sokorovskasa 1963 p. 49, USSR: Kam-
chalka: SOKOLOVSEAJA & STRELKOVA 1960 p. 373, USSR: Kolguev Island;
Tartroka 1954 po 46, Japan: WeEMARCK unpubl,, Greenland: S, Stromfjord;
ZHUKOVA 1967 po 984, USSR: Wrangel Island). The related H. monticola
(BicELow) LOVE & LOVE is reporled to have 2n=63 (JORGENSEN, SORENSEN
& WESTERGAARD 1958 p. 12, Greenland: Narssarssuaqg: LOve & LOvE in LOVE
& Sovpuic 1964 p. 201, USA: New lampshire: WeEIMARCK 1967 p. 499 and
unpubl., USA: New Hampshire, Greenland: Narssarssuaq, Frederikshab, Godt-
hab).

H. alpina plants from Northern Finland, Enontekio parish, Markkina (collee-
tion B DRI are ancuploid, 2n—66. The collection is apomictic and male
meiosis is disturbed as is also the case with collections studied from Greenland
(WEMARCK unpubl). Morphologically the plants are not devialing from the
normal within the taxon. Whether H, alping shows more eviological anomalies
in Northern Fennoseandia is now subjeet to turther investigation.

Mitosis in rool tip of plant BD R 3.
Excised rool treated in 0.0125 % col-
chicine for 20hr at +4°C, fixed in
ahsolute aleohol @ gracial acelic acid
A: 1, Peulgen  stained and  squashed
according 1o OSTERGREN &  HENEEN
119621, Pholomicrograph  wilh  Nikon
Microflex AFM on Leilz microscope.
21300,
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Heavaver, R Chemotaxonomie der Pflanzen. Eine Ubersicht
uber die Verbreitung und die svstematische Bedeutung der Pllanzenstoffe. Band
5. Dicolyledonac: Magnolinceae — Quiinaceae. — Birkhauser Verlag. Basel
and Stuttgart 1969, 506 pp. Price FR98.00.

Volume 5 of the basie. enevelopedie work “Chemotaxonomie der Pflanzen”
by HeaNaver was announced lo be the last publication in the series. It
follows the same general plan presenting tamilies in alphabetical order.
Magnoliaceae lo Quinaceae are deseribed i terms of morphology and lax-
onomy, with anatomical notes. discussions, and conclusions. Obviously the
publication will be continued with one or more volumes, Extensive appendices
of chemical noles at the end of each volume indicate the fasl evolution of
plant biochemisiry. Die Nachirige in volume 5 was completed in July 1968,
It would bhe valuable if the complete work was followed by supplementary
books or a new edition within a few vears.

“Chemotaxonomie der Pflanzen” could be looked upon as a plant calalogue
ol micromolecules (in the sense of non-polymerie substances) in extant plants.
Vkaloids, phenolic compounds, essential oils, cyanogenic compounds. fally
acids and saponins are some of these plant constiluents, which are found in
many families. Mosl of these compounds are believed to he metabolically inert.
non-adaptive and regarded as good taxonomic characteristics in phenetic and
to a degree phylogenetic classification of the plant kingdom.

“Von den Inhaltstoffen der Familie wissen wir noch viel zuwenig, um deren
svstematischen Wert ermessen zu konnen”. HEGNAUER often asks for an en-
larged and intensified mnvestigation of the nature and distribution of substances
m ditferent plant groups. The thoroughness of the chemical analysis 1s salis-
tactory in less than 3% of the phancerogames. Nevertheless this set of hooks
15 a reliable, rich souree of well verified noles on the occurrence and biogenesis
ol many organic substances. However. many of these chemical characteristies
have not vel found use in any plant taxonomie problem.

The present chaos resulting from the more or less unnatural svstems of
EnxGrEr, WETTSTEIN, HUTCninsoy, PrLie, LEMEE, CRONQUIST, TAKITAIAN and
others. each with strongly divergent taxonomic opinions have made it im-
possible to follow one system. HeGNAUER, however. follows LEMEE'S ideas
of subfamily divisions and family range confinement. At the family and other
levels the angiosperm systems of WETTSTEIN and HUTCHINSON 1s almost alwayvs

Bot. Noliser, vol. 123, [97¢
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compared. Other inlerpretations are also commented upon in the conclusion
following the discussion of each family.

HEGNAUVER is well aware ol the ambiguity of homonymous and synonymous
plant names. Muany other biochemists, however, do not have information
enough of this nomenclature. Several chemical analyses have been published
using scientifie plant names without altributing author notations, Synonymous
species even have been the object of a comparative analysis by different
scientists with accompanying meaningless dispute. For that reason. especially
al the species level, the plant systematist ought to check the nomenclature and
avoid anv ambiguilies concerning the validly  published plant names. In
HEGNAUER's work this check is facilitaled by many references to the bolanical
as well as the chemical literature. A cumulative index of plant names and
chemical compounds would make il easier lo use a serial book of this kind.

Somelimes the chemical characteristies will support o svslem arranged on
morphological groups. In other eases the phylochemisiry does nol supporl
any taxonomic interpretations at all. Too little is known about the relationship
between biogenesis and morphogenesis. In the altempt Lo get oul a natural
svstem. il is nol always suitable merely to put new chemical characteristics
into the “morphological”™ systems. IE may only cause confusion.

A presumplionless systemalization of the angiosperms based exelnsively on
the “invisible characteristics” of plant chemistry may produee results valuable
to the study ol evolulion, Furthermore one should give priorvity to the so-
called microevolulion research and also increase the chemiecal invesligations
of genctically well-known plant populations. Such primary research will be
fundamental to macroevolution theories based upon chemical characteristies,

“Chemalaxonomie der Pflanzen” is one of the best publications of the
relationship of plant taxonomy and phylochemistry and is filled with new
ideas for future research in these disciplines,

ULF OLssoN

Brices, G. E: Movement of watlerin plants. — Blackwell Scientific
Publications, Oxford 1967. X4 142 pp. Price 32s5.6d.

Professcr G. 1. Bricas, professor emerilus of hotany at the University of
Cambridge, gives in his book physieal and physiological aspects on the move-
ment of water through a plant. According to the introduction the hook is
intended for plant physiologists who have a knowledge of plant anatomy and
of the usual experimental procedures for measuring water absorption, moye-
menl in the planl and transpiration.

The lirst and even the greatest part of the book deals very thoroughly with
the effeets of different factors on the water potential and upon the movemenlt
ol waler. In recent vears atlempts have been made to apply a terminology
based on physical chemistry to cell waler relations. These attempls have had
some inlluence on professor Bricas, Unfortunately this influence has got
him to mix the new and the old terminology. This and the fact that there
are no explanatory figures in the book. have made this part unneeessarilv hard
o read. The author’'s personal poinl of view in the subjeel is, however, very
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interesting. According to him the concepl of malric potential is quite unneces-
sary. He also contest the point of “some modern writers”™ who “seem o imply”
that the movement of waler 18 “merely a guestion of gradients of water
polential and the appropriate resislances’™.

In the second part of the book the coneepts discussed in the first parl are
used to deseribe the movement of water through plants. The presentation is
clear bul rather hrief. In chapter 5 for instance only the stomatal transpiration
is discussed and moreover only the effeels on transpiration of the variably
laver ol undisturbed air oulside the stomata and of the stomalal aperture.

The hook is impaired by vather many mistakes in form of missing words

and letters i the wrong order,

LENNART PERSSON

Ropenrisos. BN Protons, Eleclrons, Phosphorylation, and
Aclive transport Cambridge University Press 1968, VII — 96 pp.
17 figs. Price £ 1.6.0.

R. N. Bopertson, professor of Botany al the Universily ol Adclaide is a
well-known authorily and specialist on salt uptake i plants. In this hook —
based on a serics of lectures by the author — he consciously puls his own
personal point of view on several important biological processes, Starting from
Mitchell's ehemiosmotic hypothesis postulating o separvation of positive and
negalive electrieal charges in normal milochondria and c¢hloroplasts which
i1s responsible for the formation of ATP from ADP and inorganie phosphate
in a reversal of the pH-sensilive ATP-ase reaction he suggests that the principle
of separation ol protons and electrons from hydrogen atoms ol water or
organtc molecules 15 a gencral and fundanmental biological process. Thus,
he discusses charge separalion and ion movement in chloroplasts and mi-
tochondria and the phenomenon of active jon transporl mlo living eells. The
discussion 1s based on about 170 modern references

The hook is suggestive and also very legible Tor the advanced shudenl or
the scientist ol physiology or biochemistry, The arvangement ol the subject
is not that of a text-book. Important but also controversial concepls such
as the kinetic analysis of salt uptake or the possible presence of a dual-
mechanism Tor sall uptake are just relerred to and the uncertamty ol those
theories as well as of the main ideas of charge separation which are discussed
m detail is not always quite clear

However. as a contribution by an authority to the debate on the molive
force tor active ransport ol substances i cells the book 1s spiring and we
are once more reminded ol the mimportant and necessary statement thal we
alwavs must be looking for mechanisms of active transport instead of for the
mechanisn.

SUNE PETTERSSON
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HeatH, O. V. 8.2 The Phystological Aspecls of Photosyn-
thesis, — Stanford Universily Press. Stanford 1969. VII4 310 pp.. 142 figs.
Price $ 8.50.

Enormous amounts of original research papers, econgress proceedings and
review articles arve being produced in the field of photosynthesis. While T am
writing this the three volumes (lotalling about 2000 pages| of “Progress in
Photosynthesis Rescarch” from last year's congress in Tiibingen is just being
distributed. Nevertheless, it has been annoyingly difficult to find modern
texthooks suitable to pul into the hands of students. For Scandinavian readers
there has heen the little book by P. Haroban (“Fotosvntesen”), but for those
wanting to learn a little more there has been a large gap to the very specialized
literature, Now there are suddenly two books supplementing one another in
an excellent way. One of them (“Photosynthesis” by 5. RapiNnowiten and
GovINDIEE) deals mainly with the molecular aspects, ie. the physies and
chemistry of photosynthesis. The other one. with which this review is con-
cerned, deals with the physiological aspeets, ie. relates the properties and
aclivities of the whole plant to the process.

The first chapter, dealing with the slructure and pigments of chloroplasls,
falls a little outside the main topie. bul forms a natural introduction. Several
of the currenl and partly conflicting ideas about the submicroscopie structure
are described and the chapter also conlains some nice and well reproduced
eleciron micrographs.

The next chapter is called “The diffusion paths”. The physical relations
are appropriately deseribed without the vagueness that often results from the
idea thal biologists cannol be made to understand even simple mathematical
formulac. If some immaterial objection should be raised against the trealment,
it would be against the parallel drawn hetween a pressure (or concentralion)
difference and a potential difference (p. 431. As it is stated it is correcl.
and even instructive, bul there is a slighl danger of misunderstanding which
could have been removed. It might have bheen pointed oul that in thermo-
dynamical terms a potential difference corresponds to a difference in loge-
rithms ol conecentrations or pressures,

The third chapter and parts of olther chapters, concern methods of investi-
galion. Stressing the methodology in this field is molivated, since the kind of
results obtained is largely delermined by the choice of methods, This is particu-
larly obvious when dealing with the difficult question of respiration intensity
in light, which fills a whole chapter. The seientist should (whenever possible)
know cxactlv what he is measuring,

I have only minor objections. T think that the discussion of light measure-
menl from a broad band source (p. 100) could have been made a little elearer,
perhaps even by introducing the feared integral sign. In the chapter about
“Interaction of factors” the mathemalical relations are not alwavs unambi-
guous, For example, formula 4.2 (p. 114] reads

Y={(A)+£(B) +£(C)+— +k.

A mathemalician would prabably write it
Y="Fy(A)+f5(B) 41 (C) -+

Bot, Notizer, vol. 123, 1970




BOTANICAL LITERATURE 207

with the subseripls indicaling that the f:s represent different funetions. The
addition of a k at the end is meaningless, since the form of the functions is
nol specified and may include conslanls. T also consider il an unneccessary
monstrousity to introduce a fictious “effective length”™ Ly (p. 124) for the
photochemical and biochemical phases to explain the overall Kineties of
photosynthesis.

In the chapter on chlorophyll content and light absorplion reference could
have been made 1o the work of P. LATIMER and others regarding the gencral
optical properties of living matter and other scallering malerials. The only
statement touching this is that Beer’s law “would not be expected to apply
exactly”,

In the final chapter “Physiology in future work” the author makes a plea
for the survival of “holanical plant physiology, as distinet from the biochemical
and biophysical sorls”. He feels the squeeze belween the biochemists and
biophysicists on the one hand and ccology and practical agriculture, horti-
culture and forestry on the other. Te argues that there is slill work for the
plant physiologist who is “primarily a bolanist and therefore unfortunately
knows less of hiochemistry, biophysics and mathematies than the specialisls
in those subjects”. This may be true. although I would like to stress the word
“unfortunately”. In any case, the whole book shows thal plant physiology
certainly is not dead.

L. 0. Biirx

Ricuren, Go Stoffweehselphysiologie der Pflanzen, - - Georg
Thieme Verlag. Stutigart 1969. X F 437 pp., 102 ligs. Price DM 12.80.

The author staris out with the nuclear fusion in the sun which drives all
life, and continues with the encrgetics of biochemical reactions and the basie
nature of enzyme action. This is all deall with in a very simple way, without
touching any Kineties.

For the rest of the book the author has selected a few of the most important
topics in plant biochemistry, and deals with them in rather great detail, starting
out frem scrateh, These topics are pholosynthesis and COs-assimilation, respi-
ration, structure and synthesis of nueleie acids, proteins, isoprenoids, lipids
and porphyrins, One chapter deals with the assimilation of nitrogen, sulfur
and phosphorus. And last, but not least, the most abundant chemical compound
of Tiving organisms, water, has got its own little chapter.

I think the author’s choice of topiecs, and the disposition of the book is
very well made, Also the treatment of the material is worth praise. There are
particularly two features 1 would like to emphasize. The [irst is that the
structural aspects of biochemistry are not neglected. The famous a-helix is
there of course, like in all other books. The reader also learns about the multi-
enzvme-complex in fat svnlthesis, aboul the imporlance of structure in the
respiralory chain, and the structure of the photosynthetic apparalus gets 16
pages. There could have heen more about the structure of proteins and of the
polysaccharides of the eell wall, but then something else of importance might
have had to be excluded.
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The other general feature that 1 consider of greal value s that the methods
of investigation are worked into the subject. The student becomes familiar
with the prineiples of chromatography and gel filtration. separation of cell
organelles by density centrifugation, autoradiography, spectrophotometry and
manometry.

My main objection against the book is that there are no references. Whatever
reasons there may be for this. it seriously hampers the studenls who beeome
particularly nterested in some special topic and want to dig deeper into it
Those students may be few, but they are the ones worlh writing good books
for.

Of course one can find particular poinls to critisize here and there. bul
they are all of mmor mmportance. 1 do not consider the experimental setup
in figure 59 very suitable for studving fluorescenee. T suppose the author has
never tried il Furthermore it is an oversimplification to elaim that the emis-
ston from a leaf i1s identical (in spectral composition) to the fluorescence of
pure chlorophyll. — In deseribing the methods of oxvgen determimation.
polarography might have been mentioned, perhaps in place of Winkler's
method which 1s very little used to-dax.

The book is written in such a way thal not much prior knowledge of
chemistry for of anvihing eclse for thal matter} is required to understand it
after careful reading. Nevertheless, the student may need more time than he
anticipates to digest the seemingly small volume. There is no dead talk. there
arc lots of facts, bul the author also pauses for the connexions between the
details.

In summary: A very nice hook.

L. 0. B1orN

Brrexko, R, G Plant Tissue Culture and Plant Morpho-
genesis. — Israel Program for Scientifie Translations. Jerosalem 1968.
N 206 pp., 104 figs. Price $ 12.75.

This book 1s translated from a Russian orviginal published in 1964 1t 15 both
a manual for “tissue cullure” (in fact of organs, calli and cell suspensions)
and a review of scientific results obtamed with such cultures

There 1s much valuable advice to be found in the book. but since there is
no subject index a reader must take his time. The photographic reproductions
are extremely bad. In the copy obtamed for review four pages are left withoul
print.

I have found lew factual errors. On po 32 it is claimed thal isolated roots
(in contrast to some olher materials) need sucrose i the medium. This is
correcel only for a few plants. Equisetum roots are reported to use only sucrose,
and rools of dicotvledons generally grow helter on suerose than on glicose.
Rools of conifers and monocotvledons generally grow at least as well on media
containing glucosce as on those with suerose. Wheat roots can be grown on
glucose. but not at all on suecrose media. For some kinds of roots there are
also reports of positive results with other carbohvdrates.
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It is recommended Lo incubale cultures in complete darkness if no illumina-
tion is required for special reasons, It could have been mentioned in this
connection  that exeised roots gencrally require some light for continued
growth: in complele darkness cell divisions cease after a couple ol weeks.

Cytokining seem to be a neglected topic in this treatise. There is, at the
beginning of the book, a seclion entitled “Growth factors — svathetic and
natural”. This section deals wilh the effeets of different auxins and plant
extracls. Kinetin or evtokinins are not at all mentioned here. Although il is
mentioned that corn steep water conlains growth [lactors, nothing is said
regarding their nature. This is somewhat surprising, since some of €. O.
MiLLER's work on the “kinelin-like [actor in maize” is included in the hiblio-
graphy, The nalure of zealin was, in fact, fairly well realized at the lime of
prinling of Brrexko’s Russian edition, and il was also known that fruitlets of
different species contain substances wilth kinetin-like activity, In the short
section on “The effect of kinetin™ (p. 135) BUuTENKO slales that “kinetin has
not heen deteeted in biological specimens, and it may be an arctefact”™. This is
true, but at least something should have been mentioned aboul the natural
counterparts, the evtokinins,

The increasing flow of translations of Russian scientific literature is a
welcome subslitule {bul no more) for our lacking knowledge of an important
language of science. The translations. particularly of journals, are often of
low slandard. In this particular case the translator. Dr. M. ARTMANN, seems
to have made an unusually good job.

L. O. BiorN

Rousp, I E. Introduction lo the lower plants. — Butterworlhs,
London 1969, XIT — 170 pp. Price £ 1.

Almost the whole planl system is referred to here as the “lower plants™, only
the gymnosperms and angiosperms being left aside. Thus the material is
extremely helerogeneous, indeed. However. the book gives a well-balanced
account of the chosen topie with many interesting details and modern aspects,
and il has been a pleasure for me lo study it. A erviticism must therefore he
rather peripheral.

The illustrations are simple and casy to understand, Possibly the [fsodtes
plant (p. 133} should have been drawn in a manner not hiding the corm.

The systematie disposition is mainly a conventional one with the exception
of the rank of some algal groups. The lichens are treated as a separate group
not included in the fungi. a somewhat disputable matter. Apart from (his,
mallers of controversion are rare. In many cases the author has valuable
practical aspects on his subject, stressing the evervday contact with the lower
plants, bul I regret the existence in a text-book from 1969 of an unreserved
recommendation of controlling Venluria attacks hy mercury-containing fungi-
cides.

The notes on practical study at the end of each chapler ave valuable. Per-
haps the review questions are, too, but I think many of them can hardly be
answered without a teacher’s preparation and guidance. Moreover, each group
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by necessity has been dealt with in a fairly small space. The major trends,
although easily found by the more experienced reader, tend to be ohscured by
the details. I am afraid thal the student really using the book as an “Introdue-
tion” cannot organize the subject without help. A greal many analtomical,
morphological and other terms are also introduced without being explained.

A better checking of terms is also recommended for the second edition. Most
errors are of no real importance but some are in fact disturhing. Some examp-
les: p. 44: the gametes of Phaeophyta are staled to be formed in sporangia
(should be gametangia); p. 47: egg cells in terminal sporangia (should be
oogonial; p. 78: eleistocarp (should he cleistothecium): pp. 92, 93: Spanish
moss is slated 1o bhe an Usnea (rather a Bromeliaceae, Tillandsia usneoiides) :
p. 139: the sporangiophores (of the Sphenophytal are terminal (should be
the strobilij: p. 142: sporophyll types (in the Sphenophyta) (should be
sporangiophore lvpes).

In conclusion it must be said that it is a most slimulating and useful book.
A direct continuation on gymnosperms and angiosperms would be very wel-
come,

GUNNAR WEIMARCE

Fotolloran — Liromedelsforlagen, Uniskol, Lund 1969. 262 sidor. Pris
27,50 kr.

EEn ny och annorlunda flora har kommit ut frin Liromedelstorlagen, Uniskol,
i Lund. Lektor LoreNTZ Bornin, med lidigare erfarenhel frin floraarbete, star
for planliggning och bildorganisation i Fotofloran. 691 svenska viixter presen-
teras hiir i firg. fordelade pa 836 bilder. 95 % av bilderna har BoLiN sjilv
tagit under ett par ars intensivt arbele dver hela Sverige. Kvalitén pa bilderna
iir genomgiaende mycket hog, Vissa viixter presenteras mycket illustrative med
flera bilder, Lex. blomma och frukt,

Urvalel av arterna tycks vara myekel genomtiinkt dven om man kan ifraga-
sittta om vildtulpan och kronlilja ér heriittigade.

Fotofloran sliger ytterligare i viirde genom de ulmiirkla texter som ORJAN
NiLssON skrivit Lill varje arl. Texterna har masl giras ganska komplicerade,
men dr finda mveket innehallsrika och kompletterar bilderna fortjanstiullt,
Exempelvis har manga intressanta kulturhistoriska notiser fogats tll, liksom
upplysningar om giftighet och fridlysning. Text och bild foljs 4t helt vilkel
underliittar florans anvandning.

I slutet av floran ger Orsay NiLsson med egna leckningar pa nio sidor en
oversikt av vixternas morfologi som {ir mera komplelt {in i nagon tidigare
fiiltflora.

Men det dir inte bara bildmaterialet som gor floran intressant. Ett nytt och
myckel viktigt grepp i takt med tiden déir att vixterna grupperats efter sin
viixtmiljo: kulturmarker. dingsmarker, torra, steniga och sandiga marker,
skogsmarker. fuktiga marker, sjoar och striinder. havsstriinder, fjillmarker.
Trid, buskar och ris behandlas dock [ir sig. vilket kanske inte ir helt konse-
kvent men inda praktiskt riktigt.
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Grupperingen av viixlterna édr ocksia noga genomtinkt och nagra grava
anmiirkningar gar knappast all gora. Genom grupperingen har floran blivit
ett enkell hjilpmedel for den som ej ir sa bevandrad i systematik.

Grupperingen efter miljé borde dock fbljts upp med kompletterande bilder
dver de miljoer som omnamnes.

Inom zoologien har man sedan linge haft falthandbocker for olika miljoer
av typ *Vad jag finner pa havsstrandens. For viixterna har det hitinlills inte
funnits nigon molsvarighet i Sverige, vilket onekligen varit en stor brist. Man
kan vill misstinka och hoppas att Fotofloran nu rijt vigen fér nya grepp i
denna rikining,

For holanisten fir det naturligivis inte lillfredsstillande att sendasts 691 av
Sveriges ungefiir 1300 arter finns representerade. Floran vinder sig dock
enligt forlagel i forsta hand Lill skolorna och man Fir nog siga atl artstocken
iir lagom slor.

Floran ingar i en serie »Sli uppe frin samma férlag som nu ir under ut-
givining och som i forsta omgangen behandlar imnena geografli och biologi
{diir ulover de lraditionella fimnena fdven ekologi och naturvard kommer att
bli viktiga inslag). En intressant satsning som har alla forutsittningar att sli
igenom,

Priset — 27.50 kr — [6r en sa genomarbetad filtflora med 836 hiogklassiga
firgfotogralier dr verkligen anmirkningsviirt lagl,

Slutsummering: En utmirkt filtflora som torde finna en mycket bred publik.

LENNART LINDGREN

LeveiNg, T. H., Horre, H. A, & Scamin, O, J.: Marine Algae. A Survey
of Research and Utilization, - Cram, De Gruyter and Co., Ham-
burg 19649 421 pp. with 118 figures, DN 140, —.

Numerous hooks on algae have been published during the last decade. Never-
theless. there has been a great demand for a new treatise ol the algac, especially
their utilization. The present hook by LEVRING Horre — Ssuin fills this
gap.

The book comprises three parts: 1. The vegetation of the sea and the elassifi-
calion of the algae written by LEVRING: 2. Marine algae as raw malerial written
hy Hoppee and Scusmin, and 3. Commersial produets written by Scumin.

LEevrING [irst gives a shorl, but yvery interisting survev of algal ecology,
partly based on his own researches. He gives a view of the ecological factors
and their influence on the algal vegetation. This review is extremely valuable
as it is the first time the advances in marine botlanical ecology have been
summed up in this way. Further on he gives a comprimized review of the
algal system, essentially the bentic forms, but also the phytoplancton and the
freshwater algae. Ile uses wilh some modificalions the svstem adopted hy
SMITH. [lTowever, some modern aspects could have been used, for instance
concerning the svstemalies of the siphonous green algae. This chapter is,
however, chieflv a base for the following chapters on the utilization of the algae.

The chapler on marine algae as raw material is o unic review ol all algae,
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which can be of economic importance. An account of the biochemical com-
position, of the distribution, and of the commercial products is given tor 160
genera.

The part on commercial produets is a comprehensive summary of all known
algal products and their different names. the chemical composition, the use
and also an estimation of the total productions of each kind. The last chapler
gives a review of miscellanous product in algae such as pigments. vitamins,
antibioties. and ensyms.

Fach chapter ends with a generons hilevature list. which is of outmost
importance.

The book is illustrated with many diagrams, drawings and photographs. In
some cases the printing quality of the illustrations are insufficient.

As a summary can be staled that the hook i1s extremely valuable to all
students of algae and o Institutions working on algal products. 1t completes
the algal lilerature in a new field thal earlier have been nearly impossible to
get a general view of.

ToraNy vox WACHENFELDT
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