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KUDU-, lindebcrgll PH. J. MÜLLER 1859 

Stem urchin},', hairy; prickles 7—K mm long, straight or falcate, 
base 5- 9 mm long, rather strong but relatively narrow: leaves (3) 
5-foliolate, sparsely hairy above, softly pubescent, green grey toinen-
tose beneath: terminal leaflet obovate: inflorescence narrow, long, leafy 
below, prickles numerous, strong, hooked, glands absent: flowers about 
2.5 cm across; sepals tomentose, light grey, prickles usually absent: 
petals white, obovate; filaments about 5 nun long. 

Normally, the stem is 3—5 m long, strong, with a creeping tip, five 
flat sides, and green or brownish red in colour: the prickles are rather 
numerous and have a red base: the leaf surfaces are flat, dark greyish 
green above; the serration ol the leaflets is even and fine: the terminal 
leaflet, except the shorl lip. is twice as long as the pcliolule: the sepals 
are deflexed. R. lindcbcrtjii often grows in stony meadowlands or along 
streamlets in I uresis. The species occur along the south-eastern coast 
of Norway il.illcsand lo krageröl; in Sweden, il is rare in Halland. 
Blekinge, and southernmost Smaland, but rather common on the ridges 
of Skane: in Denmark the species is common on l-'ven and sporadically 
distributed on Sjalland. Lolland, and eastern Sonderj\ Iland. 

Kubus arnicniiiciis Fot.K F. 1X74 

Stem arching, hairy; prickles about 10 mm long, patent or slightly 
bent, base 8 -12 mm long, strong: leaves 5-foliolale. glabrescenl above, 
while-felled beneath; terminal leaflet broadly obovate— orbicular; in
florescence large, lax. pyramidal, leafy below, prickles straight, small 
in the branches, glands absent; flowers about 3 cm across; sepals grey 
tomentose. prickles absent; petals pink or while, broadly obovate: fila
ments about ti nun long. 

] Bot. Notiser, vol. lffl, 1970 
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PI. XXXIII. linhiix Hndebergii I'H. .1. MÜLLER. — Remark: E refers to a 5-foliolate leaf, 

GENERAL LEGEND FOR THE PLATES 

First-year (jruivlh [primocane): A. Stem with prickles. 1 : 1 . - 15. Prickles, 
drawn from the side and from above. 1 : 1 . - C. Slem with prickles, glands, 
and hairs. 4: 1. I). Leaves (without serration and petiole diameter shown). 
1:8. — E. Margin of a terminal leaflet with a petiolule. 1:2. — Second-year 
growth (floticaiw): F. Inflorescences (wilhout prickles, serration of the leaves, 
Bot. Notiser, vol. 123, 1070 
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PI. XXXI\ Rubus armeniacus FoCKl — Remark: F refers in a specimen collected 
in December 1969. 

and axis diameters .shown). 1:8. — (i. Racbis with prickles, glands, and hairs. 
1: l. II. Floral hud with prickles. 1:1. — I. Petal (without hairsi. 1: l. 
— J. Flower (without petals, glands, and hairs). 1:1. 

Bot. Notiser, vol 128 1970 
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XXXV 

PI. XXXV. liubus thyrsanthus FOCKE. — Remark: The two upper leaves in I) refers 
lo extreme \arieties. 

Bot. Xotiser, vol. 12:!. 1870 
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Tl. XXXVI. R ab us vestervicensis ('.. F.. GUSTAFSSON. — Remark: IC refers lo a 
5-foIioIale leaf. 

Normally, the stem is robust, green, sparsely hair}1; the prickles are 
rather numerous, and have a relatively narrow base; the leaves are 
large; Ihe serration of the leaflets is coarse; the sepals are dcflexcd; 
the fruits, ripening late, are large and i'lavorous. R. arta.em.acus is cul-

Bot. Kotlser, vol. 123, 1070 
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livaled for the blackberries; and where the climate is mild, the species 
may occur even as an escape outside gardens. 

Rubus Ihyrsanlhus 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 pubescent, grey—white tomentosc beneath; 
terminal leaflet ovate; inflorescence long, narrow, dense, leafless, or 
large, pyramidal, leafy, prickles few, small, bent, glands absent; flowers 
2 2.5 cm across; sepals grey tomentosc, reflexed, prickles absent; petals 
pink, broadly obovate; filaments about 5 mm long. 

Normally, the stem is 0.5—2 m long, recurved, Silicate, 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 pctiolulc; the flowers have a scent of apples; the fruits are small, 
semisterile. H. thyrsanthus prefers stony 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 
Skåne, but is rare along the west coast: in Denmark, the species is 
known from different parts of the country-

H. thyrsanthus belongs to a group of blackberries that are related to 
R. candicans W E I H E . The leaflets of the former species display a great 
variety of shapes. When they are narrowly elliptic and long-acuminate, 
this (axon may be confused with the latter species. 

Kubus vestervicensis C. E. GUSTAFSSON 1938 

Stem arching—creeping, hairs and glands few; prickles 4—6 mm 
long, straight or bent, base 3—7 mm long, bristles, sometimes glan
dular, few or none; leaves (3) 5-foliolate, glabrescent above, greyish 
green—grey tomentosc beneath; terminal leaflet orbiculate or broadly 
ovale—obovate. long-acuminate; inflorescence with a dense, relatively 
short 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, tomentosc, with a white-felted border, 
acuminate : petals white—pink, narrowly obovate—spathulate: fila
ments 5—6 mm long. 

Bot. Notiser, vol. 123, 1970 
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Normally, the slem is angled; Ihe pr ick les a re r a t h e r numerous ; the 
leaves are provided with r a t h e r r igid h a i r s benea th ; the leaflets have 
relatively short peliohiles, the basal ones a re sessile; the stipules a re 
about 1.5 cm long, red, a t tached to the petiole 4—7 m m from the axil : 
the sepals are deflexed. R. oestervicensis is known since 1915 from a n 
is land (S. Malmö) outs ide Västervik on the east coast of Sweden. G U S 
TAFSSON (1938) has discussed the possibi l i ty tha t this b lackber ry is a 
h y b r i d between R. bellardi W E I H E & X E E S and R. thyrsanthus F O C K E . 

In the next paper . I shal l dea l wi th R. veslitns W . & X., R. rarfiihi 

W E I H E , R. taeniarum L I N D E B . , a n d R. fitscus W. & X. 
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ABSTRACT 

\M)i iissos 1 ' : Ecological Studies in a Scnnian Woodland and Meadow 
Area. Soulhern Sweden. II. Plant Biomass. I'riniary Production and Turn
over of Organic Mailer. — Bot. Notiser 12.i- 8—51. Lund. 

As a part of an Hit' project "The productivity of the South Swedish 
deciduous woodland ecosystems and their secondary successional stages" 
a comparison between the distribution of organic matter in a mixed de
ciduous woodland dominated by Quercus robur, Tiliu contain. < ort/lus 
aoellana and Anemone nemorosa and a tall herb meadow with Filipendula 
ulmaria within the Nemoral /one in the Southernmost pari o' Sweden 
lias been made. 

Estimations of Ihe plant biomass and production in Ibe woodland was 
made by a dimension analysis applying allometric equations. A tolal 
plant biomass of 210 t ha was found with 'Jill I ha and 39 I ha as abovc-
and below-ground figures respectively The corresponding figures of the 
net primär} production are 15.(S, 13.3 and 2.3 t/ha. A production of 0,77 
t ha is included for the above-ground production of ihe field layer. The 
litter fall, fractions less than 50 cm long, during a three year period 
amounted to 5.2NI ha with considerable variation between years. Including 
coarser litler fractions an yearly input to the ground of 6.5 t/ha was 
found Aller estimation of the remaining Idler before the leaf fall, (i.l t/ha, 
the yearly turnover of the litler layer is calculated to 52 " o. As the humus 
fraction amounts lo 218 t ha. the total content of organic matter in the 
woodland ecosystem thus is 4(>3 t ha with an almost equal distribution 
between above- and below-ground portions. 

In the meadow Ihe distribution of ahoy c and below ground portions of 
the organic mailer is 1 10. calculated from the folloyving figures: above-
ground biomass 4 7 I ha below ground biomass 13 2 Ilia surface litter 
2.4 t/ha and humus 304 t/ha making (lie total organu mailer of Ihe 
meadow ecosystem 324 t ha. The yearly above-ground production is esti
mated to be 7.2 I ha and hiking Ibis as the yearly Idler input lo the 
ground and taking Ihe remaining litler into account a turnover of Ibe 
litter laver of 75 °'o is calculated. This suggests a more intensive turnover 
in the meadow Mian in ihe woodland. 

I M K O I H C T I O N 

l he presenl Investigations have been extended from a study <>l ihe 
dilfercnlialion of vegetation in relation lo the soil-water factor within 
an area of mixed deciduous woodland and moist meadows in Ihe vi
cinity of I.und (F. ANDERSSON 1970). Il was found that different soil-
water regimes create obvious morphological features in Ihe soil profile 
with a distinct differentiation of humus types. These are a result of the 
different water regimes in the ecosystems regulating the turnover of 
organic mailer. Willi this lacl in mind Ihe investigations were directed 

Bot. Notiser, vol. IS8, 1070 
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towards a study of the yearly formation and breakdown of organic 
matter or in other words a study of the primary productivity of the 
ecosystems. 

This genera! approach coincides with that of the Internationa) Bio
logical Programme (IBP) and the present investigations form part of 
an 1H1* project entitled Productivity of the South Swedish deciduous 
forest ecosystems and their secondary successional stages" (F. ANDERS-
SON 19(58). 

In this paper the results of the estimates and determinations of plaid 
biomass and partially primary production of a mixed deciduous wood
land and meadow ecosystems are given. Further, an approximation to 
a functional analysis of the woodland and a meadow ecosystem is made 
by considering the turnover of organic matter. 

DESCRIPTION OF LOCALITY 

Linnebjer is situated 7 km ENE of Lund in the southernmost pro
vince of Sweden |55°44'N, 13°18'E) 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 moderately sloping terraine and 
impervious properties of the shallow soil, render a superficial ground
water, the effect of which is easily seen in the soil profiles. They all 
show hvdromorphic features with a brown forest soil in the higher 
situated woodland and mullgley-annioorgley soils in the meadows, 
which arc situated in smaller depressions within the area. A detailed 
account of environmental as well as \egetalional structures is given in 

F. ANDERSSON 1970. 

INVESTIGATED ECOSYSTEMS 

The study area of Linnebjer (Fig. 1) embraces an area of 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 the Special Area with dominating mixed deciduous forest 
type of Quercus robur and Corylus avellana and moist meadows has 
been selected as a measurement area comprising sample areas (Fig. 21. 

As a criterion lor the identification of ecosystems the vegetation has 
been chosen. According to the map in Fig. 2 seven ecosystems have 
been identified. The investigations have mainly been restricted to four 

Bot. Notiser, vol. 1:3. 19T0 
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Fij,'. 1. Schematic map "I the Linncbjer Wood. The squares marked I, II and III 
show the situation of 1 lie analysed woodland stands. The scale is approximate. 

of Ihi'sc. one woodhind ecosystem and three moisl meadow ecosystems, 
viz.: 

A. Quercus rnhur - Oxalis acetosella ecosystem mixed deciduous 
woodland, 

li. Filipendula ulmaria ecosystem — lall herb meadow. 
F. (jirc.v flacca ecosystem — grass-sedge meadow. 
G. Carex caespitosa ecosystem tall sedge meadow. 

The most intensive investigations have been carried out within eco
systems A and E. 

Bot. Notiser, vol. 123, 1970 
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B M = = E 0 = = 

Fig. 2. Map of the Special Vrco >ln>\\ m̂ : ecosystems and sample areas Kej 
\ Quereus robar-Oxalls aeetosella ecosystem; 15. Querem robur-Geum rioah 
ecosystem; ( Quercus robnr- ithyrlum fllix-feminn ecosystem; 1) Clearing phase 
of ecos\slem A and H: K FlUpetidulü iilmnii'i ecosvstcm; f ' nrc.t flacca ecosystem 
and G (tine caespitosa i-rosystem. In tin- sample ana of ecosystem A • and 9 

slio\\-> the situation of litter traps anil rain gauges respective!) 

Structure of the Woodland 

From the physiognomic point ol \ic\v four distinct layers can be 
identified in the woodland ecosystem (P. ANDERSSON 1970 p. 16): 

Bot. ITatiMr. vol. 123.1070 
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Fig. 3. Photo of the sample area I of the woodland ecosystem (A) showing litter 
traps and rain gauges. — Photo: Author May I960. 

Overs tory layer o r Iree 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 (Querem robiir) with lime-
tree (Tilia cordata) as a codominanl species. The unders lory layer is 
formed of limetree and Sorbits 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-

Bot. Xotiser, vol. 123, 1970 
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Fig. 1. Diameter- and height-class distribution of trees and shrubs in Hie woodland 
ecosvstem lAl. 

gyna, C. oxyacantha and Viburnum opulus occurs. The ground vegeta
tion shows seasonal aspects with dominance ol Anemone nemorosa, 
Convallaria majalis and Oralis acetosella during spring, early summer 
and late summer respectively. In particular the two former aspects are 
well developed with a complete cover of the ground. BryOphytes are 
scattered. 

The numerical description ol the tree stands (Fig. 4 and Table 1) as 
well as the distribution of the main tree and shrub species on classes of 
height and diameter (Fig. 4) show Hie structure of overslorv and iindcr-
slory Iree- and shrublayers. In this type ol woodland a wide range of 
diameters as well as heights is encountered. 

The age structure of the stand has not been fully investigated and 
therefore only information from the annual-ring analysis of the sample 
trees is available. The oak ranges from 125 to 190 years, limetree .'$5 — 
00 years, Sorbits aucuparia 12—.">7 years and hazel up to Ö0 years. An 
uneven-aged woodland is thus present. 

The understory species, especially the hazel and the limetree. have 
an average age of 40 years. This corresponds to the time period since 
the last coppicing of the woodland (F. ANDERSSON 1970 p. 86). 

Bot. Notiser, vol. 12;!, 1970 
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Table 2. Survey table of Hit- vegetation of lln- meadow ecosystems E—G). 

Ecosystem 

Filipendula ulmaria 
Geum rivale 
Geranium palustre 
Ranunculus auncomus 
Brachythecium rutabulum coll 
Lysimachia vulgaris 
Caltha palustris 
Myosotis palustris 
Ranunculus repens 
Angelica sylvestris 
Crepis paludosa 
Valeriana dioica 
Equisetum arvense 
Cahergonella cuspidata 
Mnium affine coll 
Cirsium palustre 
Juncus conglomeratus 
Lychnis flos-cuculi 
Carex flacca 
Carex Hartmanii 
Carex panicea 
Molinia caerulea 
Juncus articulatus 
Enophorum angustifolium 
Eleochans umglumis 
Dactylorchis majalis 
Briza media 
Carex caespitosa 
Lophocolea bidentata 

Filipendula 
ulmaria 

• 
O 
O 

+ O 

O 
0 
o 
o 
+ 
+ 
+ 
o 
+ 
+ 
+ 
• 

• 
• 
• 
• 
• 

• 

Carex 
flacca 

O 
+ 

o 
O 
O 
O 
O 
o 
O 
• 
• 
o o 0 
o 
O 
o 
o • 
• 
o 
+ 
+ 
+ 

Carex 
caespitosa 

O 
o 

o 
+ 
0 

o 
+ 
O 
o 
o 
O 
o 
O 
+ 

• 
o 

Frequency + 2 5 - 5 0 " / . 0 50-757. O 75-1007. 
0 dominating Q not dominating 

The overstory layer of oak has a height of 23 m (13—29 ml. The 
diameter at breast Iieighl (D) ranging from .Ti.ö lo l'2.-> em A few 
individuals of lhnclree reach the top layer. A complete cover of the 
ground is given by the foliage of the over- and underslory components. 
The understorv with hazel forms a second canopy beneath that of the 
overstory. The conspicuous layer ol hazel has ö00 stools/ha with <S -
30 individual shoots per stool reaching a maximum heigh I of 13 m. 

The stand density illuscii 1963 p. 2().'i| has been described in Table 
1 in terms of slems'ha. basal area in n r ' ha and parabolic volume in 
m'/ha. The conic stem surface is also given. For the structure of the 
ground vegetation see I'. ANDERSSON 1970 p. 47. 

Bot. Notiser, vol. 123. 1070 
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l'ii; 5 Photo of the lall herb meadow ecosystem (Ei with dominating Filipendula 
ulmaria — Photo: L. Påhlsson ,lul\ 1065. 

Structure <»f 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, \i/.. the Filipendula ulmaria meadow (Fig. ä) and the Carex 
caespitosa meadow. The latter has a tnssocky growth, while the former 
has an even distribution of species in spite of the tnssocky appearance 
of Filipendula ulmaria. Finally, the Carex flacea meadow is a fen-like 
ecosystem characterized by lower plants compared with those of the 
previous ecosystems. It has a firm lawn of dense penetrating roots in 

Bot. Xotiser. vol 123. 1970 
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t lit- upper pari of Ihc soil. Moreover, a more or less consisleul layer 
DI bryophytes exists. For a detailed description see F. ANDERSSON 1970 
p. 61—73. 

TERMINOLOGY 

The terminology adopted in this work is mainly derived I'rom W E S T -

LAKE (1963 p. 387- -388), XKWBOU.D (1967 p. 6—7] and MlLNER el at. 
11908 p. 4 -5). 

P r i m a r j p r o d u c t i o n refers to the process of formation of 
plant matter by photosynthesis. If considered lor a specific period of 
lime it corresponds lo the g r o s s p r i m a r y p r o d u c t i o n . Through 
respiration a certain amount is losl and the amount present then corre
sponds to n e t p r i m a r y p r o d u c t i o n or simply p r i m a r y p r o 
d u c t i o n . In an ecological sense the net primary production is inter
preted as the formation of plant tissues and reserve substances of plant 
biomass which is incorporated and translocated in an ecosyslem In 
fact, when regarded for a specific period of lime the net primary pro
duction value corresponds to a rale and is termed the p r o d u c t i o n 
r a l e or the p r o d u c t i v i t y . P l a n t b i o m a s s i p h y l o m a s s i 
or. in this paper it nothing else staled, the hi o in a s s corresponds to 
the weight of living plant matter at a given moment in an ecosyslem. 
The biomass includes, in woody species, even heartwood and hark. 
Branches without huds are regarded as dead and as long as they are 
fixed to the living plaid this fraction is termed " a t t a c h e d d e a d " . 
The t o t a l p l a n I b i o m a s s includes a b o v e - g r o u n d and be

l o w - g r o u n d p l a n t 1) i o m a s s . 

Dead or living plant material which is rejected from the plants forms 
the litter. The l i t t e r f a l l designates in this study the finer frac
tions of the litter as il is measured in litter traps 150X30 cm) but il 
includes also coarser fractions i > 50 cm) as branches and wood. The 
s u r f a c e l i t t e r is the litter present at any occasion on the soil 
surface. In the soil formation of Idler occurs by the dying oil from 
roots and other below-ground organs. This litter is termed r o o t 
I i I t e r. 

The plant biomass and litter fractions are expressed as dry weight 
or dry mailer, including the minor fraction of inorganic constituents. 
The weights of plant biomass are referred to 85 ('.. A correction factor 
of one °/o can be applied lor obtaining weights .it 105 ('.. The organic 
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Overslory biomass 

Underslory biomass 

Shrub biomass 

M * -i 
X r 

\Ffel<j layer b i o m a s s \ \ ^ 1 -'-'-'-

Litter fal l 

SURFACE UTTER 

Fig fi Investigation model for the study of 
plant biomass. net primary production and 
turnover of organic mailer in a mixed de
ciduous woodland For the estimations tin 
following fractions air used: 1. Apparent 
growth, increment - l!j\. 2. Plant losses 
by consumers - <1 .'i. Plan! losses by death 
and shedding - /.. I. Altacbed dead male-
rial, not included in the plant biomass. 

matter of I he soil, the humus, refers In 105 C and corresponds to cor
rected values of loss on ignition (see p. 43). Usually the weights are 
given as metric ton/ha (t/ha), which equals 108 kg/ha. 

INVESTIGATION MODEL 

The estimation ol biomass and primary production forms part ol Ihe 
determination of the distribution of organic mailer in Ihe ecosystems, 
which is necessary for the analysis of ecosystem functioning. As organic 
matter occurs not only as above-ground and below-ground plant bio
mass but also in dead organic I Tactions as litter and humus ,i model 
designed for this type of investigations necessarily will include addi
tional determinations of the laller fractions. 

A model (Fig. 6) was designed with respect In Ihe structure of Ihe 
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investigated woodland described and Ihc fractioning indispensable for 
obtaining inlornialion on Ihc yearly production ol organic matter. As 
a guiding line in this work the method 2, according to NEWBOULD 

(1967) is applicable, i.e. estimation 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 parts. 
The latter taken together give the apparent production (B-w). The net 
primary production {P,\) is estimated when consumed paris (G) and 
losses by death and shedding (L) — rejects — are added. Thus / \ \ — 
Hj\ + I.r(i. For the field layer production, the formula / '\— \B+L — G 
ought lo be followed. \ ß stands for the change in bioinass during the 
period t)—1_> (MlLNER et al. 1968 p. 5). Usually \H is calculated as a 
sum of changes in plant biomass between consecutive periods. With 
this design the model is applicable lo both woodland and such open 
ecosystems as meadows. 

The model comprises four main boxes or compartments. The rela
tions or connections between these as to transferred and transformed 
amount of organic matter reveal the functioning or the metabolism of 
the ecosystem. In this form the model reflects the main pathways ol 
the organic mailer and at the same time parts of the energy flow. The 
biogeochemical cycle is possible to attach to this model. 

MKTHODS OF ESTIMATION PLANT BIOMASS AM) PRODUCTION 

Introductory 

The present research requires methods (NEWBOI/LD 1967, MlLNEB 
el al. 1968), which give not only estimates of biomass and productivity 
hut also further information as physiognomy, surface of respiration 
and photosynthesis, biomass- and production relations between species 
as parameters in the study of dominance-diversity relations and com
petition of plants, and in addition a basis for the stud} ol mineral and 
energy turnover. Because of a complex diameter and age structure of 
the woodland the applied methods must include all diameters and 
heights present. The most adequate system of analysis of a woodland 
ecosystem is found in the d i m e n s i o n a n a l y s i s as worked out 
by WHITTAKER (1961, 1962, 1963, 1966), WIIITTAKER el al. (1963) and 
WHITTAKER & WOODWELL 119(38. 1969 a) . The latter authors 11969 b) 
give a general survey of the methods for Ihc measurements of net 
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p r i m a r y product ion of foresl and especially the dimension analys is . 
References a re also given to KIKA & S H I D K I i 1967). In format ion on 
g e n e r a l foresl mensura t ion is taken from HUSCH (1963). T h e ground 
vege ta t ion has main ly been studied according to the seasonal maxi -
n m i m - m i n i m u m approach (NEWBOULD 19(57 p. 29 30). C.f. a lso M I L N E R 
>i-{ al. (1968 p . 22 24) a n d LOMNICKI et. al. (1968 p. 147—149). 

F o u r basic steps can be recognized in the estimation procedure : 

/ . Stand analysis — non-dest ruct ive measu remen t s . 

'2. Destructive m e a s u r e m e n t s or dimension analysis of s ample Irees 
and shrubs including above and below ground par t s in order to 
obtain al lometr ic regressions of the type (/ — ax1' (KiRA <£ S H I D K I 
1967 p. 71) between non-destruct ive paramete rs as d i ame te r a t 
breast height ' / )) a n d height i//j a n d destructive pa r ame te r s as total 
weight of biomass derived from individual regressions of the sum 
of various fract ions as current leaves and twigs, b r a n c h wood and 
bark , s tem wood a n d bark . 

3. Calculation of s tand b iomass and product ion by applying the da ta 
from the s tand analysis to the regressions found according lo 2. 

I. Additional observat ion throughout the year as collection of litter 
fall lo obtain a value of the pa r ame te r I. in the product ion equat ion 
of the investigation model . 

In I he following these steps will he described in an integrated way 

u n d e r the headings field-work procedure, labora tory procedure a n d 

computa t ions . 

Field-work Procedure 

STAND ANALYSIS 

Three sample ureas of 40X10 in (situation given in Fig. 1) were analysed 
giving a total area of 0.48 ha. Diameter al breast height (/)) and height (H) 
are the parameters recorded, ' the caliper is graduated in mm. Height is mea
sured in m with a tree height meter type Suunto PM — 5/1120 P lo the 
nearest half meter. 

TREATMENT OF SAMPLE TREES AND SHRUBS 

Sample trees and shrubs arc chosen according lo the size-class distribution 
of the stand table. C.f. discussion p. 26. Usually. 10 trees anil 15 shrubs of 
the dominant and codoininant species arc analysed. 
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Sample trees and shrubs are felled and the length is recorded from base 
lo lip. As the limit between above-ground (shoot) and below-ground (root) 
parts, lIn* lower 'epiphyte-limit' is chosen (where epiphytes cease lo grow). 
Heights and diameters for the stumps are recorded. Branches are taken off 
one by one and the distance above the "epiphyte-limit', basal diameter and age 
(discs 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 each tree and level mentioned). The sample branches are treated 
as above and, in 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 .Suhsamples of living 
and dead woodx material of the branches with different diamelers aie taken 
for diving to constant weight at 8.3 (',. 

Twig samples are taken for determination ol twig properties. These samples 
are taken in upper, middle and lower portions of the crown. If the material 
cannot be treated immediately after arrival at the laboratory, it is stored, 
wrapped in polythene bags in a deep freeze. 

After the branches are removed the stem is sectioned into logs 250 cm long 
(always more than eight logs per tree). Diameters are cross-calipcred over 
bark al the base, middle and top Diameter al breast height iHi is measured 
in the same way as log diameter. 10 cm discs are taken from the lower end 
of each log. The bark is peeled off and diameters are measured again in the 
same directions and in the same places as over hark measurements. It possi
ble, fresh weight is determined for each intact log. Fresh weights are also 
determined on bark and wood of the discs. 

Woody species less than '> m long make a minor fraction and are therefore 
treated in an approximative way. 

Itools of trees and shrubs are dug out and collected down lo 0.5 cm dia
meter giving the m a i n - r o o t b i o m a s s (Ni-vviiori l> 1967 p. 237). Finer 
roots or roots having a diameter less than 0.5 cm including lice and shrub 
loots and the below ground organs of the field laver are sampled from pits 
50X50X60 cm giving the f i n e - r o o t b i o m a s s . Ten pits were taken in 
a transect al a regular distance of two metres. 

SAMPLING OF THE FIELD LAYER AND ADDITIONAL I RACTIONS 

The above-ground biomass ol the field laver is sampled on occasions corre
sponding lo the maximum development ol the seasonal aspects. In the wood
land production figures are obtained as the sum of the maximum figures of 
investigated species. Ifi squares ol 0.5X0.5 m are taken al random on each 
sampling occasion. In the meadow the above-ground biomass of the field 
layer is only determined once in squares of 0.5X0.5 m randomlj distributed. 
Various numbers of squares have been used. 

The below-ground biomass in the meadow is collected on 5 0 v 30 em pin-
hoards of plywood with steel needles 8 cm long, placed 5 cm apart (FERGEFJAL 
H)(>7, SCHUURMAN & GOEDEWAAGEN 1965). 
Bot, Notiser, vol. 128, 1070 
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The l i t t e r f a l l in the woodland is collected in 10 litter traps (50X50X 
30 cm; sides made of wooden board and with a nylon nel bottom; placed 20 
cm above the ground surface) arranged in a systematic way (cf. Fig. 2). 
C o a r s c ]• l i t t e r fraction as twigs and logs longer than 0.5 in is collected 
yearly in a square 20X20 m. 

Random samples of s u r f a c e l i t t e r are taken twice a year, before and 
after the shedding of the leaves in 16 quadrates 50X50 cm. 

Laboratory Procedure 

Subsamples of branches, discs and bark or other fractions are dried at ca. 
37 C. Final dry weight at 85°C is determined on further subsamples. Before 
the drying of discs they are subject to annual-ring analysis for growth on four 
radii over five or ten year periods, and total age determinations. The annual-
ring analysis is made under a stereomicroscope with slide callipers 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 twig, 
weight of blades, petioles and the rest of the current twig. Leaf area and 
damaged leaf area are measured with a planimcter. 

Sampled roots are washed and dried at the same temperatures as above. 
Kor the final weight no allowance is made for the mineral soil particles at
tached the root material. 

Computations 

ABOVE-GROUND BIOMASS 

V o 1 II in e of l o g s. By means of the end diameters i'/>, and I),} over and 
under bark and the length of the logs the log volumes are calculated as fol
lows: V — l)m • n • 1/4, where V — volume in cm3, D m =mean diameter in cm 
according to the formula l)m=VD,3+D.,-/2 and / length of log in cm. The 
following log fractions arc calculated: 

Log volume (Lv) — wood volume (VV'|.)=bark volume {Bv). 

M a s s o f l o g s. When fresh weights of logs and discs are available the 
dry weights of log, wood and bark are obtained in the following way: 

/. Calculate the quotient fresh weight/dry weight (/) of the discs. 
2. Calculate log dry weight (L,;) as LG=\og fresh weight//. 
•3. Calculate wood dry weight {W0} as W G =Iog dry weight (L ( ;)Xwood vo

lume (W,.)/'log volume (L,) . 
4. Calculate hark dry weight {liG) as BG=log dry weight f/.G)Xbark volume 

(ß|/)/log volume (Lr) or DG=LG — WG. 

Corrections of the bark and stem weights arc 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 density. The 
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necessary correc t ions are m a d e accord ing lo W H I T T A E E R & W O O D W I u (1908 
p. 3 1 . 

W h e n to ta l fresh weights of logs a r e not de te rmined the we igh t s a r e ob
ta ined by mul t ip ly ing the calcula ted log volume by Ihe wood and ha rk densi 
ties. All vo lumes and weights for logs a r e s u m m e d to ca lcu la te Ihe w h o l e 
s tem value . 

M a s s o f b r a n c h e s . F r o m regress ions giving Ihe re la t ion be tween 
the basal d iamete r and the dry b r a n c h weight of the s ample b r a n c h e s the m a s s 
of all b r anches is ob ta ined . T h e a l lometr ic equat ion of t h e type y av1' co r re 
spond ing to /<if/ y = A + b log X is used. End d iameters of all b r a n c h e s of t he 
s ample t rees a r e measu red a n d for the ca lcu la ted regress ions e s t ima tes of 
co r re spond ing b r a n c h mass a r e ob ta ined . These a r e s u m m e d lo m a k e up 
weights of all living b r a n c h wood and ba rk , c u r r e n t twigs wi th leaves a n d 
fruits of a sample t ree o r s h r u b . 

ABOVE-GROUND P R O D U C T I O N 

L o g w o o d p r o d u c t i o n is ca lcula ted using the resul ts of Ihe a n n u a l -
r ing ana lys i s accord ing to t he fo rmula a s suming linear g r o w t h : \1V|-— Wy~ 
Wy'/n. w h e r e Wp is the vo lume a t Ihe l ime of leaf fall a n d Vl'j ' t he vo lume 
n years ear l ier . Obtained vo lumes a r e I r ans fo rmed to we igh t s by mul t ip l i ca 
t ion with the wood densi ty . 

I. o g b a r k p r o d u c I i o n is ca lcula ted from the regress ions log d i a m e t e r / 
bark Ihickness a n d log age /ba rk th ickness ( \YHITTAKF.R 1961). Resul t s cal
cu la ted as volumes a r e t r a n s f o r m e d to weights using the b a r k densi ty . 

B r a n c h w o o d p r o d u c t i o n is calculated f rom b r a n c h weight , 
b r a n c h age and b —• the g rowlh exponent from the a l lomet r ic regression of 
b r a n c h d i a m e t e r / b r a n c h weight. T h u s Ihe b r a n c h g rowth ('\u) is ca lcu la ted : 
A.!/ — b y/.c. where {/ — b r a n c h weight . b~growlh exponent and r = b r a n c b age. 

P r o d u c t i o n of b r a n c h bark is ignored. 
P r o d u c t i o n o f c u r r e n t t w i g s w i t h l e a v e s is ob ta ined from 

the regression b r a n c h d iamete r /we igh t of c u r r e n t twigs and leaves a lso in
c lud ing fruits. 

ADDITIONAL COMPUTATIONS 

B e l o w - g r o u n d p l a n t b i o in a s s If possible the main-root biomass of 
trees ami shrubs are correlated with non-destructive parameters and the regressions 
are given in the same allometric equation as for above ground biomass. Tin- fine-
root biomass of the woodland and the meadows arc calculated directly on an area 
basis. 

E s t i m a t i v e r a t i o s . In order to give a comprehensive description of Hie 
stand [Table 1) from a forestry point of view- the following units have been used 
(ef. WIUTTAKER & W O O D W E L L 19(58 p. 131: 

B a s a l a r e a —the cross sectional area at breast height 11.3 ml of t r ies and shrubs 
and calculated as rr • r2. where r = ra<lius at breast height on bark: 
C o n i c s t e m s u r f a c e = rr • r • b . where /i = heigbt of tree or shrub; 
P a r a b o l i c v o l u m e o f I r e e o r s h r u h = 0.5 • rr • i- • h: 
Bot. Kotier, vol. 123. 1070 
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E s t i m a t e d \ o I u m e i n c r e m e n t {EVI) — 0. > n lur2- r2i, «here c r—i; is 
the annual wood radial llhickness increment at breast height. 

These estimative ratio s are also used for a comparison with similar values obtained 
through dimension analysis (Table 4) and these latter values are then termed true 
s: ilues. 

Application lo Stand 

The treated ca lcu la t ions give values of volume, bioniass and weights 
<il var ious Iree and s h r u b fractions. These are s u m m e d to give values 
for the whole tree o r shrub . New regressions are then calculated for 
d i a m e t e r (Li) and he igh t (//) expressed as D*H and whole shoot and 
main - roo t da la . T h e non-dest ruct ive pa r ame te r s from the s t and ana
lysis are then applied1 to these new regressions giving the s tand bioniass 
a n d product ion. Accord ing to the investigation model dala on bioniass 
a n d product ion of t h e field layer as well as the litter fall must also be 
a d d e d to those of Ire-es and shrubs to give the total s tand bioniass and 
p roduc t ion . 

T h e calculation oil total plant bioniass and product ion have been 
d o n e in a computer . A p r o g r a m m e was wri t ten lo give nol only these 
f igures but on the s a m e time the total e r ro r involved at t he es t imat ion 
p r o c e d u r e (see p. 21). 

RESULTS 

Plant Bioniass and I'rmduclion of Woody Plants in the Woodland 

KEGRKSSIONS 

Allomelric ecpialioms are wideh accepted and are a necessary requi
site especially when dealing with bioniass and production estimations 
of mixed and uneven-aged forests composed of several species and a 
wide range of diameters and heights. As pointed out by KIRA & SHIDEI 
(1967 p. 71) nol only different species — even different lifeforms ac
cording (o \ V H I T T \ K E R & WOODWELL (1968 p. 23) - but also species 
from different localiliies may be treated logelher in one and Ihe same 
regression. The allormetric equation g — ax1' or log ij — .X + b log x thus 
offers a tool for a Structural description of the stand by using various 
properlies ol the equation as intercept(.t|-value, correlalion and re
gression coefficient, amd. more important gives ihe possibility of obtai-
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ninij hiomass and protliirlion figures for Ihe whole stand as well as 
for the individual live or (radions of Hie live such as stem wood, stem 
bark, branches, current twigs and leaves. 

The regressions are influenced by several (actors (WHITTAKER & 
W O O D W E I X HKi'.i hi two of which will be treated in (he following, viz. 
the selection ol sample lives and Ihe choice of Ihe independent variable. 

According to that mentioned in the methodological part earlier the 
selection of Ihe sample lives imisl I'nllow (he stand table approach 
(BASKERVILLE 1965). In the present investigations the sample lives 
were chosen in such a wa\ thai the range of diameters was evenly 
covered. However, oaks with Ihe widest diameters were avoided. 
Furthermore, representative trees were looked for and (hose showing 
extreme forms and deviating growth were avoided The reason for 
omitting the larger trees in the analysis is purely mathematical. 

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

The main aim has been lo obtain lotal biomass and production fig
ures. Therefore the testing of independent variables in the allomelric 
equation valid lo Ihe whole live for individual species or all species 
combined has been restricted to variables including diameter and/or 
height. In Table .'i a comparison of correlation coefficients (r) and 
mean square deviations (MS) between Ihe variables diameler (I)) and 
Ihe squared diameler limes height I/•»-//1 is given. Generally speaking 
Ihe I)-II expression simulates a volume and Ihis gives a closer rela
tionship (o the weight figures than does the diameler. This has earlier 
been emphasized by inter alia KiRA & SIIIDKI (1967 p. 71i and in accor
dance with them I therefore use the lY'll-ha;sis since an improvement 
in bolh biomass and production estimations is obtained High coeffi
cients ol correlation are always obtained when using allomelric equa
tions (BUNCE 1968 p. HV.ii. In Ihe present study this is also demon
strated. However. Ihe correlation coefficient of Ihe production regres
sions are lower. 

Table I compiles regressions of various fractions of (he live, whole 
shool dala 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 future (his way of presentation is adequate. Up 
lo now il has been used by several investigators (WHITTAKEB & WOOD-
WEi.i. 1!)C>8 p. 15—20.1. 'Ihe independent variable, however, varies. By 
giving the .1 (intercept) and Ihe h iregression coefficient) values it 
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1 able •$. Comparison of correlation coefficients and mean square deviations (MS) 
for logio drj weight of threes and shrubs with logio I) (diameter) and logm ÜSII 

(squared diameter limes height). 

D-ll 

MS 
n 

Biomass 
\ll species 
Quercus robur . . 
'/ tim . Sorbvs 
( oryliu avellana 

Production 
All species 
Quercus robur .. 
iilin + Socbus . . . 
I tirulnx avellana 

MS 

35 
II 
(i 

18 

35 
11 
0 

18 

•Hi 

0-998*** 
0.938 " 
0.99s 
0.998*** 

0.990*** 
0.847*** 
0.904*** 
0.989*** 

cient; Ms 

0.0072 
(10014 
Il 0068 
0.0101 

0 0224 
0 0027 
0.0567 
0.0128 

mean squ 

0.970" ' ' 
0.828s" ' 
0.098**" 
(I..SN.V 

0.94t*** 
0.8 II*** 
0.942**» 
0.839*** 

ire de vial 

0.1320 
0.0036 
0.0021 
0.2653 

0.1532 
0.0033 
0.0364 
0 2700 

on from 

is possible to construct I he regression line. F u r t h e r ;• (correlation 
coefficient] and E (relative error of est imates of a logar i thmic regres
sion) are given. 

WHITTAKEB i WOODWKU. (1968 p. !.">i use /;' as a measure of Ihc relative 
accuracy of the estimation. In analog) with a linear regression the estimate 
ot tlie relative error (ej or Hie spread »1 the points from a regression line 
for a logarithmic regression is calculated as the standard error of estimate 

[SE) divided DJ the mean value of the dependent \ariable IJ/I, i.e. e— 

where SE \ T^Zi- ' " the latter equation d= the difference between the actual 

value and that from the regression estimated y value for a «ixen r \alue and 
it the niimher of x and ;/ values. An e value ot 0.059 for a linear regression 
corresponds in a logarithmic regression to an /-. \alue. which is obtained l>\ 
taking ils antilog, thus giving / I 15. The expected error «ill then range 
from 1.15 y to ;//l l.">. 

This waj of estimation the error gives a relative description of the accurac) 
without connections lo the confidence limits of the regression line. The E 
value fulfil thus onh a descriptive purpose. 

In order to give an adequa te calculat ion of the total e r ror of I he 
est imation the deviation (probabil i ty = 0.05) from the regress ion line of 
each individual Iree and s h r u b in the s tands have been calculated icf. 
H use 11 1963 p. 4 0 1 - 402). The deviat ions have been summed and the 
lower and upper deviat ions from the regression line in percentage of 
the totals ol p lan! biomass and product ion were calculated (Table 6). 
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Table 4. Regressions of shoot dimensions for trees and shrubs in the mixed deciduous 
woodbind ecosystem (A). 

Quercu.1 
robur 

ruin cordata 
+ Sorbus 

(incu/Hiria 

A. Whole shoot regressions logto D-H (ein2 m) i.i) on 

Biomass 

Loy, above-ground total dry weight ikgi [g] 

Corufus 
iiKi'llnna 

All 
species 

A 
b 

E . 

Loy, stem dry weight ikgl 
A 
b 

E . 

Log, stem wood dry weight (kg) 
.4 
b 

/•: 

Log, stem hark dry weight (kg) 

6 

/-; 

Lay. branch wood unci bark dry 
. t 
h 

/•; 

-0.5000 
0.7659 
0.938 
1.028 

-0.6702 
0.7720 
0.000 
1.038 

-0.8376 
0.7985 
0.905 
1.030 

-0.6037 
0.5398 
0.831 
1.056 

weight (kg) 
-1.3575 
0.8240 
0.809 
1.074 

-1.2382 
0.9039 
0.995 
1.106 

-0.6931 
0.6297 
0.827 
1.764 

-2.3522 
1.0426 
0.977 
1.498 

1.1813 
1.0017 
0.994 
1.063 

-1.4441 
0.9378 
0.995 
1.065 

-1.6335 
0.9675 
0.988 
1.894 

-1.8164 
0.8114 
0.908 
4.453 

-2.7737 
1.2125 
0.974 
5.452 

-1.4301 
0.9699 
0.998 
1.146 

_ 

-

-

_ 

Production 
Log, above-ground total production, dry weight ikg.'yeari 

.1 
b 
r 
E 

-1.2611 
0.6311 
0.847 
1.072 

Log, stem wood production (kg/year) 
A -1.0285 
b 0.4627 
r 0.446 
E 1.275 

Loy, stem hark production (kg/year) 
.4 -3.8484 
b 0.8195 
r 0.929 
/•-' 1.410 
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-1.0585 
0.5871 
0.904 
1.781 

-2.1850 
0.7336 
0.904 
3.026 

1.7905 -1.6181 
0.8169 0.7251 
0.989 0.990 
2.161 1.950 

1.8230 
0.6211 
0.985 
1.398 
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Table 4. Continued. 

Qaercus 
robar 

Tttia cordata 
+ Sorbus 

aucuparia 

I.«!/, branch wood amd bark production (kg/year) 
.4 
b 
r 
E 

1.8407 
o.7i>:>i 
0.821 
1.ID1 

2.4362 
0.8404 
0.983 
1.111 

-0.7005 
0.3681 
0.604 
4.192 

B. 

Corglus 
auellana 

-2.6341 
0.8002 
0.080 

13.812 

-2.3218 
0.8668 
0.081 
7.;>io 

-1.5319 
2.7886 
0.934 
3.042 

-2.3568 
2.4738 
0.842 

22.072 

-1.5744 
2.9714 
0.968 
4.8.14 

-1.6116 
2.0946 
0.911 
9.047 

All 
species 

/.";/. current twig and leal' produclion (kg/year] 
A -1.8109 
h 0.6837 
r 0.826 
/:" 1.107 

Branch regressions /01/10 cm (x) on 
Lot/, branch wood arid bark dry weight (g) (g) 

.1 -1.5316 
/> 2.6557 
r 0.973 
/•-• 2.684 

Log. current Iwig and leaves dry weight (kg) 
A -1.7844 
/> 1.9028 
r 0.962 
E 10.790 

All regressions are in the form logyj g = A i b logm x. b • regression coefficient, r = cor
relation coefficient and /E-antilog of the standard error of estimate. 

MEAN DIMENSIONAL RELATIONS OF SAMPLE TREKS 
AND SHRUBS 

P r o m the d imens ion analys is of I he sample trees and shrubs some 
impor tan t and descr ipt ive character is t ics of the woodland a re given 
(Table 5 a and hi . w h i c h give a fur ther description of the woodland 
s t ruc ture . Some re la t ionships (Table 5 a : E ) reveal even funct ional 
aspects of (lie woodJand ecosystems. 

Compared with T a b l e 1 the m e a n d iameters and heights deviate, to 
some extent, from t h o s e given in Tab le 5 a : A . This is a result of the 
way in which the s a m p l e trees were selected as discussed in the pre
vious section. 

T h e proport ions o f s tem-wood biotnass decreases and the s t em-bark 
b iomass increases w i t h decrease in size of the plant (Table 5 a:C) — 
from tree to sh rub b o n u s — and this is also valid within species. Wi th 
d iminishing plant s ize a cor responding propor t iona l increase in b r a n c h 

Hot. Notiser, vol. 128. 19T0 
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T a b l e 5 a . Mean dimensional relations of sample trees and shrubs of Ihr mixed 
deciduous woodland eeosyslem (A). Weigh! figures :il 85°C. 

Quercas 
rohur 

Sorb. Hue* 
'I'iliii cord. 

Cory! us 
iiucllunii 

A. Mean shool relations 

Number of shools investigated II 
Diameter al breast height (can) 43.5 
Height (ml 19.7 
Age (years) 14!) 
Biomass (dry kgi 987.8 
Net production (dry kg/yrj 45.(1 
Bark thickness (mm) 16.4 
Wood radial increment (mm/yr) 1.59 

15. Volume (cm*) 

Parabolic volume estimate 1,230,000 
True stem volume 1.400.000 
Wood volume 1,259,000 
Estimated volume increment (EVI) 19,500 
True vol lime increment 24.200 

C. Shoot dry weight distribution, V« in: 

Stem wood 04.0 
Stem hark 7.3 
Branch wood and hark 25.7 
Current twigs and leaves 2.1 
Fruits 

1). Boot/shoot relations 

Number of stumps investigated 3 
Mean root system dry weight (kg) 105.3 
Mean root/stem ratio 0.17 

Ratio in large tree 0,16 
Ratio in small tree 0.20 

Mean hiomass "/» in: 
Stem 62.2 
Branches 22.2 
Root crown and roots 15.6 

E. Above-ground net production distribution. */o 

Stem wood 28.5 
Stem hark 1.9 
Branch wood and hark 21.2 
Current twigs and leaves 48.4 

F. Interrelations 
Biomass accumulation ratio 23.2 

f biomass. production i 
Basal area increment /hasa I area l"/ol . . 
Shoot net production leaf dry weight . . 
Shool net production/leaf area (g/m*) . . 
Leaf area im*] 

Leaf area index for all species 

Bot. Kotiser, vol. 123, 1070 

(i 
14.1 
12.0 
42 
105.7 
11.2 
5.0 
2.90 

18 
4.7 
0.8 
21 
14.2 
2.0 
2.6 
1.20 

151.000 
175.900 
140.500 
5.300 
0.800 

12.600 
18.800 
10,000 

770 
930 

59.2 
11.7 
25.1 
3.7 

53.1 
11.4 
28.2 
6.0 
1.0 

3 
28.3 
0.19 
0.17 
0.21 

85.5 

14.5 

3 
19.4 
0.26 
0.20 
0,11 

79.3 

20.7 

30.5 

35.0 
34.5 

9,1 

26.0 

28.3 
45.7 

7.2 

1.6 
3.08 

113 
378.2 

10.4 
5.48 

164 
72.6 

21.1 
2.12 

158 
1.6 

5.1 
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T a b l e 5 b . Twig and leaf data from sample trees and slirulis of the mixed deciduous 
woodland ecosystem (A). 

Qaetcus 
robur 

T ilia 
cordala 

(.urn nt twigs uiih leaves 

Dry weight, twig wilh leaves (g) 9.132 5.728 
°'o in Iwig 31.1 18.3 
Vn in petiole 2.0 6.7 
• o in Made 66.9 75.0 

Insect damage (' o of blade) 7 8 6.9 
Number of leaves twig 7.7 4 1 
Leaf blade area per leaf lem-l 22 53 20.45 
Blade dry weight/area [mg/cm2] 357 1.95 

For Sorbus aucufmria: 2.7 composite leaves per Iwig wilh 
Weight correction for consumption is not entered. 

Sorbus 
lucuparia 

Cory! us 
nvellnna 

9.795 
17.6 
17.6 
65.8 

<1.0 
2.7 

96.04 
3.00 

14.0 leaflet! 

6.436 
13.2 
2.7 

84.! 
14.6 

I 8 
17.99 
7 37 

per lei 

wood and bark as well as an increase in current twigs and leaves was 
found. This is in accordance wilh earlier t a d s reported by inter alia 
OVINGTON 111M52 and 1965) and WHITTAKEK å WOODWELL (1968). 

Confirmation of the general condition of decreasing shoot/rool ratio 
wilh increasing tree size is also apparent in the table. However, the 
ratio of Corylus aoellantt does not follow this rule. A discussion of this 
deviation follows on p. 35. 

The percentage distribution of the above-ground production (Table 
5 a:E) shows thai 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 hark production. The suppressed Tili« cordcita 
and Sorbus aucuparia have an equal distribution with a third for each 
fraction mentioned. The dominating shrub (iori/lus avellcma had higher 
production of branch wood and bark compared with Quercus robur 
and similar figures for the production of current twigs and leaves. It 
is striking to find that the small biomass fraction "1 leaves and twigs, 
2.5—6 °/o, from the production point of view corresponds to percentage 
figures of 35—50, when all species are considered. Equally striking is 
that the stem wood and bark percentages oi 65 72 only correspond 
to production of ca. 30 %. 

In Table 5 b some data on twig and leaf relations are given, which 
makes recalculations of the figures given possible. Also amongst I he 
data the amount of insect damage to leaves is given. If this is regarded 
as consumed parts ol leaves il corresponds to a consumption of 0.4 
t/ha/vear. 

Bot. Xotiscr. vol. I S3. 1970 
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ABOVE-GROUND BIOMASS REGRESSIONS 
log y = b log x «A 

a Corylus avellana 
o Quercus robur 
• Sorbus aucuparia 
o Tilia cordata 

Quercus robur 
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• Sorbus aucupar ia 
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.—1 ' • 
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— < • 1 

10° 101 K)2 10' K)'cm2.m105 10° 10' 102 K)J lOW-m Kf 

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

ABOVE-GROUND PLANT BIOMASS AND PRODUCTION 

By moans of l he non-destructive parameters diameter at breast 
height (£>) and height (H) 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 stands have been calculated. 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-

•i Bot. Notiser, vol. 128, l»7fl 
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ABOVE-GROUND PRODUCTION REGRESSIONS 
log y = b log x * A 

a Corylus avellana 
Q Quercus robur 
• Sorbus aucuparia 
o Tilia cordata 

Kg 

1000 

Quercus robur 

• Sorbus aucuparia 
o Til la cordata 

1000-

100-

Corylus avellana 

1.0-

D H 0.1 

D'H 

10° 10' 10* 10' l O W . m l O 5 10° 10' 102 103 10 'cm 2 -m10 5 

r 
Kg 

10° 10' 10' 103 10 'cm 2 .m10 5 10° 10' 102 103 K r W - m 10s 

Via H Regressions «>t above ground n<i product ion ol' trees JI IKI shrnl>s. 

viouslj discussed albite precautions were taken in the selection oi 
sample trees (p. 26). The overestimation of the oak shool biomass and 
production amounted to 34 % and 7(> °/o respectively. To avoid litis 
shortcoming the use ol the individual oak regressions proved to give 
a satisfactory result in spite of less accurate regression characteristics. 
The above-ground biomass of trees and shrubs amounts to approxi
mately '_'() l/ha (±6.2 u/o) and the production to 11.-1 (±8.3 °/o) (Table 
(i). The latter figure doe.s not imply any correction for rejected and 

consumed materials. 
Bot. Notiser. \o l . 13. 197(1 
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Kg 

I00O 

BELOW-GROUND BIOMASS REGRESSIONS 

1000 

Sorbus aüCuparia 
*i lm coidcla 

K , ; 
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S*w 

log y^a*r* eg x -CXius r . 0 . » M " hog y 10-m» log • - I I H 

Corylu* awtllona 

log y = O-m« log i 

to" V O" !0W-m Cl «f e' D' fforf-Tis' tf tf rf o' trV^-o1 

Fig. 9. Regressions of below-ground biomass of trees and shrubs. For Corglu» 
avellana an approximate regression line «as used al the estimation Independent 

variable given as sijmirrd diameter times height I / ) - / / I . 

BEI.OW-tiKOrM) IT.ANT BIOMASS AM) PRODUCTION 

Informal ion on I he m a i n - r o o t b iomass lias boen obtained from a 
limited material of invest igated root systems, viz. three oaks , two Tilia 

cordatu, one small Sorbus aacupario and three stools ol' ha /e l I Fit,'. 9 ) . 
Trees and shrubs with representative d iamete r s covering the actual 
d iameter range of the ind iv idua l species were selected. T h e biomass 
of the samples was expressed in the a l lomelr ic equation on a I)3H 

basis as the independent var iab le . 

Encourag ing results have been ob ta ined wi th the very lew samples 
examined concerning (hicrcus rohur and Tilia cordata together with 
Sorbus aucuparia, while Cort/lus avellana shows a deviat ing regression. 
The latter si tuation is easi ly expla ined by the fact that the below-
ground parts of the stools a r e older than the above-ground pa i l s This 
mav also be the ease wi th t h e o the r frequently eoppieed species. Tilia 

cordata, but those were avoided as sample trees. For obta ining stand 
biomass of roots for ha /e l am a p p r o x i m a t e regression line was drawn. 
Fu r the rmore , the total sum of above-ground par t s of each stool was 
used as the independent va r iab le The combined regression ol Tilia 

and Sorbus has been used for o ther occurr ing species. 

A calculation of the s t a n d a r d deviat ion (p robab i l i ty=0 .05) of the 
regression gave for oak. Tilia and Sorbus an er ror less than -L 20 %> 
for the mean tree. These f igures a re h igher than those of the er ror of 
the above-ground es t imat ions . Regard ing tha i the be low-ground bio
mass accounts tor en. 14 °/o of the total b iomass Ihe est imated figures 
are acceptable. 

Bot. Notiser, vol. 123.1070 
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Table 7. Main-root liioniiiss of the tree and shrub layers in the mixed deciduous 
woodland ecosystem (A). Figures given in metric Ion/ha dry weight ;ii 85 C. 

Species 

Sample area no, 
und area in ha 

I 
0.10 

II 
0.10 

I I I 
0.10 

To la Is/ 
0.481m 

Totals/ 
ha 

Quercus robut 3.6 4.5 2.4 10.5 21.9 
Titta cordata 0.2 
Sorbits aucuparia 0.1 
Prunus (intimt 0.1 
Ulmus glabra 0.1 
Populus tremula -
Corylus avellana l.l 

Tola! main-rool biomass 5.2 0.3 l.l 15.0 33.2 

0.6 
(0.01) 

_ 

-
1.2 

1.2 
(0.03) 

-
(0.02) 
ll,S 

1.0 
0.2 
0.1 
0.1 

(0.02) 
3.1 

4.0 
0.1 
0.2 
0.2 

6.5 

An average main-rool biomass of 33.2 I ha was found (Table 7). To 
Ihis figure the fine-root biomass (Table 8) is added to give Hie total 
below-ground biomass of trees and shrubs. This pari has been esti
mated to 3.4 t/ha. thus giving a total amount of 36.6 t/ha. 

The distribution of the fine-root biomass is mainly confined lo Ibe 
upper 25 cm of the soil. To describe the structure of the fine-root bio
mass an approximative percentage calculation on weight and length 
has been done based on the results from four of I he examined pits. 
The following was found: 

Knot fraction in mm . . . . 
Weight •/« 
Length ° . 
Length in m/m2 

2—5 
50 

0 
3.700 

1—2 
27 
1 1 

8,700 

< 1 
23 
.SO 

18,000 

For further information on root systems see I.vit & HOFFMAN (1967) 
and the literature cited there. 

Due to ils complexity any real studies of root production have not 
been carried oul. As lo the problems involved in such a study see 
N'EWBOUI-D 1967 and 1968 and the literature cited there. II is of general 
interest to give a figure of the total stand production and in Ibis situa
tion, however vague the estimation may be, the assumption of equal 
production rales of above- and below-ground fractions has been accep
ted. Prom the above-ground biomass and production (p. 34) and the 
below-ground biomass of tree and shrub roots an estimated figure of 
Bot, Notiser, vol. lit, 1970 
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Table8. Fine roof hiomass of Hie mixed deciduous woodland ecosystem (A). Sam
pling time-: June 1969. Tree and shrub roots less than 0.5 cm in diameter are included 
Figures given as arithmetic means ol len pits 50X50 <60 cm in metric ton ha dry 
weight at 85°C. Within parentheses Hie 95 "i confidence limits as percentages 

of 1li< mean. 

Tree and shrub layer Rool fraction and weigh) l.'ha Totals/ha 

1 (iameter in mm 2-5 1-2 < I 
Weight in ton ha 1.68 0.94 0.78 3.4» (±6.7 " o) 

2.1 t/ha is reached "1 which the fine-roof fraction of trees and shrubs 
gives, 0.2 l/ha. 

1.1 IIT'.K FALL 

An important parameter in studies of forest ecosystems is the litter 
fall. Firstly it is essential lor the estimation of production. Furthermore 
il oilers an index from which the dynamic stage of the ecosystem can 
be interpreted (OLSON 1963). 

In Table 9 the results of the measurements during three years in 
periods from April to March are given. The litter traps were emptied 
four times during the year. viz. before and aller Ihe bursting of leaves 
and before and after Ihe main leaf fall. The following fraclioning was 
applied: leaves of oak. hazel and other species; bud scales, flowers and 
fruits; miscellaneous materials and finally bark fragments, twigs and 
branches less than .">() cm long. Coarser fractions of the litter, espe
cially branches longer than .»() cm and wood were collected annually 
on a 20X20 m area. Objections lo Ihe scarce emptying ol Ihe traps 
may be lodged as an instant and considerable leaching of Ihe litter is 
known to occur (WtTKAMP & OLSON 1963). 

An expected variation between years was found. In order to explain 
this further detailed and prolonged observations of Ihe litter fall in 
connection with environmental parameters are necessary. The ob
tained values of leaf litter and total litter are in the same range as 
those for similar ecosystems given by BRAY & GORHAM (1964), CAR

LISLE el al. (1966), DUVIGNEAOD el al. (1969) and KIRA & Sinnr.i (1967). 

A comparison will) some of these recent investigations is given next. 

Bot Ni.ii-T M.i iaa 1970 
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Totals in kg.'ha and yr . . 
"/o distribution on: 
Leaves 
Bud scales, flowers, fruits 
Miscellaneous 
Twigs an<l .small branches 
Big branches 

Linnebjer Virellcs I 
1967/68 1967/68 

5.201 

59 
8 

10 
16 

5.217 

60 
in 
3 

14 
13 

Grizedale 

1964 

3.858 

55 
III 

II 
19 

The figures of Linnebjer include the fraction of longer branches and wood with 
428 kg/ha. 

Notes on localities: 

Virelles. Belgium: Quercus robur, Carpinus betulus, Acer campestre, Corylus 

auellana, Hedera helix and Mercurialli perennis. Age 75—135 
years height 21 m. DUVIGNEAUD el al. 1909 l>. 

Grizedale, Kngland: Quercus petraea, Fraxinus excelsior, Corylus avellana, De-
schampsla flexuosa. Age 10—120 years. CARLISLE et al. 1966. 

P lan t Biomass anil P r o d u c t i o n of N o n - W o o d y P l a n t s in the W o o d l a n d 

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

Table 10. Plant biomass of Ihe field layer in the mixed deciduous woodland eco
system. Figures given as arithmetic means and in metric lon/ha dry weight at 85^C. 

Within parentheses 95 " o confidence limits as percentages of the mean. 

Anemone 
nemorosa 

C.oiwallfiria 
/iidjiilis 

Oxalis 
acetosellü 

Other 
species 

Totals/ha 

Above-ground biomass 
May 1966 . 

June 1966 

Maximum biomass . 

Below-ground biomass 
Weight kg.'ha 

0.48 

0.02 

0.48 
(± 26.9 • 

2.32 
(=17.7« 

o) 

'o) 

0.01 

0.04 
(0.004) 
0.01 

0.02 

0.03 
0.1» 
0.18 

0.29 

0.03 

0.07 
0.02 
0.07 

0.53 
( ± 22.4 «;o) 

0.17 
0.21 
0.77 

(±17.0 •/•) 

2.61 
i ± 14.7 •/•) 

Above-ground biomass derived from 16 squares of ll* m- and below ground biomass 
from 10 pils 5 0 x 5 0 x 6 0 cm. 

Dot. Kottar, vol. 123. 1070 
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occurs in Hie vernal aspect wi th 0.Ö3 t/ha. T h e figures ot the below-
ground biomass refers to an early s u m m e r determinat ion and a m o u n t s 
to 2.0 l/ha. When the cor responding above-ground figures are added 
;i total biomass of 2.8 l/ha is reached. An estimation of the below-
ground production accord ing to the assumpt ion discussed on p. 37 gives 
a \ a lue "I 0.2 I ha. 

A detailed s tudy of the b iomass and product ion of the woodland 
field layer has been carr ied out dur ing 1969 (F. ANDERSSON & B R U C E 
in prep. ) . 

TOTAL PLANT BIOMASS AND PRODUCTION OF THE WOODLAND 
ECOSYSTEM 

Summing up the var ious traction-, ol plant biomass and product ion 
presented the total stand b iomass and product ion of the mixed decid
uous woodland is obtained :Table 11). A total stand plant b iomass of 
240 t/ha with 201 and 39 t /ha above- and below-ground respectively is 
present. T h e corresponding product ion figures found are 15.6, 13.3 and 
2.3 t ha. 

The compar ison below is restricted to some recent investigations 
carried out within the same biogeographical region as Liunebjer and 
in which s imilar methods of investigations have been applied, viz. 
Yirclles-Blaimonl in Belgium (AMBROES 1969, DUVIGNEAUD 1969, DlIVlG-
NEAUD el al. 1969 a and b) and Meathop Wood in England (BüNCE 
190«,). S A T C H E L L 1969). 

Biomass in I ha Production in t/ha Basal area 
. . . . . Above- Below- .. , \bove Below of trees 

° a ground ground " '' ground ground ms/ha 
Liunebjer 240 201 39 I.Mi 13.3 2.3 31.38 
Yin-lies' 1ÖC 121 35 14 4 12.2 2.2 21.21 
Meathop Wood9 140 118 22 12 7 ins ill 

Both Vircllcs and Meathop Wood are growing on Carboniferous 
rocks and on shallow soils. Liunebjer on the other hand is also growing 
on shallow soil, but which in general has a more ample supply ol soil 
water du r ing the year. Brown forest-soil condi t ions with mull prevail 

1 Description "I localitj see p. 39 and lHvn.si AID & \\ntitors t'JG'J. DUVTGNEAUD 
et al 1969 l>. 

2 A mixed dei idnons lore-.! with Queren» robur and Q. pelraea, Praxinas excel
sior, Hi lulu spp., tier pseudoplatanus. Corytus twclluun. Euonymux europaeus. 
Rhamnus cathartica, Rubus [ruticosus, Mercurial!» perennis and Anemone nemo-
rosa. See further BUM r. 1909. 
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Table II. Plaiil hioinass at tho end of the growing season and ml primarj produc
tion of the mixed deciduous woodland ecosystem \i Figures given us metric ton ha 

dr\ weigh! ;il 85 ( 

Shoot 
O M rstory trees 

Querem robur . . . . 
i nett rstory trees . . . . 

Ttlia cordata 
Sorbus (HHüfuinn 
Prunus avium . . . . 
Ilium glabra 
PopulaS trcinulti . . 

shrubs 
Cory his avellana . 

Field layer 
Plant losses b\ death and 
Plant losses li\ consumers 
Intal ahm «'-ground 

Root 
Fraction >0.."> cm 0 

Quercus robur . . . 
Undcrslory trees . 
Conjlus aoellana .. 

Fraction <(l ."> era 
Trees and shrubs . 
Field layer 

Total below-ground 

— M 

I-

shedding 
(G 

l l l l 

l ie 

. . . . 

root 1 

root 1 

iL . . 

lionmss 

liomass 

11 

155 

29 
-
-
-
-
-

17 
-
-
-

201 

33 
-
-
-

a 

30 

omass 

151.8 
-

2 . ' . ."> 
1.6 
0.6 
0.6 
1)2 

17 1 
0.2 

-
-

-
2 1 <• 

18 
( > . . 

3.4 
2.6 

-

I'rodiu 

6.3 
-

2 1 

-
-
-

3.0 
-

0.8 
II 7 

0.4 
i:i.:s 

1 0 
-
-
-

0 1 
-

2.:i 

t ion 

-
(i 25 

-
-
-
-
-
-
-

3.02 
0 77 

-
-
-

-
— 
-
-
-

11.2 
0.2 

-

Total 240 15.« 

on all three localities. The stocking of trees in Linnebjer is similar to 
Ihc other sites, but the trees have wider diameters and lend to be (aller. 
Further the underslory trees and especially the shrub layer ol hazel are 
denser and with a vigorous growth. Al the present stage it is too early 
to go into a detailed comparison, but the figures so far show accor
dance in a decreasing order from Linnebjer to \ helles and Meathop 
Wood ni the distribution of plant biomass and production, totals as 
well as above- and below ground portions. Further comparisons will 
In carried out when climatic and final information is available. For 
a regional comparison with previous works see ( ) \ t \ ( . i o \ (1962) and 

RODIN & BASILEVII" (1906, 1967, 1968). 

Plant Ilium.iss of the Meadows 

\ restricted study of I he plant biomass of the meadows has been 
carried out and the figures obtained are mostly tentative. As informa-

Bot. Solisar, vol 128 I8T0 
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Table 12. Plan) !>iomass of Ihe moisl meadow ecosystems (E —Gi. Figures given as 
arithmetic mean in metric ton/ha dry weight at 86°G, Within parentheses Ihe 95 •/• 

confidence limits as percentages of the mean. 

Filipendulu 
ulmaria 

ecosystem 

Cttrex 
flacca 

ecosystem 

Carex 
caespilosa 
ecosystem 

Above-ground biomass 
No. of '/< in2 squares 52 23 19 
FiUpendala ulmaria 3.24 1.37 0.68 
Other herbs 1.26 0.21 0.90 
Gramineous plants 0.20 1.73 2.59 
Totals 4.70 (±1.5° o) 3.31 (+1.1 °/o) 1.17 (±1.1" u) 
Bryophyfes 0.04 1.24 0.40 

No. of '/4 m" Mjiiares 3 3 3 
Range 0.01-0.04 1.21-1.24 0.39-0.42 

Below-ground biomaSS 

No. of samples 3 -
Biomass 13.2 
Mange 8.0-20.7 

Sampling lime of the above-ground biomass: July 1966; below-ground biomass 
June 1969; sampling depth 0—50 em. 

lion on plant b iomass of var ious ecosystems a re of interest all figures 
a re given, even if incomple te and not all statist ically significant 
(Table 12). 

II the uncer ta in figures of the g round layer are laken into account 
the m a x i m u m above-ground b iomass is fairly s imi lar in all the eco
systems, with the highest figures found in Ihe Filipendulti ulmaria 

meadow. In o lde r lo show Ihe vegetat ional s t ruc ture of Ihe meadow 
ecosystems the above-ground b iomass dis t r ibut ion on the main life-
forms is given. 

Informat ion on I lie be low-ground b iomass is so far only available 
for the tall herb meadow7 wi th Filipendula ulmaria. A tentat ive figure 
of 13.2 t /ha was found in J u n e 1969 (Table 12). 

T h e product ion has not been studied ne i ther is it possible to derive 
it from these de te rmina t ions of biomass. F r o m a methodological study 
(F. ANDERSSON & ÄLDÉN in prep.) of product ion and b r e a k d o w n of 
organic mai ler dur ing the g rowth period 1969 in the Filipendula mea
dow according lo a modified me thod of WlEGART & EVANS (1964) an 
es t imated yearly product ion of 7.2 t /ha w a s obtained, which exceeds 
the m a x i m u m biomass by app rox ima te ly 35 % . 
Bot. Notiser, vol. ISS. 19"0 
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Table 13. \mnunls of surface litter at the end of Hie growth period in the mixed 
deciduous woodland ecosystem IAI . Figures given as metric ton ha dr \ matter at 
85°C Within parentheses 05 % confidence limits as percentages of the mean 

n = number of sample squares. 

Time n Litter exel 
branches 

Branches Totals 

September 1967 18 4.03 (±16.6"/«) 1.38 (±19.2 •/•) 5.41 (±14 .8 °/o) 
September 1968 10 3.99 ( ± 22.3 "/•) 2 13 ( ± 24.0 •/•) 6.12 ( ± 23.0 • o) 
September 1909 II 5.20 1.21 6.41 
Arithmetic mean 4.41 1.67 6.08 

Distribution of Organic Matter in the Woodland and in the Tall 

Herb .Meadow 

In order to make as complete an assessment as possible of I lie or
ganic mailer of the ecosystems 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 ecosystems. In the woodland l iable 13) the total surface litter, 
excluding branches and woody material longer than 50 cm. amounts 
to (i.l t/ha of which 4.4 t/ha is non-branch litter. An important, but 
not studied, fraction of the surface litter is the above mentioned bran
ches and woody material longer than 50 cm. The yearly input of this 
fraction to the ecosystems has been estimated as 0.1 I ha. The supply 
however, is greater. 

The surface litter of the Filipcnduhi meadow estimated in 1968 and 
1000 was 2.1 t/ha (±19.5 %) and 2.6 t/ha I 125.0 %l for 15 sample 
plots of 0.25 in-. Figures within parentheses give the 95 °/o confidence 
limits of the mean. A mean of 2.1 t/ha will be used in the following 
calculations. 

The humus fraction has been calculated from the determinations of 
loss on ignition aller correction for losses of volatile substances accord
ing to HOWARD (1966). The correction factors are obtained by calcu
lating the regression °/o loss on ignition on %i organic carbon. As to 
determination and values of loss on ignition and carbon see F. ANDKRS-

SON (1070). The point where the regression line cuts the y-axis, is the 
point where the contents ot carbon equals 0 and is the correction lac-
tor i.e. the intercept of the regression equation. For the woodland and 
the meadow the following correction factors were obtained: 0 20 cm 
3.3 and 3.3 respectively; 20—50 cm 3.8 and 4.1. In I he upper 50 cm 

Bot. Notiser, vol HB 1970 
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Table 14. Distribution of organic maller in the mixed deciduous woodland and the 
lall heil) meadow. Figures given as metric Ion lia drj weight °'o e r ro r=95 °'ir con

fidence limits as percentages of the mean. 

Woodland 

Weight 
1 ha 

% of 
totals 

O'n 

error 

Meadow 

Weight 
1 ha 

»'»of 
totals error 

Above-ground mailer 

Assimilating parts 

Field layer 
Trees and shrubs . . 

Non-assimilating parts 
Attached dead 
Surface litter 

Material <.">0 cm . . 
Material > 5 0 cm . . 

Below ground matter 
Total plant hioinass . 
Humus (0 — .")0 cm) . . 

Totals 

ol Hie soil "218 I ha ami 304 t/ha lor the woodland and the meadow 
was found of which Hie A, horizon, the mull horizon, contained 102 
and 201 l/ha respectively. 

Another fraction for a complete description of the biomass distribu
tion of the woodland is thai of the above ground biomass attached 
dead material. Insiifficienl data are available at present to give a rea
sonable estimate ol that I faction. 

In Table 11 the various fractions of the organic mailer of the two 
investigated ecosystems are summed and Hie percentage distribution 
of fractions is given. Furl INT. the error of estimations is surveyed. The 
striking difference in the distribution of the organic matter between 
a woodland and a grassland is demonstrated with an equal distribution 
of Hie organic mailer between above and below-ground portions id . 
MALM EH 1969) and in the meadow as much as 08 °'o is found as below-
ground mailer. The figures of assimilating parts corresponds lo maxi
mum figures. 

Turnover Of Organic Matter 

In I In* following a tentative description of the functioning of ihe 
woodland and the meadow ecosystems in terms ol turnover of organic 

Bot. Vo-i.cr. M»1. 123. 1970 

0.8 ±17 
4 I ' 

197 12 ± 0> 
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1.7 1 ± 2 

2 1 1 ± 22 
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804 94 ± 9 
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mailer is given. Kor Ulis purpose (In- investigation model (Fig. 6) must 
he put into mathematical terms lo describe the interrelation between 
its components. Deciduous forests have from the turnover of organic 
mailer point of view been subject lo special interest and therefore 
models are available. OLSON I 19(53) has expressed the previous used 
equations (JENNY et al. 1940. GREENLAND & XYE 1959) in an appro
priate mathematical model valid for forests with continuous and dis
crete litter fall. The latter has been used in the present study (see also 
KIRA & SIIIDEI 19(17 p. 841. 

The turnover of organic mailer is associated with processes on and 
in Ihe soil and therefore Hie amount of organic, mailer in the soil 
profile including the litter, is essential. The amount of organic mallei 
accumulated in the soil, A. at a given time, /. is described with the 
relation 

where L is Ihe amount of organic matter supplied lo the soil and k 
is a factor lor Ihe d e c o m p o s i t i o n r a l e . Assuming thai incomes 
and losses are identical, a steady stale condition is reached. The rela-

lion can be written as L = kX or k= "• By means of k the dynamics 
A 

of the lit ler l.l„) layer can be characterized, but it can also be applied 
to the total organic mailer of the soil. Even if" this model is not designed 
for meadow conditions Ihe same factors can be used for a general 
description of the turnover of that ecosystem. L corresponds then lo 
Hie yearly production above-ground, which all becomes litter during 
Ihe year. 

From Ihe specific exponential equation (OLSON op. tit. p. 325—.'{'261 
other characteristic parameters can be derived, vi/. Ihe I u r n o x e r 

l i m e or Ihe reciprocal of Ihe decomposition rale. , which gives the 

lime reguired lor decomposition of Ihe organic mailer equal to Ihe or
ganic mailer in Ihe soil (JENKINSON 196fi|: Ihe h a l I I i m e. the time 
required lor decomposition of half the organic matter present in the 
soil. The exponential equation gives <i.5 = e~kl or - / nC0.5)/k=0.6931/k; 
Ihe 95 °/o t i m c , the time required for obtaining 95 n o decomposition 
of Ihe organic mailer in the soil. This corresponds lo S/k. 

Table 15 gives the fractions necessary for Ihe calculation of the turn
over parameters and Ihe following characteristics wen- obtained: 

Hot N..n.-< i- v.il 12:! [970 
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Decomposition rule k 
Half lime, 0.6931/k .. 
Turnover lime, tik .. 
95 "la lime, 3/k 

w 
Litter 
layer 
0.516 
l..(i 
1.93 
5.81 

oodland 
Total 

I l l l I I U l S 

0.030 
17.77 
25.64 
7(1.92 

Litter 
layer 
0.750 
0.92 t 
1.33 
4.00 

Meadow 
Total 

humus 
10.04.'. 

(15.40) 
(22.22) 
(66.66) 

52 % of the surface litter is decomposed during Ihe year in the wood
land and the corresponding meadow figure is 75 %>. In weight organic 
matter this gives 6.5 and l.'l l/ha respectively. Assuming Ihe root litter 
fraction of Ihe woodland estimated as discussed on p. 34 - and 
the rool litter of the meadow equal the above-ground production and 
also are assumed to be fully decomposed during the year, it was found 
that the turnover of the total organic mailer in Ihe soil of the wood
land was 3.0 u/o and about half a percentage higher in Ihe meadow. 
With regard to the amount of humus present in Ihe woodland and in 
the meadow. 'J18 t/ha and 304 t/ha respectively, these percentages 
correspond to a yearly turnover of 0 t/ha in Ihe woodland and approx
i m a t e l y 50 % more in the meadow. II niusl he stressed that the 
assumption of root-litter production is highly hypothetical, especially 
in the meadow, and so Ihe estimates of Ihe turnover of organic matter 

r*blc 15. Yearly input to and lolal storage of organic matter in the soil. 
Figures given as metric ton.'ha dry matter. 

Woodland Meadow 

(•..:> 

8.7 
(7.2) 

(1-1.4) 

Input 
Surface litter 

Leaves, l>ud scales, miscellaneous, twigs 5.3 
Tree and shrub branches 0,4 
Field layer 0.8 7.2 

Moot litter estimated 

Storage 

Surface litter 
Litter of Hie year 
Older litter, finer fractions 
Older tiller, coarser fractions 

Root litter 

II um us 0-Ö0 cm 

Tolal storage 233 321 
Hoi. Nötiger, vol. IBS, 1970 

6.5 
4.4 
1.7 

12.6 
2.2 

14.8 
218 

7.2 
2.4 

9.6 
(7.2) 

(10.8) 
304 
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MIXED DECIDUOUS 
WOODLAND 

TALL HERB 
MEADOW 

ABOVE-GROUND BIOMASS 
2C2 T 
Quercus robur 155 T 

Other trees 29 T 

Shrubs «ftctd layer 1ST 
BELOW-GROUND BIOMASS 
39 T 

*/ Yearly V ^ 
turnover 

Of surface 
litter 

LA I 
8,1 T 
2J I 

202 T 
39 T 

PROUUCriu'i: 
Above -grojrv) 
Assrp(t3'mg pc 's FT^T 
Other potts P t 
Below- orourd 

BIOMASS 
Above-ground 
Below-g-ound 

HUMUS 
304 T 

l l T 
7 ! T 

«7 T 
13.2 T 

Fig. 10 Schematic diagram showing the distribution and yearl} turnover <>l organic 
mailer in a mixed deciduous woodland and a lull herb meadow ecosystem Figures 

given as metric ton |T) ha 

regarding the total soil. However, these values are brought forward ;is 
an incitement to further work in obtaining a more detailed assessmenl 
of the organic matter. As ;i steady state is supposed to exist the inputs 
to the ecosystems equal the outputs. 

CONCLUSIONS 

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

From the methodological point of view the estimation of plant bio
mass and production of the woodland according to allometric equa
tions has proved to be an excellent tool. However, the nature of the 

Hot. Notiser, vol. 128, 1970 
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allomelric regression musl be carefully examined in order lo avoid 
overestimations and misinterprelalions. An adequate stand table ap
proach is essential for escaping an overestimation. In literature it has 
ollen been slated that a combined regression with material from dif
ferent localities and of different species gives heller regression charac
teristics. This is obviously I rue due to the fact that a greater number 
of variates is obtained by combining material I nun different localities 
and of different species. However, existing differences of species or 
siles may in Ihis way he concealed in the combined regression and 
therefore the individual regression probablj will reveal these differ
ences if a sufficient number of variates are included. The advantages 
of the combined regression in mixed forests must still he remembered, 
mainly the reduction of sample trees per species. 

The results of the dimension analysis have, up to now. only been 
used for a structural description ol the woodland. A detailed examina
tion of area, volume and mass are. however, essential for the functional 
characterization of the woodland in terms of production in relation lo 
such processes as photosynthesis and respiration. The biomass'produc
tion 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 other open ecosystems need 
proper methods for determination of production and other fractions 
essential to I he calculations of the turnover of organic matter. In the 
present investigation for example the use of the maximum biomass as 
a measure of the above-ground production is inadequate and should 
give an underestimation of 35 %. In addition, from the methodological 
point ol view the estimation of below-ground production in meadows 
as well as in woodlands is an unsolved problem. 

The applied methods have given estimates which prove lo be satis
factory. Thus the total organic mailer, excluding the small part ol 
consumers, has been determined with an error of +<> % and l ! ( % 
for the woodland and the meadow respectively. However, some minor 
fractions must he determined with higher accuracy. 

\ comparison hetween the woodland and Ihe meadow shows thai a 
greater amount of organic mailer is present in Ihe woodland lhan in 
Ihe meadow. 4<>.'{ and .'{'24 I'ha respectively Ihe above- and below-
ground distribution is almost 1 1 and 1'49. The above-ground produc
tion is higher in Ihe woodland than in the meadow, hut the portion 
returned lo the soil, the litter, is higher in the meadow as wood and 

Bot. Notiser, »ol. 123. lüTO 
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b a r k increment occur in the woodland . Possibly the a t tached «lead of 
the woody species can give an addi t ional amount ol litter which equates 
the yearly litter fall wi th that of the meadow. Accepting some of these 
uncer ta in est imations h igher rales of turnover of organic m a i l e r a re 
found for the meadow. 11 is not possible to give a definite answer from 
the present results as some of the litter fractions mus t be sludied 
further. 

These lat ter speculative conclusions show the need for detailed and 
prolonged research, especially when dealing with forests, if sat isfactory 
answers of (he turnover of organic mat ter as well as energy and nu
trient cycling shall be ob ta ined . T h e main benefit of the present investi
gat ions up to now is the appl icat ion of methods which give a detailed 
informat ion of plant b iomass and net p r imary product ion of a wood 
land. 
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Studies in the Aegean Flora XV 

Chromosome Numbers in Labiatae 

By Roland von Bothnwr 

Department of Systematic Botany, 
University of Lund, Sweden. 

0. Vallgatan "JO. S-223 61 Lund 

ABSTRACT 

BOTHMEB, R. vo \ : Studies in the Aegean Flora XV. Cliromsome Numbers 
in Labiatae. — Bot. Notiser 123: .Vi—60. Lund. 

Tin- chromosome numbers of 1+ species of Labialae from the Aegean 
have been determined. For eight species the chromosome numbers have 
not been reported previously. 

MATERIAL AND METHODS 

The seed material used in the investigation was collected by Drs. RUNEMARK 
IK. I . SNOGERUP (Si. Lund, and NORDENSTAM (N), Stockholm, during excur
sions in the Aegean 1957—(52. 

For chromosome .studies, material was cultivated in the greenhouses of the 
Botanical Garden, Lund. The plants were pretreated by cooling at 2—4°G over 
night, fixed in the Svalol modification of Navashin-Karpesehenko, cut in 
microtome (sections 14 ul, and stained with crystal violet. The chromosome 
drawings were made by means of a camera lucida. 

Ainaracus to i i rnc ior t i i (S. & S.) BENTH. 2 n = 3 0 (Fig. 1 C) 

Material: A in o r g o s: the monastery of Panagia Chozoviolissa S exp. cliffs 
200—150 m s.m. (R&S 12821). 

T h e c h r o m o s o m e size is l—1.5 u. T h e median, p r imary constr ict ion 
is very dist inct in all pa i rs . 

No ch romosome n u m b e r is repor ted earlier for the genus Amaracus. 

T h e genus lias been included in O r i g a n u m L. by D A V I S (1949), a 
genus also having the bas ic n u m b e r n— 15 (el', p. 54). 

A. tournefortil is d i s t r ibu ted on the eastern Kikladhes a n d eastern 

Crete (cf. Map 7 in RUNEMARK ,\ al. I960) . 

Calammtha exlgna (S. å S.) HAL. 2n—36 (Fig. 1 N) 

Material: S a m o s : SW part of ml. Kerki 400—«00 m s.m. (R&S 195891; 
ml. Kerki, the peak. 1000 -1400 m s.m. (R&N 169441. 

Bot. Notiser, vol. 128, 1970 
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The chromosomes are rod-shaped or elliptic with a length of 1 2 p. 
\ faint median constriction has been observed in some pairs. 

(I. exigua is a tetraploid species (x=9) , and Ihe chromosome num
ber has not been hitherto reported. Previously only diploid species 
(2n = 18) are known in the Acinos - group of the genus Ccd.amin.tha. 

('.. exigua is distributed in the eastern Mediterranean. Var. integri-
folia BOISS., which is known from Crete and Cyprus, is low and has 
a n entire leaf margin: otherwise Ihe species is rather homogeneous. 

Coridothynius capitatus (L.) RCHB. 2 n = 3 0 (Fig. 1 F) 

Material: I k a r i a : 0 - 1 km E Ag. Khikos. phrygana (R&S coll. 11.7 1958). 
EC e r o s : the islet of Antikeros, plnygana (R&S 12361). 

The chromosome number is not previously known. The chromo
somes are rodshaped or elliptic with a length of 1—1.5 |i and with a 
vague centromere. The chromosome numbers 2 n = 3 1 and 2n=32 have 
boen observed in occasional metaphase plates. 

The genus Coridolhymus is monotypic but closely related lo Thy
mus. The single species ('.. capitatus is omni-mediterranean and mor
phologically homogeneous throughout this area. 

Lavandula stoechas L. 2n=30 

Material: N a x o s: valley 2 km E of Ag. Stefano, phrygana, 200—300 m s.m. 
(R&S 10161). 

The chromosome number 2 n = 3 0 is earlier reported by GARCIA 
(19421. /,. stoechas has an omni-medilerranean distribution and is 
rather invariable. 

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

Material: P a r o s : 2 —.'t km N the peak of int. Prof. Elias. 450 500 m s.m. 
(R&S 12694). K e r o s : E exp. limestone cliffs on the S pari of the island. 
100—250 m s.m. (R&S 10829). C r e t e : Dia. "Middle Bay", limestone cliffs 
(R&N 16468). 

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

M. onites occurs in the eastern Mediterranean and is slightly variable. 

Bot. Xoliser, T<I|. 128, 1070 
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VlniTiilmiiii vulgare L. 2 n = 3 4 (Fig. 1 L) 

Material: N ax o s: the buy N of Mountsounis, ai a rill (R&S 10499). 

The; chromosomes are elliptic with a length of 1 2 u. No constric
tions have been observed, the chromosome number 2n=34 was pre
viously reported by RUTLAND (1941), TARNAVSCHJ (1948), EPUNG 
(1948), and I.ARSKN (1960). Wui.FF (1939) gave the number 2 n = 3 6 . 

M. vulgare shows great morphological variation within its distribu
tion range (Europe and the Mediterranean area). The investigated 
material belongs to var. lanatum BENTII. 

Mentha puleginm L. 2n=20 (Fig. 1 B) 

Material: I k a r i a: the sandy beach at Pharos (R&S 12489). E u b o e a : 
N of Akr. Merouthi. at a rill, 0 -80 m s.ni. (R&S 11873). 

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

.1/. pulegium forms a polyploid series with the basic number x —-5 
throughout its entire European distribution range. MORTON (1956) 
gave the numbers 2n—10. 20. 30 and 40 of plants from Central and 
Southern Europe. RÜTTLE (1931) found the numbers 2 n = 2 0 and 40 
in material from Central Europe. The lelraploid number (2n = 20) was 
also reported by Poi.YA (1950) and TÅRNAVSCH1 (1948). Resides these 
counts, 2 n = 4 6 was reported by XAGAO (1941). 

Origanum heracleoticum L. 2n=30 (Fig. 1 G) 

Material: N a x o s : the chapel N of Oros Zevs, 600 in s.ni. (R&S 12790). 

The chromosomes are rounded or rod-shaped with a length of ca. 
I 1.5 u. The chromosome number for the species is not earlier re
ported, bul in the genus Origanum 2n 30 is known. 

0. heracleoticum is distributed in the eastern Mediterranean, and 
shows greal morphological variation. IIAVKK (1931) and RECHINGEB 

119431 distinguish two varieties differing in the shape of Ihe inflores
cence, and the shape and colour of petals and bracts. The investigated 
material belongs lo var. creliciim (L.) HAL. 

Praslum ma jus 1.. 2n=34 (Fig. 1 E) 

Material: S i f n o s : Ormos Kondros, 0—20 m s.m. (R&S 8348). A n t i m i l o s : 
1 km S Akr. Zigrazo, phrygana, 51)—150 m s.m. (R&S 8737). C r e t e : Sitia, 
between Aehladia and Paraspori, ca. 200 ni s.m. (R&S 185431. 
Bot. Notiser, vol. 128, 11)7(1 
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Fig. 1. Chromosomes in Labiatae. A. Majorana onitcs it,.) BENTH. - I!. Mentha 
pulegium L. — C. .liwiruru.s tournefortii (SIBTH.| BENTH. — 1>. Prunella vulgaris L. 
— E. Prasium majus I.. 1-'. Coridothymus capitatns (L.) RCHB. — (i. Origanum 
heracleoticum L. — H. Satureja thyinbra I.. — I, Salvia \nnni\vra L. ssp. calgcina 
S\i. HAYEK. J, K. Salvia viridis L. — L. Marrubium vulgare L. — M. Salvia 

verbenacea I., ssp. multiflda (SM.) limy. — \ . Calamlntha exigua fS.&S.) HAL. 

The chromosome number is not earlier reported for this monulypie 
genus. The chromosomes are I—2 ji long with a median or submedian 
centromere. One pair of satellites situated on a medium sized chromo
some pair has been observed. 

P. majus has an omni-mediterrancan distribution and is very vari

able in pubescence and leaf shape, 

Bot. Notiser, vol. 12:1. 11170 
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V 

Pig. 2. Calyx shape in Salvia pomifera L. — A, 1$. ssp. pomifera, Crete [WALL 7'.I I S I . 
REVERCHON 185 (LD)]. ('.. ssp. cahjeina (SM.) HAYEK, Peleponnesos RECHINCER 

20021 IS, LD)]. 

P r u n e l l a vulgar i s L. 2 n = 2 8 (Fig. 1 D) 

Material: Ku l ) o c a: 3 km WSW of \kr . kalirevs, at a nil (R&S 11732). 

T h e ch romosomes are rounded and ca. 1 u long. No const r ic t ions 
o r satelli tes have been observed. 

Different ch romosome n u m b e r s have been repor ted for P. t>nl(i<iris. 

2 n = 3 2 was repor ted by H R U B Y (1932), B O C I I E R (1940), M A T T I C K (1950), 
a n d HAKA (1954). B O C H E R I 19491, however , con t rad ic ted his own a n d 
H R U B Y S earl ier repor ts and gave Ihe n u m b e r 2n="28, which w a s also 
conf i rmed by LEVITSKY (1940), LOVE (1954), a n d I .ÖVE & L O V E (1956) 

Salvia poiu i lc ra L. ssp. ca lyc ina (SM.) H A Y E K 2n—11 (Fig. 1 II 

Material Ä t t i k a : Porto Haiti. 1.5- 2 0 kin W of Ay Nikolaus. 1(10—15(1 m 
sm. IS 203331. 

T h e ka ryo type shows c h r o m o s o m e s with median or submed ian cen
t romeres . Secondary const r ic t ions have been observed on some chro 
mosomes . One pa i r of satelli tes is frequently observed on a ca. 2 u 
long ch romosome pair. One c h r o m o s o m e pa i r is dist inctly l a rge r than 
the o thers , and has a length of ca. 3 u. 

Bot. Notisor, Mil. 12:1, 1970 
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lig. 3. Distribution range for Salvia /lomifera I..: • ssp. pomifera (D literature re
ports); • asp. calycina (SM.) HAYEK IO literature reports). 

The chromosome number is not earlier reported for S. pomifera but 
within Hie feints SaJvia Hie basic miniher x —7 is known. 

HAYEK (1929) reduced S. calycina SM. to a subspecies under S. pomi
fera J,., differing from ssp. pomifera in leaf shape and pubescence of 
calyx icf. GHEUTER & RECHINGEB 1967). The calyx shape, believed to 
be of diagnostic importance (RECHINGER 1943), is in fact much vari 
able especially on Crete (Fig. 2). The distribution of the two subspecies 
is shown in Fig. 3. Most of the specimens on the island of Kythera 
and one on adjacent Peloponnesos musl be classified as intermediate 
forms Icf. GSEUTEB & RECHINGEB 1967). 

Bot. Soliser, vol. 123, 1970 
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Salvia ve rbenacca L. ssp. iiiultifi<ia ISM.I BRIQ. i -ssp. clandestina (L.) 

HATT. i '_>n — 42 (Fig. 1 Mi 

Material: C r e t e : 1 km S ..I Ag. Nikolaos 0 - 2 0 ni s.m. (R&S 174881. 
K u l c R a n d n i s : Pelagia. ;t() in s.m. iK&\ 14053). [ k a r i a Ormos Yero, 
0—10 m s.m. (KÄS 0468). 

Tl ie c h r o m o s o m e n u m b e r 2n = 42 was reported by REESE (1957). F o r 
S. verbenacea the n u m b e r s 2 n = 5 4 I B E N O I S T 1937), 2 n = c . 58 i B J Ö R K 
KVIST & nl. 19(59), 2 l l = 5 9 (GADELLA & al. 1966), a n d 2n^=64 (YAKOV-

L E \ A 1933 i are also known. 

S. verbenacea is omni -medi te r ranean . II is a verj po lymorph ic species 
which h a s been subdivided into several subspecies (cf. Q U E Z E E & 
S A N T A 1963, a n d G R E L T E R & R E C H I G E R 19(57). Ssp. verbenacea and 

ssp. multifida ISM.) B R I Q . are represented in the Aegean. 

Salvia vir idis L, [=S. horminium L.) 2n—1(5 (Fig. 1 .) and K) 

Material: "horminum type" (with coloured upper bracts): 

S i r i n a: the central part of the island, phvygana, 50—350 m s.m. (R&N 
144871; the valley S of the village, 20 200 m .s.m. (HAS 7407). I r a k l i a : 
1—2 km W of the village Chora, phrygana, 100—270 m s.m. (R&N 13323). 

"viridis type" (with green upper bracts): 

C r e t e : -Sitia. between Acliladia and I'araspori, ca. 200 m s.m. IR&S 18557): 
Sitia, Dionysades, Yanisada (R&S 18596); 1 km S of Äg. Nikolaos, 0—20 m 
s.m. (R&S 17479). I r a k l i a : Ormos Pegadi, limestone, 5 m s.m. (R&S 5317). 
S a r i n : 1 km N of Armyro Ormos. descried field. 100 -150 m s.m. (R&S 
7737). 

T h e c h r o m o s o m e n u m b e r 2n—16 has been repor ted by SCHEEL 
(1931), YAKOVT.EVA H933) . HRUBY (1934). L I N N E H T (1955,1, and L I M A -

D E - F A R I A & SARVELI.A (1958). 

The ch romosomes are rod-shaped in both form series. 1 2 u long, 
a n d have a median or submedian cen t romere . 

T h e t axonomic evaluat ion of " h o r m i n u m " and "vir idis" types has 
been m u c h discussed. RECIIINGI-R (1943) and HOLMBOE (1914) treat 
S. horminum and S. viridis as separa te species. H O L M R O E . however, 
considers S. horminum as a probable variety ol V viridis on account 
of the m u c h frequent in termedia le types. QUEZEL & S A N T A (19(53) and 
G B E U T E B & R E C H I N G E R (1967) Ireal the group as a single species, 
which is in accordance with the opinion of the present au thor . 

The dis t inguishing character , blue coloured and enlarged upper 

Bot. Notiser, »ol. I SI. 19T0 
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b rac t s in " h o r m i n u m type", is extremely variable and ;ill in termedia te 
types exist. In the cult ivated mater ia l much variation has been observed 
even in (he progeny of a single individual . 

Nature.ja t h y m b r a L. 2 n = 3 0 (Fig. 1 IT) 

Material: A n a f i: the central part of the island, phrygana, 200—400 in s.m. 
(R&N 1*983). 

The ch romosomes a re rod-shaped with a median or submedian con
str ict ion, and a length of ca. 1.5 u. 

T h e c h r o m o s o m e n u m b e r is not earl ier repor ted for S. thymbra, 

but VAARAMA I 1947 I gives the s a m e n u m b e r ( 2 n = 3 0 ) for the closely 
related species S. montana. 

S. thymbra occurs in the eas tern Medi te r ranean and is morpho
logically constant in the Aegean. 
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The Post-Glacial Immigration of Picea abics 
into Fennoscaiidia 

By Dagfinn Moe 
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University of Itergen. Norway 

ABSTRACT 

MOE. I).: 1 he Post-Glacial Immigration of Picea allies into Fennoscnndia 
— Bot Notiser 123:61 60, Lund 

This work shows that the continuous immigration of Picea abies in 
.Norway and Sweden was not synchronous around ."»00 BC. This result is 
based upon a distribution map made by aid of chronological datings. 

In some pollen diagrams from Southern Norway, there appears to 
1'C a lapse ol lime between the decline of Quercelum mixtum [QM)-
pollen and the sleep rise of Picea about 500 BC i NYDAL 1960, LARSSEN 

1 '.».34. 1955 and HAFSTEN 1956 p. 97. pi. 7. 8. 15). Normally in this 
region I he great expansion in Picea-percentages has been used as an 
indicator for the transition between the Subboreal and the Suballanlie 
periods (HAFSTEN 1956 p. 103). The argument for this has been thai 
after the change of climate, around 500 BC, the spruce was able to 
compete .successfully with the deciduous trees. The spruce-tail back 
into the Subboreal and Atlantic periods in interpreted either as long 
distance transport or as pollen from small groups of trees in front of 
the continuous distribution, depending on the height of the percent
ages (e.g. HAFSTEN 1956 p. 97. FLORIN 1944 p. 5071. In some few 
Norwegian pollen diagrams Irom Beiarn and Skjerslad. Nordland 
county, in a sprucless area. I found up to 3 °/o Picea (of 2 AP). My 
opinion is thai all Ibis pollen is transported from North Swedish 
localities more than 100 km away (MOE impuhl. i. It is therefore pos
sible thai I'icra pollen up to 5 Vb could be long transported from a 
distance of more than 50 km (FiEGRi & IVERSEN 1004). F.KGISI (1950) 
has made pollenanalyses of the small West-Norwegian spruce localities, 
which were situated outside continuous distribution. The size of the 
stands varied from 100 in in diameter (for instance at Botnavatnet) to a 
foresl area of 4X10 km (Skutletjern). In the first area the spruce reached 
a few per cent, in the last one up to 1 2 % . It we used my defination 
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Source, locality und age of material used for (he map, ;('•" age, Tl /2 5568): 

1. FROMM, E. 1938; Präsimon en. 1000 BC 

2. LUMDQUIST, (i. 1957: Adakgruven (LTJNDQUJST, (i. 1956). Picea after 1045 ± 75 BC 
3. MOK. D. unpubl.: Kosmoli continuous long transport 790+ 90 BC 
I. PERSSON, C. 1966: Klockamyren after 330 ± 75 BC 

— 1967 a: Klockamyren before 1375 ± 65 AD 
5. 1967 1>: Sjelnemyren ca. 1460± 65 AD 
6. — 1967 a: Grövelsjöinyren 10 % group ca. 415 + 70 AD 
7. 1966: Lövåsmyreri before 1875 AD 
8. — 1966: Svcndsjöniossan before 1875 AD 
9. — 1966: Sundbornsmossan ca. 825 + 70 BC 

10. — 1966: Mellstabromossan ca. I!V III 
— 1966: Mellstabromossan afler 905± 80 BC 

• 1966: Mellstabromossan before 75± 70 AD 
11. LUNDQIMST, .1. 1957: Gräsmark ca. 480± 70 BC 
12. — 1967: Blomma ca. 210± 65 BC 
13. I'ERSSON. ('.. 1966a: Klaxsjömossan alter I(V III 
14. NYDAL, R. I960: Holtantjcrn ca. 150+130 BC 

• 1960: Hol tant jern ca. 450 ±150 BC 
15. FRIES, M. 1951: Nordvästra Götaland ca. 300 Al) 
16. DlGKRELDT, (i. un])ul)l.: Tronimen (Växjö! 10 "o ca. 820 ± 100 AD 
17. VORREN, Ii. unpubl.: Kirkmyra ca. 1030 ± 80 AD 
18. KRIES. M. 1962: Ösbysjön 10 »o before 935± 70 AD 

— 1962: ösbysjön 10 ' / . after 220 ± 80 BC 
19. LUNDQIIIST. ,1, 1957: Bråtenmosscn ca. 480± 70 BC 
20. — 1957: Åstorpmossen before 730± 65 AD 
21. — 1969: I lalh iksmyren ca. 665 ± 100 BC 
22. - I960: l lällålloarna ca. 500 ± BC 
23. 1969: Slm-kbergsmyrcii 490 ± 75 BC 
21. - 1969: Docksmyren 160± 75 BC 
25. — 1969: Tranflon j 11 v I aller 620 ± 100 BC 
26. — 1969: Vallenfloen 10 "/• 35± 70 BC 
27. — 1969: Blåhammarsmyrcn 10 »o 675± 100 BC 
28. — 1969: l.idsjömyreii ca. 445 ± 75 BC 
29. 1969: Trangoniyren 10 ° o 180 ± 80 Al) 
80. 1969: Tönningsfloarna 10 "'<> 85± 70 AD 
31. BERGLUND, B. E. 1966: Storemosse Dl' I. BP i afler 1570± 70 AD 

in t h e f i r s t e n s e . i l d o c s n o t n e c e s s a r i l y i n d i c a t e t h a i t h e s p r u c e e x i s t s 

in Ihe a r e a t o d a y . It is t h e r e f o r e d i f f i c u l t w i t h a s m a l l a m o u n t of 

I'icca p o l l e n to d e t e r m i n e w h a t is l o n g - t r a n s p o r l e d a n d w h a t i s l o c a l l y 

p r o d u c e d . V a l u e s b e t w e e n 5 % a n d a b o u t 10 °'n s e e m to d e n o t e e i t h e r 

I he p r e s e n c e of c o n s i d e r a b l e n u m b e r s of t h e t r e e in t h e a r e a iF .EGRl 

1950, S k u t t e t j e r n ) , o r p r o b a b l y s p r u c e in a d j a c e n t a r e a s , 10 to .30 k m 

a w a y ( l i s t ed a s I h e 10 % g r o u p ) . I w i s h t o d e f i n e a l i m i t w h e r e I a m 

Hoi. Xoliser. vol. 131. 11170 



l-'ijj. 1. Present und past distribution of Piren iibiet i" Fennoseandia. Open rings 
with numbers indicate dated material, (see list). 

wholly certain lhal Ihe spruce in Ihe area is pari of a greater regional 
distribution imore than 15 % i . and I have used this value as an in-
dicator of continuous distribution. In front of this Pfceo-covered area, 
one has to calculate with small groups of trees. It is therefore extremely 
difficult to make maps oi the post-glacial distribution at different 
limes based on pollen alone. Macrofossils like roots and stems etc. have 
to be used, and care must be laken with fossils as cones and branches, 
because of the possibility of transport b}' man (BERGGRKN 1950). 
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Sometimes we find a passing rise of Picea, up I o 13—'24 "/o, in some 
Swedish and Norwegian pollen diagrams in Ihe subboreal period i FLO
RIN 1944. Elgsjomossan, HAFSTEN 1956, Balsrudmyr). The authors 
explain Ihe material as locally produced pollen, and certainly this 
could he a possibility. However. I do no I like to use this material 
before it have been dated by C " or some other reliable method, 
since these two profiles are taken from basins which are filling in, 
and ihe Picea-maxima are placed near the slraligraphical border be
tween limnic and lelmalic material. The possibility for quagmires and 
redeposition are therefore present (TROELS-SMTTH 1956). On account 
of all these problems 1 have based my map (Fig. 1.) of the continuous 
distribution at different times on chronological!} dated levels. 

First AAIUO (1965) then AAKOLAHTI [1966) made a map of the fossil 
distribution for Finland based on radiocarbon datings. and 1 have 
attempted to continue this work in Sweden and Norway. The number 
of dating is small, but the map provides us with interesting informa
tion. Mostly I have used C14 datings. For locality 1 varve-chronology 
is used, for Iocs. 7 and 8 ash-hnri/ons which are historically dated, for 
Iocs. 10 and 13 RY HI horizons, and for loc. 15 a good archaeological 
dating. 

From 1500 BC to 500 BC Piccti expanded fairly quickly from the 
northern part of Sweden and southwards, on an average about 9 km 
per 10 years. The forest of North-Sweden, before the occupation of 
Ihe spruce, consisted mostly of Pinus and Betulu I FRIES 1965). This 
vegetation is a more light-open type than the QM-foresl in the south. 
Therefore the spruce could advance with great facility al this slage. 
A smaller, but useful spruec-coloni/ation between 500 BC and I AD 
has been favoured by Ihe decline of the QM-1'orest. and it is logical 
thai it replaced it. The spruce produce much more pollen than QM-
trees (POHL 1937) and therefore the spruce-percentages in the dia
grams were necessarily higher than those of Q\I prior lo decline. 

Alter Picea had occupied, in the course of a couple of hundred years. 
mos I of the places aller Ihe QM-deforeslalion. the condition for 
further expansion was more difficult than previously, not only by 
reason of the denser vegetation but also of the meeting with the moun
tain-range and cultivation by man. 

Ihe spruce in West-Norway is young .varying in age from a few 
hundred years ago up to 1000 years iF^iGRl 19501. In Trondelag. in 
Ihe middle of Norway. Ihe age is surprisingly young, and I think we 
will find Ihe spruce still younger further north in this part of the 
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c o u n t r y . It is r e a s o n a b l e t o p r e s u m e t h a t t h e s p r u c e wil l h a v e g r e a t e s t 

e x p a n s i o n i n t h i s a r e a , n o t l e a s t o n a c c o u n t of t h e n o r t h - s o u t h d i r e c t i o n 

o f t h e va l l i e s . 
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68 MAJS SONKSSON 

ABSTRACT 

SONESSOX, M.: Studies on Mire Vegetation in llie Torneträsk Area. 
Northern Sweden. IV. Some Habitat Conditions of the 1'oor Mires. 
Bot. Notiser 123:67 111. Lund. 

Results of investigation of some ccologic gradients of poor mires I bogs 
and poor fens) in a mountain area of North Scandinavia are presented. 
A close relationship between situation of the subsoil water table and 
plant communities along the gradient hummock -mud-bottom is demon
strated. In the upper levels of sites containing permafrost usually no free 
water occur on the frost table during the growth period. High positive 
correlations were apparent between total contents of AI, Cu, Fe, SiOg, 
Ca and ash in hummock peal. These showed no or negative 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 obtained. 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 Cu. Ca/Mg quo
tients are usually higher than 1.0 in hummock peat except in the wes
ternmost sites. The amounts of Ca. Mn. Cu. Al. ash and SiCV 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 peal and in precipitation. The K and Na contents in peat are 
better related to the total annual amounts in precipitation. The chemical 
stratigraphy of three bog-like sites was discussed. No evidence of a 
recently increased supply of air-borne mailer was seen. The increase in 
content of most elements analysed in the superficial peat is probably 
clue to retention by living organisms and capillary movements. Some of 
the contents at the permafrost table are partly due to previous flooding 
but it is also suggested to be an effect of changed concentration of 
elements in freezing water and an addition of colloids. When deducing 
whether the conditions in the sites with an nmhrnlrophic position are 
functionally omforotrophic or minerotrophie to the plant cover neither 
the florislic composition of the present-day community nor that of the 
underlying peals would give conclusive evidence. 

INTRODUCTION 

In two ear l ier papers (SONESSON 1967, 1970) the var ia t ion of Ihe 
poor mire vegelal ion (bog and poor fen vegetation) in the Tornelr i isk 
a rea , Nor the rn Sweden, w a s discussed. Often the grad ien ls a re diffi
cult lo separa te and seem to be in terdependent . In a separa te paper 
( S O N K S S O N 1969) il was shown, that some of the var ia t ion is allied 
lo differ ing win te r condit ions, but it was also shown thai some varia
tion a long the gradient ch ionophobous—chionoph i lous was better 
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Fig. 1 Map showing Ihe 
situation of the sampling 
sites 1= solid quadrats) 
mentioned in the text. -' SWEDEN 

related to the situation <>l the water table in Ihe sites than I" the 
winter conditions per .sc. The variation along the gradient poor—rich 
was even more obvious but .seemed to be related to a variation along 
the gradient hummock—mud-bottom as well. Any differentiation 
along this gradient into bog communities and poor ten communities 
(ombrotrophic and ininerolrophic communities, according to I)V 
RiKiz 19541 using criteria in Ihe plant cover only, was not possible 
to make. Nor would any conclusive evidence from the hydrolopo-
graphy of the sites be 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.I the possibility or temporary 
minerotrophic conditions even for Ihe present-day bog vegetation was 
suggested (SONESSON 1970 pp. 29—30). However, a differentiation 
into ombrotrophic and ininerolrophic peat using macrofossik implies 
a nutrient status of such peal corresponding to that which prevailed 
for Ihe peat forming community, which remains lo be proved. 

In order lo elucidate these problems investigations ol Ihe situation 
of the water table as well as Ihe chemical conditions in peal were 
carried out during 19112. 19(>3 and 19(59 over Boreal mires representa
tive with respeel h> vegetation from Holmvann near the Atlantic 
Ocean to Torneträsk ca. 100 km further east (Fig. I.i. 'Ihe result of 
these investigations is presented and discussed in Ibis paper as well as 
Ihe investigations of three selecled peal profiles from Vassijaure, 
Abisko and Torneträsk. This is lo show some of Ihe variation in 
chemical slraligraphv found in Ihe poor sites. Further strati graphical 
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material, however, will be presented in future papers on the vegeta-
lional dynamics of the area. 

A full description of the investigation area, the mires and the mire 
vegetation is given in SONESSOX 1967 and 1970. The reader is referred 
to these earlier papers, where the terminology, nomenclature and basic 
environmental data are also given. The winter conditions of the mires 
arc discussed in SONESSOX 1969 

SITES INVESTIGATED 

Boreal mires which are representative with respect to the vegetation were 
selected along a west—cast transect about 100 km long. Mires selected were 
in the vicinity of Holmvann (about 150 in above sea level), Riksgränsen 
(470 500 in), Vassijaure (400 480 mi, Abisko (360—380 m), Stordalen 
(340—380 m) and Torneträsk (340—360 m) . See Fig. 1. A few samples (in 
the Sphagnum littdbergii variant) were also collected in Alpine mires in 
Vassivugge and on Mt. Luovare (see map in SONESSOX 1970). 

The snow depths in cm at Riksgränsen and Kiruna (about 50 km SE of 
Torneträsk) during late winter-ear ly spring were :~ 

1962 1963 
April 15 25 April 15 25 

Riksgränsen . . 100 (107) 82 (99) 145 (107) 144 (99) 
Kiruna 95 ( 74) 43 (61) 60 ( 74) 52 (61) 

The normal depths according to ACER (1964) are shown within parenthesis. 
For further data of the current precipitation and temperature during the 
sampling periods, see SONESSON 1969 Table I. The winds are mainly westerly 
in the Torneträsk area (HOI.DAK 1960 p. 231). 

The values of elementary constituents in precipitation shown in Table 4 
are means calculated from data for the period 1955 62. These are, to some 
extent, unrevised data distributed by the International Meteorological Institute 
in Stockholm. Recordings at Riksgränsen ceased in 1962. 

METHODS 

Water Level 

The water level was measured approximately every four days from July 
5th to September 9th 1962. The sites were visited and measurements carried 
out in a standardized order. Sporadic measurements were also carried out 
during May and during the period July 18th to August 29th 1963. Kor ref er-
Bot. Notiser, vol. 123, 1970 
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«•nci1 poles were struck down iiil" the mires and marked at the level of the 
surface of the bottom-layer. Levelling before and after the measurements 
showed that Ihe position of the poles during the period of 1902 had not 
changed, whereas in some eases great deviations were found having occurred 
during the winter 1962—63. For this reason some of the results from 1963 
are not accounted for in Fig. 3. If open water was not available (only so 
in mud-bottoms) a water table was obtained by digging small pits ca. 75 cm 
deep (or to the frost table). P r e c i p i t a t i o n was measured with aid of 
rain gauges( ''Perfekt", Bröderna Berglund Gävle) placed at a height of one 
metre in an open place in a neighbouring wood, one at each mire. No plot 
was situated more than 500 m from the gauge. To prevent evaporation oil 
was added to the container. Primary data from three of the mires, two 
western without frost during summer and one eastern 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 
lable was only slightly lowered and contained no or loo little water to afford 
measurements. 

pll and I'JIfctrieal Conductivity of Water 

pi I of water and peat as well as electrical conductivity measurements were 
carried oul during I960 63 on fresh samples collected from Ihe middle of 
the squares for vegetational analysis as well as in the pits for measurements 
of the water level. Most water samples were collected from the hollows dug 
to obtain peat for the pll determination (time of sedimentation ca. one hour 
or more). In the mud-bottoms containing water in undisturbed condition 
samples were taken before peal sampling was made. This means that these 
pH and xri.,| dala are referable to Ihe same plots 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 
(c approx. = 0.3) in a standardized order within twelve hours. xrc(i designates 
the conductivity after reduction of Ihe conductivity due to Ihe hydrogen ions 
(SJÖRS 1952, MALMER i960 I. 

IV a t 

Sampling was carried oul during the summers of 1963 and 1969 over 
different sites each year and within areas approximately 10.000—40,000 m2. 

The 1963 samples were laken bei ween ca. 3 and 1.5 cm below the peat 
surface, the 1969 samples between 10 and 15 cm below the bryophyte/licben 
surface. The samples were stored in plastic bags in a cold store (ca. M°G) 
and were analysed within three months. The peat profiles were collected using 
a Nääs-Odcnluu core sampler (diameter 25 mm, see XXXs & ODENTDN 1958), 
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the superficial samples, however, with a Höhnen auger (cutting edge area 
100 cm*, sec HOI.MEN 1964 pp. 137- 138). 

Peat samples for pi I measurements only were collected during 19(H) -63 
at the same occasions as the vcgctalional analysis and water sampling (see 
p. 711. pll was always measured electromelrically directly into fresh peat 
with a glass electrode. 

The analyses were mainly carried out according to the methods described 
by MALMKR and SJOKS 1958 and MAI.MER I «Mil» a. 

The e x t r a c t a b l e cations ( = E x t . , including the dissolved fraction, e.f. 
TYLER 1908 p. 94i were extracted with 1 M neutral NII.Ac and 1 M HAc (25 g 
fresh peat to 150 ml exlractaiil). The samples were shaken for at least two 
hours (the 1963 samples for two hours, left overnight and filtered, see MALMER 
1902a; the 1969 samples for twelve hours before filtering). However, one 
hour proved to he sufficient according to a preceding equilibrium extraction 
series tested for calcium (see. however. BOATMAN & ROBERTS 1963 p. 1891. 
The t o t a l contents (—Tot.) of metals and silica were obtained after diges
tion with HXO:1 and IIC.K),. The residue insoluble in HCl is regarded as SiOo. 
The exchange capacity for metal and hydrogen ions (=C.E.C) was determined 
using BROWN'S method (BROWN 1943, ef. MALMER & SJÖKS 1955). The major 
ions were analysed separately. In the 1963 solutions determination were made 
for Na and K (flame photometer), Mg, Ca (KDTA titration], Mn, Fe, P (colori-
metrically) and S (gravimetrically). Total N was determined with a niicro-
Kjcldahl procedure. See MALMER 1962 a pp. 184- 189. In the 1969 solutions 
Na and K were analysed with a flame photometer and all other metals by 
means of an atomic absorption spectrophotometer, Ca after addition of LaCI.,. 

To obtain the deviations «lue to analytic errors and inhomogencties of the 
samples some duplicates were run. The average deviations from the means 
(within 95 °/o confidence interval) of the duplicates calculated according to 
IIAI,l) (19481 are shown in Table 1. 

The peat samples from the vertical profiles were usually loo small, frozen 
or of a water content higher or lower than normal to permit determination 
of the d e g r e e of h u m i f i e a I i o n according to VON POST'S method 
(see POST & GRANLUND 1926 and KAMA 1956 p. 191. Therefore a colorimetric 
determination of extracts with 0.5 °/o NaOlI on the dried peat (105°C) was 
made as an index of humification (FFL-eolorinieler, filter no. 626). This 
means that the degree of humification is supposed to be related to the contents 
of NaOlI soluble organic matter in the peat. For further details and dis
cussions on this subject see OVERBECK 1947. K All. A 1956, OLAUSSON 1957. 
BAHNSON 1968. All samples were pretrcated and analysed in the same way. 
Duplicates were run. Four samples determined with vox POST'S method were 
frequently run as a reference. The range of values obtained for these samples 
is shown in Figs. 6—8 as well as their degree of humification according to 
VON POST'S scale ill 1 11 10). 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 
of bryophyles found in the peat (further in SONESSON in prep.). 

Bol. Notiser, vol. 188. 1070 
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Table I. Average devialionis from the means of duplicates (al Ihe 5*/« level) accor
ding to IIAI.D 1918. Totall contents as umol/g dry mailer. Number of duplicates 

shiown within parenthesis. See text. 

Element: Class, standard deviation, frequency: 

Mg 

Ca 

Mn 

Zn 

Fe 

<20.((1 
±0.3® 

(20 l 
<5.() 
± 0 . 2 « 

(25 i 

20.0 -< :50 .0 
±1.87? 

[18)1 

<0.20l 
±0.0224 

(14)) 

0.020 <(0.200 

±o.o:»7 
(9) 

<20.0i 
±0.82? 

(19) 

20.0—<SO.O 
±1.78 

(21) 

5.0—< 10.0 
±0.21 

(16) 

50.0—< 100.0 
± 1.21 

(25) 

0.20—<0.50 
±o.o;j7 

(241 
0.20(1—<0.500 

± 0.030 
(24) 

20.0—<50.0 
±5.63 

(15) 

50.0 105.0 
±4.0 

(18) 
10.0—08.0 

±2.0 
(19) 

100.0 -630.0 
±5.8 

(22) 

0.50—1.00 
±0.08 

(121 

0.500—1.100 
±0.18 

(16) 

50.0 • - < 100.0 
±0.70 

(19) 

100.0—256.0 
±26.2 

(V) 

The cores for the m i c r o- and m a c r o f o s s i l a n a 1 y s e s (details on 
methods in So.NKSSON 19'ON and in prep.) from Abisko and Slordalen were 
collecled during 1963 and those for the chemical analyses during 1969. The 
cores were taken as half metre lengths which were divided into ten equal 
pieces for the chemical amalyses. Smaller samples were used for the fossil 
analyses. In each site all this sampling was carried out within the same area 
(ca. O.2.") ni-). The possible differences in stratigraphy between these cores 
were tested for the macrofossil conlent. No differences were found. All data 
from Vassijaure refer to the same samples and sampling occasion (1963). 
This profile was dug and the peat was "peeled off" as broad sheets usually 
not exceeding 1 cm in thickness. 

The level of reference rmeiltioned here concerning the peal profiles discussed 
is always Ihe surface of tine living bryophytc and or lichen layer. 

In each sample used for pollen analysis 600 tree pollens or slightly more 
were counted, except in swine surface samples where a smaller number was 

(Counted due to the sparsce pollen content. In the. pollen spectra shown here 
(Figs. 6—8) a selection of the pollens (here meaning pollen grains as well 

jas spores) is made. 
The chemical values of the uppermost sample of each profile refer to one 

»species of the living plant cover, viz. PleuTozium schrebcri in Vassijaure and 
IDicranum elongation in Abisko and in Stordalen. Most of these samples 
tapparen tly consisted of Irving material, 

Bot, Notiser, vol, 123,1970 
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RESULTS 

Water 

Water Level 

The water level is greatly dependent on precipitation and the 
amount of snow during late winter—early spring (Fig. 2 A—C, cf. 
SJOKS 1948 pp. 38—42. 87). The differences found between the two 
periods of measurements are obviously due to a relatively higher pre
cipitation especially during July 1963 (Kiruna) but also to a greater 
amount of snow in the western pari this year (Riksgränsen). The 
highest water tables were recorded during May 1963 and the lowest 
during early summer and autumn 19(52. During Hie observation period 
in May 1963 only the eastern sites had almost completely emerged 
from Hie snow, while the western sites wine, to a large extent, covered 
with snow (SONESSON 19(59 p. 488). The weather was. however, 
unusually warm during the period and a rapid melting of snow occur
red. Practically no free water was seen, however, on the weslern huni-
mock-sitcs alter digging up the snow cover, which indicates a rapid 
run-off (SONESSON loe. eil., cf. SoNESSON 1970 Fig. (5i. There are 
reasons to believe that the maximum water level and the maximum 
water level on unfrozen mire IMALMEK 19(52 a p. 15(5) approximately 
coincide in the weslern sites but are usually dissimilar in the eastern 
ones. This is mainly due lo absence or only a slight occurrence of frost 
in the western siles and presence, although a variation in the situa
tion of the frost table in Ihe eastern sites during spring and summer 
(cf. SONESSON 19(59 p. 188. 197« p. 531. 

The depths lo Ihe water table within Ihe interquartile range (Fig. 3) 
are no doubt close lo the compensation level (MALMER loe. cat.) but 
some of the total range shown here probably belongs lo I his level as 
well, since the measurements were made during relative!} shorl periods. 

The effect of rain and drought was approximately Ihe same in Ihe 
western and in the eastern sites. In the hummock-siles a considerable 
increase of the water table is seen as a resull of the heavv rains al the 
end of July and in the beginning of August 19(52. while the response 
was smaller in the plots of Ihe carpet-sites or in plots close to such 
siles (cf. MALMEB 1962 a p. 1(5(5). 

Plols belonging lo [vegetationally and morphologically) different 
siles have dissimilar responses lo precipitation in Ihe eastern mires as 
well as in Yassijaure. bul not in the westernmost mire al Riksgränsen. 

Bot. Notisor, v»l 1-2:1 1970 
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This mire is a typical example of the western mires with a relatively 
even topography where even the peat of the carpets is distinctly firmer 
than (hat usually prevalent in eastern carpets. The vegetation also 
deviates, containing mire margin species to some extent in the western 
ones (SONESSON 1<)70 p. 51 cl. MALMER 1962a p. 219). The eastern 
carpels are usually quaking having mire margin species located more 
distinctly to their margins. The small carpet-structure of the Vassi-
jaure mire is in this respect of an eastern type. The peat is relatively 
deep and the structure seems to receive an even influx of water through 
a small brook apparent in some place-, (SONESSON 11)70 p. 94). Prob
ably like many of the eastern carpets it may. in this way. he less 
directly dependent on precipitation than many of the western carpets. 
Thus in eastern mires as well as in western mires with a deep peat 
layer, there seems to be more diverse conditions as to hydrology than 
in western mires generally. 

Yrgclutioiial <iru«licnts ill Hclalioii lo Water Level 

On the whole there is an obvious relationship between the gradient 
hummock—mud-bottom and the situation of the water table (see Fig 
3). ft should be emphasized that the reference level was the position 
of the moss layer at the beginning of the measuring period of 1962 
which means that much of the range of the eastern carpet and all the 
mud-bottom values is apparent only. 

In the plots of the h u m in o c k c o m m u n i t i e 5 the medians and 
extremes are lower and the ranges wider than those ol other vegeta
tion observed. The hummock communities are usual!} situated more 
than '25 cm above the water table and seem to be situated above the 
maximum water level as well uT. MALMER 1962a p. 156). The lowest 
water levels are measured in the western sites. The low values from 
eastern sites are undoublly unnatural created by the digging, since 
depths lo the frost table exceeding 50 cm are seldom measured let'. 
SONESSON 1970 pp. 31—32|. Some of the plots dug in stands of eastern 
hummock communities are not accounted for in Fig. 3 because no or 
only small amounts of water were present during I he whole period ol 
measurement. This indicates that much of the eastern hummock com
munities (probably all of the upper levels, cf. SONESSON 1970 p. 39) 
has slight or only occasionally free water on the frost table during the 
growth period. Since the surface peat usually is slightly decomposed 

Bot. Nötiget, vol 1SS, l"7(t 
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Ihe run-off fron» peal underlying such vegetation is probably very rapid 
in spring and early summor but slower when the thaw lias reached 
more decomposed layers. 

The 1 a w n c o m in u n i I i e s are usually situated more than 10 cm 
above the water table hut below the maximum water level, at least in 
the eastern plots. The covering of water after the snow thaw may then 
last tor more than one month (SONESSON 19(59 pp. 488—490). 

The c a r p e l c o m m u n i l i e s are usually situated more than 5 
cm above the water table. Many eastern carpets are probably situated 
above the maximum water level as well because of Ihe quaking peal. 
The range of values shown are in these cases apparent only. How
ever, this is not Ihe case lor Ihe values from Riksgränsen. The ranges 
in this mire are similar to those of lawns. The vegetation of these 
western carpets is also deviating due to the occurrence of mire margin 
species (see above p. 77). 

The bottom layer of Ihe m u d - b o 11 o in c o m m u n i t i e s is 
floating on the water table. It is also often partly submerged (see 
SONESSON 19(>(i p. 396). 

The gradient low—high water table is. to some extent, parallelled 
by the gradient poor—rich as well. Fen plants are rarer in the stands 
with a low water table icf. MALMER 1962 a pp. 78. 168 1831. 

pH ami Electrical Conductivity 

The relationship between pTT and x,,,, shown to be typical to North 
Feniioscandian mire waters by Sjöns 11952. see also PERSSON 1962) 
is also evident in Ihe presenl material. Thus any correlation between 
pl l less than ca. (*>.0 and xr,.,i is not obvious in— 230). pll values higher 
than 6,0 are. however, usually allied to higher values of v.„,\. Negative 
conductivity values were often obtained after reduction for the hydro
gen ions, especialh in humus coloured water. Obviously many of the 
ions are retained as complexes with colloidal mailer in Ihe water (MAL
MER 1903). 

pH in water is generally higher than in peal from Ihe same plots. 
The average differences were approximately ().."> units (n = 170l. Such 
a relationship is shown earlier both for the Torneträsk area (PERSSON 

19(52 pp. 77 781 and for South Sweden (MALMER 1962a p. 208). 
There was no general relationship apparent between pll in water 

and the level of Ihe water table during Ihe observation periods. How
ever, in spring a high water table is obviously related to a high pH. 
Bot. Notiser, vol. 121. IB7Ü 
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Laier during Ihe growth period occasional very high water levels, prob
ably much above ihe compensation level, are related lo great pH 
deviations either positive or negative (cf. MAI.MI.R 1902 1) pp. 23 -24). 
MALMER lop. eil. pp. 22—28) found a distinct relationship between 
reduced conductivity and the water level on one hand and conductivity 
and pH on the other. However, a similar relationship may not be 
expected in Ihe present material when considering conductivity values 
lower than ca. 50 uS/cm and pH lower than ca. 0.0 (cf. above). 

Some chemical dala lor intermediate mire water in Ihe investigation 
area are shown in SONESSON 1906. 

Peat 

Relationship Between some Constituents Anal v sed 

EXTRACTABLE AND TOTAL AMOUNTS. There is no conclusive 
evidence of differences between extractahle amounts derived in 1903 
and 1909 in spile of Ihe somewhat different sampling and analysis. 
Similar results were obtained with Nll|Ac and HAc, except of K (often 
higher amounts with HAcj. 

In Fig. 4 the extraclable amounts of Na, K. Ca and Mg are plolled 
against the total amounts in the same samples. 

According lo this material extraclable amounts are. on average 
roughly 20 40 °/o lower than the totals. The high total amounts of 
K and Mg in relation lo low extraclable contents are most likely due 
to addition from the mineral soil i secondary ash) since these values 
refer to intermediate fen peal with a high content of Al. SiOo and ash 
i> 200 (iniol. > .580 mg and > 17 % per g dry matter respectively) 
A contribution of potassium and magnesium to the minerotrophic sites 
seems possible due lo various feldspars, micas etc. common in most 
mineral soils. There is probably ollen dolomite in Ihe soils as well, 
al leasl in those rich in calcium, since Ihe bedrock of Ihe investigation 
area contains this mineral in many places (KULLING 1965, cf. MÅR
TENSSON 1956 and PERSSON 1962). 

The wide range apparent for Ihe Na values is obviously lo a large 
extent due lo a lower accuracy in Ihe Na determinations. As suggested 
above some of Ihe range of Ihe K and Mg values is due to the deviating 
properties ol the peats analysed. 

The relationship between extracted and tolal amounts of metal cal-
Bot. Xotisir. \o], 12:!. 1:170 



MIBE Vi;<ii: i ATIÜN IN IHK TORNETRÄSK ARK A 81 

E>l 
pmol 

100 

Toi jjmol 

(50 501 

„«S* 

Ex l 
(JTIOI 

Tol |jmoi 

30 35 10 45 

3" 
.3? 

0+ 
50 0 

Mg 

Toi umol 

150 200 

Na 
• 1969 
c 1963 

lo t i-mol 

Fig. I. Relationship between NHiAc exlractable und total amounts of some elements 
in different kinds of surface peat as iimot/g dry matter. 

ions in peat is earlier investigated and discussed by GORE and ALLEN 
(1956) and by BOATMAN and ROBERTS Hi)(i8). GORE el al. showed the 
ollen great differences obtained due to differenl kinds of peat and 
BOATMAN el al. the differences due to the extractants used and lo the 
time of extraction. Considering the differences between extracted and 
total contents of K found by them these range approximately between 
0 and 40 °/o which is similar lo the range for Ihe material presented 
here when excluding the highest totals. 

CORRELATION COEFFICIENTS BETWEEN SOME CONSTI
TUENTS. In Table 2 is shown Ihe correlation coefficients between Ihe 
contents of some constituents in peat from the higher levels of the 
hummock-sites ISONESSON 1970 p. 39). These are parts of the mires 
which are most likely lo be nourished b\ air-borne nutrients only, 
viz. being ombrotrophic (Du RlETZ 1954), In all, forty samples were 
collected dining the sitimmers of 19(53 and 1969, from different sites 
each year at the following localities: — Holmvann (9 samples, vege
tation = no. 1 in Table 8), Riksgränsen (4 samples from one site in 

(i Dot. Notiser, vol. 123, 1970 
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I'M)'.), vegetation = nos. 2 ;uui 3l. Yassijauie '(> samples, vegetation = 
nos. 2 and .'{), Abisko (8 samples, vegetation = nos. .') and 6), Stordalen 
(6 samples, vegelation=nos. 5 and 6), Torneträsk (7 samples, vegeta
tion — nos. .") and (>i. 

AI, Cu, Fe, SiOg, Ca and ash show high positive correlations. How
ever, the coefficient between silica and calcium is not quite significant 
at the 5 % level (0.1 > p >0.05) . These constituents 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 ipp. 104 107) the ash content ol the 
peat profiles presented there is not higher at the surface than in I he 
lower strata, which if it were, would indicate a recently increased con
tribution of secondary ash as reported for South Sweden (see e.g. 
MATTSON el al. 1955 p. 363). Neither is there any considerable in
crease evident in the content of AI. 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 Torneträsk ISONKSSON unpublished). In all surface 
peal samples studied after ashing mineral particles were present, but 
whether they were more abundant than in the lower strata was not 
investigated. 

The low or lack of correlation between Al. Cu. Fe and Si()_. on one 
hand and the other elements on the other may be due to a smaller 
contribution from secondary ash of the latter than that retained near 
the surface by living organisms (e.g. K I or continuously supplied by 
air-borne drift le.g. Naj. However, similar results would be obtained 
if a major part of these constituents were unevenly distributed over 
the investigation area and or in the peat profiles within the standardized 
sampling level. The westerly distributed Mg and Zn accordingly show 
no or slight!} negative correlations with the ash as well as with some 
of the ash constituents separately which have a tendency to increase 
eastwards isee p. 84). There are also indications that the sampling 
within peal layers with a relative "depletion" ol some elements could 
have occurred more frequently in eastern than in western sites (see 
pp. 71. 100 105). 

VcyiWilioiml ( i radirnts in Itrlalinn to Chemistry of Peal 

REGIONAL GRADIENTS. Of the two regional vegelalional gra
dients distinguished (SONESSON 1007 p. 272) the gradient west cast 

Bot. Notiser, vol. 12:!, 1B70 
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is studied with respecl to the chemical conditions of the peal. The 
dala plotted against distance from the sea (Fig. 5) refer lo those samples 
of the upper hummock levels mentioned before ipp. 81—82). These 
data are accordingly arranged along a west- east transect as well (see 
Fig. 1). ll should he noticed that the distance is measured lo the Ofot-
fjord at Narvik, not lo Ihe open sea proper. The sites on the Nor
wegian side are situated ca. 150 m above sea-level and those on the 
Swedish side ca. 350 500 m above sea-level. 

The contents are calculated both on natural fresh volume basis and 
on dry weight basis. There is great iulralocal variation evident which 
complicates the interpretation of the results in Fig. 5. The following 
conclusions and discussions should therefore be regarded as tentative 
only, awaiting further investigations. These should primarily lake 
into consideration the variation within the separate sites, both hori
zontally and vertically. 

The correlation between the content of elements and distance from 
the sea is evidently greatly dependant on Ihe calculation basis used. 
N e g a t i v e c o r r e l a t i o n s were received for Mg both on dry 
mailer and on volume, for Zn and K on dry mailer basis only. Accord
ing to the present material magnesium decreases by about 3 umol per 
10 cm3 or 6 umol per g and 10 km distance. These values differ signi
ficantly from zero ip < 0.001). Zn decreases by ca. 0.04 umol (0.01 > 
p > 0.001) and K by ca. 0.6 umol (p < 0.001) 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 Ihe eastern than in Ihe western 
hunnnock-siles. On dry mailer there is a tendency towards decreasing 
conlenls for Ca IO.I > p > 0 . 0 5 ) and for Na (0.1 > p > 0.05 i as well. 

P o s i t i v e c o r r e l a t i o n s were received for ash ifresh volume: 
0.05 > p >0.02| and for AI ifresh volume: 0.02 > p >0.001; dry weight: 
0.01 > p > 0.0011. When excluding Ihe Ivvo highest values on fresh 
volume a regression coefficient of 0.27 was received for Al |0.01 > p > 
0.001 ) corresponding lo 2.5 umol per 10 cm'1 and 10 km distance from 
the sea. There is a tendency towards increasing conlenls lor Cu on 
volume basis (0.1 > p > 0 . 0 5 ) but not on dry weight basis. No correla
tion is seen for Mn. Fe or apparent density (=volume weight ol fresh 
peat). 

The variation in content of K. Na. Zn and Co seems to be positively 
correlated with the variation in organic mailer of Ihe peat while Cu 
and Al are negatively correlaled. Although weak, there is a tendency 
towards higher cation exchange capacity in western than in eastern 

Bat. Notier Mil \£i, 1070 
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h u m m o c k peal (see T a b l e 3 ) . The relat ionship between cation exchange 

capaci ty of peal and degree of huinif icat ion seems lo he slighl (PUUST-
JXRVI 1956). whereas d i f ferent k i n d s of plant r emains ollen mean dif
ferent exchange proper l ies I I ' U E S T J Ä R V I 19551. No difference in degree 
of humif icat ion is a p p a r e n t in the present mater ia l . However, the liumi-
fication de te rmina t ion me thod used is far from heing perfect. Different 
k inds of living plants m a y h a v e different sorbing qualit ies as well icf. 
B E L L 1959). Consider ing the presen t mater ia l the contents of e.g. Ca 
and Mg in Pleuroziuin schteheri were 41 and 26 umoFg dry weighl 
respective!}' (one s a m p l e I w h e r e a s in Dicranum eloiujaliiiii 48 86 and 
32 68 umol respectively ( th ree samples , see Figs. 6—8i. 

Similar regressions l o r s o m e of the elements in relation lo the dis-
lanee from Ihe sea were rece ived by B O A T M A N i 1961) work ing with 
mires within distances sma l l e r than 20 km from Ihe sea i.'JO km from 
open sea) in Sou thwes t e rn I r e l and . According lo his results illCI-
Ieachablc amounts) Na dec reases by ca. 9 umol and Mg by ca. 1 I umol 
per g dry mat te r and 10 km d is tance from Ihe sea (ca. 0.2 umol and 
6 umol in the present inves t iga t ion a rea ) , p l l was found lo increase 
with increasing d i s tance f rom Ihe sea. F e and K showed no change 
but Ca a slight tendency lo inc rease with dis tance. T h e differences in 
results a re seen main ly in the relatively smal ler amoun t s received in 
Ihe present invest igat ion a rea . However, opposite results w e n ' obtained 
concern ing pl l and Ca. 

T h e concent ra t ion of eleinemts in mire water in relation lo dis tance 
from the sea is discussed by e.g. WETTING 1948. MALMER 1961 and 

SPARLING 1967. 

In the present mate r ia l t he re is a variat ion in some peal consti
tuents which thus para l le ls the variat ion in the vegetation of the 

upper h u m m o c k levels a long the gradient west—easl . Considering Ihe 
o ther communi t ies inves t iga ted , s imi lar re la t ionships are not seen with 
certainly in Ihe mater ia l 

Compar isons between o t h e r a reas concerning peat chemistry a re 
often difficult to m a k e due l o incomple te descript ions of Ihe Vegeta
tion of Ihe sampl ing si les. Different methods of sampl ing, storing and 
analysis a re also c o m m o n l y used which fur ther complicate com
par isons . 

Some h u m m o c k s a m p l e s f rom Dalarna in Central Sweden reported 
by S J O K S 11961 ) are re fe rab le lo a vegetalion s imilar both lo the Cal-

luna - Pleuritzium - S/ilnnjiium fusciim var iant and to Ihe Ledum-

Pleuroziuin variant of Ihe present investigation area (see Table ."5 and 

Bot. tfotiai r, vol. 123, 1970 
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SONESSON 1970 p. 43). These samples contain approximately similar 
amounts of extraclable Ca as corresponding samples from the Torne
träsk area, even when considering the different calculation bases [loss 
on ignition - dry matter). M ALM EI? (1902 a) reports lower values from 
hummock-sites in South Sweden where no species indicating ininero-
trophic conditions are present. In the peal samples from the "Cladonia 
series" with Eriophorum augusti folium (obligate Fen plant according 
to Du KIETZ 19-19. 1951), however, the exlraelable amounts are similar 
i about 10 umol/g D.W.). The "Cladonia series" of communities are 
best related lo the Call una - Pleurozium - Sphagnum fuscum variant 
i see MALMER 19(52 a p. 99, cf. also MALMER & SJOKS 1955). HOLMEN 

I 19(11 p. 1(55) mentions similar total amounts of Ca to those shown for 
the Torneträsk area in peats of a partly drained and cultivated mire. 
These peats refer to "community no. 1" which bears some resemblance 
to the eastern Ledum - Pleurozium variant. BELLAMY and RlELEY (1967) 
reports a total Ca content of approximately 40—70 umol/g D.W. in 
peat close to the surface of a Sphagnum fnscum hummock in West
morland, England. The vegetation described is closely related to the 
Calluna - Pleurozium -Sphagnum fuscum variant. All the communities 
used in this comparison are regarded as onibrolrophic or very poor 
minerotrophic communities by the authors. 

The molar Ca/Mg quotient ol peal is often used as an index of Ihe 
degree of ombrotrophy, being lower than 1.0 in true ombrolrophic 
sites (see discussions on pp. 100—107). From Fig. 2 1) is seen that Mg 
in excess of Ca was obtained in western siles. However, a few samples 
referable to the higher levels ol" the eastern siles show similar values as 
well. 

LOCAL GRADIENTS. P o o r — r i c h . The amounts of Ca. Mn, Cu. 
AI, ash and SiO_> are correlated with Ibis gradient. See Table .'i Higher 
quantities are obtained in peat of Ihe richer communities than in the 
poorer ones. Acidity also shows a close relationship. However, as shown 
before (pp. 81 82) a I least some of them do not vary independently. 
The range within each community along the gradient is wide and 
sometimes possible lo relate to oilier gradients, especially west -east 
and hummock—mud-bollom (see below I. The differences along the 
gradient poor rich are still greater when considering the values cal
culated on a volume or an organic matter basis. This would then result 
in higher values for tlhe communities with a high content ol ash, viz. 
the richer communities. Data for corresponding poor communities on 
Ihe northern side of Fake Torneträsk (PERSSON 1902 pp. 60—691 are 

Bol tfotiaer, col 123. 1070 
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similar lo those shown here. Considering the intermediate vegeta
tion {"Calliergon sarmentosum - Paludella vegetation") the extractable 
amount of Ca in peal is higher (median ca. 250, total range 00—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" amounts to approximately 130 
and 330 umol. The vegetational differences along this gradient between 
intermediate communities on the northern side ol Lake Torneln'isk 
according lo PERSSON 1961 and 1902 and those investigated in the pre
sent investigation area obviously have a parallel in the difference in 
the amount of Ca isee SOM-.SSOX 197(1 p. 73). From rich carpet vegeta
tion, referred to the Scorpidium vegetation. PERSSON reports Ca values 
approximately 220—480 umol |n = 3l which are slightly higher than 
those of the mud-bottom variant presented in the table and belonging 
to I he .same association. 

A close relationship between pll and communities along I he gradient 
poor—rich is obvious. Considering the material sampled during 1960— 
63 (see p. 71. cf. also values in Table 3 and in Fig. 31 the median value 
in peat of the Carex rotundata - Drepanocladus schulzei vegetation ac
cordingly amounted lo 1.2. total range 3.6—3.1 (n = 52), in Sphagnum 
riparium vegetation to 4.8, total range 4.4 4.9 In— 3). in Paludella-
Sphagnum Irres vegetation to 4.9, total range 4.3—5.8 m = 63). in Dre
panocladus procerus vegetation to 5.0. total range 4.7—5.2 (n=22) and 
in Scorpidium vegetation to 3.5. total range 1.8—6.3 (n = 33). 

H u m m o c k — m u d - b o t t o m . The variation in contents of in 
particular Mn. Fe. SiOo. AI and ash runs parallel with this gradient 
as well as with the preceding one. This means that the contents are 
greater in peal of the richer communities as well as in communities 
of the lower levels in Ihe sites, even the poor ones. The amount 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 area. Feat of Ihe lower hummock 
levels and peal of the communities usually occurring in depressions of 
the hummock-sites contains only about one half lo one quarter as 
much Zn. There is a tendency towards low values in Ihe intermediate— 
rich mud bottom sites as well. Relatively large amounts are present in 
the peat ol the intermediate carpet vegetation, however. These dif
ferences shown may he due lo a varying solubility related to the obvious 
differences in acidity of the peat (cf. YVKAH 19561. The high Zn values 
in the intermediate carpet peat are puzzling hut may be due to the 
small number of samples. 

!!(>!. .\ul>cr vol. 12?. 1970 
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Elements in l 'roiipitation mil in ['eil 

There are obvious differences between Riksgränsen and Kiruna con
sidering the relative molar amounts of Na and Mg in p r e c i p i t a t i o n 
I Table 4). At the former locality the Na/Ca quotient is 2.4 while 0.8 at 
the latter. The Mg'Ca quotients are 0.5 and 0.3 respectively. The rela
tive amounts for K and N are similar at the two localities. There seem 
to be similar concentrations of Ca and K both al Riksgränsen and at 
Kiruna when calculated as annual mean; Ca is possibly a little higher 
at Riksgränsen; however, for Mg and Xa about twice and three limes 
the concentrations respectively are recorded at Riksgränsen. Approxi
mately similar values are evident for Ca and K throughout the year 
ait the two localities. However, the concentration of Na and Mg is lower 
during the growth period especially at Riksgränsen. This indicates a 
Larger amount of sea salts (ERIKSSON 1959 pp. 7—12) during autumn, 
winter and spring than during summer (cf. SPARLING 1967 p. 4). 

However, the total annual supply of elements does not derive from 
precipitation only. For some elements the contribution from dry de
position may be more than twice as much as thai from precipitation 
(ERIKSSON 1959 pp. 4ö—48, cf. TAMM 1953 p. »I and MALMER 1961 
pp. 140—142). Even when considering the total annual amounts derived 
from precipitation only (Table 4) they may not be closely representa
tive of all sites investigated. This is especially apparent for the sites 
of the Abisko valley where the mean annual precipitation is less than 
$00 mm isee SONESSON 1070i. Also, amounts calculated per mm pre
cipitation may nol be strictly proportional due to different wind velo
cities and different sizes of the particles (ERIKSSON 1959 pp. 22—28. 
cf. ALLEN et al. 1968 p>. .301). 

The p e a t samples used for comparison are those of the higher 
levels ol the hummock-sites mentioned before ipp. 81 82). In western 
samples the Na/Ca anid K/Ca quotients are about the same or only 
slightly higher Hum in the eastern samples, while the Mg/Ca quotient 
is about twice as high in western than in eastern samples. 

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

There seems to be a fairly close relationship between the concen
tration in peal, and in precipitation concerning Mg and Ca but nol for 

Hoi Kotiser, »ol. 123 1970 
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Na, K and N. T h e K a n d probab ly also Na contents in peat (on dry 
weight basis I a r c bet ter related to I he differences in total annua l 
a m o i m l s . X in peal seems to be unrela ted to the concentra t ions as well 
as ID the total a n n u a l a m o u n t s . T h e high \ \a l l ies in eastern peal a re 
thus correlated with a low concent ra t ion and a low total annua l amoun t 
from precipitat ion. 

\ close re la t ionsh ip between the total a n n u a l amoun t s from preci
pi ta t ion a n d contents in peal wou ld be apparen t for copper since this 
element is likely to be sorbed almost quanti tat ively (GOLEMAN et al. 
1956, Hi H U M . iS TYLER 1970). However, as seen on p. «4 copper 
con ten t s have a slight tendency to increase eas twards . T h e supply by 
dust of this element is probably greater than that by precipi tat ion. 
Th i s would accord ingly be one indication of a contr ibut ion to the mires 
o the r than thai by precipi ta t ion only. 

Even suppos ing an a n n u a l peat product ion of about 1 d m ' in2 as 
repor ted from South Sweden (NILSSON 1964 p. 25, see also DTJKNO 19(51) 
the heavy loss of nu t r i en t der ived only from precipi tat ion by run-off 
(except X' is obvious this loss being greater in the west than in the 

eas t . However, t he re a re evidences of a m u c h smaller h u m m o c k peal 
format ion in the T o r n e t r ä s k area, p robably less than ().."> d m 1 m-
aucl year (see next section, p . 104). Supposing such an annua l peat 
p roduc t ion the great deficit in X supplied by precipi tat ion solely is 
s t r ik ing. Such a deficit m a y . to a large extent, be satisfied by an influx 
of a m m o n i a direct ly from the a i r ( T A M M 1953 p. 94. M A T T S O N et al. 

1955 pp. 323—3241. Some cont r ibu t ion of an ima l origin may also be 
possible (see O S V A I . D 1925 p. 7 1. NORDHAGEN 1927- 1928 p. 362, M A T T 

SON el al. loc. cit., SONESSON 1970 pp. 19, 22). 

S t r a t i g raphy of s o m e Si tes 

Introduction 

T h e peal profiles s h o w n here (Figs. C> X) are from Yassijaurc, 
Abisko and Storda len , respectively. The Abisko site is si tuated in the 
cent ra l par t of the invest igat ion area charac ter ized by soft bedrock 
a n d soils r ich in c a l c i u m while Ihe o ther two a re from pai l s with 
h a r d silicious b e d r o c k and soils poor in ca lc ium. T h e peal types dis
t inguished co r re spond to different peat- forming communi t ies T h e 
reconst ruct ion of these is m a d e wi th aid of Ihe plant remains of the 
pea t . They a re n a m e d after those present-day communi t i e s which they 

Bnl. Notiser, Mil. 1:3. 1970 
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most closely resemble Horistically thereb} assuming thai they have 
modern equivalents. No differences are ever seen in Hie appearance 
of the inacrof'ossils in relation to corresponding modern plants. The 
straligraphical border between 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 centimetres in height 
whereas most ol the living roots of the vascular plants obviously are 
situated within 30 centimetres level of the bryophyte surface. 

The dynamical implications of these profiles will be treated in a 
future paper (SONESSON in prep.) where also details of these and other 
profiles will appear. Here only short descriptions will be presented 

Description nf 111«* Profiles 

V a s s i j a u r e. The profile was located near the middle of a small 
hummock-site earlier described (SONESSON 1970 p. 94, Figs. 16 A and 
17 a b. near point "71"). The main bryophyle components are in
dicated in Fig. 6. No remains of exclusive fen plants were found above 
the GO cm level. The peal between 70 and 80 cm below the surface 
(no. 5) was composed of bark and wood, probably of dwarf shrubs, 
and remains of grass-like species I shoots and leaves of Carex species? 

- cf. the high Cyperaceoe-polleu frequency immediately above this 
layer). Sclerotia of Coenococcum yruniformc were also found. The 
peat between 120 and 1 15 cm (no. 7i contained mainly rootlets of 
Carex species and. to a minor extent, also remains of Eqitisctum fluvia-
tile. At 105 cm below the surface the lowest finds of apparently living 
roots were seen. The colour of the peal varied between light yellow 
and dark brown except between 53 and 00 cm where the peal was 
blackish and of an amorphous structure with abundant ericaceous twigs. 
This was the only layer with apparently highly decomposed peat. The 
remains of bryophytes were sparse but well preserved. Other peat 
seemed to be only slightly decomposed. The water content was lower 
than normal. It was not determined in this profile. The contact with 
the mineral ground (silt and sand) was sharp. No gyttja was seen. 
The present-day community is: 0. Empetrum hermaphroditum - Vac-
cinitim microcarpum association: Vaccintum myrtillus - Pleurozium 
variant mo fen plants present). The (other) peat-forming communities 
distinguished are: 1. —27 cm. Empetrum hermaphroditum - Vaccinium 
microcarpum association: 2. 27 40 cm, Carex rotundata-Drepanocla-

Bnt. Notiser, vol. 128,1!)70 
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dus schulzei association; 3. 40—62 cm, Empetmm hermaphroditum -
Vaccinium microcarpum association; 4. 62—70 cm. Paludella - Sphag
num teres vegetation; 5. 70—HO cm, dwarf shrub community, probably 
intermediate; 6. 80 119 cm, Paludella - Sphagnum leres vegetation; 7. 
119 -147 cm, Carer dominated community; 8. 147 108 cm. Scorpidium 
association. 

A b i s k o . The profile was located near the margin of a big hnni-
mock-site, perennially frozen, described earlier (SONESSON 1070 p. 9(5, 
Fig. 18a- b, below point "100", see also SONESSON 1969 Fig. 2 B—C). 
It reached about half-way down towards the mineral ground. The pol
len profile has been published earlier (SONESSON 1908 Fig. 2). The 
main bryopbyte components are indicated in Fig. 7. No remains of 
exclusive fen plants were found above the 50 cm level (cf. also the 
high Cy/>emce«c-pollen frequency there). Apparently living roots were 
not seen below the 30 cm 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. Emjielrum hermaphroditum -
Vaccinium microcarpum association: Dicraiutm elongatum • Sphagnum 
fuscum variant 'no fen plants present). The (other) peat-forming com
munities distinguished are: 1. —75 cm. Empetrum hermaphroditum -
Vaccinium microcarpum association: 2. 75—90 cm. "Sphagnum ivarn-
storfianum - parui folium association" (PERSSON 1961): 3. 9 0 - 1 5 0 cm 
Scorpidium association: 4. 150—180 cm, Empetrum hermaphroditum -
Vaccinium microcarpum association. 

S t o r d a l e n . The profile was located near the margin of a big 
hummock-site, perennially frozen, described earlier (SONESSON 1970 
pp. 96—104. Fig. 19 a-b, below point "40"). II reached about hall
way down towards the mineral ground. The main bryophyle compo
nents are indicated in Fig. 8. Exclusive fen plan! remains were appar
ent near the surface (Calliergon stramineum). The peat between 18 
and 93 cm below surface was composed mainly of wood, bark [Betula-
bark abundant) and remains of grass-like plants iCarcx.' -— cf.. how
ever, the low frequency of Cyperaceae-pollen). Hel ween 93 and 130 
cm the peal was composed mainly of Carer remains (leaves, rootlets 
and utricles) but also of stems of Equisetum fliwiatUe and leaves of 
Calliergon sarmentosum. The colour of the profile was greyish-brown 
except at the level of the frost table where il was blackish brown. The 
present-day community is: 0. Empetrum hermaphroditum - Vaccinium 
microcarpum association: Cetraria nivalis - Dicranum elongatum vari-
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ant (no fen plants present). The (other) peat-forming communities dis
tinguished are: 1. —18 cm, Carex rotundata - Drepanocladus schuhei 
association: 2. -18—93 cm. fen vegetation with birch in the tree or 
shrub layer; 3. 93—130 cm. intermediate community probably referable 
to the Drepanocladus procerus vegetation or to some magnocariceta; 
4. 130 138 cm. ditto, but may also be referable to the Paludelln -
Sphagnum teres vegetation; 5. 138—185 cm. Scorpidium association. 

Results and Conclusions 

Considering the calcium contents, the peat corresponding to the poor 
Empelrum hermaphroditum - Vaccinium microcarpum association in 
the Abisko profile mo. 1) shows a median calcium value (355 umol, 
range 83 505 umol) exceeding those received in peat of present-day 
rich mire communities (Table 3,1). In Vassijaure such peal (no. 3) 
shows values only slightly higher (median 93. range 86—106 umol) 
than those received in the corresponding living community. Peats cor
responding to the poor Carex rotundata - Drepanocladus schillzei asso
ciation (Vassijaure no. 2. Stordalen no. 1) and lo the intermediate 
Paludella - Sphagnum teres vegetation (Vassijaure nos. 4 and 6) show 
higher and lower values respectively, in relation to the modern condi
tions. The three tolal values referable to "Sphagnum warnstorfianum -
parvifolium association'" (PERSSON 1961) in the Abisko profile (no. 2) 
arc more than 5 0 % higher (median 467. range 399—502 umol) than 
the two extractable values given by PERSSON 1962 (ca. 180 and 260 
umol per g D.W.). The calcium content of peat corresponding lo that 
of the rich Scorpidium association 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 contents of 
K are smaller in peals below the 30 cm level than in peats of the 
modern communities. Na contenls arc fairly similar bul those of other 
constituents show dissimilarities lo modern conditions. 

The depth for peal sampling in relation to the bottom layer of the 
living plant cover never exceeded 30 cm. Usually it was less than 
20 cm (see p. 71). This range is certainly reduced during the fossil
izing process. Even taking such a stratification into consideration Ihe 
hypothetical mineral status of the peat-forming communities usually 
differs much from what is normal lor Iheir present-day equivalents. 
Properly speaking the mineral slalus should be compared with that in 
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living plants as well, since there are p robab ly great differences con
ce rn ing some const i tuents in re la t ion to the condi t ion in peal isee 
K I V I N K N 1933, M A L M E R & S J Ö K S 195.). M A L M E H 1958. 1902 b . B E L L 

19591. However, the superficial samples probably conta in m u c h living 
mallei- as well which render them to some extent in te rmedia te between 
those of Hie peat p roper and Ihe living p lan t cover. This would m a k e 
the compar i sons more justified. 

T h e compar i sons m a d e show ei ther that qui te different nutr ient con
di t ions for the peat- forming commun i t i e s in compar i son wi th m o d e r n 
condi t ions once prevailed or tha t great changes in peal chemis t ry h a v e 
occurred dur ing the development of the sites. So m a n y different eco-
types/physiological races with ecologic condi t ions devia t ing so great ly 
from their present-day equivalents , n o w extinct 8000 \ e a r s ago or less. 
seem improbable . The great changes a re more likely to be secondary . 
wi th the exception of those of the superficial peat. 

T h e mosl obvious changes in the cat ion contenl are seen in the 
m'merogenous strata , at the minera l g round , at the frosl table (in Ihe 
eas te rn profiles) and in Ihe superficial layers . Such changes may have 
ar i sen in different w a y s : — 

/ . T h e addit ion from the envi ronment can have been altered, e.g. 
by flooding of water rich in electrolytes or by an increased supply of 
a i r -borne mailer . Such an al tered addi t ion may ar ise if the cliinatical 
condi t ions change . According to the present mater ia l the great chemica l 
changes are apparen t ly not related pr imar i ly to the great changes in 
the pollen spectra nor to Ihe great changes in the peal types of the 
sites. This is especially a p p a r e n t in the profile of the Abisko sile (see 
also Fig. 2 in So.NESSON 1968 i. This is s i tuated close to a minero t rophie 
site par t ly covered with r ich mi re vegetation (SONESSOX 1970 Fig. 
1 8 a b). An obvious rise in the level of Ihe subsoil water table more 
than 3500 years ago resulted in a flooding of Ihe poor h u m m o c k peat 
(no. 4) . Half a metre of r ich len peal was Ihen produced ino. 3 I. This 
s l ra l igraphical change look place at the end of pollen / o n e T 3. \ iz . al 
the end of a period with a relat ively continental c l imate ISONKSSOX 
1908. 1970 p. 18). T h e high calc ium values near Ihe permafros t table 
in the Abisko sile (about 300—500 umol I have smaller equivalents in 
S lordalen (about 150—200 umol) a n d in Tornelr i isk (30 00 umol) . 
Th i s changed course of Ihe Ca curves (as well as in Mg but not in 
e.g. K) is allied to obvious changes in Ihe pollen spectra and in the 
macroloss i l content in Slordalen but not in Abisko inol investigated 
in Tornelr i i sk) . T h e peat - forming c o m m u n i t y no. 1 in Slordalen was 
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wet-growing but whether more wet-growing than the preceding one 
mo. 2) is uncertain. II" there has been a Hooding of these frost table 
layers too it must have been of a short duration in the Abisko site since 
any evidence of wet-growing communities above ca. 70 cm level is not 
found. Some of the changed course may also be the result of a rising 
frost table altering the concentrations of elements in peal water and 
drainage water. The lower strata will then successively be incorporated 
into the frozen peat. A precipitation of colloidal matter in Ihe water 
(cf. MALMER 1963, INGRAM 1967) due lo freezing and or a changed 
redox potential may also be possible. This would increase Ihe exchange 
capacity of the peat. An increased decomposition due lo repeated 
thawing and freezing (regelation) seems probable loo. However, the 
relationship between Ihe extinction values for NaOH soluble matter in 
the peat and the cation contents is not very close and is in some 
cases ambiguous isee e.g. the Abisko profile: level 30—70 cm). The 
possibility of some addition through migration of small mineral par
ticles in the peal can not be excluded (cf. ROWLEY & ROWLEY 1956) 
bul such a contribution is probably slight only (GODWIN 1934 i. 

The superficial changes in Vassijaure (Fig. 6) may be due to a pre
vious temporarily increased influence of water (cf. peat type no. 2j 
but Ihese changes are quite obvious even below the highly decomposed 
layer between 53 and 60 cm (see further below). 

The hydrographical conditions of a mire may be altered due to 
dynamical changes within Ihe mire vegetation without a corresponding 
regional change (POST & SERNANDER 1910). However, there are more 
obvious signs of Hooding also in the lower strata of some profiles in
vestigated indicated by the abundance of mineral soil (sand- gravel) 
within limited strata. This was seen for example in Ihe profiles at 
Stordalen (see SONESSON 1970 Fig. 19 a—bi and in some profiles of 
sloping fens from the northern side of Lake Torneträsk (unpublished). 
11 is possible thai some of the strata discussed are synchronous in
dicating regional hydrological changes. The superficial increase in 
several of the curves evident in all profiles is related lo the same pollen 
zone (T4) bul 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 quotients are 
most similar to modern conditions (see Table 3) in layers close lo Ihe 
surface and in those rich in (secondary) ash. In other layers they are 
usually lower, which is most likely due to secondary alterations in the 
contents. On the whole the Na/Ca quotients are highest throughout 
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the whole profile in the westernmost site investigated let. BOATMAN 
1961). 

The ash content of the Iwo eastern profiles below the surface is 
high throughout (as is also evident in the unpublished Torneträsk 
profile), much higher than that reported for ombrolrophic peat, e.g. 
from South Sweden (see MATTSON et al. 1955, OLAUSSON 1957. ASSARS-

SON 1961. MÖHNS.K) HIO.Xi. Some of it is probably due to a previously 
higher contribution of secondary ash. since low peat production and 
decomposition (see further below) alone are obviously insufficient to 
explain the high content. Neither is there any evidence of great dif
ferences in decomposition of the superficial peat layers. At leasl some 
of these high ash and aluminium contents may be due to flooding 
rather than to an altered supply of air-borne matter. 

2. The addition from the environment can have been unchanged even 
all hough there has been an unequal peal production during the devel
opment of the site, in the Vassijaure profile the average annual peat 
accumulation hel ween 80 and 120 cm (no. Ol amounted to 0.7 mm. 
The content of many elements in this peal is also relatively low. The 
obvious increase in the upper peat layers is allied to a much smaller 
annual peal accumulation (about 0.2 nun). Some of the lowest values of 
the profile are apparent in layer no. 7 which has a similar low accumula
tion. However, contents only related to the quantity per unit ol time 
from environment are nol probable icf. pp. 93 95). 

3. Differences in the degree of humification may also have been im
portant during the development in affecting the mineral content ol the 
peat. However, in the layer between 53 and 60 cm in the Vassijaure 
profile, which obviously is highly decomposed, a correspondingly 
great alteration in content is not obvious. Neither is any alteration in 
ash content evident. The course of the Cu-curve is especially instruc
tive. Of the divalent elements investigated copper is likely to he re
tained most strongly by the colloids (COLEMAN el al. 1956. RÜHLING & 
TYLEK 1970). 

i. A great mineral content may arise in peal where living organic 
tissues present have sorbed the elements from adjacent peat (see MATT-

SON et al. 1944 p. 105) and or directly from the atmosphere. This is 
probably the main reason for the increasing contents in the superficial 
layers. Much ol the elements essential for the living organisms, e.g. 
K. Mg. Ca, Mn and Y.\\, are continuously retained in such peat (pos
sibly also elements such as Xa, cf. GOODMAN & PERKINS 1959 p. 467). 
A capillary transport of the components in the peal (ASSARSSON 1961) 
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as well as in the plant cover (MALMKR 19(12 b) may be of importance 
too. This superficial increase is obvious above the 20 cm level in the 
eastern sites but as low as at ca. 75 cm in the western, which approxi
mated corresponds to the differences in root depths found ipp. °C>—98). 
The frost table is usually situated between 30—50 cm in the eastern 
hummock-sites but normally no frost is present in the western ones 
during summer (see SONKSSON 1970 pp. 31 -35). The hummock com
munities of the eastern and the western hummock-sites are usually 
different (SONESSON op. cit.L 

Tin- Gradient Ombrotrophy—Minerotrophv in the Investigation Area 

It seems improbable that the elevated parts of most of the eastern 
hummock-sites nowadays are influenced by free water other than 
precipitation water normally. A free water table on the frost table of 
such structures has not been observed other than temporarily after 
prolonged rain and as an obviously secondary resull of previous 
digging, influence of minerotrophic subsoil water is more possible on 
many western huinmock-siles since they are unfrozen and often occupy 
a lower position than the adjacent terrestrial sites. The occurrence of 
obligate len plants is more abundant in western than in eastern 
hummock-sites. Whether such plants are always related to mine
rotrophic conditions in the substrate is unknown, however, since there 
is a lack of investigations into the distribution along the gradient 
ombrotropbic—minerotrophic sites in Northern Fennoscandia. 

However, temporary minerotrophic conditions of the present-day 
bog vegetation ol the upper levels in some of the eastern sites may 
resull during years 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 ba\c been studied (since 
191)0) a considerable variation in weather lias been experienced. How
ever, any consistent change in the usual position of the frost table 
has never been apparent. Thus depths to the frost table exceeding 
50 cm in the elevated structures of such siles have, been measured 
only rarely (normal range during growth period 30- 50 cm, see 
SONKSSON 1970 p. 31). Most of the subterranean parts of the mire 
communities are obviously located al a level less than 30 cm below 
surface. Sparse, apparently living roots were, however, often found 
in the cores close to and below the frost table in the eastern sites, in 
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a lew cases as deep as 70 c m (SONKSSON 1970 p. 30). Much deeper 

occur rence was observed in the western unfrozen sites (cf. e.g. p . 

00 in Ihis pape r ) . 

W h e n deducing w h e t h e r the condit ions in the sites a re funct ional ly 
ombro t roph ic or in inero t rophie to the p lan t cover nei ther the floristic 
composi t ion of the p resen t -day c o m m u n i t y nor that of the under ly ing 
peals would give conclusive evidence in all cases (cf. S O X E S S O N 1970 
pp. '27 31 . 38, 74 79) . A s imi lar d iscrepancy between the floristic 
composi t ion and chemis t ry of the peat w a s also obvious in Nor the rn 
F in land (KlVEKÄS & KAILA 1957) and in South Sweden (MÖRNSJÖ 19681. 

T h e Ca/Mg quot ients ion equivalent basis) a re often discussed as 
an index of o m b r o l r o p h y — m i n e r o t r o p h y . being less t h a n 1.0 in t rue 
ombro t roph ic sites (see e.g. M A T T S S O N et a l . 1944, B O A T M A N 1957. 

O L A U S S O N 1957, S J Ö R S 1901. M Ö R N S J Ö 1968). The low ra t ios a re 

considered to be related to a cor respondingly low ra t io in the salts 
supplied by precipi tat ion ( M A T T S O N et a l . 1955 p. 323). However , 
Ca/Mg quot ients of o m b r o t r o p h i c peats lower than 1.0 are also recorded 
from the interior of Fennoscand i a (see e.g. MALMER 1962 a and 
M Ö R N S J Ö 1968) w h e r e the equivalent of Ga has been in excess of 
Mg in precipi ta t ion as long as con t inuous recording of chemica l da la 
of precipi ta t ion has been ca r r i ed out (since 1955. cf. p. 70) . Such 
re la t ionship of precipi ta t ion m a y be a recent phenomenon only due 
to an enr ichment of ca lc ium from h u m a n activities (cf, e.g. MATTSON 
el al. 1955 ]). 364) bu t m a y also be a p r i m a r y condi t ion. A great 
excess of a i r -borne Mg from dust in these par t s of Fennoscandia 
seems less probable . 

Tlie presence of constituents 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 peat than in lower strata. It may be due 
to the contribution from the terrestrial 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 not or are only slightly incorporated in 
the peal proper. This would also explain some of the increase towards the 
surface. As pointed out by HOLMEN (1964 p. !".")): "'. . . the a i rbo rne matter 
must be important because 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 . . . . 
Obviously holli possibilities should be taken into consideration. Sec POST 1925, 
MALMER & SJÖRS 1955. MATTSON el al. 1955, K AU.A & KlVEKÄs 1956, OLAUSSON 

1957, ERIKSSON 1959, ASSAHSSON 1961. MALMER 1962 b. CHAPMAN 1964, 

BELLAMY & UIKLEv 1967, MÖRNSJÖ 1968. 
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Ga/Mg quot ients lower than 1.0 a re rarely measured in surface 
p-eats of the invest igat ion area exeept in the westernmost sites (Table .'i. 
P ig . 2 D ) . Consider ing Ihe present chemica l s t ra t lgraphical mater ia l 
a l l quot ients invest igated exceed 1.0 also in such peal which obviously 
IN ombro t roph ic , j udg ing from its floristic composi t ion as well as its 
a l t i t ud ina l position in the sites. The lowest rat ios were a lways recorded 
in the superficial pea t samples , 

ll is shown that C.a/Mg quot ients are different in living and in d e a d 
Sphagna or peal a n d that there a re differences between I he species 
in this respect ( A N S C H Ü T Z & T E S S N E R 1054. M A L M E R & S J Ö B S 1955, 

PüüSTJÄRVl 1955. 1050. KlVEKÄS & KAILA 1057. BELL 1050. MAI.MER 
1962 b ) . Obviously the Ca. Mg quotient is not a function of the con
t r i b u t i o n of a i r -bo rne sails only. Changes in the relative content o( 
t h e minera l cons t i tuents arise du r ing fossilization, and such changes 
m a y not be the s a m e or of the same magn i tude in all sites with an 
o m b r o t r o p h i c posi t ion. 

Consider ing the chemis t ry of h u m m o c k surface peat in a west — 
east direct ion there is an obvious grad ien t in ac id-base s tatus. T h e 
lower p H in eas tern than in western pea l seems more likely to be an 
effect of different r edox potentials t h a n of differences in decomposi
t ion and peat p roduc t ion (see P E R S S O N 1002 pp. 33 —30. M A L M E R 
1962 a pp. 1 9 1 - 194. 1902 b p . 24. CLYMO 1004 p. 429). In the e levated 
p a i l s of the eastern hummock-s i tes no rma l ly no free water is present 
d u r i n g the growth period. However, in cor responding western sites 
t h e water level is m u c h raised after the snow thaw and after prolonged 
r a i n . T h e sparse s n o w over eastern sites sharp ly contrasts with the 
d e e p and lasting cover over western sites (SONESSON 1909). Obviously 
t h e r e ought to he be l te r reducing condi t ions near the surface in western 
t h a n in eastern sites (cf. SPARLING 1007 pp . 1. 12). This is allied to great 
d i f ferences in the ca t ion supply and cat ion concent ra t ions in precipita
t ion which would also cause a higher pH in peal of the western than 
in the eastern sites. T h e effect of this supply is seen e.g. in the higher 
con ten t s 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 "I Systematic Botany 

University of I.und. .Sweden. 
Ö Vallgalau I«. S 22.T (>1 Lund 

ABSTRACT 

DAHLGREN, H.: Wiborgia apterophora K. llahlgr a New Species of Legu-
minosae from the (.ape Province. Bot. Notiser 123:112 111 Lund. 

Wibaryia n/iiern/iliom R. UAHI.UK sp no\ . I.eguminosac, is described 
and illustrated. II deviates from all Ihr previous!] known species of the 
genus Wiborgia by its small, relatively Ihin-walled and inflated fruits, 
which lack a prominent wing on the upper I placental) margin The winged 
fruit has previously been considered a generic character for Wlbotgia. In 
other features the new species does not differ particularly from the other 
species of the genus. II is known only from the Giftherg Mountain, Van-
rhynsdorp Unison. Cape Province. South Africa. 

Wiborgia apterophora II. DAHI.GK. sp. nov. 
Type collection: Cape Prov., Vanrhvnsdorp l)i\.. Giftherg. In sand al edge 

Of lands. Alt. 2.000 It. 14.10 1953, E ESTERJH VSEN no. 22.012 (HOL. holotype) 

Slirublet. decumbent, wilh slender, somewhat angular, reddish-brown 
branches sparsely and adpressedly ptiberulous on the younger paris. 
— Leaves wilh prominent tubercular base, exstipulate, with a flattened 
petiole only 1 2 nun long and adpressedly pubescent, and with three 
linear-spathulale leaflets usually 5- 9X0.8—1.3 nun large, with narrow 
puberulous base and acute—apiculale apev. basal hall ol laminae ollen 
canaliculate-compressed, distal hall slightly canaliculate flat; laminae 
smooth, siibglahrous. Flowers usually 2—6, in sparse racemes ter

minating the branchlels. — Pedicel slender, usually 1.5 2.5 mm long, 
short-sericeous. — Bract and bracteoles (the latter situated ca. 1 —2 mm 
From the pedicel base) caducous, generally falling off before anlbesis, 
subulate-linear, ca. ().(>- 1.2 mm long (the bracts larger than the brac
teoles). ± pubescent. - Calyx 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 
lour ones broadly triangular and ca. 0.Ö nun in length, the lowest nar-

Bot. Nötiger, vol. 123, 1970 
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Fig. 1. Wiborgia apterophora R. DAIIK.H.: ESTERHUYSKN no. 22012. All details x.'i. 
— A: Leaf. — B—(".: Upper and lower side of leaflet apex. — I)—K: Brael and 
bracteole from flower bud. - - F: Flower. - G: Vexilhnn (early stage). II: Ala 

petal. — 1: Carina petal. — i. fislil K Fruil. - I.: Short and Ion« anlher. 

rowly t r i angu la r and ca. 0.7—0.8 nun long. — 1'elal.s de l i ca te part ly 

pale b rown pink, g labrous . Vexillum with a claw ca. 2 m m long and 

a s o m e w h a t t r i angu la r l amina (see Fig. 1 (il ca. 5.5X I nun large, 

Iwisled b a c k w a r d s al a n early stage. — Al<ie with c laws ca. 2 m m long 

and l aminae 4 4 . 5 X 2 nun large, often twisted in the flowering stage; 

basal broadest par t s of l aminae with undula te t ransverse folds on the 

upper half. — Carinii wi th c laws ca. 2 nun long and laminae ca. 5 .5X2 .5 

nun large; l aminae with r a the r prominent upper basal ears and dist inct 

Literal spur le l s : the upper sides only slightly curved (see Fig. I 1) and 

the apex obtuse . I'istil with long stipe and slender style: ovules 2. 

Fruit wi th a stipe up to 2 nun long, ovoid, somewha t inflated, excl. 

stipe and style (and in laleral view) ca. 4 X 2 m m large, more than 

2 m m thick, g labrous , wingless, but with a b road obtuse ridge on the 

p lacenta l side. Fruit walls th inner and more fragile than in the o ther 

species of the genus . Seed soli tary. 

,S liol. Notiser, vol. 123. Vm 
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Fruticulus decumbens, ramulis adprcsse puherulis, fusco-purpurcis. Pcliolus 
1—2 mm loDgus, pubescens. Foliola lineare spalhulala. plenim<|iie ö—9X 
0.8—1.3 nun, subglabra, truncata cum acuminc (apiculata). Inflorescentia 
racemosa, sparsa, fere 2—6-flora, Pedicellus l ,r) —2.5 mm longus, breviter 
sericeus. Bracleae el bracleolae deeiduae. lineares vel laic subulatae, 0.6—1.2 
mm longae. Tubus calycis eanipanulatus, extus glaber; lobi breviter triangu
lares, 0.5—0.7 mm longi. Petala pallide rosea, glabra. Lamina \t-villi angusle 
triangularis, 5.5X4 mm, apiculata; unguis ca. 2 mm longus. Laminae alarum 
Ca. 4 4.5 <2 mm. Laminae carinae lunatae. oblusae. ca 5.5X2.5 mm. Fruc-
lus longe slipilalus. ovoideus, ca. 4X2 mm (slipile et •>t\ 1 <> excl.i, > 2 mm 
erassus, fere inflatus, glaber, apleropliorus, supra late el obtuse crasso-crislala. 

Typus speciei: IVl l-MUU'i si:\ no. 22042 iBOL bolotypus). 

W. apterophora differs from the other species in the genus mainly 
in the fruits, which are exceptionally small, turgid, and thin-walled, 
and which lack a prominent wing on the placental side. In the pre
viously known Wiborgia species the fruits are larger, hard. 1 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 
fruits bear winglike appendages also on the sides (see DAHLGREN 1963 
fig. 80 K on p. 265). Thus they could be classed as samaras. 

Morphological!} \V. upleroplwni comes closesl to W obcordota 
THUNB. 

The genus Wiborgia is geographically most frequent and variable on 
the lowlands between the Malniesbury and Yanrhynsdorp Divisions, 
but ranges into Little Namaqualand in the northwest and pasl Swellcu-
dam in the southeast. It is important in the vegetation ol the sand\ 
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 
fruit shape, and the shortness of collected material with flowers as well 
as fruits. The difficulties partly lie in combining flower and fruil 
material. 

The genus contains approximately 10 species. 
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Studies in the Genus Allium III 

Wind Dispersal of Allium Bulbs 

Hy Lars Ekberg 
Department of Plant Geography, 

University of Gothenburg, Sweden 

ABSTRACT 
EKBERG, L.: Studies in the Genus Allium III. Wind Dispersal of Allium 
Bulbs. — Boi. Notiser 123: 115- 118. Lund. 

Under certain circumstances, bulbs of Allium stocksianum Boiss., which 
grows in subdesertic conditions, may l>e dispersed by Ihe wind. They are 
well protected against drying mil by thick layers of reticUlale-fibrous 
tunics. The same kind of hull) tunics occur in many unrelated species 
growing under similar conditions and are considered to be an adaptive 
feature. 

I.NTKODL'CTION 

SERNANDEB (1906) pointed out several methods of wind dispersal 
tuncmochorij in Allium. He recognized three types of diaspores: 

/. Seeds (from ballistic anemochors). 
2. Capsule surrounded by Ihe persistent membranous tepals and with 

a pari of Ihe pedicel. 
,'l. The whole inflorescence. 

SERNANDEB considers the two firs! alternatives as the more impor
tant. Examples of all the types are found in the Allium species of C.cn-
Iral and South Wesl Asia. Examples of the second type are: A. ciicnl-
latum WENDELBO and .4. minim WENDELBO both of sect. Tluiumusio-
l>r<is()i) WENDELBO and .1. Spirophyilum WENDELBO of sect. Scordou 
('.. KOCH. 

The third type is also important. Good examples are Allium cristophii 
TKAUTV. of sect. Acanthoprason WENDELBO and the species of sect. 
Kaloptason C. KOCH, such as A. caspium (PALL.) M.B., A. peotensum 
WENDELBO and .4. scluwertii Zl.'CC. where not only Ihe inflorescence 
bul also ihe short, somewhat inflated and fistular scape form the 
diaspor. 
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Flg. 1. Allium stocksianum Boiss. W 7247, The reticulate-fibrous luilh tunics are 
partly unrolled to show their thickness and texture. 

A possible lourlh lypc "1 anemochori in Allium is described below: 

A. Tlie diaspores are either a single bulb or a lew bulbs in a cluster. 
Bot. .Notiser, vol. ISS, 1970 
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WIM) DISPERSAL OF BI LBS IN ALLIUM STOCKSIANl'M 

During a plant collecting expedition in Afghanistan in 19(59 I he very 
characteristic Allium stocksianum Boiss. (Fig. 1) was collected in many 
places. II grows in subdesertic conditions in South Afghanistan at alti
tudes between 750 and 1800 m and is usually found on slopes of small 
gravelly hills with a very sparse vegetation. Between Kajkai and Khu-
mari in the province of Helmand, bulbs of A. stocksianum (HEDGE & 
EKBERG W. 7212) were found lying on the ground which was rich in 
gravel and small stones. The bulbs were, as is typical for the species, 
enclosed in a thick brown coat consisting of many tunics of reticulate 
fibres that must give good protection againsl desiccation. They were 
fresh and seemed lo be in a good condition. In several cases there were 
a few bulbs within each coat due to vegetative reproduction from the 
main bulb. Paris of Ihe fibrous tunics were found on the ground in 
many places showing that the bulbs musl have blown along the sur
face. During this movement it is possible that bulbs are loosened from 
Ihe cluster, analogous lo seeds falling mil from a moving inflorescence 
(type 3) above. Most probably the bulbs are washed out of the ground 
by heavy winter rains or have come lo Ihe surface as a result of strong 
wind erosion. In places where the soil accumulates Ihe bulbs may again 
be covered and thus find good growing conditions. 

FIBROUS BULB TUNICS IN ALLIUM; A CASE OF 
ADAPTIVE CONVERGENCY 

The thick layers of fibrous tunics covering Ihe bulbs ot Allium stock
sianum apparently may be seen as an adaption to more or less desert
like conditions and is known in many species of Allium. The import
ance of Ihe outer tunics in Allium systematica is testified by, e.g.. 
VVEDENSKY (1965 p. 113) but it must not be overemphasized as mosl 
probably we have here a case of adaptive convergence. The systematic 
value of Ihe outer tunics are more on a specific level. Examples of 
Southwest Asiatic species with fibrous tunics, belonging to different 
sections are: A. botszczowii REGEL, A. luimrinense HAND.-MAZZ., A. lon-
gicollum WENDELBO and A. oiride GROSSE, of sect. Allium: A. fibriferam 
WENDELBO of seel. Megaloprason WENDELBO; .1. pogonotepalum W E N 

DELBO and A. scabriscapum Boiss. & KY. of sect. Rhizirideum KOCH; 
and A. callidictyon C. A. MEY.. .4. desertorum FOKSK.. A, ionandrum 

Hot. Notiser, vol. 128, 1970 
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WENDELBO, .1. registmiicum WKNUKLBO. A. sindjarense Boiss. & 
HAUSSEN., A. stocksiamnn I5oiss. of sect. Scordon C. KOCH. 

Tin* tunics mainly consist of the basal parls of leaf-sheaths which 
split up into a reticulate or a reticulate-fibrous pattern. Due to the 
dryness ol the climate the tunics do not decay and will accumulate from 
year to year. Undoubtedly the thick coat of tunics that is found in the 
species mentioned above must be important as a protection against 
desiccation of the bulb. In subgenus Melanocrommyum ( W E B B & 
BERTH.) WENDELBO, the main pari of the tunic consists of the old stor
age cataphvll which has been sucked out. This cataphyl! is surrounded 
by remains from the leaf-sheaths from the last year. 
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Studies in Montia L., Claytonia L. and Allied Genera 

IV. The Genus Cruiioeallis Rydb. 

liy Örjan Nilsson 
Department of Systematic Botany, 

University of Lund, Sweden. 
ö . Vallgatan 18. S-223 61 [.unci 

ABSTRACT 

NILSSON, Ö. : Studies in Montia 1... Claytonia I., mid Allied Genera. IV. 
The Genus Crunocallis Rydb. — Bot. Notiser 123: 119—14«. 

Cranocaflis RYDB. (subf&m. MontioidcaCj PoTttdacaceac) an American 
genus relnled lo Montia L, and Claytonia L. The genus is described and ils 
relationship to Montia and Claytonia is discussed. Willi the aid of a series of 
characters il has been possible lo give the genus a natural circumscription 
and delimitation againsl the other genera. It agrees in several respects with 
Manila to which il shows a close relationship. The remaining genera of 
Monlioiilcae are more different. The Iwo species, '.'. chamissoi (LEDEII.'I 
RYDB. and C. eatcicola (STANDI.. & STEYEHM.) 0. Nn.ss.. are described. 

C. chamissoi has a western distribution in North America, from Alaska 
lo southern California and New Mexico. The species shows vegetative 
reproduction by Stolons and bulblets. Some anatomical and morphological 
Structures and the different types of reduction in the inflorescence have 
been discussed in detail. '.'. Calcicola is a local endemic of Guatemala. It 
shows a great resemblance lo (.'. chamissoi. differing in a dwarfish habit, 
smaller leaves and flowers, and a reduced inflorescence. Originally it was 
described as a Montia species. In the descriptions particular attention 
has been paid lo gross morphology, but additional characters of anatomy 
and pollen morphology have been considered. 

The most important characters in distinguishing Crunocallis from 
Montia are: /. the perennial habit, 2. the stolons. 8. the type of stem 
branching, •'/. stomata, with subsidiary cells, on both sides of the leaves. 
6. five almost free, equal lepals. 7. five stamens, 8, extrorse—laterorsc 
anthers, !). the presence of a style, 10. a Ihree-sulcate capsule dehiscing 
lei half of its length. Among the characters in common of the two genera 
the following are important: /. decussate leaves. 2. srorpioid cymes in 
terminal or pseudolatcral position with similar reductions. .1. similar 
seeds, I. similar panlocolpate pollen grains. 

INTRODUCTION 

This paper is a contribution to the author's studies in ihe subfam. 
Montioideae il'ortulacitceiti'i previously published under the lille Slu-
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dies in Montia L. and Claytonia L. and Allied Genera (NILSSON 1 !)<>(>. 

1967). 

T h e generic difficulties of del imitat ion in the subfam. Montioideae 

have caused serious taxoiiomical contus ion . T h e subfami ly compr ises 
perennial and annua l herbs with pcntamei'OUS flowers and a super ior 
ovary with basal p laccnta t ion. The fundamenta l floral s t ructures are 
compara t ive ly uniform, whereas I he vegetative par t s and the pollen 
gra ins exhibit great diversity. The species involved arc usual ly ordered 
in Claytonia or Moulin in current floras and m a n u a l s , but nol con
sistently in the same genus . T h e present s tudy is in tended to give the 
genera m o r e definite l imits and present their na tu r a l re la t ionship based 
on a thorough examinat ion of their morphology, ana tomy, pollen 
morphology , cytology and other character is t ics . 

T h e subfam. Montinidene (sensu PAX & H O F F M A N 1934 p. 257) can 
be divided into two main groups. One g r o u p (the Claytonia group) is 
composed of the genus Claytonia, and lo this g roup I he genus Lewisitt 

P U R S I I of the subfam. Portulacoideae p robably can be added icf. 
NILSSON 1966 p. 266, 1967 pp. 327. 337). T h e o ther g roup (the Moulin 

group) comprises the genera Monti (). NlLSS.. Ma.via Ö. NlLSS.. Snio-

crene ( T O R K . & GRAVI RYDB., Neopaxia (). NILSS . . Montia I... Limnalsine 

UYDB. . Crunocallis RYDB. , and pe rhaps also the more deviat ing genus 
Moutidslriim (GRAY) RYDB. T h e Iwo main groups of Montioideae 

appear to represent Iwo different evolut ionary lines, qui te dist inctive 
for a long lime, at present divergent in several impor tant charac te r s 
let. NILSSON 1967). In the Montia g roup Ihe morphological differences 
between some laxa. par t icular ly in their vegetative parts , have become 
more accen tua ted than in Ihe Claytonia g roup and therefore it is na tu r a l 
to ireal Ihe segregates as separa te genera . The genus Crunocallis h a s 
two species. 

MATKKIAL AND METHODS 

Herbarium material has hern used for this study. No living material has 
been available. Experience from parallel investigations on living material from 
related genera is considered, however. The material used covers almost Ihe 
entire distribution area of the genus (cf. Appendix p. 144;. No complete 
herbarium revision is made. Material (bill not the entire material of all 
herbariai from the following herbaria lias been studied: HM, C, CAN, COLO. 
E, F, (IIS. (III. JE, l-l), I.E. M. MT, POM, PRC, S, SMC. UPS, US, W, WRSL 
(the abbreviations follow Index Hcrbariorum, Ed. 5, 1964). To the directors 
and keepers of these herbaria I would like to express my gratitude. 
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Anatomical and pullen «ruin preparations have been made of herbarium 
.specimens. 

The illustrations ol organ details are camera lueida drawings made from 
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 with water before the preparations «ere made. In the stud\ of 
the inflorescences the accompanying drawings are highly simplified. 

CRUN0CALL1S RYDBERG Bull. Torrey Club 33: 139. 1906 

Clagtonia 1,. p.p. in SPRENOEI 1825 p. 7(.)0; Ctaytonia (S, sect.) Alsinastrum 
TORR. Å GRA> 1838 p. 201. p.p.; Claytoilifi sect. Alsinastnun Tomt. & (i it A \ 
sensu FENZL in LEDEBOVR 1843 |>. 151: Claytonia sect, llsinastrum Tonn. A 
GRAY sensu \. POELLNITZ 1932 p. 209, p.p. [Clagtonia S Limnla ''* Alsinastrum 
Toiili. & GRAY sensu GRAY 1887 p. 282.1 

Moulin L. p.p. in GREENE 1891 p. 180: Montia (sect.I Limma L. p.p. sensu 
ROBINSON in GRAY 1897 p. 273; Montia sect. Alsinastrum (TORR. & GRAY) 
l'AX & K. HOFFMANN 1934 p. 259: Moulin sect. Montia sensu SWANSON 1966 
p. 232. p p. 

Type species: Crimocallls chamissoi (LEDEII.) RYDR. (ef. H\nni:iu; 1932 p. 
313)". 

Perennia l , g labrous somewhat succulent , stoloniferous herbs of mod
era te or dwar f i sh size, somet imes forming loose ma l s by means of 
\ e g e t a t i \ e p ropaga t ion . Aerial stems terete, slender, rooting at base, 
with one b r a n c h from a l te rna t ing nodes, withering after fruiting. 
Stolons axi l lary from the sleni base, filiform, r a t h e r long, te rminat ing 
wi th buds or bulblets . with small opposi te scales. starch-Storing and 
hiberna t ing . Leaves simple, decussate a long aerial s tems and branches , 
entire, flat and + horizontal l} directed, sessile or shortly petiolale. 
oblanceolale obovale or spa lhu la te . pinnalely veined: leaf apex with 
a distinct, swollen hyda thode . S tomata on both sides ot the leaf; 
subs id ia ry cells two, usually distinct, one on each side, parallel to 
the gua rd cells: guard cells with a very minute or lacking internal 
ledge: ep idermal cells square - rounded with straight or usually slightly 
undu la t i ng side walls, cuticle thick, smooth excepl a long leaf-margins 
where wr ink led . Inflorescences a few il 4) . terminal or often pseudo-
lateral and axi l lary, scorpioid cymes with lew (lowers and a scarious, 
small b rac t opposite the lowermost pedicel, varying with regard to 
devolopmenl ol peduncle, axis , in le rnodes and number of Mowers. 
Pedicels evenly recurved a l le r an thes is . Inoolncral leaves two, op
posite, equal sized, obtuse or reluse. the outer c lasping the inner 
one. shor te r Hum the capsule, persistent. Tepals five, equal . 2—3 
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limes longer lli.in the involucrum, a obovate, obtuse emarginate, 
petiolate, all shortly, laterally connate at base, while —pink. Stamens 
five, about 2/3 of lepal length, free from each other bill shortly adnale 
to the tepals at the base: anther medilixcd. e\lrorse or somewhat later-
orse; tepals and stamens fading rapidly aller Ihe anlhesis. Style of ovary 
length or longer, tailing off after anlhesis. Style branches three, with 
the stigmatic area confined to the inner side, diverging during anlhesis. 
Capsule obovoid pear shaped, at base three-sulcale. grooves ending 
at top with a small bulge i when dry); valves three, dehiscing to the 
grooves, becoming rcflexed and involute. Ovules three. Seeds obovoid. 
compressed with a rounded lop without keel, about 1—1.3 mm long, with 
a distinct attachment plate and a small, flat, whitish slrophiole: tesla 
colliculate with distinct, low. blunt, rounded tubercles in concentric 
rows. Pollen grains spherical, pantocolpate. sexine tectate. punctate and 
spinulate or smooth (NPC = 768). Chromosome number unknown. 
(The generic characters in common are usually not repealed in the 
descriptions of the species.) 

Discussion 

The discussion will mainly concern C.rimoeallis chamissoi, which is a 
well-known species with a wide distribution in western North America. 
(.'. caleicola was recently described and has not yet appeared in floras 
or monographs. 

SPRENGEL I 1X2Ö p. 790) placed the species in Claytonia. It was 
treated in this genus until 1891, when it was transferred by GREENE to 
Monlia. TORREl and GHAY (1838) established within Claytonia four 
"sections" in one of which, named Alsinastntni, they placed C. chamissoi 
together with C. flagellaris HONG. FENZL in LEDEBOUB 118431 retained 
C. chamissoi within section Alsinastrum but transferred C, flayellaris 
to another section. According to HOI.M (1905 and 1913), C. chamissoi 
was Ihe only species of section Alsinastrum, In his monograph of the 
genera in Montioidcae, VON POELCNITZ (19321 kept (.'. chamissoi in 
section Alsinastrum but added (.. halli GRAY which is a Montiu species 
[Claytonia chamissoi var. tenerrinui G HAY as a synonym), and in that 
he followed HOWELT. (1893 p. 37). 

In current floristic works and manuals the species has been variously 
placed in Montiu or Claytonia. The same is true of several other species 
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in Montioideae. Th i s has m a d e the liniil between Ihe two genera diffuse 
(ef. NILSSON 1966 p . 265). 

In H)fl(') R Y D B E R G creeled the new genus Crunocallis for this species. 
Mis reasons were : "This genus has the flowers of Claytonia, but Ihe 

genera] habil of Mont ia ; the mode of propagat ion and Hie seeds are 
different from both . " His generic concept ion has been followed here. 

SWANSON (1966 p. 232J emphas ized the habit and life-forms and 
pollen morphology of the .species in Montioideae. while lloral charac te r s 
were somewhat neglected. He re ta ined only the two genera Montia 

a n d Claytonia, the lat ter of which he gave a na tu ra l l imitation. T h e 
genus Moulin was subdivided into four sections. The species here in 
quest ion was placed in the section Montia, together with M. fontana 

L.. M. australasica I I I O O K . F.J P A X & IIOFI-.M., and M. howeUli S. W A T S . 

In Ihis way he conglomera ted species which have very vague charac te r s 
in common and do not show a n y closer re la t ionship (cf. XI I .SSON 1967). 

Crunocallis belongs to Ihe second m a i n g roup ol Montioideae (cf. 
p. 120) and is definitely separa te from Claytonia (cf. NILSSON 1966 pp. 
4<>7 .%«: 1957 pp. :i2;V 326; S W A N S O N 1966 p. 231). 

Among Ihe genera of the second group . Montia and Crunocallis have 
a par t icular position. T h e y have a closer affinity to each o lher than 
to the remainder . The following morphologica l features in c o m m o n 
m a y be emphas ized: / . the decussate leaves. 2. the scorpioid inflo
rescence. •'!. the shape of seeds, 4. t he panlocolpate pollen gra ins (the 
Colpus length is different, cf. N I L S S O N 19(57). The charac te rs in common 
are important , and il m a y seem doubtful whether Ihe two genera 
should be kept separate or t reated as sections of Montia. However, 
there are other reasons lo treat them as separate genera, as will be 
advocated below. 

The most impor tan t cha rac t e r s dis t inguishing Crunocallis I rom 
Montia axe, I. the perennial habit , 2. Ihe mode ol vegetative propagat ion 
by stolons, 3. the type of stem b r a n c h i n g with one b ranch per node. 
•i. s lomala (with subsidiary cells] on both sides of the leaf, ;>. the 
recurving of the pedicels after an thes is . 6. five almost free, equal tepals 
distinctly longer than Ihe involucrum. 7. five s tamens. (S. ex t rorse— 
lalerorse an the r s with two-celled thecae, 9. the presence of a style with 
stiginalic areas only on Ihe inner sides of the style b ranches . 10. a Ihree-
sulcale capsule dehiscing to half of its length icf. p. 142). Of these 
charac te rs Ihe floral ones must he considered with regard to the 
predominant au togamy in Montia wi th its consequent floral reduct ions . 
However. Crunocallis calcicola seems lo be au togamous too and in this 
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species Ihe floral reduct ions follow a somewha t dil'ferenl pat tern to 
that of Montia. Rarely reduced flowers with three s t amens m a y occur 
in species which normal ly have five s t amens per flower. This p h e n o m 
enon is common to Ihe whole family. Bui in Montia and some other 
genera the flowers regularly have three s tamens . 

II is evident that Montia and Crunocallis are Ihe most closely related 
genera within Montioideae. Compared with the other genera of t h e 
subfamily, some more original morphologica l features seem to have been 
preserved in Crunocallis, e.g.. Ihe perennia l habit and the complete 
flower wi th five large, equal tepals. five s tamens , and a long style. 
T h e Moulin species seem In he more advanced — they are main ly 
a n n u a l s with a rapid life cycle and have reduced flowers well adap ted 
to au togamy. This view is confirmed when the dis t r ibut ion of Ihe t w o 
genera is compared . Montia is an almost cosmopoli tan genus. Crunocallis 

is endemic in North Central America where the subfamily has i ts 
widest differentiation. It seems reasonable to as sume that Crunocallis 

originated more recent ly in this a rea : Ihe original area of Montia is very 
uncer ta in . 

Key l<» tin- Species of Crunocallis 

A. Stolons with bulblets, aerial stems usually 8—15 cm long, leaves 1 7 cm 
long. 0.2 2.7 cm broad, inflorescences normally with a peduncle and axis, 
flowers about 0.0 1.5 cm wide, white -pale pink, anthers with parallel 
thecae 1. c. chamissoi p. 124 

B. Aerial stems I -6 cm long, often branched from base, leaves 0.5 1.7 cm 
long, 0.2—0.(5 cm broad, inflorescences without peduncle and axis, flowers 
about 0.3—0.5 cm wide, bright pink, anthers with thecae diverging at 
base 2. C. calcicola p. 138 

i. CrunoeaDis chamisso i ( L E D E B . ) RYDBERG Bull. T o r r e y Club .'{.'{: 139. 
1906 ["Chamissonis" i 

Claytonia Chamissoi I.KDKUOIR in SPRENGEL 1825 p. 790. — Clagtonia 
Chamissonis "ESCH(SCHOLTZ) in litteris! LEDEB. SPRENG." in CMAMISSO 18:tl 

]). 562. (Non "Clagtonia chamissoi LEDEB." sensu DE CANDOI.I.K 1828 p. 363.) 
Montia Chamissonis (LEDEB.) GREENE 1891 p. 180. Montia Chamissoi 

(LEDEB.) DURAND & JACKSON 1903 p. 282. — Montia Chamissoi (LEDEB.) 

ROBINSON £ FEBNALD in GRAY 1908 p. ."(88 

O r i g i n a l c o l l e c t i o n : Inalaska. ESCHSCHOLTZ (LE lectotype; isotvpes 
in C, S, and Gil, some of Ihe original specimens were sent to A, GBAY). ("Type 
locality: Unalaska", el. PlPEH 1900 p. 250.1 
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Fig. I. Cranocallis chamltsoi. — A: Top of aerial stem with a pair of leaves and a 
terminal inflorescence: I. axis. 2. pedicel, 3. bract. I. peduncle. — It: [nvolucrum 
and capsule. •— C: Seeds. Hie upper in lateral view. - 1): Par t of tesla. — E. Pistil. 
— F: Capsule. — G: Pari of perianth with stamens. — II: [nvolucruni, the upper leaf 

is the inner one. 
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( laylonia stolonifera (.. A. MEYER 1829 p. 139, tab. 3. (Amor. Ross., Sitcha. 
MF.HTKNS: LE lectotype; (ill. LD isotypes | 

Claytonia aquatica NITTAI I. in TORREN A (.n\i 1N38 p. 201 corrected to 

Claytonia Chami&sonis in Toiturs & (,i;\\ 1840 suppl. p. 676 (Oregon, 
NI'TTAI.1 : (ill lectotype.) 

[Claytonia chamissoi var. tenerrima GRA\ is a Montia sp.) 

The use of "in" instead of "ex" in the auetors <>r Claytonia ( hamissoi is 
somewhat uncertain, but il is probable llial SI*RI.M.KI. obtained information 
and the specific name from I.KDEBOUR. who had the original material at hand, 
and thai SPRENGEL then redacted the text (cf. Int. (ode Hot. Nomenclature 
1966, Ail. 46). In litis way the established use of LBDEBOUR as auctor can 
be preserved. 

Moderately sized herb . Subterranean stem usually short , up to lö 
cm long, about 1—2 m m thick, ± hor izonta l ly and shallowly creeping 
with f ibrous advent i t ious roots par t icu lar ly from the nodes, short
lived and soon wi ther ing in the distal part , rar ly b ranched and 
with one or occasionally a few aerial s lems. Aerial stem erect, ascending 
decumbent or somet imes in part c reeping or floating, 2—32 cm long 
(usually « 15 cm) , I—3 m m thick, w e a k and .somewhat sappy, usually 
with no or a few la tera l b r a n c h e s a t the top icf. p. 130). somet imes rooting 
at basal nodes, length and number s of in lernodes var iable i 0.5—8 cm 
lung a n d 2—21 respectively on flowering s tems) . Stolons one at each 
node ol the stem-base (Fig. 2 A), sp read ing shal lowly in the ground, 
usually branched, filiform. 0.3—1 m m thick, usual ly 10—30 cm 
bul Up to 50 cm long, occasionally very short, 0.4— 1 cm long (Fig. 
2 F ) , internodes of var iable length. 0.5—12 cm long, ollen pinkish or 
while, ending with small pointed buds or bnlhle ls : wi th thin, usually 
small . 1—4 mm long, ovate, subacute, opposite, scmiamplexicaul scales, 
scales sometimes replaced by o rd ina ry leaves on supra te r raneous parts , 
t ransi t ions between Stolons and n o r m a l b ranches occur r ing some
times (cf. p. 181). Bnlhlels terminal on stolons (Fig. 2 A. I). E l . solitary, 
ovoidal. 2.5 7 mm long. 2 - 5 m m thick, whi te or pinkish, scaly, with 
3—7 pairs of opposite, closely set. fleshy scales on a short axis (cf. 

Fig. '>. CrunocalUa chamlssoi. — A: General habit of plant, somewhat simplified. -
B: Diagrammatic drawing of \ showing type of branching. — (.: Diagrammatic 
drawing of slem part, to show position of lateral branches marked with X: 
M indicates the main stem. 1): Growing bulblcl with main shool and lateral 
stolons. — E: Growing bulblel with main shoot and adventitious roots. — F: Portion 
of stem base with a subsessile bulblet. - G: Two flowers, the left in "male phase", 
the right in female phase" (further explanation in text).- H: Variation In lepal shape. 
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p. 133). Leaves 2—'21 pairs (usually 4- 10 pairs) on flowering stems. 
Hie lowermost often withered at anlliesis. oblanceolale. narrowly elliptic 
or obovate. the basal ones often spathulate (Fig. 3 A), 1—7 cm long, 
0.2- 2.7 cm broad, longer or shorter than the internodes, sessile or 
the lower subsessile or often shortly peliolale; peliole winged, shorter 
lhan blade; pinnately veined with the first branches from or near 
leaf-base (Fig. 1A): leal-base slightly dilated, almost half-clasping, 
sometimes with narrow scarions margins; leaf-apex acute obtuse, 
hvdalhode ollen dark on dry leaves. Slomata on both leaf-sides, some
what sparser and sunken on the upper (ventral) side; subsidiary cells 
usually distinct (Fig. 3 F ) ; cuticle particularly thick on the upper 
side of the leal'. Inflorescences 1 .5 I rarely more), each with usually 
2— 8 flowers, occasionally one or up lo 13, axis usually elongate. 
Straight, erect, ollen with Iwo flowers in anthesis simultaneously 
(cf. p. 134. Figs. 1 A. 4i. Peduncle 0.5—5 cm long, rarely very short or 
missing. Bract one (very rarely two), obtuse acute, ovate, c. 2 mm 
long, scarions or occasionally leal-like, opposite the lowermost pedicel. 
Pedicels at anthesis 0.5—2 cm long, thin, creel, after anthesis up to 
4 cm long, recurved from I he base and bow-like, becoming straight 
and erect again at maturity (cf. p. 134). hwolucral leaves ovale — broadly 
ovate. 1.5- 3 mm long, obtuse or the inner ollen retuse. bolh growing 
somewhat aller the anthesis, usually shorter lhan the capsule (Fig. 1 B, 
II). Tepals 3.5—9.5 nun long. 1.5—5 nun wide, of about equal size and 
shape. 2 3.5 times as long as the involuennn. flat, ascending or 
patent at the anthesis. obovate-pandurale. obtuse, reluse or slightly 
emarginate, shortly petiolate, petioles all laterally connate in the basal 
half up to c. 0.5 mm. while or pale pink (Figs. 1 (i. 2 II). Slantens 2.5— 
6.5 nun long, filaments al base dilated and adnate lo the tepals. free 
pari of filaments 2 5.5 mm long; anther often lavender in colour, 
dorsifixed, 1 2 mm Ion« 0.5 1.5 mm broad with parallel sides, 
exlrorse i Fig. I G ) : flower protandrous. Style thin, 1.5—4 mm long, 
about twice the ovary length, not sharply sel off from ovary, falling 
off after anlliesis from a distinct point (Fig. 1 E). Style branches three. 
rather short with sparsely set, low papillae on the inner face, extended 
and diverging during the late phase of anthesis (cf. p. 1341. Capsule 
2—3.5 mm long. Ihree-sulcale al base, grooves ol aboul half Hie Icnglh 
of the capsule (Fig. 1 F). Ovules three, all of which only sometimes 
developing to seeds. Seed 1.0 1.3 mm long, blackish (Fig. 1 C, D). 
Pollen grains 44 -47 u in diameter, colpi 16—18 u long, tectum almost 
smooth. 
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Fig. 3. Grunocallis chamissoi. — A: Variation in leaf shape; I—7 leaf series of different 
specimens, Ihe lefl leaf is the lowermost. - !!• Cross-section oi the aerial slem at 
a node. — ('.: The slele of aerial slem: 1 endodermis, 2. fibre cells, 3. cambium, 4. 
\\lem pari «if vascular bundle .'> hollow of pith. - I): Cross-sir I ion of slolon with 
epidermis, starch-storing cells in cortex and the slele. — E: Slolon, portion of 
epidermis. — F: Pari of ventral leaf epidermis with stoma; hatched cells are 

subsidiär] cells, spoiled cells are guard cells. — G: Section of stoma. 
<) Bot. Not iser , vol. 123. 197U 
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Discussion, with Morphological and Anatomical Comments 

Criinocallis chamissoi is a geophyte with a rather wide variation 
in ils vegetative parts. Variable features are: the number and length 
of internodes, the shape and size of leaves (Fig. 3 A), the number and 
length of stolons, the branching, the number and position of inflores
cences, and flower size. Alterations also occur in (he inflorescences, 
e.g.. in I he number of flowers and length of intcrnodes. However, the 
variation does not seem to he confined to certain geographical areas 
or ecological niches. Il appears mainly inodilicative. The plants have 
the same high phenotypic plasticity everywhere and thus the .species 
can be regarded as comparatively uniform within its entire area. Different 
specimens evidently belonging to the same clone may differ in, e.g., 
the leaf shape and the development of the inflorescences. The plant 
follows the general pattern of modification, i.e.. in moist and shady 
places the plants are tall, branched, with long internodes. large leaves 
and the inflorescence is long and many-flowered. On the other hand, 
plaids on open and drier places are smaller with short inlernodes 
and smaller leaves and the inflorescences are ollen solitary and few-
flowered, and the flower are often deeper pink. 

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

In the apical part of the stem the first inflorescence often terminates 
the main shoot while a lateral branch continues the growth ol the 
vegetative shoot. In Ibis case the inflorescence acquires a pseudolateral 
position (Fig. 2 \ | . Thus the apical part of the shoot can have a 
sympodial type ol branching. The same opinion is expressed by HOLM 

(1905 p. '2'M. who says thai the shoot is not monopodial but terminated 
bj an inflorescence. In other plants the shoot may be terminated by 
an inflorescence which has a truly terminal position (Fig. 1 A). 

The remaining part of the shoot seems to have a monopodia! type 
of branching with a main slem with lateral branches. The monopodial 
branching is evident in the growth of the hulblels. The axis of the 
bulblet is terminated by a bud. After hibernation this bud develops 
and its internode.s elongate. The direct continuation of the axis of the 
bulblet forms the main stem of the new plant (Fig. 2 E). If side branches 
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develop Ironi the bulblel (hey have a later and weaker development. 
forming only stolons (Fig. 2 1)1. 

The branching of the shoot almost always follows a distinct 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 internodes 
lFig. 2 0.1. Also the "lateral" inflorescences are included in this type 
of branching. The mode of branching in Moulin is different. In this 
genus there are often two opposite branches at 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 great 
resemblance to thai of other members of the subfamily (Fig. 3 B). The 
epidermis has a rather thick cuticle which is prominently wrinkled. 
The cells arc long and have straight side walls. The stomata are sparse. 
Inside epidermis there is a thick parenchymalic.il cortex, lis thin-
walled cells are rather short with obtuse ends and have a rounded 
Outline in cross section. This tissue is open and assimilatory. Ils inner-
mosi pari is differentiated as an endodemis of thin-walled cells with 
dislincl Caspariail dots. In the stele (Fig. 3 C) there are two broad. 
Strap-like, collateral vascular bundles, and two thinner ones in an 
alternating position. These bundles change places in the following 
internode; the smaller ones are replaced by the broader. Immediately 
inside the endodermis. opposite the larger bundles, (here are some 
thick walled fibrous cells. The bundles are surrounded by a sheath of 
parenchymatous cells. A cambium is present. The centre ol the pith 
is usually hollow. The stem lacks collcnchyinatic and stereomalic tissues 
(cf. HOLM 1905 p. 35). The aerial slem withers aller fruiting. 

STOLONS. The stolons can be regarded as basal, subterranean, lat
eral branches (long shoots) with a function in vegetative 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 while or pinkish. The stolons normally 
lack adventitious roots. The development of stolons can start in connec
tion wilh Ihe growth of the bulblels in the spring. AI the lime of 
flowering often a rich system of stolons has developed. Flowering 
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specimens with up lo 1- many-branched stolons occur. Iml the usual 
number is 2—5. The lfiij-jtJi of the stolons is variable. Stolons longer 
than :>() cm are not met with in the herbarium material, but the 
stolons are often very delicate and may easily be broken. Occasionally 
there occur in Ihe basal leal axils very short stolons, c. 0.5 cm long, 
with a terminal bulblel (Fig. 2 F ) , The terminal, small buds continue 
the growth of the stolons. 

The lowermost aerial branches can be transformed into stolons. In 
.such a branch the supralcrranean part has ordinary green leaves while 
the subterranean pari is stolon like with scaly leaves and bulblels. 
Such transitions are not uncommon. The reverse condition, with stolons 
passing over into aerial branches, does not occur. 

According to HOLM (1905 p. 31), the vegetative propagation starts 
at a very early stage in Ihe plant's life, already in the same year when 
the seed has germinated. The first stolon can develop from an a\il of 
the cotyledons. 

Iloi.M also described a seedling. It was provided with a pair of 
minute, hairy, epigeic cotyledons. The primary root was long bul very 
thin and sparsely ramified. Ils duration was not more than on«' season. 
Then the root was replaced by adventitious roots which lacked secon
dary thickness growth and were nol contractile. 

The anatomy of the stolons is similar to that of the aerial slem. It 
differs in some details (Fig. 3D) . The cuticle is wrinkled but also 
provided with two distinct longitudinal ribs, one at each cell margin. 
In cross section Ihe two ribs look like two small lateral horns (Fig. ."{ F). 
The epidermis lacks stomata. The cortex consists of closely packed 
starch-Storing cells of Ihe same form as in Ihe aerial slem. The starch 
grains are rather large, obtusely 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 icf. Hoi M 1905 p. .'151. 
The stolons are annual but probably hibernate and can continue growth 
by the buds. 

LEAVES. The leaf has a distinct palisade lissue in the upper (ventral) 
side and an open pneumatic tissue in the lower. No mechanical lissue 
occurs. The guard cells of the stomata have a rather distinct upper 
Ledge but the lower one is lacking or is verj low (Fig. '.I G). According 
to HOLM (1905 p. 36) the mestome bundles are surrounded by a thin-
walled parenchymatous sheath. 
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BULBLETS. The bulblels develop terminally on ilie slolons. They 
are shorl shoots with small scaly opposite lenses closely sel on a shorl 
axis. The axis is terminated by a minute hud hidden by the scales. The 
two basal scales are thin and membranous and remain on the stolons 
when Ihe bulblels are shed. The remaining scales are fleshy and starch-
storing (blue with iodine). 

The bulblels are organs for hibernation and vegetative reproduction. 
They can become separated from Ihe stolons. Aller anthesis the bulblels 
have a continuing growth. In spring they are considerably larger than 
on flowering specimens. \t "germination" adventitious roots are formed 
at the nodes of Ihe bulblet and thc\ force a way out between Ihe scales 
[Fig. 2 E). The apical hud starts growing. From the original short shoot 
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 1)1. 

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

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

Small simple hairs sometimes occur on the scales ol the bulblels. 
According to HOI.M (1905 p. •'{<>). the cotyledons and lowermost leaves 
of the seedlings are hairy loo. (.'. chamissoi is the only species in the 
subfamily where hairs of any type occur. 

The epidermis of the bulblel scales has no slomata. The mesophyll 
is represented by a compact homogeneous tissue of starch-storing cells, 
Only three vascular bundles occur in the scale, one median and two 
lateral. 

INFLORESCENCES. The inflorescences exhibit numerous irregu
larities (Fig. II. One type, here called the normal type, is found in about 
75 °/o of the investigated material. One specimen can have more than 
one type of inflorescence. In such specimens the lowermost inflorescence 
is often of normal type while Ihe remainder can he reduced. The 
irregular inflorescences usually can be interpreted as derived from the 
normal type. 

The normal type is a pseudolateral or terminal scorpioid cyme. The 
inflorescence has a stalk, here called peduncle, which is the basal part 
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of I he pedicel of I lie lowermost flower (Fig. 1 A:4 | . Ils length is var iable 
but usual ly il is as long as the leaf of the axil. The lowermost f lower 
of the inflorescence has a minu te scaly bracl in an opposite posi t ion 
(Fig. 1 A: 3) . Other b r a d s are lacking. In the inflorescence the basal 
par t s of the pedicels form a sympodial axis which is + s t ra igh t a n d 
elongate (Fig. 1 A: I) , hut coiled whi le in bud . The n u m b e r of f lowers 
var ies; usually they are .1 (». 

Fig. 4 A -E shows the normal type of inflorescence and a hypothe t ica l 
explanat ion of it, and a number of i r regular inflorescences (Fig. 
4 1) V). The latter are often reduced forms of the n o r m a l type, but in 
some inflorescences addi t ional organs can occur — some examples of 
i r regular inflorescences: the internodes ol the axis are not developed, 
the flower can he a single one. I he bracl can be absent , ano the r opposi te 
usual ly leal-like bract can occur. Ihe normal bract can be leaf-like, 
t ransi t ions between ord inary leaves and scaly b r a d s occur. Ihe peduncle 
can be very short, only- very rarely is it ent i rely lacking. The different 
reduct ions and addi t ions can be combined in several ways and coales
cences and addi t ional b ranch ing can also cause irregulari t ies . Some of 
the most anomalous inflorescences canno t be accurate ly expla ined. 
Several of the irregulari t ies in Ihe inflorescence of (.'. chamissoi occur 
also in some Monlia species. However, in this genus the peduncle is 
consistently lacking. 

according to HOLM (1905 p. 28), the inflorescence is a regular c y m e 
(a d ichasium) at least in Ihe lower porlion of the stem, here called 
in pseudolateral position. H O L M is of the opinion that , while one lateral 
b ranch becomes a few-flowered leafless inonochasiuni . the o ther b r a n c h 
develops as a vegetative shoot. However, te rminal inflorescences with 
two lateral vegetative b ranches at base can occur il-'ig. 4 T ) . which 
m a k e s H O L M ' S explanat ion less probable . 

ANTHESIS. In inflorescences with several flowers there may be two 
(or three! in anlhesis s imultaneously. The filaments in Ihe u p p e r 
flower are s t raight and Ihe an thers dehiscing. T h e style is shor t and 

Fig I. Crunocallla chamissoi, variation in inflorescences, highl] simplified. — A: 
Hypothetical explanation of Ihe normal inflorescence lype. — It—0: The normal 
type B: in pseudolateral position; C: in terminal position. — I)—0: Reductions in 
flower number F: with short peduncle; G: without bract — II I. Reductions in 
Ihe internodes (if axis .1- Leaf-like bracl E; Without bracl. — I.—N: Coales
cences of different types. 0 : Reduction of peduncle — P - (,). S: Additional 
bracts. — R: Leaf size reduction in normal leaves. — T: Additional lateral vegetati\e 

branch — U—V: Branched inflorescences. 
Bot. Notiser, vol. li't, HIT« 
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the style branches converge firmly. In the lower flower the filaments are 
usually slack and the anthers empty. The style has grown and reached 
the same height as the anthers of the upper flower. The stigmatic areas 
become exposed because the style branches have diverged. The flowers 
are prolandrous. 

The prolandrv follows a pattern which has been thoroughly examined 
in other species of the subfamily. The flowers can be expected to have 
a rather short duration, probably only '-' or ."? days. During the "male 
phase" of the anthesis Ibe stigma is probably not receptive. Al the end 
of the "female phase" Ibe style drops. Then I he flower withers rapidly. 
The ripening of the fruit is also rapid. In an inflorescence with 8 flowers 
the lowermost capsule bad dehisced while the apical flower was still 
in bud. The seeds are probably actively thrown away some distance, 
as in oilier species with a similar type of capsule. 

FLOWERS. According to SWANSON (1966 p. 2311. C. chamissoi has 
sometimes a sympetalous and asymmetrical corolla and the stamens 
are frequently reduced to three. lie also says that the flower only some
times is unreduced. These statements seem to be somewhat overem
phasized. The tepals are laterally united at the base but only for a very 
short distance (cf. p. 128). In Monlia the lepals are ollen united for 
hall their length, hul Ibe 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 arc then smaller than the 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 he ignored. In Moulin the difference in size 
is much more obvious, No flowers with originally three stamens have 
been observed by the present author in Ibe material studied; thus it 
cannot be a frequent condition. However, during the late phase of the 
anthesis the stamens have often faded and sometimes one to all can be 
lost. 

SEEDS. The formation of seeds is often very sparse and irregular in 
C. chamissoi. In 148 examined capsules 1'2 had ripe or ripening seeds. 
In the remainder the ovules had failed to develop. Self-pollination 
is probably effectively prevented by the prolandrous system, which is 
proved in other species. Hut cross-pollination may lake place without 
any obstacles. Either pollination is not forthcoming in full or the 
development of the seeds is prevented 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 condition thai plants with an effective vegetative reproduc
tion have a reduced sexual one. 

According lo BftANDEGEE I 189-1 p. 87), the cotyledons have an 
accumbent position in the seeds. 

Distribution and Habitat 

Crunocallis chamissoi is a North American species with ils main 
distribution in Hie mountainous areas of the west. It occurs from the 
Aleutian Islands and Alaska in the north lo southern California. Arizona 
and New Mexico in the south. It also has some isolated localities east 
of the mountains in Manitoba and in the driltless area of Iowa and 
Minnesota. The southernmost localities are in California in the San 
Jacinto. Palomar and San Bernardino Mts. In the United Slates the 
species occurs in the Rocky Mts.. particularly on Ihe eastern slopes, 
in Ihe Sierra Nevada and Cascade Range. II has an almost continuous 
distribution in tin- following states: California. Arizona. New Mexico. 
Nevada, Utah, Colorado, Oregon, Idaho. Wyoming, Washington, and 
Montana (cf. RYDBERG 1032 p. 314 and HITCHCOCK el al. 1964 p. 239). 
The area is widest south of the Canadian horder, along a line from 
Colorado to California, and there the species is rather common 
(cf. Appendix). North of the Canadian horder the distribution area 
becomes narrower and follows Ihe coasl from northern British Colum
bia to Alaska, in Alaska it occurs mainly in the western coastal districts 
bul also in Ihe Ml. McKinley area. From the Kodiak Island il follows 
the Aleutian Islands lo their westernmost point, the Attn Island (cf. 
HüLTEN 1968 p. 409). A general map. Fig. 5. shows the distribution 
of the species. 

The distribution area of C.chamissoiin North America i> rather similar 
lo that of some other species of subfaiu. Monlioidcae, e.g.. Claytonia 
sibiricu I., and Naiocrene parvifoliei (Moc.) RYDB. However, most of 
these species do not extend their distribution so far north and south 
and they usually lack eastern outpost localities. Phytogeographically 
Crunocallis chamissoi has many parallels in other groups of flowering 
plants in western North America (cf. HULTÉN 1968). 

In the southern part of its distribution <'.. chamissoi occurs in the 
mountains from the foothills lo middle elevation, usually below the; 
timberline: in Sierra Nevada from an elevation of 1200 m to about 
3000 m. in Nevada from 2000 m up to 3700 m. in Oregon from 750 m 
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to 2000 in. In Alaska the species lias localities on seashores probably 
only u few meters above sea level, hul also in the mountains of the 
Alaska Range at an altitude of 1000 m. 

('.. chamissoi grows predominantly in wet habitats; stream and creek 
hanks, moist meadows, marshes, open moist woods, sandy and moist 
seashores, and in springs and shallow water, also in brackish water. 
The species prefers comparatively open habitats where, however, it 
usually occurs in the shade of scattered trees or bushes, e.g.. aspen, 
willows, yellow and Jeffrey pines, etc. The plant may form loose mats 
on naked soil, but more occasionally in a closed, high-grown vegetation. 

F l o w e r i n g P e r i o d : In the south (California) the flowering 
of the species may start in May and continue till September. In Alaska 
flowering usually begins in late May and ends in August. 

2. Crunoca l l l s Calcicola | S T A N D I . . & STEYKRM.) Ö. N I L S S O N Grana 

Palynol . 7 :359 . 1967 

Montia calcicola STANDI i:\ & STEYERMARK 1944 pp. 18 -49. 
O r i g i n a l c o l l e c t i o n : Guatemala, Dept. Huehuetenango, Cerro Chémal 

summit of Sierra de los Cuchumatane.s. alt. 3700 3800 m. Aug. 8, 1942. J. A. 
STEYERMARK no 59508 (F hololype). 

Dwarfish herb, forming loose mats. Subterranean stem rather short, 
up to 10 cm long, slender, 1 —1.5 mm thick, shallowly creeping, with 
fibrous adventitious roots both from nodes and internodes, often many-
branched and usually with several aerial stems. Aeriat stems erect— 
ascending, often branched from base, short. 1—6 cm long, 1 -2 mm 
I hick with lateral branches or small buds in the lowermost axils, inter-
nodes 2—(J, 2 - 7 mm long (Fig. 6 A). Stolons spreading sballowly 
beneath the ground, sparsely branched or iiiibranched, often pinkish. 
0.3—0.7 nun thick, up to 10 cm long, internodes c. 1 2 cm long, 
ending with minute pointed buds (bulblets not observed), with thin. 
0.8—-1.6 mm long, ovale, acute, opposite, seniiainplexicaul scales, scales 
sometimes replaced by small ordinary leaves (Fig. 6 A), transitions 
between stolons and normal branches occurring sometimes. Leaves 
2—fi pairs, the lowermost ; withered at anlhesis. somewhat succulent, 
sessile or subsessile with an indistincl broad petiole, shorter than the 
blade, leaves 0.5—1.7 cm long. 0.2—0.6 cm broad, longer than the inter-
nodes, oblanceolale—narrowly elliptic or basal ones narrowly spathulale; 
leaf-base distinctly widened, halt-clasping, often with narrow scarious 
margins: leaf-apex subacute. Slomata with two, rather distinct sub-
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Fig.5 General distnbulion of ( rtinncalh* chomfstoi in North America, hatched 
areas; outside the map the distribution continues to Attn in the Aleutian Islands. 

• markos out the locality "I ' . calcieola in Guatemala. 

sidiary cells; epidermal cells with slightly undulating side walls. Inflo
rescences 1—.'{. psendolateral and axillary, willi 1 4 flowers, axis 
and peduncle lacking (Fig. 6 B, C), lirocl one, c. 2 .'i mm long, seariotis, 
often with a green apical point, ovale, acute, opposite the first flower. 
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Pedicels al anthesis 3—7 nun long, + erect, a l t e r anlhesis up to 10 m m 
long, recurving like a bow. Involucral leaves; broadly ovale , 1.5 m m 
long, the outer c lasping the inner at least at the base, obtuse or slightly 
emarg ina te . both »rowing s o m e w h a t after an lhes is . distinctly shor te r 
than the capsule (Fig. 6 E ) . Tepah 2—3 m m long. 0 .8 - 1.0 m m broad . 
of about equal size and shape. 1.5—2 t imes longer than the invo lucrum, 
ascending in anlhes is , obovale, s u b a c u t e - obtuse with a short petiole, 
tepals connate at base to about 1/7 of their length, br ight pink (Fig. 
6 D ) . Stamens of about equal length, c. 1.5—1.7 nun long, f i laments 
with a b road base adna te to tepals ; a n t h e r niedil ixed, 0 .3- 0.5 m m 
long. ± cordate o r square with pointed lobes ± diverging at the base , 
somewha t la lerorse: flower probably a u t o g a m o u s (Fig. 6 1)). Style r a th 
er thick and short , c. 0.5 m m long, about as long as the ovary, and 
dist inctly set off from the ovary (Fig. ß H ) . Style branches three, short , 
with r a the r closely set long papi l lae on their inner side, ex tending a n d 
diverging in late anlhesis . Capsule 1.5 m m long, at base Ihree-sulcate . 
grooves of about half capsule length (Fig. fiG). Ovules three , all of 
which usual ly develop to seeds. Seed 1.0 -1 .2 nun long, 1 m m broad , 
glistening, da rk chestnut b rown blackish . Pollen grains 46—49 |x in 
diam., minutely spinulate. 

Discussion 

Crunocallis calcicola may be regarded as a diminutive C. chamissoi. 

Among the charac te rs in common some can be emphasized. T h e two 
species are perennial geophytes with a very effective sub te r r anean 
propagat ion by means of stolons and stems. The a n a t o m y and 
morphology of the stolons show great resemblances , e.g., in the s tarch-
storing tissue and epidermis (cf. p. 131]. Mut n o bulblels of C. calcicola 

have been seen. The a n a t o m y and morpho logy of the stem and leaves 
and the type of b ranch ing a re s imilar . T h e flowers, capsules, seeds, 
and pollen gra ins are also s imi lar in several respects. 

There exist, however, some impor tan t morphological differences which 
m a k e it appropr ia te to treat the two taxa as separa te species. C. calcicola 

Fig. fi. Crunocallis calcicola. - A: Portion of a plant, somewhat simplified, t. 
stem, 2. stolon, 3. bud, 4. inflorescence, the flowers arc cut off. — B: Highly 
simplified drawing of a brancli with inflorescences. - C: Branch with inflorescences, 
I. scarious bract, 2. pedicel. .'(. lateral branch, 4. scmiscarious bract - D: Tepals 

and Stamens. — E: Involucrum and capsule. — G: Capsule. — H: Pistil. 
Hot. Nnliscr.vi.il. 123. 10711 
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Fig. 6. 
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is a dwarfish herb with a ni any-branched subterranean slem. The 
inflorescence is always in pseudolateral position and lacks both axis 
and peduncle (cf. p. 133), bolh of which normally occur in (',. chamissoi. 
The flower exhibits several diverging characters, some of which, how
ever, may be regarded as different adaptions in consequence of the 
allogamy of C. chamissoi and the probably predominant autogamy of 
C. calcicola. 

STANDLEY and STKYKHMAHK (1944 p. 49) referred ('.. calcicola to the 
genus Montia. It is obvious that C. calcicola has some resemblance lo 
several Montia species, e.g., in general habit, leaf arrangement, inflo
rescence and small flowers. However, there are several important 
characters which make it natural to place the species in Crunocallis. 
Some characters of the .Montia species are given below for comparison 
(cf. also p. 123). The plants are mainly annual without hibernating 
stems or stolons. The stem has often a different type of branching with 
two lateral branches from each node. The slomata lack subsidiary cells 
and are restricted lo the upper side of the leaves. The pedicels become 
hook-like after anthesis. Usually the tepals are distinctly unequal in 
size and they are united up lo about half their length. The perianth 
has a characteristic deep median slit. The stamens are normally three 
and there is usually no style. The anthers are inlrorse. The capsule 
is usually not sulcate and its valves become separated almost to the base. 
There are some small pollen morphological differences too in. e.g., 
colpus length (cf. NILSSON 19G7 pp. 351—352). 

The materia] of C. calcicola is sparse. About 30 specimens have been 
examined. At present only two collections are known. Therefore nothing 
definite can be said of the inlraspecific variation. It is not impossible 
thai the taxonomic rank of C. calcicola might be altered when more 
extensive malerial becomes available. 

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

Distribution and Habitat 

Crunocallis calcicola is known at present only from Guatemala in 
Central America. It seems to be a local endemic plant restricted to the 
Sierra de los Cuchunmtanes in the department of Huehuetenango. The 
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species lias been collected in two places, 1. Cerro Chémal, and 2. 
Tojquia. Another collection from Guatemala referred lo this species. 
Volcan Tajumilloo, Depl. San Marcos. 1940. .1. A. S T B Y E R M A R K no 
35596 i F l . is incorrectly determined. 

The species must have been isolated l rom closely related species for 
some considerable l ime in this mounta inous area . The southernmost 
localities of (.. chamissoi a r e in southern California. T h e only o ther 
m e m b e r ol lhe subfamily occurr ing in Guatemala is an a n n u a l Claytonlü 

species. 

('.. calcieola grows in alpine areas al an al t i tude of 3700 3800 m. 
In STANDLKV and S T K Y K R M \ H K i 1944 p. 49) the a l t i tude of the collec

tion S T F Y I HM \Rk ")0127 is assigned to 2700 m. hut on the original label 
the a l t i tude is 3700 m. The species occurs on Mt. Cerro Ghémal in woods 
of Juni per us standleyi. In the a lpine area of Tojquia it (jrows in lime
stone bluffs. 

F l o w e r i n g p e r i o d : Augus t 
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A P P E N D I X 

List of material examined. 

Crunocallis chamlsaol (LEDEB.) RYDB. 

USA. ALASKA: Fnalaska. KSCHSCHOLTZ (LE). L'nalaska. ClIAMlSSO in itin. (GH). 
— Ex Unalaska, ded. LEDEBOUR (C). L'nalaska, ex herb. KLATT (S). — Amer. 
Bor.. EscHSCHOLTZ, ex herb. LEDEBOUR (Si. — Amer. Ross., Sitcba. MEHTENS (LE). 
— Sitcba. MERTENS (GH, I.l>. LE). — Shumagin Islands, l'opof Island, 1S99. T. 
KlNCAID iSi. Lake llimna Region, 1902. M. YV. GORMAN 123 (BM). — Kocliak 
Island, vicinity of Karluk. 1903. C. RUTTER 219 (C). — Baranof Island. Haanus Hay, 
1917, E. P. WALKER 1175 (C). — Kodiak Island. Three Saints Bay. 1931, YV. .1 
EYERDAM 322a (BM, GB, I.D. S). — Aleutian Islands. Umnak Island. Nikolski, 1932. 
E. HULTÉN 5729 (S). — Aleutian Islands. Attn. 1932, IS. HULTÉN 6821 (S). - Aleutian 
Islands, L'niiiiak Island. False Pass, 1932. YV. .1. EYERDAM 2038 IS). EYERDAM 2057 
(C, Si, EYERDAM 2107 and 2157 iSl. — Seward. 1934, F. \V. W E N T 276 (LD). -
Meier's R. II., RICHARDSON llwy 176, 1935, J. P. ANDERSSON 2076 (LD, Si. — Kodiak 
Island, near cannery, 1936. I. W. HUTCHISON 296 (BM). — Seward, 1937, E. SCAMMAN 
.')47 (GH). — Seward. 1939, .1. P. ANDERSSON 5651 (S). Haines, 1946. M. WILLIAMS 
& L. STONEHOUSE ( S I . — King Salmon, beach of Naknek River. 1952. W. B. Scuo-
FIELD 2270 (Si. — King Salmon, margin of Naknek River, 1952. W. B. SCHOFIELD 
2598 (COLO). - Alaska Hange. Tangle Lakes, along Denali llwy c. 20 miles W or 
Paxsons . 2900 feel. 1953. G. SMITH 2092 (Si. 

ARIZONA: Willow Spring, 1874. J. T. RoTIIROCK 219 (GH). — Willow Spring, 1890. 
E. PALMER 570 (G, GH, S). — Bill Wil l iams ML, 1893. II. II. HUSKY 534 (Si. 
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CALIFORNIA: Soda Springs, -'"no m, 1863, W. H. BREWER 1707 (GH). — Yosemite, 
1872, A. GRAV [GH). — Sierra Co., 1874, 3. G. LEMMON 27 (GH). — Near Truckee, 
1878, SORME (C). — Nevada Co., Soda Springs, 2300 in, 1881, M. E. .losi s (POM). 

San Bernardino Mis . Dear Valley, 1882. S. B. & W. F. PARISH 1492 IBM, GH, S). 
Emigrant Gap, 1882. M E. JONES 2628 (BM, LE, POM;. Yosemite Valley. 1886, 

II X. Hoi A \ » I R 371 b iGIIi. — Tulare Co., Long Meadow, 3000 m, 1888, E. PALMER 
107 iBMi. — Alpine Co.. Twin Lakes, e. 3000 in. 1892. G. HANSEN 546 [BM, YVRSLl. 
— Alpine Co.. Cable Lake. r. 3000 in. 1892. G. HANSEN (JE). Plumas Co., 1893, 
M. E. 1'. AMES (GH). - Goose Lake Valley. 189,j. Ii. M. AUSTIN 170 (POM). -
Lassens Peak, 2000 m, 1897, M. E. JONES (BM, POM). - San Jacinto Valley, along 
creeks of Tamarack Valley. 1901, II. M. HALL 2302 (E). — Natural Bridge Meadow, 
1700 m, 1904, CULRERTSON 5027 (POMI. — Tuolumne Co., Toiiluniiic Meadows near 
Soda Springs, 1800 m, 1907. R. A. WARE 2655 c (GH). Fresno Co., Kearsarge Pass, 
lout, .1. CLEMENS (POM). — Yosemite Nat. Park, Yosemite Valley. 1300 m, 1911, 
L. R. AllRAMS 4147 (dl l . POMl. - Tahoe City, Lake Tahoe Region, 1912, A. EAST
WOOD 438 (GH . Ilumboldl Co., Buck Ml., near the summit, c. 2000 m, 1913, J. P. 
TRACY 4169 (E). — Calveras Co., Lake Tahoe Region. Ml San Joaquin, c. 3000 in. 
1916. II. M. EVANS (Fl. — Fresno Co.. Tamarak Meadows near Dinkej Close of Rig 
Trees. 2800 m, 1917. A. L. GRANT 1189 il'OM . — San Bernardino Mis.. Huntsacker 
Flats. 1700 m. 1919. P. A. Ml \/. £ I). M. JOHNSTON 2907 (POM). — Suller Co., 1 mile 
below Susko Meadow, 1921, H. M. EVANS (F). — San Bernardino Mis.. Bear Vallej 
2 miles i: of Bluff Lake. 1922. P. A. M I A / . 5619 (POM). — San Jacinto Mts.. 
Tahquits Valley, 2400 m. 1922, P. A MUNZ 5991 (POM). — San Bernardino Co., San 
Bernardino Mts., Bluff Lake. 2100 m, 1922, P. A. MÜNZ 10440 (POM). — San 
Diego Co., Paloniar Mts.. near Doane Valley, 1600 in, 1924. P. A. Ml \ / 8307 iPO.Ml. 

Tuolumne Co., Aspen Valley, 2100 m, 1932, L. BENSON 3701 (POMl. — Ventura 
Co., Ml. Pinos, head of Bitler Creek. 2800 m, 1933. J. A. EWAN 7764 (POM). — 
Tuolumne Co., Pine Crest Recreation Area, Stanislaus Nat. Forest, 1934.1. L. WIGGINS 
0797 (LDl. — Siskiyou Co.. Siskiyou Mis.. Jayne's Lain on, 2100 in, 1935, L. C. 
W H E E L E R 3705 (GH). — San Bernardino Co.. San Bernardino Mts., Bluff Lake, 
2500 in. 1936. C. R. V O L F 8016 (GH) San Bernardino Co.. San Bernardino Mis., 
near South Fork. 2100 in. 1937. J. ROOS 334 IPOM). — Modoc Co., between Likely 
and Jess Valley. 1940. A. EASTWOOD & J. T. HOWELL 8076 (GH). Mono Co.. Sierra 
Nevada, Mammoth Lakes Post Office, 2500 m. 1942. L. BENSON 11238 (POM). — 
Inoy Co., Sierra Nevada. Onion Valley W of Independence, 3000 in, 1912, A. M, 
ALEXANDER & L. KELLOGG 3191 (GH). — Madera Co.. Pumice Flat Forest Service 
Canipgd, along upper San Joaquin River, 7800 feel. 1956. E. K. B A U S 10957 (S). -
Mono Co., White Mountain Road, al Campito Meadow, 10600 feel, 1963, B. M. LLOYD 
3173 (C). 

COLORADO: nr. 7887 (LD). — X. Sierra Bianca. J. 1) HOOKER Ä A. GRAY (GH). — 
Lie Pass, 1861. PLACES (C).— Rocky Mis.. 1862. C. C. PARRV I G I I I . Rocky Mts.. 1862. 
E. HALL & .1. P HARBOUR 81 (Gill. Rocky Mts.. 1868. G. VASE1 88 (GH). Alpine. 
1872, C. C. PARRY (GH). — Georgetown, 2800 m. 1878. M. E. JONES 345 (BM, GB, POMl. 
— Boulder Co., 1881. J. 1. Mi r . (COLO1. — Monies, 2000 m, 1886, A FASTWOOD 
(LD). - Palmer Lake. 1887 \ . EASTWOOD (COLO). - Bear River Flats, 2000 m. 
1892, C. S. CRANDALL (GH). — Ranche, Como. 1892, E. L. HUGES 9 (GH). — Colorado 
Mis., aliout Hie head waters of Clear Creek, near Empire, 2800 m, 1892, H. N. 
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PATTERSON 174 (GH). — Moon's Ranch, 2800. 1894. (.. S. CRANDALL 101 (GH). -
Moons Ranch. 14 miles W of Livermore, 2300 m, 1804, ('.. .1. BAKER IPOM). 
Larimer Co.. Moons Ranch, 1891, C. .1. BAKER (POM), - Steamboat Springs, 1894. 
C. F. BAKE» (POM). El Paso Co.. Ute Pass. 189«. BlLTMOKE 1983 a and 1983b 
IS). — Boulder Co., 1890, 1". J. MOSLEY 278 (COLO). Beaver Creek, 3200 4000 m. 
1898, 14 (LD). Long's Peak, aspen zone, 8000 feet, 1899. T. HOLM (S). — Buffalo 
Park. 1901. \V. C. FERRIL (COLO). - Magnolia, 1800 m, 1901, II. N. WHEELED 351 
(COLOi. Eldora, 1902, P. RAMALEY B 12 (COLO). — Cumbers. 1902. W. C. FERRIL 
(COLO!. — Grant, 1901. W. M. HUESTIS (COLO). Near Florissant, 1800 in. 1905. 
F. RAMALEY 1360 (COLO). — S Boulder Canyon. 1900. \V. W. Roitmxs 10.10 (COLO). 

— Lake 1.4 mile below Tolland. 2900 m. 1907. F. RAMALEY & \V. YV. Rc-BBINS -J.H77. 
(COLO). — Tolland, 1909. F. RAMALEY & W. W. BOBBINS (COI.O;. - Park Lake. 
Lindland, 1910. W. W. ROBHINS 7827 (COLO) and 1913, BOBBINS 10141 (COLO). -
Loveland, 3000 in, 1919. P. A. MENZ 3224 (POM). — Fslcs Park, 1924. W. PENFOUND 
363 (COLOi. — Larimer Co., Rocky Ml. Nat. Park, Longs Peak Valley, 2500 m, 
1928, YV. KlENEIl 2110 (COLO). — Boulder Co., :t miles below Ward on left hand, 
1932, H. W. CAMPBELL 98 (COLO). — Boulder, Bates Park, 2300 m, 1933. II. 

l.ENANDER (S). Ciicbara Valley, above Cuchara Pass, 3500 in. 1934. B. M. STICALL 
(COLO'. — San Luis Valley, Almosa Canyon. 2900 m. 1930. F. RAMALEY 15810 
(COLO). San Luis Valley. Rock Creek Canyon near Monte Vista, 3000 m. 1930. 
F. RAMALKY 15032 iCOI.Oi. — Chaffee Co.. Four Mile Creek, 8 miles NE of Buena 
Vista. 3200 in, 193«. |{. C. ROLLINS 1388 (GB). - - Deep Creek, near Creede, 2900 m. 
1937, B. K. STEWART 820 (COLO). — Deep Creek, 2 miles -S of Creede c. 3000 m, 
1937, R. K. STEWART 855 (COLO). — Estes Park. Fall River. 1937. C. II. KNOWI.TON 
(GH). — Deep Creek, near Creede, 2900 m, 1938, R. K. STEWART 1285 (COLO). -
Middle -SI. Vrain Canyon, 1939, H. L. ZOBEL (SMU, FPS) . - - San Luis Valley, 
Parlin-Saguache Hwy E of Cochetopa Pass, 3000 m, 1939. F. RAMALEY & W. 
GAMBILL JR. 10933 (COLO). — Wason, 3000 m, 1939. B. K. STEWART 1454 (COLO). 

— Clear Creek Co., near edge of Echo Lake not far below limberline, ML Kvans. 
19(1, U. T. WATERFALL 3381 (GH). — Larimer Co.. Rocky ML Nat. Park. Beaver 
Park, 1947, E. VVHITEHODSE 18922 (SMU). — Grand Co.. near Tabernash, A. Peter
sen's Ranch. 1947. E. WII ITEI IOUSE 19034 (SMI.:. — Boulder Co.. Wagoner's Tahosa 
Valley on Branch of N SI. Vrain. 12 mile S of Meeker Lodge. 2700 m, 1949, L. 
BoUGERE 1793 (SMU). Boulder Co., trail from Wild Rasin River S to Thunder 
Lake, Rocky ML Nat. Park, 2900—3200 m. \V. A. W E B E R 5741 (SMU). Roult Co., 
Trail from Columbine to summit of Halm's Peak. 2500 3500 m, 1951. W. A. W E H E R 
«903 (COLO). — Fl Paso Co., along Black Squirrel Creek near its head, ME Of 
Colorado Springs, 1953, 1.. S. ROSE & \V. A. WEBER 8192 (COLO). — Boulder Co.. 
Front Range Trail, above Nederland, 8500 feel. 1902. (i. N. JONES 33962 (S). 

IDAHO: Lath Co.. Little Pollaich River. 1892. I). L. Mc DOUCAL 398 (S). — l.alah 
Co., 1892, .1. H. SANDBERG (GH). — Latah Co.. head of I.illle Pottalch River. 1892. 
J. II. SANDBERG el al. IBM. (ill . POMi. Near Kellchiim. 1892. A. J. MILKORI» Kill). -
Washington Co., Goose Creek. 1800 m, 1899, M. E, JONES ( P O M I . — SI. Anthony, 
1901, F . D. MERRILL & E. N. WILCOX 800 (GH). — Owyhee Co., Jordan Valley, 
1911. J. F. MACBRIDK 960 Kill. POM, SMC). — Owyhee Co.. House Creek. 1912. 
A. NELSON & J. F. MACBRIDE 1802 (E, Oil, S, SMI!). Rlain Co., Corral, 2000 m. 
1916, J. F . MACBRIDE & F . B. PAYSON 2942 (E. GH, POM). Fremont Co., Buffalo 
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River, 1934, (i. N. JONES 5183 (GH). — Idaho Co., near Cottonwood. 1937. .1. H. 
CHRIST 7553 (SMU). — Idaho Co.. about 12 mile N of Now Meadows. 10.18. F . 0 . 
MEYER 1462 (BM, GH). — Adams Co., 4 miles W of New Meadows. 19-16. M. & G. B. 

OWNHEV 2757 (S, SMU). 

MINNESOTA: Queens Bluff, Dresbacll. 1889. J. M. HOLZINGER (POM). — Base of 
Queen's Bluff. 1805, J. M. HOLZINGER (COLO, GH. POM). - Winona Co.. 1S06. 
.1. \1 . HOLZINGER (Gil), 1897. HOLZINGER (SMU). — Winona Co., Queens Bluff. 1010. 

C. O. HOSENDAHI. :t8.'!9 (GH). 

MONTANA: Gallatin Co.. West Yellowstone, 2200 m, 1020. E. B. PAV.SON 1935 (GH). 

NEVADA: Ueno, F. IT. HILLMAN (POM). Ilarallal Mis.. 2000 m. 1868, S. WATSON 
((ill). — Esmeralda Co., While Mis.. -100 m, 1888. W. II. STOGKLEY 590 (GH). 
Reno, foothills. 2000 in. 1807. M. E. JONES (POM). — Orinsby Co.. Kings Canon. 
1700—2000 m, 1002. C. I-'. BAKER 001 GH, POM). - Jarbidge, 2300 in. 1012. A. 
NELSON & .1. F. MACIIIIIOK 2056 iGlll. Washoe Co.. Thomas Canyon. 2700 m. 
1912. I*. II. KENNEDY 1877 (GH). — Washoe Co.. Lemmon Valley. 2000 m. 1013. I'. M. 
KENNEDY 2088 (E, Olli. Diich Creek. Schell Creek Mis.. 1924. M. E. JONES (POM). 
- Esmeralda Co.. Chiatovitch Creek. While Mis.. 2450 m, 1931, V. DIIIAN .'1070 

(C. E. GH. 1,1). POM. PRC, S). — Nye Co.. Monitor Range, Toiyahe Nat. Forest. 
Scuffe Pasture, head of Baily Creek. Table Mt., 3100 in. 1045. B. MAGUIRE & A. II. 
HOLMGREN 25732 (GH. W) . 

NEW MEXICO: Colfax Co.. Intervales. 1806. O. ST. JOHN 85 (GH). — Roeiada. 
1905. J. E. DANDELIN (GH). — Pecos River Nat. Forest, mouth of Pouchuelo Creek. 
2800 m. 1908, P. C. Sl'ANDLEY 1092 (Gill. 

OREGON: Ex herb. .1. A. l.owEi.r. 1201 (GH). C. A. GEYER 531 (BM). Oregon 
18116, NUTTALL ((Uli. - Banks, Shunap, 1872. M. W. HARRINGTON (GH). — 
Grant's Pass. 1881. T. H O W E L L (C). — Waldo Co.. Grant's Pass. 1884, T. H O W E L L 
(GH). — Malheur Co.. near Harper Ration, 750 m. 1896. J. B. LEIBERG 2111 (BM, GH. 
POM. S). Klamath Co.. Keno. 1920, M. E, PECK 9348 (GH). — Klamath Co.. 
Swan Lake Valley. 1923. E. I. API-LEGATE 3559 (LI)}. Josephine Co.. Bolar Lake. 
Siskiyou Mt»., 1700 in. 1935, J. W. THOMPSON 12505 (EI)). — Lake Co., 4 miles N" 
of I.akeview. 1940, C, I.. HITCHCOCK 6738 (POM). — Crook Co.. Indian Creek just 
N of Big Summit Prairie, Ochoco Mis., between Prineville and Mitchell. 1700 m. 1953. 
A. C.RONQUIST 7375 11.1). S ) . 

I I All: 10 miles N of Fish Lake. .'1000 m. M. E. JONES 5831 (BM, POM). — 
Uinta Mis.. 2000 m, I860. S. WATSON 181 (GH). - Fish Lake, 1882 and 1894, 
M. E. JONES (POM). - f l a b Co.. Ml. Timpanogos, Wasatch Mis.. 2200 m, 1027, A. O. 
GARRETT 3655 (LI)). Blacksmith Forks Canyon. 1800 m. 1032. B. & R. MAGUIRE 
SS51 (GH, POM). Garfield Co., Pleasant Creek Channel, m a r Wild Cat II. Sta., E 
Face Aquarius Plateau. Powell Nat. Forest, 1932. H. DIXON 616 (Fi. 

WASHINGTON: J. (J. Cooper (GH). — Cimcoe Mis., 1880. T. J. H O W E L L .GBL — Roy. 
1889. O. II. ALLEN 93 (GH). — Falcon Valley. 1890. W. N. SCKSDORF 958 (GH). — 
Pullman, 1803. C. V. PIPER 1712 (GH). — Spokane Co.. near Rock Creek. 750 m, 
1893. J. H. SANDIIEHG & 3. B. I.EIHEHG 88 (BM. C. GH, S). — Whitman Co.. Pullman, 

1897. A. D. E. ELMER 818 (POM). - - Kittitas Co.. N of EJlensburg, 1932. J. W. 
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THOMPSON 8301 (C, Gli, LD). — Asotin Co., 1/2 mile W o ! Analone Butte, 10 milos 
SW of Anatone, 1500 m, 1941), A. CRONQUIST 5927 (COLO, S, SMU). 

WYOMING: Pole Crock, 1895, A. NELSON 1337 (S). — Croon lop, 1897, A. NELSON 

3250 IBM, POM). — Yellowstone Nat. Park, Yancey's, 1899, A. & E. NELSON (MM, 
GH, POM, S, UPS, WRSL). — Head of Lake Sybille, 1894. A. NELSON 309 (GH). — 
Albany Co., Chug Creek, 1900. A. NELSON 7313 (COLO, GH, LD, POM, S). — Big 
Horn Co., Canon Creek, 1901. L. N. GOODDING 401 (GH). — Yellowstone. 2600 m. 
1907, E. O. ESSIO (POM). — Dale Creek, 1908, .1. CLEMENTS (GH). — Hawk's Ranch, 
25 miles -S from Laramie, 1918, J. R. CHURCHILL (GH). Yellowstone Park, Gibbon 
River 1921. K. M. WIKGAND ot al. 875 (F) .— Yellowstone Park. Hayden Valley, 
1925, P. 11. HAWKINS (MT). — Albany Co., Douglas Creek., Medicine How Mts., 1929, 
G. J . GOODMAN 899 (M). — Albany Co., Along Crow Creek, Laramie Mts., 1934, C. L. 
PORTER 1169 (S). — Albany Co., in Ihe vicinity of Vedowoo Glen, Laramie Mis., 2800 
in, 1935, R. C. ROLLINS 993 (GH). — Albany Co., Polo Ml,, Region, 2800 ni, C. L. 
PORTER 4023 (GH, SMU, UPS), PORTER 4029 (S). 

Canada. BRITISH COLUMBIA: Vancouver Island. 1875, .1. MACOUN (CAN). — Vancou
ver Island, vicinity of Coiuoy. 1893. .1. MACOUN iBMi. — Vancouver Island, Comoy 
1893. .1. MACOUN (GH). — Vancouver Island, Somas River, Alborni. 1916, .1. K 
HENRY & \V. R. CARTER 9050 (GH). — Vancouver Island. Alberni. Sproal I.ake Falls. 
1917, \V. R. CARTER I I9 (GH). — Vancouver Island. Sproal River, near Sproat Lake, 
1907, C. O. ROSENDAHL 1937 (C, GH). 

Crunoca l l i s oalriooln (STANDI . . & S T E Y E H M . ) Ü. Nn.ss . 

Guatemala: Dopt, lluohuelenango, Tojquia in Siena de los Cuchumatanes, 1942, 
J. A. STKYKHMARK 50127 (F, I S ) . 
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Studies in Galapagos Plants VIII' 
Chromosome Numbers of Some Endemic Species 

By Vno Eliasson 
Department of Systematic Iiolany, 

University of Göteborg, Sweden 

ABSTRACT 

ICI.IASSON, U.: Studies in Galapagos Plants VIII. Chromosome Numbers of 
Some Endemic Species. — Bot. Notiser 123: 149—154, I.und. 

Chromosome counts of seven species of endemic plants of various 
families in the Galapagos archipelago are reported. The following somatic 
numbers have been found: I'leuro pel'alum darwinii HOOK. F . (Amaran-
thaceae) 2n=34 , Nolana galapagensis [CHRISTOPH.) JOHNST. (Nolana-
ceae) 2n = 24, Scalesin affinis HOOK. F. (Compositae) 2n=(iS, .S. crockeri 
H O W E L L 2 n = 6 8 , S. hopkinsii ROBINS. 2n=G8, S. microcephala ROBINS. 
2n—68, Lecocarpus foliosus DECAISNK (Compositae) 2n 22. 

MATERIAL AND MKTHODS 

C h r o m o s o m e counts were m a d e f rom root tips of p lants , abou t two years 
of age, g r o w n in green-house cond i t ions in file Botanic Garden of Göteborg. 
The p lants were g rown f rom seeds collected in the Galapagos dur ing the 
years 1966 and 1967. 

T h e me thod used was a modif ical ion of that descr ibed by Ö S T E R G R E N and 
IlENEEN (1962). Excised root t ips were pre t rea led for Ihrce h o u r s with a 
solut ion of 8-hydroxy-quinol ine (concentra t ion 0.002 niols / l i t rc) , a n d fixed 
for one m i n u t e in Carnoy (three pa r t s a lcohol , one pa r t glacial acet ic ac id) . 
After hydro lys i s in 1 N HCl lor eight minu tes at 60°C, the roots were s ta ined 
in Sch i f f s reagent for t h r ee hou r s , a n d then left for two h o u r s in a solution 
of 5 °/o pec l inase lo m a k e the cells m o r e easily separab le . After t rea tment in 
45 % acet ic acid for twenty minutes , t he root tips were squashed on a slide 
u n d e r a cover slip of Vipolon plast ic . T h e p r e p a r a t i o n s were sealed by the 
app l ica t ion of a r u b b e r solution a r o u n d the edges of the cover slip. T h e 
r u b b e r solut ion was left to dry for some h o u r s . T h e slides w e r e left in ace tone 
ove r n ight to dissolve t he plast ic cover slip. After removal of the r u b b e r 
f r ame and the plas l ic cover slip, t he slides were t rans fe r red lo a m i x t u r e of 
equa l p a r t s of ace tone and xylol, a n d then to xylol . T h e p r e p a r a t i o n s were 
m o u n t e d in DPX u n d e r a glass cove r sl ip. 

T h i s me thod yielded good resul ts for the genera Scalesia and Lecocarpus. 
In Pleuropetalum a n d Nolana the c h r o m o s o m e s were very faintly stained, 

1 Contribution No. 118 from the Charles Darwin Foundation for the Galapagos. 
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although sufficiently so lo make counts possible. A closer studj of Ihe struc
ture of Ihe chromosomes lias not been possible. 

The drawings were made by camera ludda. 

RESULTS 

Plcuropetalum darwinii HOOK. F . Fig. 1 A 

SKKl) COLLECTION: KI.IASSON 1271, isla Isabela, Volcån Alcedo. near the 
geyser Oil the southern inner slope of the crater, alt. c tlOO m. 12 Feh HI67. 

CHROMOSOME COUNT: 2n=34. II was possible lo count the num
ber in five cells. All counts originate from one plant. 

The .species is endemic lo Galapagos and known from Ihe islands of 
Tsabela. San Salvador and Santa Cruz. It is a shrub 1—2 m lall. The 
genus comprises live species in Central America and tropical South 
America. I have been unable to lind any previous reports of Ihe chro
mosome number in this genus. Within the family [Amaranthaceae) Ihe 
same somatic number (2n=34) has been reported in several species of 
Amaranthas icf. e.g. SHABMA & BANIK 1965). 

Nolana galapagensis (CHRISTOPH.) JOHNST. — Fig. 1 B 

SEED COLLFXTION: El IASSON S.U.. Isla Santa Cruz, south side. Turtle 
Bay. alt. 0 -10 m, 11 May 1967. 

CHROMOSOME COUNT: 2 n - 2 4 . Counts were made in six cells, all 
from one plant. 

This endemic species is rather wide-spread in Ihe archipelago and 
grows on shell sand near sea level, forming rounded shrubs about one 
meter in diameter. The main distributional area of Ihe genus (and Ihe 
family S'olanaceae) is Ihe coastal regions of Chile and southern Peru. 
JOHNSTON- (1936), in his monographic treatment of Ihe family, recog
nizes 57 species of Nolana, but according to WILLIS (1966) Ihe genus 
should comprise aboul HO species. The Galapagos plant sets the extreme 
northern limit for the genus. 

The chromosome number of Nolana galapagensis agrees with Ihe 
number found by previous authors ICAMIMN 1925, WIIYTE 1929. SALN-

DEKS 1930, DATTA 1933, SUGIORA 1936) in Ihe mainland species "A', atri-

plicifolia", "A', grandi flora", "A", prostrata" and "A', lenclla". Since no 
author combinations have been cited in the works mentioned, it is not 
quite clear on what species the counts have been made. JOHNSTON 

(1936) gives Ihe following synonymy (valid names in bold face): 
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Fif» 1 Squashed chromosome pLilis — A: Pleuropetalum darwinii Hook p. — 
I! Xolana galu/iagensis (CHRISTOPH.i JOHNST. — C: Scalesla affinis HOOK. F . — 

I) S crockeri HOWRLI I S hopkinsii ROBINS. — F: S. microeephala ROBINS. — 

G Lecocarpus loliosus DECAISNE 
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N. p a r a d o x a L I N D L . = N. atriplicifolia I). D O N = .V. grandiflora L E H 
MANN, while N. grandiflora H E R Z O G — N. acuminata MIKHS. and N. pro-

strata L. = N . hiiinifusa l(iouAN) JOHNST. X. paradoxa and X. acumi

nata a r e both Chilean, whi le A', humifusa is Peruvian. N. tenella L I N D L . 
is considered by J O H N S T O N (op. cil. p . 81) to be of garden origin and a 
c h a n c e hybr id of X. humifusa and X. paradoxa. 

Scales ia ARN. 

Scalesia is an endemic genus of the Compositae [Heliantheae - Ver-

besininae). H O W E L L I 1941). in his m o n o g r a p h of the genus, treats 

eighteen species, bul the del imitat ion of several taxa is slill unsat isfac

tory, especially concern ing the species wi th lobed leaves. 

Chromosome counts have been m a d e previously by O N O 119(57 a) 
w h o counted (58 ch romosomes in somatic cells of S. affinis H O O K , F 
and .S. pedanculata H O O K . K. He (19(57 a. hi also discussed the syste
mat ic re la t ionship of the genus from the dala of ch romosome n u m b e r s . 

1 have counted ch romosomes in .S. affinis and in ano the r three species 
not previously investigated in this respect. In all of Ihem the somatic 
n u m b e r was found to be 08. 

Scalesia a t f in is H O O K . i". — Fig . 1 C 

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

CHROMOSOME COUNT: 2 n = 6 8 . Counts were made in ten cells, all 

from one plant . 

T h e species forms a s h r u b o r smal l Iree, up to 3 m tall, and is dis
t r ibuted on (he is lands of F e r n a n d i n a . Floreana, Isabela and Santa 
Cruz. Specimens Iroin different is lands a re somewhat divergent, and 
three subspecies b a s e been dis t inguished icf. I I \ H L I N G 19(52). 

Scalesia crocker i H O W K L L — Fig. 1 I) 

SEED COLLECTION: LLIASSON 1990, Isla Santa Cruz, north-east side, 
Pimta Carrion, all. :>—10 m, 2) April 19(57. 

CHROMOSOME C O U N T : 2 n = G 8 . Counts were m a d e in eight cells, 

all from one plant . 
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The species forms a low shrub about 1 in tall. II is restricted to lava 
cliffs close to the sea on the north-east side of Santa Cruz and on the 
assoeialed islands of Baltra and Seymour. 

Scalesia liopkinsii ROBINS. — Fig. 1 E 

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

CHROMOSOME COUNT: 2n=68 . Counts were made in about twenty 
cells, all from one plan I, 

The species forms shrubs or small trees, up lo 3 m tall. In a restricted 
sense, the species is known only from the island ol Pinta, but the deli
mitation from other species with deeply lobed leases is not altogether 
satisfactory. 

Scalesia microcephala ROBINS. — Fig. 1 F 

SEED COLI 1 ( HON. KI.IASSON 1301. Isla Isabela, Volcän Alccdo, on the 
eastern slope of the volcano, alt. 800 in. 13 Feb. 1967. 

CHROMOSOME COUNT: 2ii^fi8. Counts were made in seven cells, 
all from one specimen. 

A small tree, 2—i m tall. This species forms low-growing forests at 
high levels on the islands of Fernandina and Isabel.i. 

Lecocarpos foUosns DECAISNE Fig. I G 

SKED COLLECTION: ELIASSON S.U.. isla Floreana, Floreana Peak, alt. 
350 ni. •>•_> Nov 1966. 

CHROMOSOME COUNT: 2n = 22. Counts were made in siv cells, all 
from one plant 

\ monotypic genus of the Compositae [Heliantheae - Melampodinae), 
restricted to the island of Floreana. This low shrub, up lo 1 in tall, 
grows on lava fields near the shore as well as on the inner parts of the 
island. 

Chromosome counts have hitherto been published for only a few 
genera within this subtribe, but the basic number 11 has not been found 
previously. The genera closest related lo Lecocarpus seem to be Melam-
podium L. and icanthospermum SCHRK. The only chromosome counts 
hitherto in these genera seem to be those of TuBNEH and FLYR (1906), 
who found n = 10 in two species of Melampodium. 

Bot. Notiser, vol. 123. 1970 
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Studies in South African Liliaceae 

III. The Genus Rhadamanlhus 

By Bertil i\ordeiistain 

Museum of Natural History, 
Stockholm 50 Sweden 

ABSTRACT 
NORDISNSIAM. ii studies in South African Liliaceae. III. The Genus 

Rhadamanthus. — Bol. Notiser 123: 155—182, Lund. 
In I he present revision of the genus lihrnlamanthtis SALISB. il.itiaceae-

Scilleae] all three previously described species are recognized, viz. the type 
speeies It. convallarloldes (L. IM HAK., H. urantherus DYER, and It. cganel-
loides HAK. Six new speeies are added. \\/. It. montanus B. NORD., It. 
/irciiKolii B. NORD It. secundus B. NORD., It. plntyphijllu* B NORD.. It. 
fasciatus B. NORD., and It. ulhifturus 15 NORD. The genus is closely allied 
lo Urglnea. from which il differs < Inctlv l>v the mode of dehiscence of the 
anthers, Rhadamanthus is confined to southern Africa, and most speeies 
occur in arid regions. 

INTRODUCTION 

The genus Rhadamanthus was established by SALISBURY in his 
pos thumous ly publ ished f ragment of "The genera of p lan ts ' (SALISBURY 
1866). T h e genus was or iginal ly monolvpic , including only Hyacinthus 

conoatlarioides L. F. Among the m a m new genera proposed in this 
work, the only one subsequent ly accepted by B A K E R was Rhadamanthus 

(BAKKU 1871). In "Flora Capensis ' BAKER added a second species but 
hesl i la l inglv. \ i / . "If. ? cyanelloides" BAKER (1897). V third species. 
li. urantherus DYER, was descr ibed in 1934. 

T h e present s tudy was init iated dur ing my slay in South Africa in 
1962- (54. when I experienced some difficulties to n a m e properly a 
few small bu lbous lilies, which I bad brought into cult ivation tin 
Kirs tenbosch, and later in the Botanical Garden of Lund , Sweden) . 
One of m y p lan t s appeared to be a very distinct new species of Rhada

manthus, charac te r ized by its two flat and b r o a d leaves. T h e other two 
collections were less clear-cut . however , and I l i na lh realized that a 
revision of all avai lable mater ia l of this small genus was necessary. 
This s tudy was accelerated by a request from Professor M E R X M C I . I . E R 

Bot. Notiser, rot. 183. 1970 
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of Munich lo examine Ihe South West African mater ia l of the genus 
as well as some oilier collections of obscure affinity within the tribe. 
T h e investigation gave I he surpr i s ing result, tha t m y own three collec
t ions represented as m a i n undescribed species and that another three 
new species would have to be added. 

T h e affinities of Rhadtimtinlhiis are very clearly with the la rge 
genus Urginea. The chief difference is found in the mode of an the r 
dehiscence. The an the r s of Rhadamanthus are said to open by apical 
pores. A more correct descr ipt ion is thai the an the r s dehisce incompletely 
by in t rorse longitudinal slits. W h e n Ihe su tures reach down below the 
midd le of the theeae, as in /?. fasciatus and li. albiflorus, the difference 
from the complete dehiscence in Urginea may seem tr i l l ing. 

Some o ther charac te r s may be thought of as typical of Rhadaman

thus, e.g. the constant ly bys te ran lho i i s leaves. Ihe s lender peduncle , 
Ihe Spurred b r a d s , the pendu lous gamophyl lous and bell-shaped peri-
gons. and Ihe black discoid seeds wi th a firm endosperm. All these 
c h a r a c t e r s occur in species with complete an the r dehiscence, however, 
and Ihus have little d iagnost ic value in the present classification. The 
impor t ance of a gamophy l lous perigon as a generic charac te r was 
stressed by COMPTON, w h o defined the monolypic genus I'rijinro/isis 

from Urginea on this single cha rac te r (C.OMPTON 1930). T w o years 
ear l ier DUTHIK had dis t inguished a section I'seudurginea of four 
Urginea species with tepals uni ted at the base (DUTHIE 19281. ADAMSON 
(1942) in a discussion of this cha rac te r concluded that Urgineopsis 

must be included in Urginea. Until Ihe generic limits within the South 
African Scitleae have been revised, Rhadamanthus is best retained as 
a genus . In its present c i rcumscr ip t ion the genus gives Ihe impression 
of a na tu ra l g roup of species, wi th the exception ol R. cganeUoides. 

When better k n o w n Ihe lat ter species cer tainly will have to be excluded. 

T h e present revision will serve to i l lus t ra te ou r incomplete knowledge 
of several species. Rootslock. leaves, capsules a n d seeds are unknown 
in It. cyanelloides, and in o ther species information is lacking in one 
or m o r e of these respects. It is r ecommendab le to study Ihe plants in 
cul t ivat ion. They readi ly set fruits and seeds and are probably auto
gamous . Other aspects need ing fur ther study include pollen morphology, 
cytology and bulb a n a t o m y . 

The revision is based on herbarium material From the following herbaria 
(abbreviations according to I .w jovw and S T A I ' I I X 1904 with the addition of 
WHK): B, BM, BOL, G. GRA, K. L, I.D. M. NBG, PRE, S, SAM. UPS. W, WHK 
( = South West African Herbarium, Windhoek, South West Africa). 
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THE GENUS HIIADWf\NTIll \S 157 

RHADAMANTHUS S U.ISB. 

SALISBI in 1800 i». 37; BAKUII 1871 |>. 434; BFNTIIAM .\- HOOKER 1883 p. 808: 
BAKER 1897 p. 114; THONNEH 1915 p. 128: PHILLIPS 1920 p. 151; KRAI SE 1930 
p. 341; PHILLIPS 1951 p. 190. 

Caudcx a thinly tunicated bulb, bulb .scales sometimes only looscl\ 
imbricated or even separate and stalked, apically (especially the inner 
ones) often produced into short or rarely elongated papyraceous 
sheaths: these distinctly or obscurely iascialed with + raised cross-bars. 
Roots several, librous. 

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

Scape solitary, simple, erect, leafless, glabrous or minutely puberu-
lous—scabrid with numerous small hairs or excrescences arranged in 
several longitudinal rows. 

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

Perigon campanulate- subglobose; tepals half-closed lo almost 
spreading during anthesis. subequal or somewhat unequal, midribbed, 
connate basally or up lo above the middle, seldom free from the base. 

Stamens enclosed. Filaments basally adnate to the perigon or almost 
free, shorter to somewhat longer than the anthers. Anthers often some
what connivent around the gynoecium (in li. cyanelloides permanently 
connate into a COIHM. yellow greenish, basifixed niedifixed. dehiscing 
introrsely with incomplete longitudinal slits, which remain apical and 
pore-like or proceed down to the middle of the theca or somewhat 
more: thecae basally rounded or apiculate—caudate, glabrous or bar-
bellale. 

Ovary sessile, globose -ovoid subquadrate. often trilineate and 
somewhat triquetrous, glabrous or papillate puberulous. Style colum
nar—subclavate, thick and short (seldom longer than the ovary) or 
lacking: stigma capitate and faintly trisulcate or craleriform with 
shallowly Iobed margin. 

Capsule ovoid subglobose. somewhat triquetrous, often carrying the 
withered perigon as a hood, glabrous, with a somewhat glistening 
surface, loculicidally three-valved. 

Bot. Notiser, vol. I2H, 1970 

file:///NTIll/S


158 BERTIL NORDKNSTAM 

Seeds severa l—many, flattened, discoid. black or blackisli b r o w n ; 

testa thin and papery , finely re t iculate—rugulose, often wr inkled or 

folded. Endospe rm firm, whit ish. 

Type species: K. convallarioides (L. i-\l HAK. 

Species 9. one of which (R. cyanelloides) may have lo be excluded 

upon fur ther s tudy. 

Dis t r ibut ion: Arid par t s of South and South West Africa and m o n t a n e 
habi ta t s in southwestern Cape. F r o m Central South West Africa in the 
north to Stellenbosch -Swel lendam—Oudtshoorn Divisions in the south, 
and in the interior reaching eas twards lo l i loemlonlein. The deviating 
species li. cyanelloides lias also a distinct d is t r ibut ion, being k n o w n 
only from Komgha Division in the Eas tern Cape Province. 

Key to the Species «if Itliadamanthiis 

I. Anthers connate lo a cone, dehiscing with small apical pores. Tepals free 
from the base. Scape stout, -10— 60 em long 9. H. cyunclloidrs 

1, Anthers free, dehiscing with apical slits sometimes reaching below the 
middle of the Ihcca. Tepals hasally connate. Scape ± slender, rarely up 
to t() cm long. 
2. Hull) scales separate, stalked. Raceme curved to the north, distinctly 

secund. Pedicels very short (1—2 nun long) 5. Ä. secundus 
2. liulh scales sessile, loosely or densely imbricate to a normal bulb. Raceme 

erect, all-sided or somewhat unilateral. Pedicels ."{—15 nun long. 
3. Anthers hasally rounded and glabrous. 

i. Scape quite glabrous and smooth throughout, hasally surrounded 
by a twisted, distinctly cross-haired sheath. Filaments free from 
the base 7. li. fasciatus 

4. Scape pubcrulous or minutely seahrid. at least basally. Sheaths, 
if present, not twisted and only faintly cross-barred. Filaments 
hasally adnale to the perigon. 
.">. Filaments very short (0.5 mm long or shorter), curved. 

Flowers white, expanded X. R.albiflorus 
5. Filaments almost as long as the anthers or longer (0.8— 1.5 

inni long). Flowers brownish—pinkish, subglobose or cam-
piinulale. 
(i. Scape distinctly puberuloiis throughout or nearly so. Pedi

cel usually shorter lhan perigon . . . . 1. R, caiwaUariotdes 
6, Scape minutely seahrid (or rarely puberiilousl in the 

basal part only, otherwise smooth. Pedicel usually longer 
than perigon 2. II. montanus 

.'i. Anthers hasally caudate, apiculale. or barbcllale. 
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7. Anthers basally barbel la te . F i laments pap i l l a t e—puberu lous . 
Leaves 2. b r o a d and flat, densely and shor t ly veli i t inons above . . 

0. It. platyphyllus 
7. Anthers basally ap icu la le o r caudate . F i laments g labrous . Leaves 

several , f i l i form—linear , g labrous . 
N. Bulb scales loosely imbr ica te with sepa ra t e t ips . Scape gla

brous . An the r s basally ap icula te 4. ft. arenicola 
8. liulb scales densely imbr ica te . Scape p u b c r u l o u s th roughou t . 

Anthers basally c auda t e 3. It. urantherus 

1. Rhadamanthus convallarloides (L. F.) BAK. 

BAKBR 1871 p . 434: DURAND & Sc.lllNZ 1895 p . 373 : HAKER 1897 p. 444: 
CoMPTON 1981 p. 277. — Hyacint Inn conimllarioidrs I.. I-.: L I N N É FII . . 1781 
p . 204: THUNBERG 1794 p . <>4; VVlI.I.DKNOW 1799 ]). 108; THUNBERG 1823 p. 
•'526; ROEMEH & SCHUI.TES 1829 p . 584; KüNTH 1843 p. .'105. - O r i g . c o l l . : 
THUNBERG, k a r r o o below Roggcvcld (Herb . THUNBERG 8519, / / . c. in. T H I N K . . 
U P S leclolypc: he rb . LINNAEUS 438: 12. H. c. m. L. F., L I N N ; ex he rb . 
Af.sTROEMiiU, S: ex herb . MoNTIN, S) . 

T h e species was founded on a THUNBERG collection, Ibe locali ty of which 
is given in THUNBERG 1823. M A S S O N ' S specimens in I5.M were no doub t collected 
a t t he s ame occasion. In selecting a leclolypc I have been in a d i l emma. The 
sheet in the L innean He rba r ium of London, with the n a m e in Ibe handwr i t i ng 
of Ibe younger L I N N A E U S , m a y seem most sui table . However , on the sheet 
in Ti UN BE He's h e r b a r i u m D V E I I h a s wr i t ten " t y p e ! " and be has also in print 
expressed his opinion that t he sheet in Uppsala represen t s " t he t y p e " (DYER 
1934). Since it is not k n o w n w h o first p roposed the species, T H V N B E I K ; o r 
L I N N É EH. . (or p e r h a p s his f a lbe r ) , there is no reason to depar t f rom D Y E R S 
suggest ion. 

T h e combina t ion It. convallartoides has a lways been ascr ibed to SALISBURY 
(1866). According to the present rules of nomenc la tu re (Art. 331 the combina
t ion was not validly publ ished by SALISBURY, w h o merely cited Hyacint lins 
convnlhirinitlcs unde r his new genus Rhadamanthus. Instead, the combina t ion 
musl be ascr ibed lo BAKER (1871), 

I l l u s t r . ; Pig. 1 A I). (JACQUIN 1797 refers lo It. montttmis). — Map I. 

Bnlh S l l b g l o b o s e — o v o i d . 1.5—3 c m in d i a m . , w i t h s i l v e r y w h i l e o r 

g r e y i s h t h i n o n l e r l u n i c s . B a s a l s h e a t h s i w i t h e r e d leaf b a s e s ) short , 

l a x l y a n d f a i n t l y t r a n s v e r s e l y b a n d e d , a p i c a l l y n o r m a l l y pink— p a l e 

p u r p l i s h , / .canes- s e v e r a l (c . 4 — 1 0 ) , e r e c t , f i l i f o r m , 4 — 1 0 ( 15) c m 

l o n g a n d c . I m m t h i c k , g l a b r o u s , g r e e n , c. 3 — 5 - r i b b e d w h e n d r y . a c u t e 

o r s u b a c u t e . Scape e r e c t , o f t e n g e n t l y f l e x u o u s , 8 2 5 c m l o n g . 0.8— '2 

m m t h i c k n e a r I be b a s e , d e n s e l y p u b e r u l o u s u p lo b e l o w I h e r a c e m e 

o r s o m e t i m e s h i g h e r u p w i t h p a t e n t o r s o m e w h a t d e f l e x e d s h o r l a n d 

s t i f f a c u t e h a i r s , b r o w n o r p a l e b r o w n i s h t o s l r a w - c o l o u r e d ( r a r e l y 

Rot. Notiser, vol. 128, HIT« 



160 BKKTIL NORDKNSTAM 

reddish or purplish brown). Raceme 2.5—10 (—12) cm long, somewhat 
unilateral, lax lo fairly dense, 5—25-flowered. Bracts deltoid ovate. 
1—2 nun 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 about equalling 
the perigon in length or slightly shorter, glabrous or rarely minutely 
and laxly scabrid-puberulous. Flowers nodding, normally several in 
flower simultaneously. Perigon broadly campanulale. Tepals narrowly 
oblong-ovale or narrowly elliptic-oblong, 7—10 nun long. 2.5—3 nun 
wide, connate for 2—."1 mm basally, obtuse, pale brownish to pinky 
while with a darker midrib, puberulous-lippcd. Filaments inserted 
1.7—2 nun above the perigon base: the free parts linear to oblong, 
1.5—2 mm long. 0.2 0.1 mm wide. flat. Anthers rich or orange yellow. 
1.5 2 nun long. 0.7—1 mm wide, dehiscing with apical slits down to 
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), distinctly 3-lined. Style columnar—subclavate, 
1.5—2.5 nun long, 0.4 0.0 mm wide: stigma capitate, shallowly tri-
sulcale. Capsule subglobose, slightly triquetrous, Irilineate, c. 5 mm 
long and broad, dull green with a somewhat gliltering golden yellow-
tinge. Seeds many, 2—2.5 mm long, c. 1.5 mm wide, ± obovate, black, 
somewhat wrinkled and finely reticulate. 

Flowering period: Oct.—Dec. 

COLLECTIONS 

CAPE PROVINCE. L. N a m a q u a l a n d Div.: Near Caries, XI. 1939, 
ESTERHUYSEN 2(510 (BOL). - V an r l l y n s d o r p Div.: Klaver, X. 1911, 
LEIPOLDT (BOL, K. PRE); cult, in Kirstenbosch, XII. 1945 (NBG). Clan-
w i l l i am Div.: Clanwilliani. hills Dear the village. 200 lt. LEIPOLDT 517 
(BOL) Hcliind SynnoHs Location, Clanwilliani, 360 II, XII. 1897, LEIPOLDT 
660 (GRA) - - Pakhuis Pass, XII. 1934, SALTER 5025, grown at Bolus Herb., 
leaves added VIII. 1936, flowers XII. 1936 (BOL), grown in Mr. Pn.l.ANs' 
garden, leaves added VIII. 1935, flowers XL 1935 (HOL) — Rondegat, X. 1938. 
L. BOLUS, herb. HOL 30630 (BOL) - - 10 miles NYV by N of Clanwilliani, 
slopes to Olifants River, X. 1958, AC.OC.KS 19758 (PRE) Slope of Kafferskraal 
off National Road, e. 20 miles S of Clanwilliani, 1000 1500 ft. XL 1963. 
TAYLOR 5550 (PRE) - Pakhuis Pass, X. 1964, colour photo and leaves from 
cult., HARDY 1749 (PRE).- C a l v i n i a Div.: Lokenburg, between Nieu-
woudtville and Boler Kloof, XII. 1946. LF.IC.UTON 2359 (HOL) — Lokenburg, 
flowered in cult.. XL 1956, ACOCKS 18203 (PBEl. S u t h e r l a n d Div.: 
Koedoes Mountains. X. 1950, II. HALL 284 (NBG). — L a i n g s b u r g Div.: 
Bot. Notiser, vol. 123, 197(1 
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Fig. I. A—D: Rhadamanlhus conuallarioides [TAYLOR 5550). — A: Klower, X5. — 
li: Tcpiil and stamen. ; .">. - - C: Stamen. 20. — I): (iynoeciuni. X 10. — E—I: 
/<. moiiloniis INOHDKNSTAM .'I.T.lSi. — K: Bract, X5. - P: Flower, XÖ. G: Stamen. 
X20. — H: Gynoecium, XlO. — J: Ovary, transverse section, X10. J: ft. urantherus 

(BARKER 126), stamen. '20. 

Whitehill, XI. 1935, leaves added XL 1936, COMI'TON (HOI,) - - Whitehall 
Karroo, XI. 1944, COMPTON 16387 (HOL), grown in Karroo Garden, XL 1944 
(NBG).— S i n e l o c o : THUNBERC (LINN, UPS), ex herb. AI.STKOKMF.R (S), 
ex herb. MONTIN (S) (Karroo below Roggeveld. fide TiU'Niucnc. 1823) — 
MASSON (BM) Bolus Herb., flowered in Cult. XL 1940, L. BOLUS (BOL). 

Th i s species was a l ready by JACQTJIN (1797) confused wi th ano the r 

species more common in the southwestern mountain districts of the 
Cape (see further under /?. montanus), 
1 I Bot. Notiser, vol. 123. 1970 
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R. convaUatioides is found in kar roo and d r y aspects of fynbos 

("near fynbos" and "ar id fynbos") . and il {{rows on stony SIOJHMJ as 
well as in sandy soil. The dis t r ibut ion ranges from L. N a m a q u a l a n d 
in the nor th to Clanwilliam in the south and eas twards to the kar roo 
p a r t s of the Wit tebergen in Lamgsbu rg Division. Most localities recorded 
a re from low al t i tudes (below 500 in s .m.j . 

2. Khadamaiithus montaiius B. NORD., sp. nov. 

Hyucinthiis coTwallarioides and . non L. F.; JACQTJIN 171)7 |). 42. 

O r i g . c o l l . : ESTEBHUYSEN 11456, Cape Province, Stellenboscl) Div., 
Jonkershoek Twins, ledges, NE side. 3000—4000 II. 12.11. 1945, leaves added 
VI. 1945 (BOL holotype, K, NBGi. 

I I I u s t r . : Fig. 1 E—Ij JACQUIN 1797, Plate 81. — .Map 2. 

Bulbus subglobosus—ovoideus vet piriformis tenuitcr tunietitus. Vaginae 
inconspicuae vol destitulac indistincte transverse paucistriatae. Folia pauca 
numerosa erecta filiformia—linearis glabra. Scapus erectus prope basin 
scabridiusculus (rar o minutissimc puberulus) cetera glaber plerumque cupreus 
vcl rufescens. Bracteae inferiores distincte calcaratae. Pedicelli filiformes glabri. 
Tepala elliptico-oblonga oblusa dilute fusca — rubella lirunnco-costata basi 
connata, Antherae luteae glabrae, thecis desuper ad medium fere dehiscentibus 
basi rotundatis. Filament a antheras lnngittidinc aequantia vel eis paulo longiora. 
Ovarium anguste ovoideum Irilinealum glabrum in stylurn columnar em vel 
subclavatum productum. Semina complanata nigra fuscoatra sptendentia. 

Hulh subglobose—ovoid or pyr i form, 1.5- 4 ( -b) cm in diam., with 
light grey or t ransparent tunics. Basal shea ths inconspicuous or lacking, 
will) or without a few faint cross-bars . Leaves f ew—many (from 3 1 
u p lo c. 25), erect, f i l i form—linear. 3 — 10 cm long (in cult , ra re ly up 
to 25 cm) , 0.8—2 {- 2.5) m m thick, scmitercle. 5 7-ribbed (when dry) 
or indistinctly veined, green or slightly glaucous, g labrous , rarely 
minute ly scabrid a long the veins, ob tuse - subacute . Scape s traight or 
somewhat flexuous, 5—30 ( - 40) cm long, 0.7 "2.5 mm thick near the 
base , glabrous to the naked eye but under I he microscope minutely 
scabr id with small excrescences on the basal half only, usual ly reddish 
b rown . Raceme 2—18 ( 22) cm long. c. 5 50-flowered. almost all-
sided or somewhat one-sided. Bracts ova te -acumina te or t r iangular-
cuspidate , 1- 2 m m long with 0.5—1 (—2) m m long spur, uppe r ones 
shor te r and indist inctly spurred , often purp l i sh and with somewhat 
de ida te margins . Pedicels ereclo-patent patent , 3—15 ('—18| m m 
long, glabrous. Flowers nodding, but m a t u r e capsules erect on curved 
or creeto-patent pedicels. Perigon campanula te—subglobose . Tepals 
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4.5 8 m m long, 1.5—3 nun wide, elliptic-oblong, pale brown to c r eamy 
pink with brown median str ipe, obtuse, basally connate for 1- 2.5 m m . 
Filaments inserted c. I m m above the perigon base; the free pa r t s 
linear, flat, 0.8 2 nun long. Anthers 1—1.6 m m long, yellow, dehiscing 
to about the middle of the tbeca. Ovarii nar rowly ovoid—subcorneal . 
1.8—3 nun long, tr i l ineate. g labrous . Style co lumnar—sube lava te . 1 1.5 
mm long. Capsule subglobose broad ly ovoid, subt r iquet rous , 4—(5 
(—7) m m long and broad , dull or pale green to purpl ish with a some
what glistening golden tinge. Seeds many , flattened, na r rowly ob long— 
elliptic-obovate or somewhat b road ly lunate in outline. 2.5—4.2 m m 
long. 1.5—2 nun wide; testa easily wrinkled or deformed, glossy dark 
blackish b rown—black wi th a minutely and faintly rugulose surface. 

F lower ing period: Nov .—Jan . 

COLLECTIONS 

CAPE PROVINCE. C l a n w i l l i a m Div . : Pakhuis, Henning Vlei. XII. 
1941', ESTERHUYSEN (NBG) -Pakhuis , summit of peak, XII. 1911, RSTRRHUY-
SF.N 7423 (HOI.I Summit of Pakhuis Peak, 350(1 ft, XII. 1948. ESTERHUYSEN 
14953, grown at Mollis Herb., flowers added I. - - II. 1950 and 1951, XII. 1951, 
1953 and 195-1, leaves added VI, 1919, capsules and seeds added I.—II. 1949 
(BOL, 2 sheets, on one of which 3 scapes of li. ptatyphylhis have been errone
ously mounted) Gedarberg, Wolfberg, XII. 1953, leaves added V. 1954. 
ESTERHUYSEN 22474 (HOL). — C e r e s D i v.: Visual, XII. 194(5, FsTi.iuni si:\ 
13391 (BOL) Oiiderboschklool, I. ]948. ESTERHUYSEN 14298 (BOL) — 
Above YVitels Kloof, off Michells Pass. XII. 1948. grown at Bolus Herb., 
leaves added VI. 1949, ESTERIIIYSKN 14738 (BOL) Elands Kloof. Cold 
Hokkeveld Mis.. 3500 ft. III. 1951. flowers added I. 1952 and 1953. leaves 
added IV. 1953, ESTERHUYSEN 18449 (BOL) - Michell's Pass, \ slope, XL 
1952, ESTERHTJYSEN'20724 (BOL). P i k e t b e r g D i v . : Piketberg, upper 
W slopes of Levant Hill, XII. 19(53. N'OHDKNSTAM .'i:t98, also grown in Kirsten
bosch and Lund IS). - W o r c e s t e r Div . : In convalle fluni, ilex. 1700 
ft. I. 1908. leaves added I V - VII.. BOLUS 13210 (BM, K) — Du Toils Kloof, 
above Elands Kloof stream, XII. 1943, grown at Holus Herb., leaves added IX. 
1945 and 194(5. ESTERIIV/YSEN 9(194 (BOL) Stettynsbcrg, 4000 ft. XII. 1944. 
leaves added VI. 1946, ESTERHUYSEN 11445 (BOL) - - Waaihock Mis., lower 
parts of Jan du Toils Kloof, I. 1919. ESTERHUYSEN 150(55 (BOL, K, UPS) -
Elandskloof. off Du Toils Kloof. XII. 1952. leaves added V. VI. 1953, 
ESTERHUYSEN 20983 ( B O L ) . - - P a a i-1 D i v . : Near French Hoek. I, 1932, 
SALTER 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, ESTEHHIVSEN (BOL). NBG 407/40. flowered in 
Kirstenbosch II. 1945 (NBG) and I. 1951 (NBG) Slanghoek Mts., Observa
tion Peak, 3500 II. II. 1943, ESTERHUYSEN 8(514 (BOL) - - Grool Drakenslein 
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Mis, Devil's Tooth. XII. 1943, flowered :il Bolus Herb. I. 1946. ESTERHUYSEN 
9518 i HOI.i — Bailey's Peak, Bains Kloof Mts.. 3000 3500 ft. II. 1954. 
leaves added at Bolus Herb. XI. 1951. ESTERHBYSEK 2273« I B O L . k. I 'liLi. 

S i c l i e n b o s c h D i \ . : Banhoek, I. 1941, COMPTON L0346 (NBG) -
Jonkerslioek Twins. NK side. 3000 4000 ft, II. 1945, ESTERHUYSEN 11456 
(BOL, K, NBGi - - Emerald Dome i ' i . in pol al Bolus Herb, marked 1/44, 
XII. 1945. KsiLuiii ' .sr.v herb. BOL 30027 (BOL) — Guardian Peak, summit, 
4600 ft. 1. 1955. ESTERHUYSEN 24132 (BOL) Langriv ier. Jonkerslioek. 
3700 ft. below twin peaks. II. 1966, Kintiooi 5675 (NBG). - L a d i s m i t h 
D i v : Seven Weeks l'ooit. LEWIS, NBG 2671/32, flowered in Kirstenbosch 
XII. 1939 (NBG).— P r i n c e A l b e i t D i v . : "Prince Albert", NEETHUNG, 
NBG 1447/16, flowered in Kirstenbosch 1. 1923 (BOL). - S i n e l o c o : 
Kirslenbosch, nursery, II. 1932. herb. BOL 30631 (HOI.) Bolus Herb, in 
tin. I 1936. lea\cs added XI. 1936. herb. BOL 30626 (BOL). 

/>'. montanus is no doubt closely allied lo R. convallarioides. from 
which il differs in several morphologica l details as well as in ecology 
and distr ibution. In the lat ter species the basal shea ths are usual ly 
distinct, laxly fascialed and apically pink or purpl ish , and the scape 
is d i s l inc lh puberulous lor I he greatest length and more or less pale 
coloured. In R. montanus Ihe shea ths are lacking or inconspicuous and 
only faintly fascialed. and the scape is minutely scabrid in ils basal 
par i and typically coppery o r reddish brown in colour. 

In ils present c i rcumscr ipt ion R, iiionlmuis is the most var iable species 
of the genus. T h e variat ion is considerable especially in size of flowers 
and floral details and in length of scape and pedicels. Very gracile and 
small flowered specimens occur in Ihe nor the rnmos t pari of the distri 
hulion area. v i / . Ihe Gedarbergen In a few ol these collections Ihe 
leaves are minutely scabrid. whe rea s in other regions only quite smooth 
leaves have been observed. 

R. montanus is a mon tane species ol the western Cape mounta in 
distr icts with essentially fynbos vegetation. The species ranges from 
Gedarbergen in the nor th to Stellenbosch in the south and eas twards 
to about ( i amka River. 11 grows in shallow soil on stony slopes and 
especially on rock ledges and in pans on boulders , al al t i tudes inoslh 
between <>()0 and 1500 m s.m. 

3. Kl iadaniant luis u ran lhe r i i s D Y I H 

DYER 1934 text to Plate 3247. — O r ig . c o l l . : BARKER, Cape Province, 
Oudlslioorn Div.. 1 mile E of Oudlshooin, 1932, hort. Kew 933/32, flowers 
added III. 1933, leaves \ . 1933 [K hoiotype). 

I 1 I u s t r.: Fig. 1 .1: DYER 1934 Plate 3247. Map 1. 
Bot. Nnl i -cr . vol . 123. 1970 
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Maps I—.'!. — 1. Rhadamanthus coavallatloides (•) and R. urantherus (O). — 2. 
/(. montanus fo = inexact locality). — 3. R. arenicola (•) and R. secundus (°i. 

Balb subglobose— ovoid. 2—3.5 cm long, 1.5 3 cm in diam., with 
grey—brownish outer tunics. Basal sheaths short, greyish, laxly trans
versely banded. Leaves filiform, erect, several (2 -8 fide DYKR), 4—6 
cm long, c. 0.5 mm wide, subterete. green, glabrous, obtuse—subacute. 
Scape erect, 12—20 (in cultivation —30) cm long, 0.7—1.5 mm thick 
near the base, pale brownish, minutely puberulous throughout. Raceme 
gracile, lax, c. 5—10 (—12) cm long, c. 10—25-flowered. Brads 1 1.7 
mm long, triangular-ovate, acuminate; spur distinct, linguiform. 0.5— 
1.5 mm long (in upper bracts shorter or obsolete). Pedicels (erecto-
patent—) spreading, slender, filiform. 3—12 mm long, minutely and 
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sometimes indistinctly scabr id-puberulous . Flowers nodding. Perigon 
subglobose, hall-closed. 5—6 mm in d i am. Tepa ls basal ly connate (for 
C. O.N 1 m m ) , elliptic-oblong, c. 4 m m long and ' 2 - 2 . 5 m m wide, light 
brown with somewhat da rke r m i d r i b : apex rounded, minutely a n d 
sparsely puberulous . Filaments basa l ly adna te to the perigon; the free 
par t s l inear from a broader base , c. 1 m m long, [others 1.5—1.7 m m 
long (incl. tails), yellow, basal ly dist inctly and acutely cauda te , dehiscing 
with apical pore-like slits reaching down to the middle of the theca or 
less. Övart/ pyr i form blunt ly conical-ovoid, somewhat t r iquet rous , 2 
2.5 mm long, 1.3—1.5 m m wide, puberu lous , wi thout produced style, 
apically t runca te wi th shallowly three-sulca te s t igma. Capsules a n d 
seeds unknow u. 

Flowering period: March—Apr . 

C O L L E C T I O N S 

CAPE PROVINCE. O u d t s h o o r n D i \ . : 1 mile E of Oudtsboorn, 1932, 
BARKER, hart. Kem 933/32, flowers added III. 1933, leaves \ 1933 iKi; 
Oudtshoorn, IV. 1933, BARKER 12(5 (BOL p.p., K l -

R uraiilheriis in habit resembles s lender and small-f lowered forms 
of R. COlXVallarioides and /?. montanus but is on closer examina t ion 
readi ly dis t inguished by the c a u d a t e an the r s anil the puberu lous ovary 
without a produced style. T h e scape is puberu lous th roughout , in 
contrast lo R. montanus, and also in contrast lo the probably closely 
related R, arenicola which has a g labrous scape. 

The sheet in BOL is heterogeneous, only the two left specimens 
belonging to R. uranlherus. T h e o ther specimens consist of inflores
cences and leafy bulbs per ta in ing to R. montanus and have evidently 
been added by mis take from some other mater ia l cul t ivated at the 
Bolus I l e rbar ium. 

The single locality k n o w n lies within the Little Karroo, and the bu lbs 
were said to be growing "amongs t s tones" It is quite possible that th is 
easily overlooked species will be found in o ther kar roo a reas as well. 

4. Rhadainaiilhus arenicola B. Noun. . sp. now 

O r i g . c o l l . : Pn r \ \ s . herb. BOL 18253, Cape Province, L. Namaqualand 
Div.. 0.5 mile S of Walle Kraal, sandy ridge, X. 1924 (BOL holotype). 

1 11 u s I i Fig. 2 A P. Map 3. 
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Nullius amhitu fere globosus; bulbi squamae imbricatae, apicibus dislinctis 
roseis vel dilute purpureis leviter fasciatis. Folia filiformia plura erecta glabra. 
Scapus erectus glaber. Flores nutantes m racemo laxo dispositi; pedicelli lon-
gitudine limes supcranles. Tepala ad medium vel ultra connala subinaequalia 
obtusa—truncata. Antherae basi apiculatae. Ovarium ovoideum. Styles brc-
vissimus, stigmate crateriformi. 

Hull) + globose in outline, 2.5—5 cm in diam.: bulb scales somewhat 
loosely imbricate, ovate—lanceolate. 1—3 cm long. 0.5 1.5 cm wide, 
brown when dry i while—pinkish when fresh'.'), apically pink—purplish 
blue and i acuminate with a linear-subulate laxly and indistinctly 
cross-banded sheath. Leaves creel, filiform, several) a lew cm long, 
glabrous. Scape (5 j 10—15 cm king. 1—1.5 (—2) mm thick basally, 
glabrous, dark brown to light greyish brown. Raceme lax, all-sided, c. 
8—25-l'lowercd, 3 7 cm long. Pedicels + patent and curved down
wards (alter anthesis slraighl and spreading, finally curved upwards 
or crecto-palcnt). 4—10 mm long. Bracts ovate subdeltoid. 1—2 mm 
long and 1—1.5 mm wide, acute—acuminate or short-cuspidate, few-
loothed or subentire, shortly spurred. Perigon campunulate or sub-
globose and half-closed. 3—4 mm long and wide. Tep/ds elliplic-oblong, 
connale lo about the middle or slightly more, 3.5 I nun long, 1.3—2 
mm wide, subequal, whitish or light brown, with a brown midrib, 
obi use—truncate or somewhat cucullale. Filaments adnale lo the 
perigon for c. 0.8—1 mm; the free parts narrowly oblong—linear from 
a broader base, flat, c. 1 mm long. Anthers 1 1.2 mm long, dehiscing 
with apical slits down lo c. 1,3 from the apex, basally apiculate i— with 
a short acute basal appendage!. Ovary ovoid. 2 2.5 mm long. 1.5—1.8 
mm wide, subtriquelrous, minutely papillate. Style obsolete or short, 
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 nun long, 1 1.5 mm wide, shiny black, coarsely 
wrinkled and finely rugulose. 

Flowering period: Oct. Nov. 

COLLECTIONS 

CAPE PROVINCE. L. N a m a q u a l a n d Div.: Sandy depression X of 
Witbank. X. 1026. PlLLANS 5562 IHOL) — 0.5 mile S of Walle Kraal, X. 1924, 
PIU.ANS. herb. HOI, 18253 (BOL) — 18 miles S of Violsdrift, VI. 1963, flowered 
in Kirstenbosch XI. 1968, NORDBKSTAM 2847 (S). V a n r h y n s d o r p 
Div.: Ebenezar, stonj dry bills, below 500 ft, XL, DHI'.OK ["Hyacinthus 
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connallarioides c ) (I.., Sj — 11 miles S of Nuwcrus on Vanrhynsdorp road. 
II. 1968, KERS 2204 (S).— L a i n g s b u r g Div.: Maljcsfonlein. sandy Hals. 
X. 1921, Fm.i:i 121 (PRE). 

Some of these collections are incomplete and only with some hesitation 
referred to this species (DRKGE, KKHS. NOUDKNSTAM I. 

In litis species the bulb scales arc more loosely imbricated than in 
Ihe preceding species. This tendency has readied an extreme devel
opment in the following species, H. secundus. The relationship between 
R. arenicola and It. secundus is further enhanced by sonic other features 
in common, e.g. Ihe glabrous peduncles, ihe strongly gamophyllous 
perigon, and the basally apiculate anthers. The closes! affinity, however, 
appears to be with It. urantherus. From the latter. It. arenicola is 
sufficiently distinct by its peculiar bulbs, its glabrous scape, and its 
shorter and less distinctly caudate anthers. 

H. arenicola seems to prefer sandy habitats and is hitherto known 
from a few localities from Matjesfonlein in Ihe south up to northern 
Little Namacpjaland. 

5. lihariamailtlius secundus B. NORD., Sp. nov. 

Or ig. col l . : GIESS 2350, S.W. Africa, Distr. I.üderitz-Süd, Kovisbergc, 
30.IX. 1959 (M holotype, WIIKi. 

1 II list r,: Pig. 2 G—L. — Map 3. 

liulhi squamae discretae fusiformes stipltatae carnosae e rhizomate brevi 
enatae, Folia plura lineari-filiformia glabra. Scapus glaber erectus ad septen-
triones versus distinele curvatus. Bracteae ovatae aentae vel breviaeiiininatae 
basi hreviier ealearaiae. Flores brevipedicellati in racemo suhdenso secundo 
dispositi. Tepala ultra niediuni eonnata siibinacqualia ohlusa truneata. Anthe-
rae hasi apiculatae. Ovarium siibglohosuni. Stylus brevis, stigmate crateriformi. 

Bulb scales several numerous, separate (except perhaps the most 
central scales) and forming a lax rosette, stalked from a short rhizome, 
clavale or ellipsoid fusiform, carnose iprobably very juicy and pellu
cid), whitish or somewhat pinkish, c. 1.5 I nun long and 1—2 cm 
wide, apically tapering or contracled to a _L withered pinkish mem
branous subhyaline sheath with a few faint cross-bars. Roots fibrous, 

Fig. 2. A F: Rhadamanthas urenicnlu (A—li: I'H.I.ANS 18253, C.--F: FOLEY 121i. 
— A: Habit, 0,6. — B: Bract, X5. — C: Flower, ;• ,">. I): Tepal and stamen, 
X5. E: Stamen, X20. — F: Gynoecium, xlO. — (i I.: li. secundus (G: DINTEB 
(14(12. H—L: GlESS 23501. — G: Leaves. X0.5. II: Habit, 0.5. — I: Bract, X5, — 

.1: Flower, laid mit, X5. — K: Stamen. /20. — 1.: Gynoecium, X to. 
Kot. Noliscr. vol. 123, 1!>7(1 
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numerous from I he rhizome, long and somewhat Ihiekish. Leaves 
several- many, mainly I rom the central bulb scales (central bulb?), 
erect, often somewhat flexuous. narrowly linear-filiform, 5—8 cm long, 
1—1.5 mm wide, green, glabrous, flaltish ' i . faintly 5-veined, obtuse— 
subacute. Scape erect, distinctly curved towards the north. 8 15 cm 
long, c. 1.5 mm thick, terete, glabrous, basally straw-coloured, upwards 
light brown or purplish. Raceme fairly dense and spike-like distinctly 
secund, 2.5 5 cm long, c. 10—25-flowered. Bracts ovate. 1- 2 mm 
long (lowermost bracts often largerl. acute or short-acuminate, basally 
shortly spurred, spur up to 0.5 mm long. Pedicels ± patent, straight 
or curved. 1— 2 mm long. Perigon campanulate. open for a short time 
Isubglobose in hud, acutely lachrymiform after anlhesis). 4 5 nun 
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 inserted 1.5— 
1.8 mm above the perigon base, linear from a dilated base, 1—1.5 nun 
long. Anthers c. I mm long, light yellow, basally apiculate, dehiscing 
with apical oblique pores c. 1/3 the length of the Iheca. Ovarii sub-
globose, 2—2.5 nun wide and long, glabrous; style very short, c. 0.5 nun 
long: stigma concave with minutely auriculalely lobed margin. Capsule 
and seeds unknown 

Flowering period: Sept. 

COLLECTIONS 

SOUTH WEST At- Kit A !> i s i r. i. G d e r i t z- S ü d: W side of Buchti-
berge, VII. 1929. DINTBR 6492 (B, BOL, M. Sj Kovisberge, IX. 1959. GIESS 
2350 (M. YVIIki 

In gross morphology this peculiar species looks very different I rom 
its congeners. The close agreement in floral morphology especially with 
R. arenicola removes any doubt above I he relationship, however. 

The complete separation of the bulb scales is a very unusual feature 
in the family. A similar and probably homologous type of caudcx 
exists in Dritnia haworthloides BAK. icf. MARLOTH 1913 p. 101). 

The inflorescence is more distinctly secund than in any other species 
of the genus. Because of the short pedicels the raceme is almost spike
like in appearance, and it always leans gently to the north. This con
stant inclination of the stem towards the sun is not a unique case. 
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lii; .1 Rhadamanthus platyphyllus (NORDENSTAM 3394). — A: Habit, x l . — 
B: Leaf, dorsal view 1' (.. Leaf transect, - 2. — 1): Leaf surface near apex. X5. 
— E: Flower. .,5. — I": Flower, dorsal view, v 5. — (i: Stamen, adasial view, X20. 
— H: Stamen, abazial view, /'20. I: Gynoecium, v 10. — .1: Ovary, transverse 
section, 10 — K: Bract, Xc. 2.5. — I.; Raceme in fruit, • 1. M: Capsule, dehisced. 

dorsal view, • .">. N: Seed, Xf>. 

Another example is afforded by t In* famous Pachypodium iiamaquanum 
(Apocynaceae) of the same phytogeographical region. 

/>'. secundus is known only from the southernmost part of South 
West Africa, where il lias been found twice in Xamib coastal desert 
mountains. DiXTEB's collection lias bulbs and leaves only, and Mr. 
GIESS" specimens are in flower and leafless. Il is not proved, but very 
likely, thai I he two collections are conspecific. 
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(». Rhadiiniaiitliiis plalypliyllus B. Noun., sp. nov. 

Or if", col l . : ESTEKHUVSEN 18135, Cape Province, Clanwilliam Div., (.eder-
berg Tafelberg, 3500—4000 ft. 16.XII. 1950, leaves added IV. 1951 (BOL holo-
type). 

I l l u S t r . : Fig. 3A— N. — Map 4 

Bulbus subglobosus vol oMiideus leviter tunicatus. Folia duo subopposita 
pafentia plana late ovata—elliptieo-oblonga integcrrima supra dense et minute 
velutina apice obtusa -rotundata. Scapus dense pubcrulus sanguineus vel rufus. 
Pedieelli filiformes scabridiusculi vel glabrali l-'loies sanguinei—rubelli — 
dilute carnei. Tepala basi vel ad medium fere connata. Antherarum thecae 
basi divergentes barbellatae. Filaments papillata- puberula. Ovarium ovoideum 
- -subquadratum glabrum, in si\him columnarem produelum 

Bulb subglobose—ovoid, 2—3.5 I—H cm in diam., up lo 1 (— -5) cm 
long, whitish—light brownish, soft and fleshy. Leaves usually 2, sub-
opposite (the base of the firsl leaf encloses thai of the second), 
horizontally spreading, broadly ovale—elliptic—elliptic-oblong, 1—4 
cm long. 0.6—2.5 cm wide, completely entire, flat, dull green, usually 
with two longitudinal impressed furrows, indistinctly veined, minutely 
and densely velutinous on the upper surface, glabrous below, with 
obtuse—rounded apex. Scope 3- 15 i—30) cm long. 0.5 1.5 mm thick 
basally. densely and shortly papillate-hirsute with patent or somewhat 
declined papilliform hairs in .straight lines, usually reddish brown or 
purplish red. Raceme moderately dense, 1.5—10 (—12) cm long. 5—50-
flowered, all-sided. Bracts ovate-triangular —lanceolate, acute acumi
nate, 1—1.5 (—2.5) mm long, distinctly spurred; spur up to 1.5 (- 2) 
mm long. Pedicels filiform, ereclo-patenl- spreading, .'! 1(1 nun long, 
minutely scabrid-papillate or glabrate. Flowers nodding, but capsules 
finally erect. Perigon nrceolate subglobose. Tepals connate for 1/4— 
1 2 of their length, ovate-oblong narrowly elliptic-oblong, 3.5 (> mm 
long. 1.2 2.5 nun broad, reddish brown—creamy pink with a broad 
purplish—green median stripe, with puberulous obtuse and sometimes 
subcucullate lips. Filaments adnale to the perigon for c. 0.7 mm; the 
free pails 1- 1.5 mm long, whitish, laxly papillalc-puberulous with 
spreading hairs. Anthers yellow. 1 1.8 mm long, with basally diverging 
thecae. dehiscing with apical pore-like slils 1/3 I 2 of the theca 
length, basally barbellate with spine-like or papilliform excrescences. 
Ovari/ ovoid—subquadrale. 1.8 2 mm long and 1.2—1.5 mm wide. 
light green, glabrous. Style columnar, terete, c. I nun long, white. 
Capsule 1.5—7 mm long and broad, broadly ovoid subglobose. sub-
triquctrous. somewhat glossy golden green or purplish brown. Seeds 
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compressed, unequa l ly ell iptic-oblong lo reniform, '.i—4 nun long, 1.2— 

1.5 m m wide, shiny black, i r regular ly folded and wr inkled and finely 

ret iculate . 

F lower ing pe r iod : ( N o v . — ) D e c - Jan . 

C O L L E C T I O N S 

SOUTH WEST AFRICA. R e h o b o t h D i s t r . : Areb, Granitkuppe, 1929, 
WETTSTEIN 244 (M, PRE). 

ORANGE FREE STATE. BI o e m f o n t e i n 1) i v.: Mazelspoort, sleep side 
of hills. XI. 1952, MOSTEBT 720 (PRE). 

CAPE PROVINCE. C l a n w i l l i a m Div . : Elands Kloof. E end, XII. 
1940. ESTEBHUVSEN 39X5 (BOL) — Below Cederberg Tafelberg, .(500—4000 
ft, XII. 1950, leaves added IV. lH.il. ESTEBHUVSEN 18135 (BOLi — Welhedacht 
Cave. Cederberg. 3500 4000 ft. IV. 1952, ESTERHUYSEN (BOL). I'i k e l -
b e r g D i v . : Twenty Four Rivers Kloof, near Saron. XII. 1950. ESTEB-
HTYSEN 17948 (BOL) - - Piketberg, Levant Hill, upper W slopes, XII. 1903. 
NORDENSTAM 3394 (S) - - Piketberg Min., on (op. IX. 1965, flowers added I. 
1966. fruits II. 1966, BABKEB 10308 (NBG). — C e r e s D i v . : F.zelsfonlein, 
lower N slopes of Ilex River Mis., IX. 1952, flowers added XII. 1954, fruits I. 
1955. ESTERHUYSEN 20331 (BOL, K). - P a a r l Div . : I'aarlherg. 2000— 
3000 ft, XL—XII.. DHÉGE ("Hyacinthus convaUarioides <?") (G). W o r 
c e s t e r D i v . : Kloof on S slopes of Du Toils Peak, 2500 3000 ft, XII. 1949, 
leaves added IV.—VI. 1950, fruits II. 1950, ESTERHUYSEN 16631 (BOL, K i -
Fairy Glen Kloof, at fool of Audensberg Hidge Peak, I. 1950, leaves added VI. 
1951. ESTERHUYSEN 16675 (BOL) - X end of Du Toils Peak. 3000 3500 ft, 
X. 1951, flowers added I. 1H52, ESTEBHUYSEN 18924 (BOL) Blaauwkop, 
near Keeromsberg, lower W slopes, XII. 1951. leaves added VIII. 1952, ESTER
HUYSEN 19627 (BOL). I! <> b e r 1 s o n Div . : Klaasvogds, at fool of Lange-
berg, I. 1954, flowers added I. 1955, leaves VI. 1955, fruits II. 1965, ESTEB-
HUYSE.v 22686 (BOL). 

R. platyphgllus is a very character is t ic species. The Hal and broad 
leaves a re un ique in the genus as a re also the barbel late an the r liases 
and the papil late f i laments . T h e leaves are near ly a lways Iwo in number 
and have a minute ly velvety upper surface. T h e scape is pubescent 
t h r o u g h o u t its length , and even Ihe pedicels a re puberulous , though 
somet imes indis t inct ly so, or glabrescent . 

T h e d is t r ibu t ion of R. platyphyllus is r e m a r k a b l e . The main range 
falls wi th in Ihe I'ynbos region of Ihe western Cape, and hen; the 
species in its ecology m u c h resembles R. montttnus. (On Ihe Piketberg 
I have found both species g rowing togelher) . In addi t ion there are Iwo 
widely dis tant localities k n o w n , one in South West Africa and one 
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in flie Ornn^e Free State. The material Ironi these two outpost localities 
is certainly meagre, bill I have discovered no significant differences 
from the Cape forms. 

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

7. Rhadamanthus fasciatus R. NOR»., sp. aov. 
Or i g. co l l . . I.i-isiM.n 1983, Cape Province. Kimberley Di\., Nooitgedacht, 

c. 10 miles SE of Barkly West, c. 3800 ft.. 15.X. I960 (PRE holotype, LD). 
1 11 u s I r.: Figs. 4 (photograph*. 5 A—G. Map 5. 

ii.i i ii- ovoideus- pyriformis tenuiter tunicalus. Vaginae albidac argenteae 
conspicue fusco-fasciatae denique prodnctae lorsivae. Folium solitarium lin-
eari-filiforme glabxum. Scapus erectus glaber, Bractcac breviter vel indistincte 
calcaratae, Tepala elliptico-oblonga «blusa basi connata. Antherae flavovirentes, 
thecis basi rotunda t is glabris desuper usque infra medium dchiscentibus. 
Ovarium siibglobosum- ovoidcum «labium, iu slylum columuaieiu productum. 

Bulb ovoid—pyriforin. up to 4 cm long and 3 cm in diam., with a 
thin brownish—greyish skin. Basal sheaths white silvery grey, even
tually 3—10 i 131 cm long and spirally twisted around the scape 
base, distinctly cross barred with firm and raised brown stripes. Leaf 
solitary, linear-filiform, glabrous. Scape (f> ) 10—25 cm long. 1—1.5 
mm thick basally, glabrous, usually brownish. Raceme often elongate. 
lax to moderately dense. 3 11 cm long, all-sided, c. 10— 30-flowered. 
Bracts deltoid—broadly ovate, often somewhat irregularly and coarsely 
dentate. 1 1.5 mm long, minutely and often obscurely spurred basally. 
acute. Pedicels patent or nearly so. 5- 11 nun long and c. 0.2 mm thick, 
lerele. glabrous. Flowers nodding, at least in bud. becoming more erect 
during and after anlhesis. Perigon broadly campanulale. Tepals con
nate basally (for C I 1.5 nun), elliptic oblong. 3.5 5.5 nun long. 
1.7 'i.8 mm wide, whitish In pale yellow or light brownish pink with a 
brown median stripe, obtuse, puberulous-lippcd. Filaments free, nar
rowly oblong bul somewhat tapering above. 1—1.7 mm long. 0.2—0.5 
nun wide, flat, while pinkish. Anthers 1.8 2.3 mm long. 0.7 1 mm 
broad (near the base), green or greenish yellow, basally rounded, 
glabrous, dehiscing with apical slits which eventually proceed down 
to below I he middle of the theca. Ovarii subglobose ovoid, c. 2 mm 
long and 1.8 mm wide, glabrous. Style columnar, c. 1.5 nun long and 
0.1 min thick. Capsule and seeds unknown. 

Flowering period- Aug.—Oct. 
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Fig. 1. Rhadamanthus fasciatus (LEISTNER 24UO from Kcnhardl). Photograph by 
courtesy of the Botanical Research Institute, Pretoria, South Africa, The scale is 

in inches. 
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COLLECTIONS 

SOUTH WEST AFRICA. W i n d h o e k Dis t r . : Farm Binsenhcim. VIII. 
1956, VOLK 11078 IM i. R cli ol) o th D i s t r . : ßlässkranz, X. 1939. VOLK 
922 (Ml. - • M a l l a h ö h e D i s t r . (?): Damns, X. 19;«). VOLK 788 (Ml 
(Probably also Rehobolli Distr.i. KeeI m a n s h o o p D i s t r . : Klein 
Karas, X. 1923, DINTKH ,r)071 (B). 

CAPE PROVINCE. K e n h a r d t Div.: Kakomas, XL 1930, FULLER 0 26 
(PRE) — Gannapoort, 22 miles SK of Pofaddcr, flowered in Pretoria X. 1961, 
I.I:IST\FR 2400 (PRE, photograph in S, sec Fig. li. — H a y Div.: lop 
of Langebergen at Bergenaars Pad. X. 1936, ACOCKS in herb. IIAFSTKOM 1098 
(PRE, S) — Leeuwfontein. X. 1936. HAFSTRÖM 1074 IS). — Her I. er I Div.: 
Ruigtefontein, X. 1936, ACOCKS 1617 (PRE) K i m b e r l e y l ) i \ . : Nooit-
gedacht, c. 10 miles Si: of Barklj West, c 3800 It. X. 1960, LEISTNBH 1983 (LD, 
PRE). — P r i e s k a I) i \.: Prieska, X. 1910. Rm \ M 84(5 (PRE). 

Only after sonic hesitation 1 refer Ibis new species to Rhadamanthus, 
since il takes a position somewlial transitional to the related genus 
I rijinvn. In herbaria the species ma\ lie found under this genus, and 
WII.MAN (1946 p. 290) cites it as "Urginea sp." The anthers dehisc by 
longitudinal slils. which often eventually reach below the middle or 
even to near Ihe base of the Iheca. The dehiscence is never complete, 
however, and the opening remains somewlial '"pore-like", having its 
greatest width near Ihe lop of Ihe anther (Fig. 5 C.i. 

This species is insufficiently known, since information aboul leaves, 
capsules and seeds is incomplete or lacking. From leaf remains and 
label annotations il seems that a solitary liysteranthous leaf is developed. 
In Ihis connection il should be mentioned, that a minor part of the 
collection GIKSS 9040 iS YV. Africa. Rehobolli Distr.. Nabitsaus at Gr. 
Aub. in herb. M and WHK) may belong to Ihis species. \ i / . altogether 
two bulbs, each carrying a single filiform leal and with the characteristic 
cross-banded sheaths of R, fasciatas. The major part, of this collection 
consists ot fruiting specimens, which cannol be referred lo Ihis species, 
by characters ot slem puberulcnce and bract shape [L'rginea sp. ?). 

The perigon of H. fasciatus is furnished with small rectangular cells 
(visible in microscope after soaking in hol water), which reflect the 
light and add a certain brilliance to the olherwi.se fairly dull coloured 
flowers. Similar but more distinct and almost scale-like bodies occur 
on Ihe basal sheaths (like in some other species of the genus). 

/t. fasciatus is restricted to South Wesl Africa and adjacent pails of 
the northern Cape Province and Griqualand West. The species grows 
in rock fissures or in shallow soil, usually in a brown sanely loam, 
on rocks of dolomite, diabas or quartz. 
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Pig. 5. A—C: Rhadamanthui fascialus (LEISTNER 1983). \ Tepal, 5. — B: 
Gynoccium, xl<>. — C: Stamen, >'20. - 1) F: li. albiflorus (ACOCKS 23242). -
1): Tepal, '/'•>. - 15: Gynoecium, XlO. — F: Stamen, X20. — G—K: R,cyanelloldes 
(FLANAGAN :>T,i\ — G: Tepal, •">. — n Stamen com-. x5 . — I: Stamen, x5 . — 

J: Top «f anther, y'20. K: Gynoei i um /10 . 

8 Hliadaiiiunthiis albifloiiis B. Noun. , sp< nov. 

Or ig . c o l l . : ACOCKS 23242, Cape Province, Swellendam Div.. Hes-
quaspoort, c. 800 ft, 20.XII. 1002 (PRE holotype). 

[11 u s t r.: Fig. 5 D - V. - Map 5, 

Mulhus ovoideus—pyriformis. Vaginae alnidac leviter et rare fasciatae. Scapus 
crcctus dense ct minute scabrido-puherulus salleni in dimidio inferiore. Brac-
leae inferiores distincte calcaratae. Perigonium late campanulatimi, tepalis per 
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anthesin subpatentibus eUiptico-oblongis obtusis alhidis conspicuc fusco-costa-
tis basi connatis. Filaments brevissima. Anlherae flavae, thecis desuper tandem 
infra medium dehisccnlibus Ovarium oblongo-ovoideuni glabrum, apicc in 
st \ In in c o l i i n i i i u r c m p r o i l i i c l i i i n . 

liulb ovoid—pyriform, 2 3 cm long, 1.5—2.5 cm wide, with silvery 
white—greyish Ihin tunics. Leaves unknown. Masai sheaths thin and 
papery, up to 2 cm long, whitish, faintly longitudinally striate, sparsely 
and rather indistinctly transversely banded. Scape straight or gently 
flexiious, 12—25 cm long, 0.7—1.2 nun thick in the basal part, reddish 
brown, densely seabrid-puberulous in the basal half or sometimes higher 
up with shorl and spreading or slightly dcflcxed whitish hairs. Raceme 
moderately dense to fairly lax. 2—li cm long. c. 6—15-flowered. Bracts 
ovate-triangular, I—2 mm long, acute— acuminate, distinctly uit least 
the lower ones) spurred with an up to 1 mm long ungulate or sub-
cylindric spur. Pedicels erecto-patenl almost spreading filiform. .'I -9 
nun long, glabrous. Flowers nodding. Perigon broadh (ainpanulate to 
almost rial. Tepals connate to c. 1/4 tor c. 1.5 mm), elliptic-oblong, 
C. 5.5 mm long and 2.5 mm wide, white with a distinct brown midrib, 
obtuse. Filament* short, adnale to the perigon for c. 0.5 mm; the free 
parts only 0.3—0.5 mm long. 0 .1- 0.5 mm wide, broadh oblong, flat. 
curved towards I he gynoecium. Anthers yellow, 2.5 -2.7 mm long. c. 
1 mm wide, glabrous, rounded al the base, dehiscing with apical slils 
down to or below middle of the thecae. Ounru ovoid-oblong, c. 2 mm 
long and 1.3 mm wide, glabrous. .Style columnar, c. 1.8 mm long. 
Capsule and seeds unknown 

Flowering period: Dee. 

COLLECTION 

CAPE PKOVINCE. S w e l l e n d a m Div.: Hesquaspoort, c. 800 ft, XII 
19(12. ACOCKS 23242 (PRE). 

The remarkably short filaments al once distinguish Ibis 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 to its collector's note, in marginal 
fynbos on northern aspect and was said to lie fairly frequent. It is an 
urgent task to recollect the species and to study it in cultivation in 
order to obtain information about leaves, capsules and seeds. 
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9. Rhaduiiiiiiilliiis cyanelloides B \ K . 

BAKER 18'.)7 p 444. Gr ig , co l l . : Fl.ANA«.AN 57;!, Cape Provin«-«', 
Komgha l)i\.. grassj vaDeys near Prospecl Farm. 2100 II. XII. 188<> IK 
holotype, PRE). — (FLAXA«; \.\ 573 in HOL was according to the label collected 
in 1895. certainly in the same locality). 

I l l u s t r . : Fig. 5 G—K. - Map 4. 

Subterranean parts and leaves unknown. Scape creel, 40—GO cm 
Ions. 2 3 mm thick basally. glabrous, straw-coloured—brownish. 
Raceme 4 G cm long, all-sided, 12 —20-flowered. liraeis ovate-acumi
nate and with one lateral tooth or lobe on each side i hence "tricuspi-
date'), c. 4 mm long, submembranous, the lower ones distinctly spurred 
with a narrowly cylindric spur up to 5 mm long, upper ones not 
spurred. Bracteole present, axillary. 1—2 mm long, filiform-subulate 
or almost linear, membranous. Pedicels ereclo-palenl. (3—I 5 10 mm 
long, straight, glabrous. Flowers±erect. Tepals biseriate (outer 3 dis
tinctly overlapping inner .'i). Tree from the base, almost patent during 
the anlhesis. oblong—narrowly ovate-oblong, e. 7.5 mm long and 
2.5 3 mm wide, with a distinct brown midrib, obtuse and minutely 
puberulous at the apex. Filaments tree. 1 1.5 mm long. flat, ovate-
oblong, widest (0.6 0.7 mm) near the base. Anthers yellow, 5 G mm 
long, I mm wide or less at the base, evenly tapering upwards, per
manently connate into a narrow cone surrounding the gynoeciiun. 
dehiscing by small inlrorse apical pores. Ovary oblong-ovoid, c. 2 mm 
long and 1.2 mm broad, glabrous, marked with numerous small longi
tudinal streaks. Style columnar, c. 3 mm long. Capsule and seeds 
unknown. 

Flowering period: Dee. 

COLLECTIONS 

CAPE PROVINCE. K o m g h a l ) i \ Prospect Farm, 2100 ft. Ml. 188!). 
FLANAGAN :>7;i (K, PRE) - N'eai Komgha, 2000 ft, XII 1895, Fi INAGAN 573 
(BOL). 

This enigmatic species was with a question mark referred to 
Rliadainanllms by BAKER, who added: "Most likely a new genus". I 
am inclined to share this view, but it seems inadvisable to describe 
a new genus on the basis of the limited and incomplete material 
available. BAKER'S laconic description, "rootstock. leaf, fruit and seeds 
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u n k n o w n ' ' , is u n f o r t u n a t e l y s t i l l v a l i d . T h e s p e c i e s s h o u l d b e s e a r c h e d 

f o r a n d f u r t h e r s t u d i e d , p r e f e r a b l y in c u l t i v a t i o n . 

T h e mos t s t r i k i n g d i f f e r e n c e s f r o m o t h e r Rhadamanthus s p e c i e s a r c 

t h e l o n g a n d s t o u t s c a p e , t h e p r e s e n c e of h r a c t e o l e s . t h e p o l y p b y l l o u s 

b i s e r i a t e p e r i g o n . a n d e s p e c i a l l y t h e c o n n a t e a n t h e r s f o r m i n g a c o n e 

a r o u n d t h e p i s t i l a n d d e h i s c i n g by q u i t e s m a l l a p i c a l p o r e s . 

T h e s i n g l e l o c a l i t y l ies in t h e n e i g h b o u r h o o d of K o m g h a i n t h e e a s t e r n 

C a p e . 
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Notes on the Biomass and Productivity of Below-

ground Organs of a South-Swedish Hay-Meadow 
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ABSTRACT 
NILSSON. .1.: Notes on Ilic Biomass and Productivity of Below-ground 
Organs of a Soulh-Swedisli Hay-Meadow. — Hoi. Notiser 123: 183—191. 
I,und. 

A preliminary report on the distribution of organic matter and its turn
over in a South-Swedish hay-meadow is given. About 9 4 % of the organic 
mailer in Hie ecosystem consists of humus. The below-ground biomass is 
about five times as the above-ground biomass. Roofs and rhizomes are 
concentrated in the upper layers of the soil. In five of the six sites 87— 
',17 "It of the below-ground organs is found in Ihe upper 30 cm. 

The below-ground productivity 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 Ihe end 
of June. There is then a gradual decrease with minimum values in the 
spring. The difference between highest and lowest values is of the order 
I tOO g/m2 (11 I/ha). This is approximately 50% of the maximum dry 
mailer measurement, suggesting a turnover for the "root system" as a 
whole every- second year, although certain parts may persist for a longer 
or shorter period. 

INTRODUCTION 

Many studies on terrestr ial vegetation have, du r ing laier years , 
deal! wi th the product ivi ty of ecosystems. Mosl of them concern the 
above-ground plant par t s only. This may be ascribed to the difficulty 
in sampl ing below-ground slems and tools. The quant i ty of roots and 
their vertical distr ibution is of great impor tance In Ihe above-ground 
produc t ion . In addit ion, Ihe below-ground pa r t s play an equally im
por tant role in their effects upon the soil, especially ils content of 
organic mat te r . An under s t and ing of the cylic processes associated with 
root g rowth and decay is of special impor tance in s tudying hay-mea
dows, as most of the aerial componen t s a re removed each year . 

Our knowledge of these processes in established grass-swards is 
scanty . M I L N E R and HüGHES (1988 p. 4) wri te : " T h e studies of BRAV 
(1963) and D A H L M A N and KUCERA (1965) a re a m o n g the few which 
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have been concerned wilh Ihe dynamics of root production and its 
effect on estimates of net primary production." 

The purpose of this paper is to present preliminary dala on Ihe 
dynamic aspect of below-ground organs in a South-Swedish hay-mea
dow. I prefer to use (he concept of below-ground organs instead of 
rools, as this includes rhizomes and bulbs. These fractions ought to 
he separated in further studies, because of their different functions 
in the ecosystem i WEINMANN 1961). 

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

LOCATION AM) DESCRIPTION OF THE STUDY AREA 

The studies have been carried out on Ihe island of IIöö (lat. 56°39', 
long. 3°53' W Stockholm), located in Lake Möckeln in the southern 
pari of the province of Smaland. South Sweden. The mean annual 
precipitation is approximately 700 mm. The soil-lypc is a brown-earlh, 
lying on a diabase. There is a low content of clay l< 10 % ) . A more 
detailed description of chemical and physical properiles of the soil 
will be given in a later paper. 

Only hay-meadows, which are slill managed, have been investigated. 
The meadows have never, as far as is known, been manured. They 
are. mowed practically every year, as a rule in July. In AugusI and 
September they are grazed by bullocks. These meadows have probably 
been used for hay production since Ihe Kith century and perhaps even 
earlier. It is a fundamental ecological problem how Ihe productivity 
of these meadows has been maintained during hundreds of years, 
without manuring. The hay-meadows occupy an area of about 0 ha, 
divided into several smaller parts In arable lands and pastures. There 
is a variation in vegetation within the area. This is caused among 
others by the variation in exposure and supply ol oozing water which 
leads to differences in water content and chemical properties of the 
soil. Most of the investigations have been done in six homogeneous 
sample points, whose most important species are shown in Table 1. 
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Table I. The main species on Hie six sample points. The first figure represents the 
small square frequency and Ihe second the characteristic degree of cover (see 

MALMER 1982 pp. 48—19). 

Sample point 
Exposure 
Slope angle 

Number of species (in 20 msj 

a) grasses 
hi herbs 

1 
S 

20° 

10 
25 

35 
\V 

20° 

11 
28 

4 
SW 
5° 

12 
31 

20 
E 
5° 

13 
29 

15 
N\V 
10° 

11 
28 

13 
N\V 
20° 

11 
34 

Helianthemum chamaeeistiis 101). I 
Hieracium pilosella 91.2 
Festuca ovina 100.4 
Trifolium medium 27.4 
Leontodon hispidus 3*1.1 
Lathgrus montanus 
Primula veris 
Centaurea jacea 
Descliampsia flexuosa 
Hypericum maculatum 
Conoallaria majatis — 
Anemone nemoroso 
Polenlilla erecla 

91.3 
100.5 

9.1 
91.1 
55.1 

— 
18.1 
55.2 
27.1 

— 
— 

— 
100.5 

9.1 
82.1 

100.3 
100.1 

18,1 
01.1 

— 
— 

9.1 

18.1 
100.3 
100.2 
100.1 
82.1 

9.1 
— 

100.1 
— 
9.1 

18.2 

9.1 
100.2 

18.1 
82.1 
04.1 

— 
100.1 
100.4 
100.4 
100.2 
73.1 

27.1 
9.1 
9.1 

100.2 
04.1 

— 
100.2 

73.2 
100.3 
100.2 
100.3 

A more detailed description of the vegetation is under preparation. In 
addition lo the six previously mentioned sampling poinls. a few mea
surements have been made al other poinls within Ihe area. 

METHODS 

A core sampling method was used to make quantitative determinations of 
the below-ground organs. Steel cylinders with an inner diameter of 7 cm and 
a height of 10 cm were used. 

In Ihe six sites, three successive 10 cm levels were investigated about once 
a month during the periods 1.5—8.11 19(55 and 8.3 21.5 1966. In addition, 
three samples were laken at each level lo a depth of 90 cm in September 1966. 

The fresh soil samples were sieved (meshes 2 mm). Some smaller roots will 
pass the screen during this procedure. STEEN (1957 a) estimated this quantity 
to he 5 % of the total below-ground biomass. After most of Ihe fine earth 
was sieved, Ihe screen refuse was washed with water (meshes 0,6 mm). Some 
very fine roots passed through the sieve. This part was not collected, but 
occasional measurements showed thai its quantity was very low in comparison 
with the lotal mass (about 1 %; . As the clay content is low, Ihe rinsing was 
easy lo perform. No dispersing agent was used. After washing, the below-
ground organs were dried at 80°C and weighed. Values of living organic 
matter were not corrected to combustible material only. Thus they include the 
inorganic content, if not otherwise mentioned. 

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

The greatest deviation from the mean value by triplicates for the «hole 
profile at the sampling in September 1 SHU» was as follows: 2 °/o, 7 °/o, 1 °/o. 
3 °/o, 5 °/o, 5 % (cf. ScHDURMAN &. GOEDEWAAGEN 1905 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 content of carbon in soil has been determined by wet combustion 
(JANSSON & V A.LDMAA 1960). In order to convert organic carbon measurements 
to estimates of organic matter, the factor 1.72 is generali} adopted. Some 
scientists have raised objections against the use of this conversion factor 
(cf. SlLVERBERQ 1957 p. 15). It seems obvious that the factor must be deter
mined for each soil type and horizon under consideration. 1 have multiplied 
the carbon values bj 2.00. This conversion factor has been calculated on my 
own material according lo HOWARD (1966l. Most values lav between 1.97 
and 2.03. In some samples, with a deviating mineralogical composition, 
higher values have been received. This is ascribed to mineral destruction, 
which has been verified by ignition at different temperatures 

pl l has been determined on fresh fine earth with glass electrode in extracts 
of water. A volume ratio soil/liquid 1: I was used. 

THE DISTKIBITION" OF OKGAMC MATTER IN THE ECOSYSTEM 

T h e total mass of be low-ground o rgans at the sampl ing in Sep tember 
1966 (total profilei varied between »16 and 1839 g/m 2 (Table 2). Many 
a u t h o r s , in s tudying grass land vegetal ion. have reported values of the 
s a m e order , of which some are ga thered in the following Table. 

Author 
Year ot publication 

STISEN 
l9.V7a, b 

Ol Ol ssoN 
toe.:! 

LIN KOL A & 
TlIIUKKA 

1936 

KMOCH 
1952 

DAHLMAN 
& KUCERA 

190.") 

Number of sample points 4 13 7 104 I 
Below-ground organs 

0 - .10 em, n m-' «10 1700 1110 2360 140 1000 170—6400 1100- 1620 

T h e relative dis t r ibut ion ol organic mai le r on above-ground biomass, 
be low-ground b iomass and humus is almost equal in the six sample 
po in t s . Mean values from these points a re represented in Fig. 1. Figures 
on b iomass from each point in tu rn represent mean values from three 
s amp l ing occasions, 1.7, 22.7 and 20.8 1965. Fo r be low-ground b iomass 
values from September 1966 for the level 30 90 em a r e added . 

About 94 °/o of the organic mat te r in the meadow consis ts of h u m u s . 

T h e Variation wi th in the points was 91.8 °'o lo 95.2 °/o. 99 °'o of the 

o rgan ic mat te r in the ecosystem is found in the soil. T h e be low-ground 
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Above-ground biomass 

Below-ground biomass 

Humus 

W00g/rr? 

Fig 1 The distribution of organic matter on above-ground biomass, below-ground 
biomass and humus (level 0 !)0 cm). Mean values from six sites. 

organs constitute only a small part of the total organic matter. On the 
oilier hand, ils quantity is generally several times greater than that 
of the aerial parts. II makes up 4.0—7.1 % (mean 5.4 %) in the six 
sites, and above-ground biomass constitutes 0.5—1.3 % (mean 0.9 °/o). 
In real figures the mean values correspond to 1.9 kg/m2 and 0.33 kg/m2 

respectively. 

The quotient below-ground organs above-ground organs varies be
tween 3.1 and 9.3. Il decreases with increasing pil icf. KMOCH 1952). 

Til i : VERTICAL DISTRIBUTION OF BELOW-GROUND ORGANS 

The quantities of roots and i hizomes al different levels of the profiles 
are seen in Table 2. The greatest concentration occurs in the lop 10 cm. 
In the uppermost 30 cm 87 97 °'n 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 Ibis is not known. 

In the samples laken monthly only the upper 30 cm have been 
Studied. Calculated on the quantities in this layer. I lie below-ground 
organs in the level 0—10 cm constitute 77 82 °/o. Again site 35 is 
characterized by a lower value (69 % ) . 

The vertical distribution of below-ground organs seems to show a 
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Tablr 2. The below-ground plant biomass in the soil profiles in September 11)6(1. 
Dry mailer, g/m2. 

Depth cm 

0—10 . . . . 
10—20 
20—30 . . . . 
30 40 
40—60 
50—GO 
60—70 
70 SO 
80—00 

2 0—90 

1 

901 
158 
61 
22 
13 
17 
14 
2 
o 

1280 

35 

860 
234 
126 
119 
92 
87 

122 
120 
79 

1839 

Sample 

4 

683 
226 

41 
13 
18 
9 
3 
2 
2 

997 

point 

20 

879 
83 
51 
30 
19 
12 
17 
6 

— 
1097 

15 

812 
54 
22 
20 

5 
2 
1 

— 
— 

916 

13 

993 
289 
231 
126 
28 
19 
10 
9 
6 

1720 

general picture in most grasslands, with a bigh concentration in the 
upper part of the soil profile. This is shown by STEEN 11957 a. hi and 
OLOFSSON (1963) in Sweden. LlNKOLA and TlIBIKKA (1936) in Finland, 
KMOCH (1932) and KLAPP I 1943) in Germany and many others in 
northern Europe. A very good survey is given by TROTJGHTON 11957 
p. 43 | . The great concentration in the upper parls may he ascribed to 
at least three facts. Man} species have a very dense "root-system", 
which does not penetrate very deep. Most grasses belong to this group. 
A second reason is. that roots are much thicker in their proximal parts, 
even if they do not function as absorbing organs further the rhi/omes 
are restricted to the upper parls of Ihc soil. 

BELOW-GROUND PRODUCTIVITY 
The below-ground biomass al Ihc monthly sampling occasions are 

given in Fig. 2. In order to reduce the effect of non-hoinogenilies the 
mean values for the six sites have been calculated. 

There is regular variation, which cannot he due to sampling errors. 
The same tendency is maintained al all sample points. Al some points 
there are some irregularities, which, al least to a large degree, may be 
ascribed to heterogenilies. 

The below-ground biomass increases from May to Ihc end of June. 
Then there is a gradual decrease until the following spring. At corre
sponding dates 1963 (22.5) and 1966 (21.5) I he quantity of subter
ranean organs is almost the same Sampling has not been done often 
enough to follow small fluctuations. It is impossible to say if the real 
maximuin is reached during the last days of June, or some weeks be-
Bot. Xotieer, vol 183,1970 
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g/m* 

2400-1 

2000-

1600 

1200 

800-

400-

Below-ground 
Biomass 

0 -30cm 
o o 0 - 10 
o - -o 10-20 
o o 20-30 

- < k 

1: -—---! o 
May June July Aug- Sept. Oct Nov. March April May 

1965 ^ 1966 

Pig. 2. The variation of below-ground biomass daring u year for different levels 
(g/m*l. Mean values from six sites. 

lore or after. Similarly, no autumn increase has been recorded (cf. 
KÖNEKAMP & ZIMMER 1955 p. 104, KMOCH 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 productivity from the biomass change probably gives 
a loo low value. The increase in biomass between two sampling occas-
sions is interpreted as the production of new living organs. This method 
will give an underestimation, as a consequence of inter alia the fol
lowing reasons. 

/. There is a simultaneous dying off. When there is a decrease in 
biomass eventual production of new roots is masked, and consequently 
there is an underestimation of the productivity. This is especially rele
vant in Studying grass-swards, as the rhythm varies between species. 

2. Additional growth may still occur after I he period of greatest 
recorded measurement. More frequent samplings would increase the 
probability of assessing the greatest mass of below-ground biomass. 

In some cases a variation in biomass may be ascribed to translocation 
of carbohydrates up in the growing top or down to 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 in 2 (11 l/hal. Summing the different levels gives a 
difference. 1300 g/m2 (13 t/ha) (Table 4). The corresponding increase 
in aerial organs is about .'$300 g/m2 (3.3 t/ha). This means thai the 
below-ground increase in biomass is three to four times that of the 
above-ground. The total productivity is of the same order in this mea
dow as in temperate forests. BRAY (1963) gives values of 7.8—15.6 t/ha 
for arboreal species. 

The variation in biomass at different levels is seen in Fig. 2. The 
maximum value is in the uppermost level reached at the end of June. 
At lower levels there is a delay in the increase of biomass. This may 
be ascribed to lower and more constant tempera lures. As the maximum 
growth of below-ground organs is not quite simultaneous at different 
levels, it is not advisable to treat the whole soil block to the appropriate 
depth as a unit. It ought to be cut off in separate layers. 

Additional measurements have also been made at another site (31). 
This sampling point is very wet. Carex panicea, Menganthes trifoliata 
and Cirsium palustre are dominating species. The below-ground bio
mass is given in the following Table. 

Dale '22.5 29.6 23.7 20.8 1.10 8.11 8.3 27.4 21.5 

below-ground organs 
g / W - 1 0 cm 1950 1300 1070 900 (HO 1330 - 1040 1080 

The picture of variation is principially regular, but it has a different 
rhythm to that of the other drier sites. Peak values are obtained in the 
middle of May both years. It ought to be pointed out. that there was 
soil frost only two weeks in November. During the summer and autumn 
there is a gradual decrease, so that the quantity in October is about 
half that of May 22. Next spring a great increase was registered. In 
this wet site, the peak of below-ground production precedes that of 
the above-ground. The "root" horizon is about 15 cm in this site, so 
that the given values approximately give the total productivity. This 
amounts to about 1000 g/m2. 

Tin; fact thai the quantity of below-ground organs in grassland 
varies during the year, seems to be a general opinion (cf. TitOldHTON 
1957). Three types of yearly variation may be distinguished. A common 
opinion is that the production of roots precedes the development of 
the above-ground parts (STCCKEY 1941. Kl'Bl.KK 1954). Some studies 
have shown thai the greatest production of below-ground and aerial 
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organs arc simultaneous (KÖNEKAMP & ZIMMER 1955, KMOCH el al. 
1958). Finally other authors find that the increase in root biomass is 
greatest after the grasses have flowered, even during winter t KALTER 

1933, THOUGHTON 1951). Site 31 in my investigation belongs to the 
Iirst group, and the other sites to the second group. 

I.VH and HOFP.MANN (19(171 have summarized our knowledge of the 
growth periodicity of tree roots. Even with trees different growth 
patterns are to be seen. In most cases, the largest annual increment is 
recorded in spring and early summer. 

Most .statements in literature regarding the quantity of below-ground 
yearly production concern .single species one or two years after planting 
(BRAY 1963, LlETH 1962). The greatest value in BHAY'S list (op. cil.) 
fall on Beta with 6.6—13 t/ha. Cereals and some meadow .species re-
porled vary commonly from 1—5 I ha Iff. my values of 10 t ha). Only 
a few reports deal with established grass-swards. 

KONKKAMP and ZlMMBR (1955) found 2.2 t ha. and KMOCH et al. 
(1958) 2—3 t/ha. For prairie vegetation 4.3 l/ha is reported (DAHLMAN 
& KUCERA 19651 The hiomass in early spring amounted to 4.8, 4.8 and 
11.9 l/ha respectively. 

THE BELOW-GROUND ORGANS AND THE HUMUS CONTENT 

In hay-meadows mosl of the above-ground hiomass is removed by 
mowing and gra/ing. Renewal of I lie humus content of the soil thus 
has to occur by the death of roots, rhizomes and microorganisms. Net 
annual increment and turnover value are given in Table 3. Annual 
increment in the three levels represents the difference between the 
high and low seasonal totals of the entire below-ground hiomass in 
each layer. 

The ratios of annual estimated production to the maximum total 
root mass, or turnover values, were greater for the deeper profile levels. 
For 0—30 cm the turnover value is 0.50. This suggests thai about half 
Of the "root system" as a whole is replaced each year, although certain 
parts may persist for a longer or shorter period. It is a rough estimate. 
The vegetational composition is not identical in the different sites, and 
the rhythm of root production is therefore not quite the same. This 
means that some of the turnover may be levelled out, if the mean 
Irom several sites is used. This is clearly seen in Table 3. The turnover 
\alue of all the single sites are greater than the turnover value, based 
on the mean. In this table it is seen that on average ahoul 60 °/o of the 
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Table 3. Kelation between Hie annual increment and tin* maximum total liiomass 
at different levels in Hie soil (g/in*). 

Site Depth cm 
Period of 
greatest 

difference 

Maximum 
below-
ground 

organs g.'m-

Annual 
increment 

g/m» 

Turnover 
value 

1 

35 

4 

20 

15 

13 

Mean values of the six sites 
0 to 

10 20 
20—30 

0—30 

0—10 
10^-30 
0—10 

10—30 
0—10 

10—30 
0—10 

10 30 
0—10 

10 30 
0 io 

10 30 

June—March 
July—April 
July—Oct. 
June—April 

The individual 
June—March 
June—Nov. 
May- Aug. 
June—Mav 
June -April 
July—May 
Aug. April 
July—April 
June -Nov. 
July—April 
June—March 
Julv—Oct. 

1700 
420 
180 

2180 

sites 
1690 
460 

1900 
1010 
1270 
310 

1530 
580 

1770 
070 

2260 
620 

850 
330 
120 

1100 

1040 
280 
980 
830 
930 
230 
850 
450 
990 
570 

10G0 
520 

0.50 
0.79 
0.67 
0.50 

0.62 
0.61 
0.52 
0.80 
0.73 
0.68 
0.56 
0.78 
0.56 
0.85 
0.73 
0.84 

biomass is replaced each year. Even this value is certainly too low, 
as turnover in roolhairs has probably been only partially registered. 

In these well-drained soils the quantities of both humus and below-
ground biomass decrease with deptli (ef. Table .'i -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 Io several reasons. Organic 
matter will be washed down in the soil, partly as iilluviation. partly 

Table 4. The relation between humus content and annual combustible increment 
of organic mailer (mean values from the six sites, g/m2). 

Depth cm Humus g/m2 
Annual 

increment 
g/m« 

Ratio of 
total humus 

Io annual 
growth 

0—10 . . . . 
10—20 . . . . 
20—30 . . . . 
0 30 

7690 
3930 
3050 

14670 

773 
294 
107 

1174 

10.0 
13.4 
28.5 
12.5 
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a s c o l l o i d s . I n I he d e e p e r h i r e r s Hie t e m p e r a t u r e s a r e l o w e r . H e n c e 

t h e r e is d e c r e a s e d m i c r o b i a l a c t i v i t y . P e r h a p s a l s o t h e w a y of m i n e r a 

l i za t ion is d i f f e r e n t . T h e a c t i v i t y of e a r t h w o r m s l e a d s lo a net d o w n 

w a r d t r a n s p o r t of o r g a n i c m a i l e r . 
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21 FEBRUARI. Professor PER WENDELBO, Göteborg, höll föredra},' om 
»Släktet Allium på «let iranska höglandet». Inledningsvis behandlades 
släktets utbredning och systematiska ställning. Allium har sitt geografiska 
centrum i Flora Iraniea-området och angränsande delar av Sovjetunionen; i 
Flora Iranica urskiljer föredragshållaren ca. 135 arter, medan VVEDKNSKY'S 
bearbetning för Flora SSSR (1935) upptar 226 arter. Totalutbredningen om
fattar större delen av norra halvklotet Iran Etiopien till suharktiskn trakter. 
Enligt föredragshållaren talar övervägande skäl, hl.a. cytologiska och embryo-
logiska, för alt Allium placeras i familjen Litiaceae. 

De odlade arterna Allium sativum, A. porrum och .4. cepa antas ha upp
kommit ur vildväxande former i Centralasien, där hade vilda och odlade 
.4//ii/m-arter spelar stor roll i den dagliga kosten, t.ex. i Afghanistan. 

Större delen av föredraget upptogs av en redogörelse för olika utbrednings-
typer i Flora Iranica-omrädct. vilka exemplifierades med arter och sektioner 
av Allium. Kartbilderna kompletterades med landskapsbilder frän föredrags
hållarens färder i området samt närbilder av blommande Allium-iirter. 

28 MARS. Universitetslektor KJEI.D HOLMEN*, Köpenhamn, höll föredrag 
om »Grönlands botaniske udforskning, speciell i 1700- og 1800-tallet», — De 
första botaniska uppgifterna från Grünland härstammar frän missionären 
HANS EGEDE, som bosatte sig vid nuvarande Godthäb i samband med den 
danska kolonisationen under lidigt 1700-tal. l ians son PÄDL EGEDE insamlade 
ett herbarium, som nu utgör den äldsta växlsainlingcn i Köpenhamns Botaniska 
Museum. I ett arbete av den tyske missionären DAVID C.RAN/. frän 1770 finns 
den första systematiskt uppställda artlistan över Grönlands växter. 

I början av 1X00-talet gjordes omfattande insamlingar av den tyske minera
logen K. L. GlESECKE, som reste i Västgrönland för Gronlandske Handels räk
ning samt av M. WORMSKIOI.D, elev till Flora Danicas redaktör .1. W. 
HoKSEMANN. En annan av HORNEMANNS elever, JENS VAHI.. gjorde I«28 -36 
betydande insamlingar längs hela Väslgrönlands kust, bearbetade själv sitt 
material och beskrev flera nya arter. Svensken S. BERGGREN deltog i A. E. 
NORDENSKIÖLDS expedition till Västgrönland och utgav den första omfattande 
listan över Grönlands mossor. 

Under 1800-talets sista decennier leddes Grönlandsforskningen av den år 
1878 bildade »Komision for ledclsen av de geologiske og geografisk? under-
sogelser i Grönland». Vegetationsbeskrivningar började utges och olika expedi
tioner trängde allt längre upp längs nordostkusten. 
13» Bot. Notiser, vol. 133. 11170 
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9 MAJ. Ordföranden höll parentalion över föreningens bortgångne heders
ledamot professor Nn.s SYLVÉN 

OrdfSranden meddelade all föreningen erhållit en donation pft l 000 kro
nor frän en person som önskade förbli anonym. Beloppet skall enligl styrelsens 
bcslul läggas till S\ W T F MI KISUCKS fond. 

Föreningen beslöt enhälligt uts< professor 111 ANING WEIMARCK till heders 
ledamot. 

Pil. lie. l'\<> ETIASSOS Göteborg, höll föredrag med rubriken »Något om 
Galapagosöarnas vegetation oeli flora Som Rcgncllslipendi.il har före-
diagsball.ii(ii tillbringat ca 9 månader pa denna ögrupp, tillhörig Kenador och 
belägen omkring 1.000 km vSsler om Sydamerikas fastland. Oarna antas ha 
uppkommit genom vulkanisk akliviti I flertalet har ännu verksamma vulkaner 
och tiieks till stora delar av sterila lav al ill 

Efter en exposé över öarnas unika djurliv övergick föredragshållaren till en 
beskrivning av flora och vegetation och valde därvid all skildra Ire exkursions
mål. Händigen öarna Santa Cruz, Isabela och Fernandina. Floran omfattar totalt 
ca. 6111) k.II l\ ixtartci. varvid 35'/o är endemer. Fyra endemiska släkten före
kommer, samtliga composiler. 

Pa de högre oarna kan man urskilja olika vegetationszoner. Innanför den 
egentliga strandzonen följer på Santa Cruz ett brett lorrbälte med endemiska 
( en us- och O/m/i/io-arter. Det endemiska composilslaktct Scalesia spelar en 
framträdande roll i skilda vegetationstyper. På 40(1 5(1(1 meters höjd före
kommer fuktig skog av Scalesia peduneiilata med rik epifytvegetation av 
mossor och ormbunkai Ovanför skogsbältet följer pa Santa ( n i / Ir.ullosa 
gräsmarker 

Öarna Isabela och Pcrirandina är krönln av vulkankratrar med lät vegetation. 
Fernandinas krater hade nyligen ett utbrott, varvid vegetationen pa de inre 
sluttningarna förstördes och kraterbotten sänktes Iran 7(1(1 till 90(1 m under 
randen. 

8 .11 INI. I ruler ledning av docent \M PERSSON och docent IIVNS RlJNE-
MAliK företogs en exkursion med privata bilar- till Söderåsen med deltagande 
av 29 personel Sulan den märkliga Odcnsjön beskadats, fortsatte färden till 
Skogvangshus. där l l w s RllNEMARB demonstrerade Polystlchltm hraiinn. som 
förekommer i ett 60-tal exemplar längs en bäck r en bokskogssluttning till
sammans med den pa avstånd snarlika Dri/opltris filix mas 

Fram lill 1500- och KiOO-lalcn var Söderåsens slullriingar bevuxna ined 
skogar a\ ek och bok. som emellertid successiv t avverkades och kom att 
ersättas av öppna betesmarker med ljung och en Dessa marker nådde sin 
största utbredning vid mitten av 1800-talet; under senare tid bar allt störri 
områden planterats med gran GlllasligS fälad är del största kvarvarande om
rådet av fuktig ljunghed kring Söderåsen; dess karaktär är i hög grad beroende 
av betning. Här kunde bl.a. följande arter Studeras: [mica molilalia. Dacty-
lorchis maculata, Erica letralix, J uncus squarrostis, Pedicularis sllvalica, 
Plantanthera bifalla, P chloranlha, Succisa pratensis Trichophorum caespito-
sam ssp germanicum, och Valeriana dioeca 

Fran platsen för .Skäralids gamla turisthotell vandrade sällskapet längs 
bäcken in i den smala och branta Skårolidsdalen. Söderåsens djupa dalgångar 

Bot JTottser, vol. 123. 1970 
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.II troligen sju i< kdalai. som lörsloi ils g<nom erosion och sannolikt var l u k t a 
,i\ stillaliggande is under sista istiden. På de flesta slällcn har rasmarkerna 
invaderats av hedbokskog eller (Juvrens petraea, Pfi nordvSnda sluttningar 
finns en rik kryptogamflora, dfir inslaget av nordliga och västliga artei .u 
påfallande Miami levermossorna marks Bazzania trllobctta, Mylin laylori och 
Pnrilln Iciwigidti. vanrt den sistnämnda har sin enda svenska lokal i Skåralids-
dalen. Muskla\.ima Cladonia al pest ris och ( . bellldiflora har har sina syd
ligaste förekomster i Sverige 

Kullurpaverkan i Skäralidsdalen har beskrivits av VKH PERSSON i en upp
sats i Skånes N.ilin 56{2), 1969. Dalen har i nästan hela sin längd utnyttjats 
för slätter och liele. På gamla slatleimarkcr återfinner man nu ett Irädskikt 
som huvudsakligen består av ask samt i någon man ek. rönn, avenhok och 
apel Orterna bl a //(//>< ricuni mmuhilitm. l.rillti/rtis mtmlmuis och /'<>/< nttlla 
rrecta. utvisar att marken tidigare varit öppen. Slattern torde ha upphört strax 
efter sekelskiftet, varefter .ingen ännu någon tid utnyttjades för bete. Pfi 
fuktigare parlier finner inan nu hogorlang med bl a [cgopodlum podagTOTia, 
( irsium oleraceum, Filipendula ulinaria, Thalictrum aquilegiijollum och 
TrolUus europaeus. Skogsavverkning i själva dalen har skett först pfi 1910 
talet Pa de gamla hyggena har boken nu i stor utsträckning ersatts av bjoik. 
rönn och av < nliok 

Som avslutning pa dagens botaniska studier besöktes Anders torps enskog. 
som demonstrerades av markägaren. EU område pa X hektar domineras har 
helt av en och områdets karaktär vidinakthalles genom röjning samt betning 
av nötkreatur. Skogen domineras av högväxta, rakslainmiga pclarenar. men 
enstaka plymformiga eller krypande exemplar förekommer. 

28 SEPTEMBER. I klart och kvligt höstväder förelogs en exkursion till 
Hallandsåsen med deltagande a\ 21 personer förutom ledarna, fil. kand 
1 l NNVHT l.lNix.iii.N och docent II \xs RUKEMARK. I anslutning till den statliga 
bokskogsulicdniugcn har I. INDI. Kl \ gjort en översiktlig v egetalionsanah s av 
det svenska bokbeståndet, som total! omfattar ca. 43.000 hektar, varav 10.000 
ha i Malmöhus län och 27.0011 ha i Kristianstads län Arealen minskar årligt n 
med ca. 800 ho Enbär I vid oktoberstormen 1(107 fälldes vid etl och samma 
lilll.ille ca yoo ha bokskog Huvuddelen av denna a n a l har nu planterats ined 
gran. Utredningen föreslår alt ca. 4.000 ha avsattes som naturreservat, medan 
ytterligare en del kan komma all skyddas pa annat s.ill 

Olika typer av bokskog slndei.uk s vid I.ärkesholniss|ons norra del i Urkel-
ljunga. vid Slav i rshult i Rössjö sinken och pa åsens nordsluttning i llasslövs 
socken i Halland. Vid I.ärkeshohnsans ultopp i O. Spang kunde ett praktfull! 
bestand av OsmuTxda regalis studeras. 

Till följd av den torra sommaren och hösten var svampfloran mager, men 
pfi åsens sydsluttning norr om Rössjöholmssjön kunde Ut NFMARK demon
strera bl.a. följande arter: Vitgul, vit. rodnande och ringlos flugsvamp, honungs 
skivling. svavelgul och tegelröd slöjskivling, föränderlig lofsskivling, rynkad 
och blekvioletl spindelskivling. stinksvamp, strecknagt lskiv ling, rotnagelskiv -
ling, lökbroskskiv ling, blodsopp. larksopp. Karl Johnnsvamp, sammelsopp och 
i ulsopp. 

Bot Notiser, vol. 128, 1970 
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31 O K T O B E R . Fil. lic. ÖRJAN N I L S S O N höll f ö r e d r a g om »Sydsvenska 
v i ld rosor» . Släktet Rosa ä r nordhemis fä r l sk l och f ö r e k o m m e r huvudsak
ligen i t empere rade t rakter . Enligt mode rn uppfa t tn ing innehal l le r det ca. lött 
a r te r . I Sverige h a r föredragshå l la ren urski l j t 16 vilda och na tura l i se rade a r te r 
(jfr. serien Drawings of Scandinavian P l an t s - i Hol. Not iser 19671. 

l i f ter en genomgång av den vikt igare sys temat iska l i t t e ra turen och en redo
göre lse för (vmmn-gruppens säregna fo r tp l an tn ingsmekan i sm presenterade före
d ragshå l l a ren de sydsvenska /?o.w-arterna i ord och bild. Material för bestäm
n ing hör helst insamlas s t rax före f ruk tmognaden och b ö r omfa t ta en del av 
årssko t te t samt ett n y p o n b ä r a n d e skot t . 

Ar t e rna Rosa rugosa, R. camtschatica och H. rubrifolia anses med säkerhet 
v a r a införda; den f ö r s t n ä m n d a ä r nu helt ua lu ra l i s c rad på sandiga och 
steniga s t r ände r i södra Sverige, t ro ts att den bör jade u p p t r ä d a på sådana 
loka le r först unde r 1920-talet. 

21 NOVEMBER. Fören ingen f ö r r ä t t a d e val av s ty re l se för 1970. Valda 
blev: Docent H A N S H L N E M A K K , o r d f ö r a n d e ; docent S V E N S N O G E R U P , vice ord
fö rande ; fil. lic. A R N E S T R I P , s ek r e t e r a r e ; fil. kand . J I M M Y Persson, vice sek
r e t e r a r e ; övriga ledamöter : fil. lic. F O L K E ANDERSSON, t r ä d g å r d s m ä s t a r e J O H N 
K R A F T , fil. lic. L E N N A R T L I N D G R E N , fil. lic. Ö R J A N N I L S S O N , docent S I N E 

P E T T E R S S O N och d i rek tör H E L G E RiCKMAN. Till revisorer valdes fil. mag. U L F 
O L S S O N och fil. lic. T O R G N Y VON W A C I I E N F E I . D T : till rev isorssuppleante r fil. 

mag . L E N N A R T E N G S T R A N D och fil. kand . M A T S GUSTAFSSON. 

Docent H A N S HINE.MAKK höll föredrag om »Floran pä de egeiska öarna» . — 
D e n cent ra l egeiska a rk ipe lagen , som omfa t t a r ett 30-tal bebodda och ca. 200 
s m ä r r e , obebodda öar , u tgör res terna av en l andbrygga som fram till tidig 
Pleis tocen förenade södra Grekland och södra Turkiet . 

I område t fö r ekommer ca. 1.300 ar te r av högre växter , ett för Medelhavs-
o m r å d e t tämligen lagt an ta l . Många a r t e r to rde ha dött ut i s a m b a n d med 
k l ima t f luk tua t ione r u n d e r och mel lan de no rdeu rope i ska ist iderna. 

Enl igt fö redragshå l la rens f ramstä l ln ing kan m a n i nu t iden urski l ja föl jande 
f lor is i iska e lement : i i Mesofil flora. 2i /?adio/a/ /soéfcs-samhäl le t , ,"(! Macchia, 
4) F r y g a n a eller garigue, öi Klippflora, (ii Smaöf lora och 7) Egentlig s t rand
flora. Gariguen med kuddfo rmiga . kiga buska r u tgör den d o m i n e r a n d e vege
ta t ions typen . Den s lumpmäss iga u tb redn ingen av m a n g a garigue- och klipp
a r t e r , ell förhål lande som torde slå i s a m h a n d med lokall u tdöende under 
k l imat iskt o g y n n s a m m a perioder , belystes med u tb r edn ingska r to r . 

Den nu avslutade inventer ingen av de cykladiska ö a r n a s flora liar t jänat 
s o m bas för mer deta l jerade exper imente l la u n d e r s ö k n i n g a r över var ia t ionen 
inom enskilda a r t e r och a r t g r u p p e r . 

IS DEC.EMIIEK. Fil. lic. ÖRJAN N I L S S O N fö red rog revision av r äken 
s k a p e r n a för HM>7. varvid ansvarsfr ihet beviljades kassören . 

Fören ingen beslutade om ändr ing av paragraf 3 i s t adga rna . Sista men ingen 
u t g å r och i stället t i l lkommer : Heders ledamöter , k o r r e s p o n d e r a n d e l edamöte r 
och s tändiga m e d l e m m a r erhål ler kostnadsfr i t t föreningens organ Botaniska 
Notiser . Ärligen beta lande m e d l e m m a r e rb juds Botaniska Notiser till ett redu
cerat p r i s . 
Rot. Notiser, vol. 188, 1970 
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Med. kand. C. II. Jriu.iN visade sina bada färgfilmer Skånsk orkidé" och 
»Väderövallfart», — Den förra visar med ett fatal undantag samtliga skånska 
orkidéer, varav åtskilliga rariteter, medan den senare skildrar en försommar-
exkursion till Hallands Vädcrö. 

Arne Strid 

Avdelningen för Systematisk botanik, 
Lunds 1'nivcrsilcl. I.und 

Announcement 

Kc \ to the species of Aspaluthus 

A limited number of reprints of "Comprehensive key to the species of 
Aspalathus (Lcguminosae)" in Botaniska Notiser 122:512—548. is available 
at a price of S\v. Kr. .'1. They should be useful especially as a complement to 
the "Revision of the genus Aspalathus" published in Opera Botanica vol. 4. 
6(2), 8(1), 10(1), 11(1), 21, and 22, and in Botaniska Notiser 121: 165-208 . 
The order can be placed with Mrs. K. NORDSTRÖM, Institute of systematic 
botany, O. Vallgatan 18, S-22S61 Lund, Sweden. 

THE EDITOR 

Berichtigung 

In unserem Artikel über die Flora des Njuonjevare-Gebiet.es (Bot. Notiser 
122:284—293) soll der /weile Satz des zweiten Abschnittes auf Seite 290 
lauten: Nach SONESSON (1967 S. 279) ist dies das einzige bisher bekannte Vor
kommen in Moorvegetalion im Torneträsk-Gebiet. 

KURT LINDBERG und BERIT HINT. 

Bot. Notiser, vol. 123. 1B70 
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Brief Articles ami Reporis 

(Smärre meddelanden) 

Stellaria lit-mui-iuii ssp. glocriitlosperiiia 1'mnwl in Småland, 
South Sweden 

(Stellaria ncnioi-iim ssp. glochidosperma funnen i Smålaml) 

ABSTRA( I In connection with an inventory of beechforcsls m Sweden, 
Stellaria nemorum ssp glochidosperma has been Found in the province of 
Smaland. South Sweden, this subspecies is not earlier known from that part 
o! the countrj . 

I nde r arbete med en vfixtekologisk inventering a\ bokskogar i Sverige har 
en lokal för Stellaria nemorum ssp. glochidosperma konstaterats i Smaland 
Lokalen i fråga är en bokskog — Maras kronoskog — e. 1.5 km N Ihl lehiuk 
i Jönköpings län Skogen som helhet var närmast a\ Oxalls acetosella typ med 
\issa mera hedarta de partier. Inom ett mindre område var vegetationen betyd 
Ii;;! rikare och där Återfanns underarten tillsammans und hl a Milium if)ii*uni 
och Viola ripinuiini 

Stellaria nemorum I har t\ i subspecies: ssp inmurarn i.S montana PJERB 
1880, S nemorum ssp montana Minn. I8*)il) och ssp. glochidosperma Mrun 
1891. 

Enligt U n . T I N S allas (1950) är ssp nemorum mycket vanlig i Norge och 
Balticum. Axen i Mellansverige och södra Finland är den på \ iss.i ställen 
vanlig. I Skåne finns enligt WEIMARGKS flora ett tiotal lokaler. 1 Danmark är 
den sällsynt För ssp glochidosperma råder del motsatta förhållandet. Den 
är vanlig i Danmark och Skåne, men förekommei norrut endast pfi ett fatal 
lokaler (Blekingekusten, Göta äl\ dalin. K i kulle norra Öland) Ssp glochi
dosperma är vanlig tit i skånska Sngsbokskogar och dominerar i vissa lall 
fältskiktsvegetalionen. 

i . i w \nr LINDGREN 

Avdelningen for Växtekologi 
Lunds l niversitet, Lund. 

ö Vallgalan 14 S 228 61 I und 

l e \ i - r w>l 123 I 170 
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Hicroehloü alpina (Gramincac) 2 n = 6 6 in Northern Finland 

ABSTRACT. The chromosome number 2n=66 was found in a collection of 
Hierochloe alpina from Enontekiö parish, Finland. From different parts of 
the distribution area of Hie species the number 2n = 56 «as previously known. 

Previous reports give the chromosome number 2n = 56 of Hierochloe alpina 
(SWAHTZ) ROEMER & SCHULTES (BoWDEN 196(1 p. 551, Canada: Baffin Island. 
Southampton Island. Kssex Co.; Ft.OViK 1938 p. 301, Spitsbergen; HEDBERG 
1967 p. 310, Canada: Baffin Island; JOHNSON & PACKER 1968 p. 414. Alaska: 
Ogotoruk; JOISGENSEN, SORENSEN Ä WESTERGAAHD 1958 p. 12, Greenland: 
Nugssuaq, Clavering Island; KNABEN & KVGELSKJÖX 1967 p. 1"). Norway: Troms; 
LÖVE Ä RITCHIE 190(> p. 432, Canada: Southampton Island: SOKOI.OVSKAJA 
1960 p. (4. USSR: Sachalin Island: SOKOT.OVSKAJA 1963 p. 49. USSR: Kam
chatka: SOKOI.OVSKAJA & STRELKOVA 1960 p. 37.1 USSK: Kolguev Island; 
TATEOKA 1954 p. 46. Japan: WEIMAHCK unpubl., Greenland: S. Stromfjord; 
ZiitKovA 1967 p. 984, USSR: Wrangel Island). The related H. montlcola 
(BlGELOW) LOVE & LOVE is reported lo have 2n—03 (J0RGENSEN, S0RENSEN 
& WESTERGAAHD 1958 p. 12, Greenland: N'arssarssuaq: LOVE & LOVE in LOVE 

& Soi.iuin; 1964 p. 201. ISA: New Hampshire: WElMARCK 1967 p. 199 and 
unpubl., ISA: New Hampshire. Greenland: Narssarssuaq, Frederikshåb, Godt-
hali,. 

//. alpina plants from Northern ('inland. Knontckiii parish, Markkina (collec
tion I! I) 111 arc aneuploid, 2n=66 . The collection is apomiclic and male 
meiosis is disturbed as is also the ease with collections studied from Greenland 
(WEIMAHCK unpubl.). Morphologically the plants are not deviating from the 
normal within Hie taxon. Whether //. alpina shows more etiological anomalies 
in Northern Fennoscandia is now subject to further investigation. 

Mitosis in root lip of plant H I) l\ .'!. 
Excised root treated in 0.0125 Vo col
chicine for 2011 r at +1 'C. fixed in 
iibsolute alcohol : gracial acetic acid 
:t: 1, Feulgen stained and squashed 
according lo ÖSTERGREN & HEKEEN 
(1962). Photomicrograph with Nikon 
Microflex AIM on I.cilz microscope. 
X1500. 

Col. Notiser, vol. 123, tOTfl 
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( l'.oiani-k Litteratur) 

Hi£(i\ v in t . H.: C h e m o t a x o n o m i e d e r P f l a n z e n . Eine Obersicht 
über die Verbreitung und die systematische Bedeutung der Pflanzenstoffc. Band 
ö. Dicotyledonac: Magnoliaceae - - Quiinaceae. - - Birkhfiuser Verlag. Basel 
and Stuttgart 1969. 506 pp. Price FR 98.00 

Volume j of the basic, encyclopedic work "Chemotaxonomie der Pflanzen"' 
|p\ l l i ( . \ \ i ! i ! was announced to be the last publication in the series. II 
follows the same general plan presenting families in alphabetical order. 
Magnoliaceae to Quiinaceae are described in terms of morphology, and tax
onomy, with anatomical notes, discussions, and conclusions. Obviouslj the 
publication will he continued with one or more volumes, Extensive appendices 
of chemical notes at the end of each \ohime indicate the fast evolution of 
plant biorhemislix Die Nachlragc in \oIumc ö was completed in July 1968. 
It would lie valuable if the complete work was followed by supplementary 
books or a new edition within a few years. 

Chemotaxonomie der Pflanzen could be looked upon as a plant catalogue 
of micromolecules (in the sense of non-polymeric substances) in extant plants 
Uk.iloids. phenolic compounds, essential oils. c, allogenic compounds, fatty 
acids and saponins arc some of these plant constituents which arc found in 
main families. Mos! of these compounds are believed to be inctabolically inert, 
non adaplhe and regarded as good taxonoinic characteristics in phenetic and 
In a degri e pin logenetic classification ol the plant kingdom 

Von den Inhaltstoffen der Familie wissen wir noch viel zuwenig, um deren 
systematischen Wert ermessen /u können' H M . N U I - H ollen asks for an en
larged and intensified investigation of the nature and distribution of substances 
in different plant groups. The thoroughness of the chemical analysis is salis-
factorj in less than 5 % of the phanerogames. Nevertheless tins si I ol books 
is a reliable, rich source of well verified notes on the occurrence and biogenesis 
ol many organic substances. However, main of these chemical characteristics 
have not yet found use in any plant taxonoinic problem 

The present chaos resulting from the more or less unnatural systems of 
l.M.i EB, WKTTSTKIN. H I H HINSON, Pi i 11 . Li. MM- ( RONQUIST, T \k in \ . u \ and 
others, each with strongly, divergent taxonomic opinions ha\e made it im
possible to follow one system. Ill c.wi l.u, however, follows LBMEE'S ideas 
of siibfannlv divisions and familj range confinement. At the familj and oilier 
levels the angiosperm systems of WETTSTKIN and HUTCHINSON is almost always 

Rot. N o l i - i r . M>1 12:1. 19TÜ 

file:///ohime
file:///oIumc


204 BOTANICAL I.lTKHATl'HK 

compared. Oilier interpretations are also commented upon in llio conclusion 
following l In* discussion of each family. 

HEGXAUEE is well aware of the ambiguity of homonymous and .synonymous 
plant names. Many other biochemists, however, do not have information 
enough of this nomenclature. Several chemical analyses have been published 
using scientific plant names without attributing author notations. Synonymous 
species even have been the object of a comparative analysis by different 
scientists with accompanying meaningless dispute. For that reason, especially 
at the species level, the plant systematist ought to check the nomenclature and 
avoid any ambiguities concerning tbe validly published plant names. In 
Hi:GNU Kit's work tbis «beck is facilitated by many references to tbe botanical 
as well as the chemical literature. A cumulative index of plant names and 
chemical compounds would make it easier to use a serial book of tbis kind. 

Sometimes the chemical characteristics will support a system arranged on 
morphological groups. In other cases the phylocheinislry does not support 
any taxonomic interpretations at all. Too little is known about the relationship 
between biogenesis and morphogenesis. In the attempt to gel out a natural 
system, it is uol always suitable merely to put new chemical characteristics 
into the "morphological" systems. It inaj only cause confusion. 

A presumplionless systemali/ation of tbe angiosperms based exclusively on 
tbe "invisible characteristics" of plant chemistry may produce results valuable 
to the study of evolution. Furthermore one should give priority to the so-
called microevolulion research and also increase the chemical investigations 
of genetically well-known plant populations. Such primary research will be 
fundamental to macroevolution theories based upon chemical characteristics. 

"C.hemolaxonomie der Pflanzen" is one of the best publications of the 
relationship of plant taxonomy and phylochemislry and is filled with new 
ideas for future research in these disciplines. 

1,'l.F Ol.SSON 

BRIGGS, (i. E.: M o v e in e n l o f w a l e r i n p I a n t s. - Blackwell Scientific 
Publications, Oxford 1967. X+I42 pp. Price 32s.6d. 

Professor (I. K. BRIGGS, professor emeritus of botany at tbe University of 
Cambridge, gives in bis hook physical and physiological aspects on the move
ment of water through a plant. According to the introduction tbe book is 
intended for plant physiologists who have a knowledge of plant anatomy and 
of the usual experimental procedures for measuring water absorption, move
ment in the plant and transpiration. 

The first and even the greatest pari of the book deals very thoroughly with 
the effects of different factors on the water potential and upon the movement 
of water. In recent years attempts have been made to apply a terminology 
based on physical chemistry to cell water relations. These attempts have had 
some influence on professor BRIGGS. Unfortunately this influence has got 
him to mix the new and the old terminology. This and tbe fact that there 
are no explanatory figures in the hook, have made this part unnecessarily hard 
lo read. The aulbor s personal point of view in the subject is, however, very 
But. Notiser, vol. 128, 1970 
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iiitiTi sting. According i» liim ilu* concept of matric potential is quite unneces 
sarv. Ilr also contest the point of sonic modern writers who "seem to in iph ' 
th.il tin ino\em en I of wahr is "merelv a question of gradients of water 
potential and the appropriate resislances". 

In the second part of the hook the concepts discussed in the first part are 
used to describe the ino\emcnl of water through plants. The presentation is 
clear hul rather brief. In chapter 5 for instance onlj the stomatal transpiration 
is discussed and moreover only the effects on transpiration of the v.niablv 
layer of undisturbed air outside the sloinata and of the stomatal aperture. 

The hook is impaired l>\ rather main mistakes in form of missing words 
and letters in the wrong ordci 

1,1 NN VliT P h l l s s n N 

ROBERTSON. K N I ' r o i o n s . E l e c t r o n s , P h o s p h o r y l a t i o n , a n d 
A c t i v e t r a n s p o r t . Cambridge ITnivcrsitj Press 1968. VII -j- 96 pp. 
17 figs. Price £ 1.6.0. 

R. N. ROBERTSON, professor of Holanv at tin- University of Adelaide is a 
well known authority and specialist on salt uptake in plants In this book — 
based on a series of lectures 1>> the author — lie consciously puis his own 
person.il point of \ u \s on several important biologn.d pmccsses Starling from 
Mitchell's chemiosmotic hypothesis postulating 0 separation of positive and 
negative electrical charges in normal mitochondria and chloroplasts which 
is responsible for the formation of ATP from ADP and inorganic phosphate 
i n a rc\crsal of the pi! sensitive VIP ase rea« lion he suggests thai the principle 
of separation ol protons and electrons from hydrogen atoms of water or 
organic molecules is a general and fundamental biological process. Thus, 
In discusses charg« separation and ion movement in chloroplasts ami mi
tochondria and tin phenomenon of active ion transport inlo living cells I he 
discussion is based on about 17(1 modern references 

The hook is Suggestive and also vriv legible for the advanced student or 
the scientist ol phvsiologv or biochemist!") Ilu arrangement ol the subject 
is not lli.it ol a text-book. Important but also controversial concepts such 
as the kinetic analysis of salt uptake or the possible presence of a dual-
meehanisni for salt uptake are just referred to and the uiicei lainlv ol those 
theories is v\i II as of I Ire main ideas of charge separation which are discussed 
in delail is not alvvavs quite clear 

However, as a COIltribut b\ an lUthoritj to the debate on the motive 
force for active transport ol substances in cells the book is inspiring and we 
are once more reminded ol the important and necessan statement thai we 
alvvavs must IK looking for mechanisms of active transport instead of for the 
mechanism. 

SUNK PKTTFKSSON 
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HEATH, 0 . V. S.: T h e P h y s i o l o g i c a l A s p e c Is of P h o t o s y n 
t h e s i s . - Stanford university Press. Stanford 1969. VII ! .'110 pp., 142 figs. 
Price 8 8.50. 

Enormous amounts of original research papers, congress proceedings and 
review articles are being produced in the Held of photosynthesis. While 1 am 
writing this the three volumes (totalling about 2000 pages) of "Progress in 
Photosynthesis Research" from last year's congress in Tübingen is just being 
distributed. Nevertheless, it has been annoyingly difficult to find modern 
textbooks suitable to put into the hands of students. For .Scandinavian readers 
there has been the little book by P. rlALLDAL ("Fotosyntesen"), hut 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 F. RABINOWTTCH and 
GOVINTUKKI deals mainly with the molecular aspects, i.e. the physics ami 
chemistry of photosynthesis. The other one. with which this review is con
cerned, deals with the physiological aspects, i.e. relates the properlies and 
activities of the whole plant to the process. 

The first chapter, dealing with the .structure and pigments of chloroplasls, 
falls a little outside the main topic, lint forms a natural introduction. Several 
of the current and partly conflicting ideas about the subniicroscopic structure 
are described and the chapter also contains some nice and well reproduced 
electron micrographs. 

The next chapter is called "The diffusion paths". The physical relations 
arc appropriately described without the vagueness that often results from the 
idea that biologists cannot be made to undersland even simple mathematical 
formulae. If some immaterial objection should be raised against the treatment, 
it would be against the parallel drawn between a pressure (or concentration) 
difference and a potential difference (p. 431. As it is slated it is correct, 
and even instructive, but there is a slight danger of misunderstanding which 
could have been removed. II might have been pointed out that in thermo-
dynamical terms a potential difference corresponds to a difference in loga
rithms of concentrations or pressures. 

The third chapter and parts of oilier chapters, concern methods of investi
gation. Stressing the methodology in this field is motivated, since the kind of 
results obtained is largely determined 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 scientist should (whenever possible) 
know exactly what he is measuring. 

I have only minor objections. I think lhal the discussion of light measure
ment from a broad band source (p. 100) could have been made a little clearer. 
perhaps even by introducing the feared integral sign. In the chapter about 
"Interaction of factors" the mathematical relations are not always unambi
guous. For example, formula 4.2 (p. 114) reads 

V f(AI I f ( B ) + f ( C ) - t - - - | k. 

A mathematician would prabably write it 

Y=f A (A)+f„ (B)+f c (C) I 
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with the subscripts indicating that the f:s represent different functions. The 
addition of a k at the end is meaningless, since the form of the functions is 
not specified and may include constants. I also consider it an unnecessary 
inoustrousity to introduce a fictions "effective length" L]( (p. 124) for the 
photochemical and biochemical phases to explain the overall kinetics of 
photosynthesis. 

In the chapter on chlorophyll content and light absorption reference could 
have been made to the work of P. LATIMER and others regarding the general 
optical properties of living matter and other scattering materials. The only 
statement touching this is that Beer's law "would not be expected lo apply 
exactly". 

In the final chapter "Physiology in future work" the author makes a plea 
for the survival of "botanical plant physiology, as distinct from the biochemical 
and biophysical sorts". He feels the squeeze between the biochemists and 
biophysicists on the one hand and ecology and practical agriculture, horti
culture and forestry on the other. He argues that there is still work for the 
plant physiologist who is "primarily a botanist and therefore unfortunately 
knows less of biochemistry, biophysics and mathematics than the specialisis 
in those subjects". This may be true, although 1 would like to stress the word 
"unfortunately". In any case, the whole book shows that plant physiology 
certainly is not dead. 

L. 0 . BJÖRN 

R leimen, G. S t o f f W e c h s e l P h y s i o l o g i e d e r P f l a n z e n . Georg 
Thieme Verlag. Stuttgart 1969. X h 437 pp., 102 figs. Price DM 12.80. 

The author starts out with the nuclear fusion in the sun which drives all 
life, and continues with the energetics of biochemical reactions and the basic 
nature of enzyme action. This is all dealt with in a very simple way. without 
touching any kinetics. 

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 from scratch, These topics are photosynthesis and COg-assimilation, respi
ration, structure and synthesis of nucleic acids, proteins, isoprcnoids. lipids 
and porphyrins. One chapter deals with the assimilation of nitrogen, sulfur 
and phosphorus. Ami last, but not least, the most abundant chemical compound 
of living organisms, water, has got its own little chapter. 

I think the author's choice of topics, 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 first is that the 
structural aspects of biochemistry are not neglected. The famous «-helix is 
there of course, like in all other books. The reader also learns about the inulti-
enzvme-complex in fat synthesis, about the importance of structure in the 
respiratory chain, and the structure of the pholosynthetic apparatus n , , , s 16 
pages. There could have been more about the structure of proteins and of the 
polysaccharides of the cell wall, but then something else of importance might 
have had to be excluded. 
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I he oilier general feature thai 1 consider of greal value is thai the methods 
of investigation are worked into Ihe subject. The student heroines familiar 
willi the principles of chromatography and gel filtration, separation of cell 
organelles b j density cenlrif ligation, autoradiography, spectrophotometry and 
111.1 Ml Ollct 1*\ 

M\ main objection against the book is thai there are no references Whatever 
reasons there maj be for this, it seriously hampers the students who heroine 
particularly interested in some special topic and want to «lis deeper into it. 
Those students max be few, hut they are the ones worth writing good books 
for. 

Of course one can find particular points to crltisize here and then, but 
they are all of minor importance. 1 do not consider the experimental setup 
in figure ü9 \ery suitable for studying fluorescence. I suppose Ihe author has 
never tried it Furthermore it is an oversimplification to claim that the emis
sion from a leaf is identical (in spectral composition) to the fluorescence of 
putv chlorophyll. - - In describing the methods of oxygen determination, 
polarography might have been mentioned, perhaps in place of Winkler's 
method which is verj little used to-daj 

The hook is written in such a way thai not much prior knowledge of 
chemistry lor of anything else for that 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 Ihere is no dead talk, there 
a n lots of facts, hut the author also pauses for Ihe connexions between the 
details. 

In summary: A very nice hook 

I.. O. BJÖRN 

BCTENKO, B. d P l a n t T i s s u e C u l t u r e a n d P l a n t M o r p h o 
g e n e s i s . — Israel Program for Scientific Translations. Jerusalem 1908 
\ 296 pp., 104 figs Price $ 12.7.1. 

This book is translated from a Russian original published in 1964. II is both 
a manual for "tissue culture" (in fact of organs, calli and cell suspensions) 
and a review of scientific results obtained with such cultures. 

There is much valuable advice to he found in the book, but since there is 
no subject index a reader must take his lime. Ihe photographic reproductions 
aie cxliemelx had In the eopv obtained for review four pages are left without 
print. 

1 have found few factual errors On p. '.1'2 it is claimed that isolated roots 
(in contrast to some other materials) need sucrose in the medium. This is 
correct only for a few plants lü/nim turn roots are reported to use only sucrose, 
and roots of dicotyledons generally grow heller on sucrose than on glucose. 
Hoots of conifers and monocotyledons generally grow at least as will on media 
containing glucose as on those with sucrose Wheat roots can he grown on 
glucose, hut not at ail on sucrose media For some kinds of roots there arc 
also reports of positivt results wilh other carbohydrates. 

Bot. Notiser, vol. 128, lOTii 
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It is r ecommended to incubate cul tures in comple te da rkness if no i l lumina
tion is requi red for special reasons . It could have been ment ioned in iliis 
connection that excised roo ts general ly requ i re some light for con t inued 
growth; in comple te d a r k n e s s cell divisions cease a l le r a couple of weeks. 

Cytokinins seem to be a neglected top ic in this t reat ise. T h e r e is, at t he 
beginning of the book, a section ent i t led "Growth factors - syn the t i c a n d 
na tura l" . Th i s section deals with the effects of different aux ins and plant 
extracts . Kinelin or cy tok in ins are not at all ment ioned here. Although il is 
ment ioned that corn s teep wa te r con ta ins growth factors, no th ing is said 
regarding their na tu re . This is somewha t surpr is ing, since some of ('.. O. 
M il.i.Kit s work on the "kinel i i i - l ikc factor in maize is included in the biblio
graphy. T h e n a t u r e of zeat in was . in fact, fairly well realized at t he l ime of 
print ing of B C T E K K O ' S Russian edit ion, and il was also k n o w n tha i frui l lets of 
different species conta in subs tances with kinet in- l ike act ivi ty. In the shor t 
section on " T h e effect of k ine l in" (p, 135) B U T E N K O states that "kinel in h a s 
not been detected in biological spec imens , and il m a y be an ar te fac t" . Th i s is 
t rue, but al least s o m e t h i n g shou ld have been ment ioned aboul the n a t u r a l 
coun te rpa r t s , the cy tok in ins . 

The increas ing flow of t rans la t ions of Russian scientific l i t e ra ture is a 
welcome subs t i tu te (but no more l for our lacking knowledge of an i m p o r t a n t 
language of science. T h e t rans la t ions , pa r t i cu la r ly of journals , a r e often of 
low s tandard . In th i s pa r t i cu l a r case the t rans la to r . Dr. M. A K T M A N N , seems 
lo have m a d e an unusua l ly good job . 

I.. O. BJÖUN 

ROUND, F. E. I n t r o d u c t i o n t o I li e l o w e r p l a n t s . - - Bu t t e rwor lhs , 
London 191.9. XII - 170 pp . Pr ice t I. 

Almost the whole p lan t system is referred to he re as the " lower p lan ts" , only 
the g y m n o s p e r m s a n d ang iospe rms being left aside. T h u s the ma te r i a l is 
extremely he te rogeneous , indeed. However , the hook gives a wel l -balanced 
account of the chosen topic with many interest ing detai ls ami modern aspects , 
and il has been a p l easu re for me lo s tudy it. A cri t icism must therefore be 
r a the r pe r iphe ra l . 

T h e i l lus t ra t ions a r e s imple and easy to unders t and , I 'ossibly the Isoetes 
plant (p. 133) shou ld have been d r a w n in a m a n n e r not hiding the c o n n . 

T h e sys temat ic d ispos i t ion is mainly a convent iona l one with the except ion 
of the raid» of some algal g roups . T h e l ichens are treated as a sepa ra t e g r o u p 
not included in t he fungi, a somewha t d i spu tab le mat ter . Apart from Ibis, 
ma t t e r s of con t rove r s ion a r e r a re . In m a n y cases the a u t h o r h a s valuable 
pract ical a spec t s on his subject , s t ress ing the everyday contact with the lower 
p lants , bill I regret t he exis tence in a text-hook from 19(59 of an unrese rved 
r ecommenda t i on of cont ro l l ing Venlurla a t t a cks by mercu ry -con ta in ing fungi
cides. 

T h e notes on p rac t i ca l Study at the end of each c h a p t e r are va luable . Per
h a p s the review ques t i ons a r e , too, but I th ink many of them can h a r d l y be 
answered wi thou t a t eache r ' s p r e p a r a t i o n a n d gu idance . Moreover , each g r o u p 
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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 obscured by 
the details. I am afraid thai the student really using the book as an "Introduc
tion" cannot organize the subject without help. A great many anatomical. 
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 disturbing. Some examp
les: p. 44: the gametes of Pharopliyttt are stated to be formed in sporangia 
(should be gametangiai; p. I": egg cells in terminal sporangia (should be 
oogonial; p. 78: cleistocarp (should he cleistothecium); pp. 92, 93: Spanish 
moss is stated to be an Vsnea (rather a /iromeliaceae. Tillandsia usneoides); 
p. 139: the sporangiophores (of the S p h e n o p h y t a) are terminal (should be 
the strobili); p. 112: sporophyll types (in the Sphenophyta) (should be 
sporangiophore types). 

In conclusion it must he said that it is a most stimulating and useful book. 
A direct continuation on gymnospcrms and angiosperms would be very wel
come. 

GCNNAR WlilMARCK 

F o t o f 1 o r a n. — Läromedelsförlagen, Uniskol, Lund 1969. 262 sidor. Pris 
27.50 kr. 

En ny och annorlunda flora har kommit ut från Läromedelsförlagen, Uniskol. 
i Lund. Lektor LORENTZ POLIN, med tidigare erfarenhet från floraarbete, står 
för planläggning och bildorganisation i Kolofloran, 691 svenska växter presen
teras här i färg, fördelade pfi 836 bilder. 95 % av bilderna har BOLIN själv 
tagit under ett par ars intensivt arbete över hela Sverige. Kvalitén pä bilderna 
är genomgående mycket hög. Vissa växter presenteras mycket illustrativt med 
flera bilder. Lex. blomma och frukt. 

Urvalet av arterna tycks vara mycket genomtänkt även om man kan ifråga
sätta om vildtulpan och kronlilja är berättigade. 

Fotofloran stiger ytterligare i värde genom de utmärkta lexter som ÖFUAN 
NILSSON skrivit till varje art. Texterna har mast göras ganska komplicerade, 
men är ända myckel innehallsrika och kompletterar bilderna förtjänstfullt. 
Exempelvis bar manga intressanta kulturhistoriska notiser fogats till. liksom 
upplysningar om giftighet och fridlysning. Text och bild följs al helt vilket 
underlättar florans användning. 

I slutet av florau ger ÖRJAN NILSSON med egna teckningar pä nio sidor en 
översikt av växternas morfologi som är mera komplett än i någon tidigare 
fältflora. 

Men det är inte bara bildmaterialet som gör florau intressant. KU nytt och 
mycket viktigt grepp i takt med tiden är att växterna grupperats efter sin 
växtmiljö: kulturmarker, ängsmarker, torra, steniga och sandiga marker, 
skogsmarker, fuktiga marker, sjöar och stränder, havsstränder, fjällmarker. 
Träd, buskar och ris behandlas dock för sig. vilket kanske inte är helt konse
kvent men ända praktiskt riktigt. 
Bot. Notiser, vol. 123. 1970 
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Grupperingen a v växlenia är också noga genomtänkl och några grava 
anmärkningar gar knappast all göra. Genom grupperingen har floran bli vi I 
ett enkell hjälpmedel för den som ej är sa bevandrad i systematik. 

Grupperingen eller miljö horde dock följts upp med kompletterande bilder 
över de miljöer som omnämnes. 

Inom zoologien har man sedan länge haft fälthandböcker för olika miljöer 
av typ »Vad jag finner pä havsstranden». För växterna har det Ii i I in tills inte 
funnits nägon motsvarighet i Sverige, vilket onekligen varit en stor brist. Man 
kan väl misstänka och hoppas all Fotofloran nu röjt vägen för nya grepp i 
denna riktning. 

För botanisten är del naturligtvis inte tillfredsställande att endasl 691 av 
Sveriges ungefär 11(00 arter finns representerade. Floran vänder sig dock 
enligt förlaget i första hand till skolorna och man får nog säga all artstocken 
är lagom stor. 

Floran ingår i en serie »Slå upp» frän samma förlag som nu är under ut
givning och som i första omgången behandlar ämnena geografi och biologi 
(där utöver de traditionella ämnena även ekologi och naturvärd kominer atl 
bli vikliga inslag). En intressant satsning som har alla förutsättningar all slå 
igenom. 

Priset — 27,50 kr — för en sa genomarbetad fältflora med 83(1 högklassiga 
färgfotografier är verkligen anmärkningsvärt lågt. 

Slutsummering: En utmärkt fältflora som torde finna en myckel bred publik. 

LENNART LINDGREN 

LEVRING, T. H.. HOPPE, H. A. Ä SCHMID. O. J.: M a r i n e A l g a e. A S u r v e y 
of R e s e a r c h a n d U t i l i z a t i o n . ('.ram. De Gniyler and Co.. Ham
burg 1%<) 421 pp. with II« figures. DM 140.—. 

Numerous books on algae have been published during the last decade. Never
theless, there has been a great demand for a new (realise of the algae, especially 
their utili/.alion. The present hook by LEVIUM; - HOPPE - SMID fills this 
gap. 

The book comprises three parts: /. The vegetation of the sea and the classifi
cation of the algae wrillen by I.KVRIXG; 'J. Marine algae as raw material written 
by H O P P E and SCHMID, and 3. Coinmersial products written by SCHMID. 

LEVRING first gives a short, but very interisling survey of algal ecology, 
partly based on his own researches, lie gives a view of Ihe ecological factors 
and their influence on the algal vegetation. This review is extremely valuable 
as il is the first time the advances in marine botanical ecology have been 
summed up in this way. Further on he gives a comprimized review of the 
algal system, essentially Ihe bentic forms, but also Ihe phyloplancton and Ihe 
freshwater algae. lie uses Willi some modifications the system adopted by 
SMITH. However, some modern aspecls could have been used, for instance 
concerning Ihe systematica of Ihe siphonous green algae. This chapter is. 
however, chiefly a base for the following chapters on Ihe utilization of the algae. 

The chapter on marine algae as raw material is a unic review of all algae. 

Rot. Notiser, vol. 183, 1070 
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which can he of economic importance. An account of Ihe biochemical com
position, of the distribution, and of the commercial products is given for 160 
genera. 

The pari on commercial products is a comprehensive summarj of all known 
algal products and (heir different names, (he chemical composition. Ihe use 
and also an estimation of the total productions of each kind. The last chapter 
gives a review of miscellnnous product in algae such as pigments vitamins 
antibiotics, and ensyms. 

Bach chapter ends with a generous literature list, which is of outmost 
importance. 

The hook is illustrated with main diagrams, drawings and photographs. In 
some cases the printing qu.ililv of the illustrations are insufficient. 

As a summan can he staled that the hook is extremely valuable to all 
students of algae and to Institutions working on algal products II completes 
the algal literature in a new field thai earlier have been nearh impossible to 
get a general \ iew of. 

Toiu.sv VON Wvxui'M i n n 
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