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A key to the sterile corticolous crustaceous 
lichens occurring in South Sweden. 

By OVE Al.MBORN. 

The determination of sterile lichens can be a difficult task, as lichen 
taxonomy is mainly built on characters taken from apothecia and 
spores. Vet a good deal of those lichens which are seldom or never 
found with apothecia can easily be recognized on other morphological 
characters. E. ACHARICS, in the beginning of the I9lh century, described 
several of them as proper species. In the 20's and 30*S there arose an 
opposition against the Acharian taxonomy. K. F. VV. WALLROTH and 
(i. ]•'. W. MEYER in Germany and E. FRIKS in Sweden treated the 
majority of sterile lichens as moiislnious forms of fertile species. These 
points of view were si lengthened by the increasing knowledge of the 
morphology of apothecia and spores, which proved to be of funda
mental importance for lichen taxonomy, and prevailed Up to the end 
of the past century. 

A reaction against these extreme views began with W. NYLANDEB 

and E. VAINIO. both of whom regarded the organs of vegetative re
production, mainly soredia and isidia, as important specific characters. 
About the turn of the century, i.tt., .1. REINKK, (). V. DARBISHIRE and 
G. BITTER Studied the morphology ol the soredia. and succeeding liche-
nologists began to consider soredia and isidia lo be of ecpial taxonomic 
interest as apothecia, thus, in many < ases. returning to the same species 
concept as ACHARIUS. V valuable contribution to the morphology of 
the vegetative organs of reproduction was gi\en by 1)U RlETZ 11924 
p. 371}, who classified the main types of soredia and isidia, proposed a 
consequent terminology and discussed I heir taxonomical importance. 

An important help to the classification of sterile lichens has 
been provided by lichen chemistry. NYLÄNDER I I860 p. 198) found 
that the colour reactions given by potassium hydroxide and calcium 
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hypochlorite with certain lichens could be used as laxonoinical cha
racters. These reagents, as well as iodine solution and. in the lasl 
decades, paraphenylenediamine (ASAHIXA 1931 p. 47). have been 
employed by mosl lichenologisls. The laxonoinical value of these 
chemical tests have been judged in different ways. An extreme tendency 
((.a.. Mi'i.i.KK ÄRGOVIENSIS, hardly represented among modern licheno-
logislsi did nol ascribe any taxonomical value to chemical reactions. 
The other extreme, mainly represented by the leading men in the field 
of lichen chemistry, W. ZOPF and Y. ASAHINA, but also by a limited 
number of pure taxonomists. such as NYLÄNDER, and. in recent lime. 
V. GYELNIK and V. RÄSÄNEN, consider a conslanl dillerence in the 
chemical constituents to be sufficient for specific segregation, even if 
there is no morphological dillerence. I agree with Ihe majoritj of 
modern lichenologisls who ascribe merely a subsidiary taxonomical 
value to lichen chemistry. Only when there is a correlation between 
chemical and morphological characters can the former be useful lor Ihe 
delimitation of species. With this reservation we must acknowledge Ihe 
valuable aid offered by lichen chemistry, especially for Ihe identification 
ol fragmentary specimens and of sterile lichens. The use of »chemical 
characters» for the distinction of rather large groups of species in the 
following scheme does not mean to over-estimate Ihe laxonoinical value 
of lichen chemistry. It is a practical arrangement lor Ihe benefit of Ihe 
beginner: the trained eye can in every case recognize Ihe species on 
morphological characters. 

The key that is given below is restricted to the sterile lor rather 
ollen sterile) crastaceous lichens reported as corticolous (or lignicolous) 
in South Sweden, i.e., Ihe provinces known as Götaland. A similar 
treatment of the sterile saxicolous species must be postponed to a future 
date. Sterile species or forms of larger foliose lichens, such as Par-
incline and Phi/scinc (except the very small I'h elneina), have been 
excluded, as they are supposed to be well-known from elementary lichen 
floras. Also among Ihe mere crustaeeous lichens Ihe choice has. in 
some cases, been somewhat subjective, e.g., in Ihe group containing 
species bearing pyenoconidia (nos. .'(1 a—3(5 b in Ihe key). Some fertile 
species, whose apolhecia can be mistaken for soredia [La., Pertwaria 
teptospora, P. multipuncta and Phlyctis affelaea] have also been con
sidered. 

The scheme comprises (55 species. Two of I hem [Lecidea Lightfootti 
and Pertusaria pulvereo-sulfurata) must, however, be excluded from 
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the Swedish lichen flora, as the records of them have been slated lo be 

incorrec t . A s imi lar key by liRiCHSKN (1930 p. 230) from N.W. Germany 

listed 35 species. T o some extent Ihis increased n u m b e r is due to Ihe 

fact thai ou r district conta ins more species than EKICHSKN'S . but also 

lo the extended knowledge of sterile l ichens dur ing Ihe last two decades, 

ma in ly th rough Ihe w o r k s of ERIOIISKN. Yet I have a wider species 

concepl I han E R I C H S E N . T h e s tudy of the variat ion within a larger 

ma te r i a l has rendered il necessary lo degrade several of his species, 

m a i n l y wi th in Pertustiria, lo varieties or forms. 

Near ly all species treated have at least some lime been found fertile, 

so thai il has been possible lo place them in Ihe system. They const i tute 

n o na tu ra l g r o u p : r a t h e r s imilar sterile l ichens can belong to very 

different genera in the general ly accepted ZAHI.HRUC.KNER system, which 

is based on the morpho logy of apolhccia and spores. In some cases the 

mate r ia l avai lable does not allow a definitive judgement of Ihe taxo-

n o m i c r ank . A n u m b e r of species (some Pertiisuriue. the whole genus 

Lepraria) have never been found in a fertile stale. Thei r generic 

a r r a n g e m e n t mus t be provisional, as it is based on habi tual similari ty. 

From a phytogcographica l view-point, the major i ty of Ihe species 

dealt with here a re southern lowland plants . P ropaga t ion by means of 

soredia or isidia seems to be less frequenl in noil hern o r a lp ine distr icts . 

A list from Nor the rn Sweden would p robab ly not contain more than 

about .HO such species, accord ing lo our present knowledge. F r o m an 

ecological view-point , we find a d o m i n a n c e of coniophi lous species. 

I t is evident that dus t - impregna ted hab i ta t s a re more favourable lo 

species spreading by means of soredia and isidia. t han to those spreading 

by m e a n s of spores only. 

The addi t ional notes after the key conta in no detailed descript ions. 

F o r such. I refer to the works quoted at each species. Only some short 

notes about the occur rence of apothecia and their morphology are given. 

Fur ther , I have s u m m e d up the most useful chemical reactions lor each 

species, par t icu lar ly as. in m a n y cases, the l i terature does not conta in 

such da ta . It must he asserted that these react ions give only f ragmentary 

hints of Ihe chemical composi t ion of Ihe lichen Ihallus. Fo r detailed 

information about lichen chemis t ry and its laxonomical significance 

reference must be m a d e to the works of. i.n., ZOPF, ASAIIINA. DES A B -

BAYES and I . A M B . 

The morphologica l terminology agrees wi th DES ABBAYES (1951) and, 

as lo soredia a n d isidia. inainlv with Di: R I K T / I 1924). 
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A b b r e v i a t i <> n s. 

Ap. apothecia. I'y. — pycnidia. Py.-con pycnoconidia, So. = soredia. Th.— 
thathis. 

K —potassium hydroxide. C=calcium hypochlorite. 
K C lhe.se reagents used one after the other. P=paraphenylenediamine. 
The signs + , ± ete. after the reagents indicate a positive or negative reac

tion of cortex (superior sign) and medulla {inferior sign). In some cases, when 
cortex and medulla are less distinctly limited, the statement considers the 
whole thallus. e.g., K I instead of l i t . ( f I means an indistinct reaction. 

Key to the species. 

1 a. Thallus crustaceous only in the centre, at the circumference with distinct. 
corticate lohes (visible in the binocular), sometimes with distinct squa-
mulcs. 

2 a. Th. deep yellow—orange. 
3 a. Th. K + dark red. 

1 a. Lohes coralloid. sorediate. somewhat ascendent. 
Xanthoria candelaria 

•1 h. Lobes ± appressed. sorediate in the margin, often broader than in 
the preceding sp., colour often darker yellow. Xanthoria fiilln.v 

3 It. Th. K—. Candelaria concolor 
2 11. Th. ± grey (often brownish-, greenish- or yellowish grey). 

5 a. Th. squamulose. 
6a . Th. C I" red; squamulcs grey or brownish above, whitish and 

sorediate beneath. Lecidea scalaris 
6 b. Th. C— (or sometimes yellowish). 

7 a. Th. covered with coralloid isidia emerging from the edges of She 
squamulcs. Parmelieila corallinoides 

7 b. Th. not isidiatc. 
8 a. Squamulcs not appressed, greyish above, whitish beneath, at 

least sometimes forming cups or tubes (podctia). 
Cladoniii spp. (young stages! 

8 b. Squamulcs appressed. without podetia. 
9 a. Squamulcs crowded, brownish, not sorediate. 

Taninia catadocensis 
9 b. Squamulcs scattered, glaucous—greyish, rounded, with a 

thickened sorediate margin. Normandina pukhella 

.') b. Th. ± continuous, lobate at the circumference. 
10 a. Th. covered with isidial so. in the centre. 

11a. Th. whitish grey. K + yellow. — Mainly on coniferous trees. 
Parmeliopsis ateurites 

11 b. Th. brownish grey: K—. — Mainly on deciduous trees, especially 
Populus tremula. Pannaria piiyrea 

II) b. Th. sorediate. without isidia. 
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12 a. Tli. yellowish, K . Parmeliopsis ambigna 
12 1). Th. grey. 

13 a. Cortex K i yellow. 
14 a. Marginal lobes tree: so. maculiforin. 

Parmeliopsis hgpemptn 
14 b. Marginal lobes appressed, priiinose: so. maculiform—dif

fuse in Hie centre. Buellia canescens 
13 b. Cortex K • —; marginal lobes closely appressed: so. maculi-

form. Physcia elaeina 
I Ii. Th. quite crustaceous. willioul corticate lobes in Ibc circumference, nor 

with distinct squamules. 
15 a. Th. (at least so.) C + red or orange. 

1(5 a. Th. thin, yellowish, quite dissolved inlo so. 
17 a. Th. light yellowish green; so. diffuse or sometimes maculiform. 

Leccuwra expallens 
17 b. Th. pale brownish yellow, oflen limited by a dark hypolhallus: 

so. diffuse. Lecidea quernea 
16 b. Th. thicker, distinctly corticate fa I least in the circumference), 

generally sorcdiale. 
18 a. Cortex yellowish. Th. with verruciform isidia. generally mingled 

with sorcdiale verrucae. Pertusaria lutescens 
18 b. Cortex light grey dark grey, not yellowish. 

19 a. So. well delimited; no isidia. 
20a. So. large (mostly exceeding 0.5 mm. diam.), ± convex. 

21 a. So. greyish while, K—. 
22 a. 'I'h. areolale; so. somewhat constricted at the base. 

Pertusaria lactea f. faginea 
22 b. Th. not areolate; so. not constricted at the base. 

Pertusaria hemisphaerica 
21 b. So. with a yellowish, dirty brownish (or reddish) tinge, K + 

yellow. Ochrolechia iindrogyna 
20 b. So. small (not or rarely reaching 0.5 nun. diam.i. plane. 

23 a. So. c. 0.-I 0.5 mm. diam.; soredial granules e. 0.05— 0.1 
inni. diam. Ochrolechia nrborca 

23b. So. mostly c. 0.2—0.4 mm. diam.; soredial granules c. 
0.02 -0,03 nun. diam. Lecidea flexuosa 

19 b. Soredia mainly diffuse. 
24 a. Th. ± light grey, isidiale; isidia soon developing into whitish 

grey or faintly greenish grey so. Ochrolechia suboiridis 
24 b. Th. dark grey, without isidia: so. first roundish, soon conflu

ent, dirty brownish or yellowish grey. Pertusaria sordidogrisea 
15b. l b . C—. 

25 a. Th. distinctly yellow (not sulphur-grey). 
26 a. K 4- distinctly red. 

27 a. Th. with maculiform so. 
28 a. So. rounded, with a reddish or brownish tinge. 

Caloplaca microphgllina 
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'28 b. So. rounded confluent, bright (citrine) yellow. 
Caloplaca chrysophlhalma 

27 b. Tli. with isidial so. Caloplaca herbidella 
27 c. 'I'll, almost quite dissolved into diffuse so. Caloplaca phlogina 

26 1). Th. K— (or faintly red). 
29a. 'I'll, quite dissolved into minute leprose so., K + faintly red. 

Lcpraria candelaris 
29 l>. Th. consisting of small granules, K . 

30 a. Granules c. 0.2 mm. diam., forming a continuous crust, 
Candelariella vitellina 

301). Granules ca. 0.1 mm diam., scattered. Candelariella xanthostigma 
25 b. 'I'll, lighter or darker grey lalso while-grey, brownish grey or sulphur-

grey I or almost absent. 
,'il a. I'y. numerous. 

32 a. Py. black, not pruinose. 
33 a. I'y.-con. curved, 5—7X1—2 ^. — Mainly on smooth bark. 

(ipeijriiphii Tnfcscens 
33 b. Py.-con. straight. — Mainly on coarse bark or lignum. 

34 a. Py. (0.2—)0.3(—0.6) mm. diam., plane or convex, rugose; py.-
con. 2—3X1 |x. Catillaria graniformis 

34 b. Py. 0.1 0,2 mm. diam.. >punctiform»; py.-con. 4.5 6 |H long. 
35 a. Py.-con. 1—2 [A broad; th. P—. Art ho nia byssacea 
.'(5 b. Py.-con. 0.5—1 [/. broad; th. P + orange. 

Arthoniu cinereoprmnosa 
32 I). Py- covered with a white priiina (at least in young Stages; sonic-

times disappearing on old py., revealing a brownish surface). 
36 a. Py. 0.2—0.3 mm. diam.; py.-con. 12—20X2.5—4 [*; th. pul

verulent. Lecanactis abietina 
36b. Py. (I.I 0.2 mm. diam.; py.-con. 3—3.5X1 n; th. smooth. 

Opeijrapha fitscella 
31 b. Py. lew or quite lacking. 

.'t7 a. Hi. whitish, pulverulent, with numerous brownish abortive apo-
thecia. Lecanactis amylacea 

'.i~ b. 'I'll, of varying colour: no abortive apothecia. 
38a. No distinct contiguous cortex present; th. quite dissolved into 

minute granules or squamules, diffuse so. or coralloid isidia. 
39a. '1'h. surrounded by a distinct while hypolliallus. 

Haematommu coccineum 
39b. Hypolliallus blackish or lacking. 

4(1 a. 'I'll, sorediate: isidia and squamules lacking. 
41 a. Most so. distinctly delimited, round or ovoid, partly ± con

fluent, K I yellow->• orange. Xylographa spilomatica 
41 b. So. diffuse, K— (or impurely yellow), 

42 a. 'I'll, glaucous grey—whitish grey; no thalline lobes. 
43 a. Granules forming a contiguous crusl: no hypolliallus. 

44 a. Granules »leprose» (i.e., dissolved into a fibrillose or 
arachnoid texture). - Mainly on rough bark (in the 
crevices). Lepraria aeruginosa 
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44 Ii. Granules nol leprose. Mainly on twigs and needles of Picea. 
Calillaria Bouleillei 

431>. Granules scattered in the circumference, in the centre ± con
fluent forming a crust of diffuse so.; blackish hvpothallus often 
visible. Lecidea Nylanderi 

42 b. I'll, sulphur-grey. ± leprose—arachnoid, with indistinct, non-corti-
eatc Ihalline lobes. C.roii/nia membranacra 

40 h. 'I'll, not sorediate. 
45 a. I'll, vivid green when moist, irregularly erose or composed of 

appressed greenish grey squainules. Caloplaca obscurella 
45 b. Th. not changing colour when moist, nor erose or squamulate. 

46 a. Th. composed of minute, ± conglomerate, dark grey (greenish— 
brownish) corticate granules. Calillaria prasina 

46 b. Th. composed of coralloid, ash-grey—sulphur-grey isidia. 
Caloplaca fterbidella 

38 b. Th. with a distinct contiguous cortex, at least visible in the circum
ference. 

47 a. Th. (at least so., when present) K + yellow, changing to red within 
a minute. 

48 a. Th. with papillate or cylindrical isidia. sometimes developing into so. 
Pettusaria coccodes 

48 b. Th. without isidia. 
40 a. I'h. with so. or sorediate apolhecia; cortex light grey—ash-grey. 

50 a. Th. with real so. 
51 a. So. whitish grey (or sometimes reddish), K I- yellow—•orange 

-• red, ± limited or later confluent to huge diffuse efflores
cences. I'lilyctis argena 

51 b. So. brown brownish grey, K 4- (indistinctly yellow—»-) red, 
as young ± prominent and limited, later confluent. 

Lepraria decolorans 
50 b. Heal so. lacking; apolhecia roundish, erose, surrounded by a 

prominent whitish pulverulent margin, thus giving the impres
sion of so. Phlgctis agelaea 

49 b. Th. without so.; cortex blackish or bluish grey. 
Riniidina colobina 

47 b. Th. (at least so.) immediately K + yellow, not changing to red. [Vide 
also 47 el. 

52 a. Th. covered with low papillate isidia, soon bursting into so. 
Pertusaria cocendrs, var. coronata 

ö'_> b. Th. sorediate, without isidia. 
53 a. Almost the whole th. covered with ± tliffu.se so. 

54 a. Soredial granules c. 0.05—0.1 mm. diam. 
55 a. So. yellowish grey whitish grey, E + intensely yellow, alter 

some day changing to reddish. 
llai'inaUimma elatinum 

55 b. So. brownish grey, K \ (brownish) yellow, not changing to 
reddish. Catillarla pulverea 
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."i4 Ii. Surcdial granules c. 0.02 mm. diam. i hardly visible as granules 
lo Ihe naked-eyei, sulphur-yellow. 

I'eiInsulin pulvereo-sulfurata 
53b. So. distinctly delimited (at least the majority of them). 

56 a. Fertile verrucae sorediate in the margins, often quite pulveru
lent giving the impression of real so. Pertusaria leptospora 

50 h. So. not containing apolhecia. 
57 a. 'Ph. rather distinctly delimited, often with dark hypothallus 

lines; so. greenish grey (at least in a fresh slate). 
HiwIlia griseouirens 

57h. 'I'h. indistinctly delimited (no hypothallus lines); so. whitish 
or yellowish grey. 

58 a. So. scattered, plane or convex, dissolved into rather coarse 
(c. 0.05- 0.08 mm. diam.) granules. Lecanora macalata 

5« h. So. dense (often touching each other, hence angular), plane 
or slightly concave, dissolved into very fine (c. O.O.'J mm. 
diam.) granides. Lecanora impudens 

•17 c. 'I'h. K— (sometimes very slowly changing to brownish or reddish). 
59 a. I'h. KC+ violet (medulla and sorediai: taste bitter. 

60 a. Th. with greyish, corticate, sterile verrucae. as a rule mingled with 
while pruinose, fertile verrucae. Perlusaria amara I. slesoicensis 

601). No corticate verrucae; th. sorediate. 
61 a. 'I'h. with well delimited so. Perlusaria amara 
61 h. 'I'h. with diffuse so, PertUSQlia amara f. puh'inata 

59 b. Th. KG—; no hitter taste. 
62 u. So. ± distinctly delimited, roundish. 

63 a. »Sorcdia» in reality being fertile verrucae. i.e., containing apo
lhecia covered with a sorediate margin. Pertusaria mnitipimcta 

6."t b. fertile sorediate verrucae lacking (or extremely rare). 
64 a. 'I'll, distinctly delimited, margin often zonate (containing at 

least one pale and one dark line). Pertusaria globulifera 
64 I). 'I'h. not distinctly delimited. 

65 a. Cortex with a yellowish tinge; so. small (c:a 1 nun. diam.). — 
Coniophohous. mainly on coniferous Irees. 

Ochrolechia alboflaoescens 
65 1). Cortex whitish grey—ash-grey (not yellowish); so. large 

(often more than 2 mm. diam.I. Coniophilous, mainly on 
deciduous trees. Pertusaria globulifera var. discoidea 

62 b. So. ± diffuse. 
66 a. So. greenish grey or yellowish grey, I' I yellow •red. 

Lectdea efflorescent! 
66]). So. whitish grey or faintly brownish grey, P 

67 a. Th. covered with granulate isidia (0.2 0.5 mm. diam.), some of 
which become + dissolved into so. (sorediai granules 0.1—0.2 
nun. diam.); margin of th. ollen zonate. 

Perlusaria globulifera var. Henrici 
67 h. No real isidia present: sorediai granules 0.02 0.1 mm. diam.; 

no zonate margin. 
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68 a. Granules c, 0.02 -O.O.'i nun. diam. Lectdea Lightfootii 
68 b. Granules exceeding 0.04 mm. diam. 

69a. 'l'h. thin, effuse, almost wholly covered with diffuse, whitish grey so.; 
granules c. 0.05—0,07 mm. diam. Ochrolcchia microstictoides 

69 b, Th. rather thick, determinate (sometimes with a pale margin), al least 
in the circumference with sonic determinate so., in the centre covered 
with diffuse, brownish grey so.; granules c. 0.08—0.12 inni. diam. 

Pertusaria teprarioides 

Addit ional notes . 

Arthonia byssacea (Weig.) Ach. - A L M Q V I S T 1880 p. •_>.'). REDINGEH 

1937—38 p. 25. ALMBORN 1948 p. 198. 
Rare, on coarse hark of old trees, mainly oaks. Known only from 

live Swedish stations, not collected in the present century. 
React.: K , impurely yellow. ('. = . KC=. I '= . Ap. not frequent, semi-

globose, iniinarginate: disc blackish covered with a whitish pruina. 

.4. cinereopruinosa Selmer. — ALMQVIST I.e. p. 26. REDINGER I.e. p. 87. 
Hare, mainly on coarse bark of old trees. 
React.: Kl impurely yellow. C=, KC=, P | yellow•*orange. Ap. not 

frequent, roundish, plane or slightly convex, immargihate; disc blackish 
covered with a bluish grey pruina. 

A. deeolorans (Turn. & Borr.) Erichs., vide Lepraria L. 

li. canescens (Dicks.) De Not. — T H . FRIES 1874 p. 587. ALMBORN 

1948 p. 173 (map). 
On rough bark of old deciduous trees. Known only from two Swedish 

stations, both in Skåne. 
Read.: K_ yellow » brownish, (". = . KC=, P= (-*• yellowish). — Ap. 

unknown from Sweden, black, plane; margin thin disappearing. 

B. forinosa Malme, vide Pertusaria leprarioides. 

li. griseooirens (Turn, & Borr.) n.c — Syn. Variolatia griseovirens 
Turn. & Borr. TURNER & BORRER 1839 p. 54 (descr.). CI'. A. I.. SMITH 
1918 p. 361 (sub Pertusaria fagineaj. Icon.: J. E. SMITH, English Bo
tany (1812) tab. 2490. Buellia betalina illepp) Th. Fr. T H . FRIES 1874 
p. (510. Rhizocarpon betulinum Hepp (1862). 

The synlypes of Variolaria griseooirens in the British Museum (Na
tural History), London, examined be me are sterile, but their identity 
with Buellia betalina is quite evident. As names given to sterile (or 
»imperfect») stales of lichens are valid if otherwise in conformity with 
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the rules of nomenclature, the well-known epithet betulina must he 
replaced by griseovirens. 

React.: K'+' yellow-» brownish. C=. KC=. P+ yellow-»orange. Ap. 
rather frequent, black, concave!—plane); margin thick, prominent. 

Caloplaca chrysophthalma Degel. — DEGELIUS 1944 p. 56. 
On old deciduous trees. Probably overlooked: previously known from 

Öland and Gotland IDEGELIUS I.e.). An unpublished station: U p p 
l a n d , Ö. Ryd: in the avenue between the church and Rydbohohn, on 
Fraxinus, leg. S. AHLNER. 

React.: K and KC+ dark violet-red, C— lor orange). 1> = . Ap. 
rather rare, (brownish—)orange yellow; margin thick, yellow. 

C. herbidella (Nyl.) H. Magn. — MAGNUSSON 1932 p. 430. 1911 p. 30. 
Not unfrequent though hitherto overlooked. 
React.: Kand KG— dark violet-red (paleforms—),C—or | 11 orange, 

P ( + ) orange. Ap. rather rare, dark orange: margin thick, flexuose. 

C. microphyllina (Tuck.) Hasse. — DEGELIUS 1939 p. 186, 1940 p. 
142. 

Rare lor overlooked), on coarse bark of old trees. Known only 
from B o h u s l ä n , Skaf tö 'DEGELIUS I.e.) and S k å n e . Torekov: 
Hallands Väderö, on Quercus and also on rocks IAI.MBORN. unpub
lished) . 

Read.: K and KG+ dark violet-red, C—, P— [soredia orange). — 
Ap. unknown from Sweden, minute, dark orange: margin o r a n g e -
greyish, crenulale. 

C. obscurella (Lahm) Th. Fr. T I L FRIES 1871 p. 182. HELLBOM 

1871 p. 91. 
Rare, on deciduous trees in eutrophialed situations. 
React.: K = . G=, KG=, P = . — Ap. not unfrequent. minute, brownish— 

blackish; margin grey—pale brown, soon disappearing. 

C. phlogina iAch.) Flag. — DEGELIUS 1944 p. 57. 
Not unfrequent, though rather overlooked, on coarse bark. 
React.: K + dark violet-red. C— (or orange), P— (-»-orange). - Ap. 

rather rare, yellow; margin thin, ± granular. 

Candelaria concolor i Dicks.) Am. — HILLMANN 1936 p. 20. 
Frequent on eutrophiated bark. 
Read.: K—. C—. EC—. P—. — Ap. rather rare, yellow or brownish; 

margin entire or granulate—sorediate. 
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Candclariella vitcllina lEhrh.) Miill. Arg. Tu. FRIES 1871 p. 188. 
Frequent in wood in eulrophiated situations, also on l>ark of old trees. 
React.: K—. C.—. KC . 1' . - Ap. rather frequent, yellow; margin 

entire or granular. 

C. xanthosligma (Pers.) Lettau. — T H . FRIKS I.e. (pro var.). MAGNUS-

SON 1935 p. 122. 
Frequent on eutrophiated bark. 
React.: as in ('.. vitelline. — Ap. rather rare, minute. 

Catittaria Bouteillei (l)esm.i Zahlbr. — VAINIO 1934 p. 441. DEGELIUS 

1944 b p. 23. 
Not unfrcquenl (though hitherto overlooked), mainly on twigs and 

needles of Piceu in the outskirts of forests. 
React.: K - (or impurely yellow), C—. KC—, P—. - - Ap. rather 

common, yellowish carneous: margin paler, thin or crenale. 

C. graniformis (Hag.) Vain. — VAINIO 1934 p. 450. — Syn.C.Ehrhar-
tiana lAch.) Th. Fr. 'I'll. FRIES 1874 p. 570. 

Not unfrequenl on wood, also on coarse bark, mainly of old oaks. 
React.: K [ yellow, C=, KC=, P = . — Ap. pale—yellow: margin ollen 

flexuose. 
The name ('. Ehrhartiana generally used by Swedish and Central 

European lichenologists must be replaced by C, graniformis, as Lichen 
graniformis Hagen (1782), though referring to the sperniogoniferous 
state only, is the valid specific epithet. Cf. the analogous case con
cerning Opegrapha fuscella IALMBORN 1948 p. 137) and the discussion 
by HYLANDER (in LANJOUW 1950 p. 162). 

('.. prasina (FT.) Th. Fr. — TH. FRIES 1874 p. 572. VAINIO 1931 p. 166. 
Ralher frequent on wood and old bark. 
React.: K—. C—. KC , P . —— Ap. not unfrcqnent. minute, convex, 

immarginate. yellow brown—dark brown or blackish. 

(,. pulverea (Borr.) Lettau. LINDAU 1923 p. 87. A. I.. SMITH 192(5 
p. 134. — Syn. I'erlitsnria miniescens Eriehs. (sec. holotype in herb. 
ERICHSEN, Hamburg, and isotype in herb. A. H. MAGNUSSON. Gothen
burg). ERICHSEN 1938 p. 111. MAGNUSSON 1942 p. 10. 

On old trees, oaks, etc., ill woods. Known from some few stations in 
Bohuslän and Västergötland, but probably overlooked. 

React.: K and KC+ yellow, (',=, P7- yellow -• orange -• cinnabar. — Ap. 
probably ralher rare, plane (—concave), black: margin Ihin, persistent, 
greyish black. 
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Crocynia membranacea (Dicks.) Zahlbr. Syn. (.'. lanuginosa lAch.) 
Hue. I'soroma lanuginosuin (Ach,) Mull. Arg. (pro p.). I.INDAU 1923 
p. 150. ANDERS 1928 p. 33. Lepraria cinereosulphurea Fik. pro max. p. 

Frequent on rough bark. especially overgrowing mosses, also on rocks. 
Read.: K and KC.(+) impurely yellow. C . P ! pink—brick-red. 

Ap. unknown. 

Haematomma coecineum (Dicks.) Kbr. - Tn. FRIES 1871 p. "297. 
Rather frequent on old trees, mainly Quereus and Fagus, 
Head.: K and KG( + ) impurely yellow. ('. . P | yellow. — Ap. not 

unfrequent, blood-red or reddish brown: margin thick, sorediate. 

The species contains several well-separat eel colour varieties. They are 
never confluent, though often growing together. Apparently they are 
gcnolypically different (not age stages: not due to different illumination), 
but as there are no other morphological differences than the colour, 
they cannot retain the rank of species. 

var. COCCineum. — Syn. H. coecineum sensu ang. ERICHSEN (1928—I 
1930 p. (i. //. coecineum var. ochroleucum (Neck.) Th. Fr. Tn. FRIES 
I.e. Th. sulphur-yellow. 

var. fuscocineieum n. var.1 Th. brownish grey. 
var. porphyrliim (Pers.) Th. Fr. TH. FRIES I.e. Syn. //. leiphae-

mum (Ach.) Zopf. EKICHSEN I.e. Th. whitish grey. 

//. elatinum (Åch.) Mass. — T H . FRIKS 1871 p. 299. HÖEG 1923 p. 144. 
Probably rare (or overlooked) in S. Sweden (more frequent in 

N. Sweden). Mainly on coniferous trees and lielulu. 
Read.: K- yellow, C=. KG—, P ' l ' yellow .orange •cinnabar. — Ap. 

not very common, reddish brown: margin soon disappearing. 

Lecanactis abietina (Ach.) Kbr. — LETTAD 1932 p. 30. 
Frequent, mainly on coniferous trees, also on old deciduous trees 

iQuereus, Fagus, Alnus, etc.). 
Read.: K—, V.— (lop of pyenidia C i- red). KC—, P + yellowish. — 

Ap. not unlrcqucnl, black, covered with a thick, whitish—pale yellowish 
pruina; margin prominent, concolorous. 

/,. amylacea (Ehrh.) Am. — LETTAU 1932 p. 35. AI.MKOHN 1948 p. 31 
(map). 

Rather rare, mainly on old oaks, especially on the northern sides. 

1 Thallus fuscocinereus. — Type locality: Sweden. Skåne . Torekov: Hallands 
Väderö, on I'ayus, leg. (). ALMBOBN. 1950. Holoivpc in herb. Lund. 
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React.: K and KC.— lor impurely yellow). C—. P— yellowish. — Ap. 
often abortive, but sometimes well developed, black, while-pruinose; 
margin thin or disappearing. 

Lecanora expallem Ach. — MAGNUSSON 1927 p. 125. — Syn. Lecidea 
soraliata Vain. VAINIO 1934 p. 401. 

Very frequenl on all kinds of trees in not too illuminated situations. 
React..: K + yellow, C and KC— orange ->rose-red, I' - (or darker 

yellow). — Ap. not unfrequent (though inconspicuous), pale yellowish, 
margin sorediale, at length disappearing. 

L. impudens Degel. — DEGEI.IUS 1944 p. 50. Syn. Pertusaria fari-
nacea II. Magn. MAGNUSSON 1942 p. 15. 

Probably not unfrequent. though hitherto overlooked, on different 
kinds of bark, especially Fraxinus. 

Read.: K'+' yellow, C=, KC=. P'_' citrine yellow. — Ap. rare, urceo-
late—plane, red-brown: margin thick, entire!—crenulate). persistent. 

L. maculata (Erichs.) n.c. — Syn. see below. 
Frequenl. mainly on deciduous trees in woods. 
Read.: K and KC+ yellow. C = , P'.J yellow, orange or cinnabarine. 

— Ap. rare, plane, brownish; margin thick. _i crenulate, persistent 
The discovery of typical lecanorine apothecia in several Swedish spe

cimens renders it necessary to transfer Pertusaria maculata lo Leca
nora, quite as has been the case with Ihe related species /,. impudens 
(syn. P. farinacea). Bolh these species belong to Ihe L. subfusca group. 

[.. maculata is a variable species: 
I. maculata. — Syn. Pertusaria maculata Erichs. EHICHSEN 1936 

p. 646 idescr.i. P. sublutescens Malme in Lich. suec. exs. No. 868 [1923, 
nomen solum, nun P. sublutescens Zahlbr. 1925). /'. chloropolia 
Erichs. var. planiuscula II. Magn. MAGNUSSON 1942 p. 14. Soredia plane. 
delimited, c. 0.5 mm. diam., whitish yellowish grey. 

f. chloropolia i Erichs.) n.c. Syn. Pertusaria chloropolia Erichs. 
EMCHSEN 1936 p. 645 (descr.) and 1940 p. 42. MAGNUSSON 1937 p. 131 
and 1942 p. 14 [excl. var.). P. chloropolia f. cana Erichs. EHICIISE.N 1936 
]). ()4(i. Soredia convex. J. delimited, c. 1 mm. diam., as a rule more 
distinctly sulphur-grey. 

These forms may look ralhcr characteristic in their extremes, but 
they are combined with numerous transitional slages. ERIGHSEX and 
MAGNUSSON used the P reaction of Ihe soredia as a line, of demarcation 
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between maculata and chtoropolia. In facl there is no correlation be
tween this reaction and the morphological characters. 

A detailed revision of this group will appear in a v.ork in preparation. 

Lecidea ef'florescens iHedl.) Erichs. — EWCIISEN 1932 p. 8:3. VAIMO 
1934 p. 403. Syn. L. [Biatora) heIi>ol<t (Koerh.) Th. Fr. f. ef florescens 
Iledl. HEDLUND 1892 p. 126. MAGNUSSON 1927 p. 12(1. 

Not unfrequenl (though hitherto overlooked), often on Quercus. 
React.: K = , G=. KC=, P+ brick-red. — Ap. rather frequent, plane— 

semiglobose, pale reddish—brownish: margin disappearing. 

/ , . flexuosa (Fr.) Nyl. — T H . FRIES 1874 p. 444. LYNOE in VAINIO 

1934 p. 343. — Syn. Biatora flexuosa Fr. 
Rather frequent on wood or on decaying bark of old trees. 
React.: K ~ impurely yellow. C and KC.T rose-red. P = . — Ap. rather 

frequent, plane, blackish: margin thin, often flexuose. 

[/,. /.iulitfootii (Sm.) Ach. — VAINIO 1934 p. 315. — Syn. Catillaria 
Lit/lit footii Oliv. 

Not yet known from Sweden. The records by MAGNUSSON I 1912 
p. 13, Magn. exs. 338) from B o h u s l ä n , Slenkyrka do not belong 
here. The exs. is Lecidea flexuosa. 

In Central and Western Europe preferring smooth bark, often Betala. 
React.: K = , C=. KC=, P = . - - Ap. not unfrequent, dark brown or 

black: margin thin, persistent.] 

/,. Nylanderi (Anzi) Th. Fr. — T H . FRIES 187 1 p. 462. VAINIO 1931 
p. 201. - Syn. Biatora Nylanderi \n / i . 

Not unfrequent, mainly on coniferous trees and Betitla or on lignum. 
React.: K = , G = , KC=, P = . - Ap. rather rare, brown or blackish 

often conglomerate; margin pale, flexuose. persistent. 

/.. gaernea iDicks.) Ach. - - T H . FKII-.S 1871 p. 125. VAINIO 1931 p. (17. 
— Syn. Biatora quernea Fr. 

Rather frequent, mainly on deciduous trees, in not loo illuminated 
situations. 

React.: K I impurely yellow, C |- orange. E G + dark orange. P— or 
darker yellow. — Ap. not unfrequenl, brown or reddish brown; margin 
disappearing. 

I., scalaris Ach. — VAINIO 1934 p. 44. Syn. /.. ostreata iHoflm.) 
Scbaer. Til. FRIES 1874 p. 41 I. 

Frequent on rough bark, especially of I'inus, also on wood. 
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React.: K and KC=, Gjl rose-red, P—. — Ap. not unfrequent, blackish, 
slightly prninose; margin thin, at length pruinose. 

L. soraliata Vain., vide Lecanora expallens. 

Lepraria aeruginosa (Wigg.) Sin. — LINDAU 1923 p. 235. ANDERS 

1928 p. 209. — Syn. L. glaucella (Flk.) Nyl. 
Very frequent, mainly in the crevices of rough bark preferring 

shaded exposition. 
React.: K or impurely yellow, C— KG , P , slowly — yellow 

I [-»-cinnabar). — Ap. unknown. 

/,. eandelaris (L.) Fr. — Syn. /.. flava iSchreb.) Ach. LINDAU I.e. 
ANDERS I.e. 

Frequent on coarse bark of old trees, especially oaks. 
React.: K( f ) faintly red, C—, KG—. P— brown-red -»-orange (-»-cin

nabar). — Ap. unknown. 

L. decolorans (Turn, et Borr.) Almb. (1948 p. 1271. - Syn. Arthonia 
impolita lEhrh.) Borr. var. decolorans Redinger 11937 1938 p. 96). 
A. decolorans Erichs. (1936 b p. I I . 1910b p. 311). MAGNUSSON 

1942 p. 4. 
Bather frequent in the crevices of coarse bark, mainly old oaks. 
React.: K —, brownish colour of soredia changing to red. G= (not 

red as stated by LCRICHSEN and REDINGER). P—. — Ap. unknown. 

Normandina pulchella (Borr.) Nyl. — D E G E L I I S 1935 p. 99 (map). 
AHLNER 1942 p. 81 (map). MASSELROT 1948 p. 185. 

Rare, mainly in oceanic districts, on deciduous trees, as a rule 
growing upon bryophytes or oilier lichens. 

Read.: K= , C—, KG=, P = . — Perithecia rare ior overlooked), very 
minute, globose, immersed, superior pari visible as dark points. 

Ochrolechia alboflavescens (Wulf.) Zahlbr. — RXSXNEN 1939 p. 61. 
Rare ior overlooked: previously not specifically distinguished from 

0. patlescens), mainly on coniferous trees in the N. parts of I ho district. 
Read.: K = . G=, KC=, P= (soredia slowly yellow — red-brown). — Ap. 

rather rare, + ureeolate, yellowish—pink, while-pruinose: lhalline mar
gin Ihick, wrinkled- crenulate. persistent. 

0. androgyna (Hoffm.) Arn. — ALMBORN 1948 p. 76. — Syn. O. sub-
tartarea (Nyl.) Mass. 

Frequent, mainly on rough bark of deciduous trees. 
React.: K— yellow, G and KC+ rose-red, P = isoredia slowly yellow-)-
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orange). Ap. rather rare. + urceolate. brownish or yellowish red. not 
pruinose: thalline margin thick, entire, often sorediale. 

f. ro.ieoxoredio.ia [Gyeln.) Erichs. ERICIISKN 194-1 ]). 31. - Syn. 
0. roseo.wredio.Ki GYELNIK (1930 p. 391); cf. ERICHSEN 1937 p. 108. 
Soredia larger than in the type with a pink or red-brown colour. Not 
rare together with the type. Apparently a growth slate with a very 
slight laxonomic value. 

0. arborea (Kreyer) n.c. — Syn. Pertiisaria arborea (Kreyer) Zahlbr. 
ERICHSEN 1936 p. 545. DEGELIUS 1936 p. 74. ALMBORN 1942 p. 395. 
/'. myriosora Erichs. ERICIISKN 1938 p. 113. 

Rare (or overlooked), on deciduous trees. At present known from five 
Swedish stations. 

React.: K± yellow (not always distinct). (" and KC. i rose-red, P = 
tor faintly yellow). Ap. very rare (not known from Sweden), plane, 
reddish, not pruinose; thalline margin rather Ihin. entire, persistent. 

The discovery ol apothecia in Russian specimens necessitates the 
transference of the species to Ochrolechia. A detailed treatment of the 
species will appear in a forthcoming paper. 

O. microstictoldes Häs. RÄSÄNEN 193(1 p. 26. Cf. ERICIISKN 1940 p. 50. 

Exs. Lich, Eenn. exs. No. 226. I.ichenolheca lennica No. 107. Syn. 
Pertiisaria sihxiliea H. Magn. (pro p.). MAGNUSSON 1942 p. 16. /'. lepra-
rioides Erichs. var siloalica iH. Magn.I Almb. (pro p.) ALMBORN 1942 
I>. 397. 

Frequent, mainly on wood-trees inon-eutrophialed hark). 
React.: K —, C = , KG=, I > = or slowly brown). Ap. rare, (somewhat 

urceolate —) plane, light brown, not pruinosc: thalline margin thick, 
granular—sorediale. persistent. 

O. subuiridis illöeg) Erichs. ERICHSEN 1942 p. 146. — Syn. Pertu-
sari'i s. llöeg. Hö KG 1923 p. 150. ERICIISKN 1936 p. 546 iLMBORN 1918 
p. 77 (map). Ochrolechia bahusiensis 11 Magn. (al least pro p.). 
MAGNUSSON 1927 p. 115. Magn. exs. 4. Cf. ERICIISKN (1928 11930 p. 2. 

Rather frequent, mainly in the S.W. districts, ollen on somewhat 
eutrophialed bark. 

Read.: K = . C and KC | rose-red, P = . - - Ap. very rare, somewhat 
concave, light brown, not pruinose; thalline margin thick granular— 
sorediale, persistent. 

Qpegrapha fuscella (Fr.) Almb. AI.MROKN 1948 p. 137 (map). — 
Syn. O. ha pale aid es Xyl. RKIHNGER 1937—1938 p. 352. 
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Rather rare (known from Skåne, Blekinge and (iland), on shaded 
trunks of old trees, especially i'linus. 

React.: K= , laler yellowish, C=, KC=, P = . Ap. rather frequent, 
elongate, branched or sometimes stellate; disc narrow. 

O. rufescens Pers. - - Syn. 0. herpetic.» (Ach.) Ach. ALMQUIST 1869 
p. 20. KEDINGER I.e. p. 343. 

Frequent, mainly on smooth hark. 
React.: K=, (',=, KG=, P = . — Ap. as a rule frequent, innate, oval or 

linear, simple or branched, straight or curved; disc black, variable in 
width; margins rounded and inflexed. 

As emphasized by KEDINGER the difference in the curvature of the 
pyenoconidia is too slight to allow a specific separation of O. herpetica 
and (). rufescens. The type specimens agree perfectly. The valid epithet 
of the species is O. rufescens Pers. /1794), which is earlier than Lichen 
herpelicus Ach. (1798). 

Pannaria pityrea iDC.) Degel. — DEGELIUS 1935p. 105 (map). — Syn. 
P. coeruleobadia (Schleich.) Mass. P. lanuginosa (Hoffm.?) Szat. 
GYKI.NIK 1940 p. 241. 

Rather rare on deciduous trees, mainly Populus tremula, preferring 
oceanic districts. 

React.: K = , C=, KC = , P = . — Ap. rare, yellowish red; Iballine margin 
granular sorcdiale. 

I'anneliellu corallinoitles (Hoffm.) Zahlbr. — GYELNIK PJ40 p. 180. — 
Syn. Pannaria triptophylla (Ach.) Am. 

Rather frequent on deciduous trees in woods. 
React.: K = . C=, KC=, P = . - - Ap. not (infrequent, plane—convex, 

dark brown; margin paler, red-brown. 

Parmeliopsis aleurites (Ach.) Nyl. — Syn. Cetraria aleurites Th. Fr. 
/'. pallescens (Hoffm.) Zahlbr. HILLMANN 1936 p. 36. 

Not (infrequent, mainly on coniferous trees, especially Pinas, also 
on wood. 

React.: K I yellow, C=, K('. = , P = . — Ap. not very common, reddish 
brown: margin granular—sorediate. 

P. ambigua (Wulf.) Nyl. — HII.I.MANN 193(5 p. '-'7. 
Frequent, on all kinds of bark and on wood. 
React.: K= (or impurely yellowish), C=, KC=, P = . — Ap. not frequent, 

dark red-brown; margin thin, entire or crenulate, sometimes sorediate. 

1" Botaniska Notiser 1952. 
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P. hyperopia (Ach.) Am. — HlLLMANN 1936 p. 31. 
Not unfrequenl (rare in the southernmost districts). preferring coni

ferous trees, often near the ground, also on wood. 
React.: K± yellow. ('-=, KC=, P—. - - Ap. not frequent, brownish, 

nitidous; margin thin or granular—sorediate. 

Pertusaria (imam (Ach.) Nyl. — HöEG 1923 p. 152. EHICHSEN 1936 
p. 560. 

Frequent on different kinds of bark, mainly in rather illuminated 
situations. 

React.: K= lor slowly brownish—reddish), ('.=, KC+ violet-red. P = 
(or soredia slowly orange—cinnabarine). Ap. rare, in semi globose 
sorediale verrucae; disc immersed, pale reddish, at first, covered by a 
whitish pruina. 

ERICHSEN described some species from this form-circle, which, in my 
opinion, cannot retain I he rank of proper species: 

f. pulvinata (Erichs.) Almb. (1948 p. 76). — Syn. P. pulvinata Erichs. 
(1936 p. 5731. Soredia ± diffuse. 

f. slesvicensis (Erichs.) n.c. — Syn. P. slesvicensis Erichs. ERICHSEN 
1934 p. 391, 1936 p. 555. ALMBORN 1939 p. 778. 1948 p. 208 Th. papil
late, not or lillle sorediate, ap. frequent. This form can give lla im
pression of a proper species, but transitional stages — »var. intermedia» 
Erichs. (1940 p. 38) - - occur often together with it. 

I', arborea (Kreyer) Zahlbr., vide Ochrolechia a. 

P. chloropolia Erichs., \ide Lecanora maculala f. 

P. coccodes i Ach. | Nyl. 
Frequent, mainly on rather rough bark, somewhat coniophilous, 
React.: K | yellow, ollen changing to red (cf. below). (',-, KC= (or 

yellowish). P= lor yellowish). — Ap. rare, in semiglobosc verrucae; 
disc immersed, minute, dark. 

Owing to the numerous transitional types occurring, /'. coccodes 
and related species, sensu ERICHSEN, had. in my (minion, heller be 
treated as varieties of a collective species: 

var. coccodes. Syn. /'. coccodes (Ach.) Nyl. sensu ang. HöEG 1923 
p. 166 (excl. f.l. ERICHSEN 1936 p. 351. Th. dark or light grey, forming 
granular sorediale isidia. K ~ yellow -red. 

var. coronata (Ach.) n.c. — Syn. P. coronata (Ach.) Th. Fr. HÖEG 1923 
p. 165. ERICHSEN 1936 p. 394. Th. yellowish grey, forming granular 
sorediale isidia; K2 yellow. 
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var. isidiifera (Erichs.) n.c. — Syn. P. isidiifera Erichs. ERICHSEN 1936 
p. 399. Th. grey, forming granular—cylindrical, non-sorediate isidia, 
Kj; yellow. 

var. phi]mutades (Ach.) n.c. — Syn. P. phymatodes (Ach.) Erichs. 
ERICHSEN 1936 p. 361. /'. coccodes f. bacillosa Nyl. HÖEG I.e. Th. grey 
(often dark), forming granular cylindrical (sometimes branched), 
glomerate, non-sorediale isidia: K yellow—red. 

P. coroTiata (Ach.) Th. Fr., vide P. coccodes var. 

/'. discoidea (Pers.) Malme. vide /'. globulifera var. 

P. globulifera (Turn.) Mass. 
Frequent, mainly on deciduous trees in open situations, somewhat 

coniophilous. 
React.: K = . C=, KC=. 1> = . — Ap. very rare, in ± sorediate verrucae; 

disc immersed, reddish -brown, pruinose. 
/'. globulifera is also a polymorphous species including several varie

ties ranked as species by ERICHSKN: 

var. globulifera. — Syn. /'. globulifera (Turn.) Mass. sensii ang. HÖEG 
1923 p. 155 (excl. f.). ERICHSKN 193(5 p. (554. Margin of th. containing 
zones of dark and pale lines; soredia c. 2 mm. diam. 

var. discoidea (Pers.) n.c,— Syn. I', discoidea (Pers.) Malme. ERICHSEN 

1936 p. 664. P. SCUteltata Hue. HÖEG 1923 p. 157. Margin not or indis
tinctly zonate; th. more whitish: soredia large (reaching (i mm. diam.). 

var. Henrici (Harm.) n.c. — Syn. /'. Henrici (Harm.) Erichs. KRICHSEN 

1936 [). 671. P. globulifera f. isidiata Höeg. HÖEG 1923 p. 155. Margin + 
zonate; th. granular—isidiate, isidia partly dissolved into diffuse soredia. 

/'. Iiemisphaerica (Flk.) Erichs. - ERICHSEN 1936 p. 511. ALMRORN 
1948 p. 65 (map). — Syn. /'. speciosa Höeg. HÖEG 1923 p. 147. 

Rather frequent, mainly in the S.W. districts, preferring old trees in 
woods. 

React.: K . C. and K(". dark red. 1' = . — Ap. unknown. 

/'. Henrici (Harm.) Erichs., vide /'. globulifera var. 

/'. isidiifera Erichs., vide I', coccodes var. 

/'. lactea (L.) Am. — Mainly a saxicolous species sometimes occurring 
in a somewhat aberrant corlicolous form: /. faginea Erichs. ERICHSEN 
103(5 p. 535. 

Rather rare, on deciduous trees. 
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React.: K=, C and KC+ rose-red. P = . Ap. very rare lonly known 
from the saxicolons form), in sorcdiale verrucae: disc immersed, 
brownish—pink, i white pruinose. 

P. leprarioides Erichs. — ERICHSEN 1936 p. 678. MAGNUSSON 1942 p. 15. 
ALMBORN 1942 p. 396. Magn. exs. No. ."552. — Syn. P. incolorata Erichs. 
(in herb.: nomen solum). P. silvatica H. Magn. ipro p.) MAGNISSON 

1942 p. 16. P. Henrici (Harm.) Erichs. var. sepincola Erichs. ERICHSEN 

1929 p. 114, 1936 p. 675. 1940 p. 50. — Biteltia farinosa Mahne IMAI.MK 

1923 p. 374) is a P. leprarioides affected by the fungus Leciographa 
inspersa (Elk.) Rehni. sec. a holotype in herb. Stockholm. The epithet 
farinosa cannot be used for the present species being a noinen con-
fusum. 

Frequent, mainlj on eutrophiated bark mear roads, etc.). 
React.: K = . C=, KC=. P= . — Ap. very rare, in almost wholly 

sorediatc, semiglobose verrucae: disc immersed, minute, pale brownish. 

P. leptosporu Xilschkc. — ERICHSEN 1936 p. 611, AI.MBORN 1948 
p. 163 (map). 

Some stations, mainly on Fagus and Quercus, in Skiuie. \V. Smaland, 
Halland and Bohuslän. 

React.: K and KG ] yellowish, later brownish, C=, P{ orange. — Ap. 
always present, in conic semiglobose sorediatc verrucae; disc plane, 
yellowish—reddish brown, not pruinose. 

/'. lutescens (Mollm.) Lamy. - - HÖEG 1923 p. 160. ERICHSEN 1936 
p. 648. 

Frequent, mainly on deciduous trees, in woods. 
React.: K= (or yellowish), C and K. orange, P = . — Ap. rare, im

mersed in sorediale verrucae: disc minute, blackish brown. 

/'. maculata Erichs., vide Lecanora m. 

P. miniescens Erichs.. vide Catillaria pulverea. 

P. multipuncta (Turn.) Nyl. - IIOEG 1923 p. 115. ERICHSEN 1936 
p. 605. AI.MBORN 1948 p. 167. 

Rare in S. Sweden (more frequent in X. Sweden), mainly on Mims 
and Betala. 

React.: K=, C = . K C - . P = . — Ap. always present, in rather flat 
sorcdiale verrucae: disc plane, greyish—black, usually pruinose. 

P. myriosora Erichs.. vide Ochroleehia arborea. 



STERILE (OKI"1COLOUS CRl'STACEOLS LICHENS 259 

P. phymatodes (Ach.) Erichs., vide P. coccodes var. 

[P. pulvereo-sulftirata Harm. ERICIISKN 1936 p. 679. 
A dubious .species. A comparison with an isolype (from France, 

Cheniménil. leg. Ilarmand) in herb. Hamburg has revealed that the 
two Swedish records of P. pulvereo-.iiilfurata are not correct. The type 
is a plant somewhat similar to Ilaematomma elatinum though it has 
much finer soredia. The specimen from B o h u s 1 ä n, N. Skaftö 
(DEGEMUS 1939 p. 151) is young and not determinable with certainty. 
It is granular - verrucose with very slightly developed soredia, which 
are not so finely pulverulent as in the HARMAND specimen. Moreover, 
it has a distinct white hypothallus. Probably il belongs to llaema-
tomma coccineum. The record H a l l a n d , Hasslöv IALMBORN 1942 
p. 399) refers to a young P. hitescens. 

React, (in the isotype): K and KC+ yellow, later brownish. C=, P = . 
— Ap. unknown.] 

P. pulvinata Erichs.. vide P. amura f. 

P. silvatica II. Magn.. vide Qchrolechia microslictoides. 

P. slesvicensis Erichs.. vide P. amara f. 

P. sordidogrisea Erichs. — ERICHSEN 1940 p. 32. MAGNUSSON 1942 
p. 17. ALMBORN 1942 p. 399. 

Rare (or overlooked), on coarse bark in eutrophiated situations. Known 
from some stations in Skåne, Blekinge. Halland. Bohuslän and Väster
götland. 

Read.: K and KC= 'or soredia yellowish). G+ red, P = . — Ap. un
known. 

P. subviridis Höeg., vide Qchrolechia s. 

PMyctis agelaea (Ach.) Plot. — HÖEG 1923 p. 173. 
Not unfrequenl. mainly on smooth bark, often on Fraxinus, SorbllS 

aucuparia, etc. 

React • K < o r 'mPu r e 'y brown-red 
I | yellow -* orange -> rusl red , C=, EC=, P+ yellow, soredia-* 

orange. - Ap. always present, in sorediale verrucae; disc blackish, 
grey- or while-pruinose. 

Phi. argena (Ach.) Flot. — HÖEG 1923 p. 174. 
Very frequent on different kinds of bark, mostly in somewhat shaded 

situations. 
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React.: K i yellow—-orange-'rust-red. C.=, KC=, P I yellow, soredia-* 
orange. Ap. radier rare. in sorediate vernicae; disc blackish, white-
pruinosc. 

f. eri/tlirosoni (Erichs.) n.c. — Syn. I'M. erythrosoru Eriehs. ERICH-

SEN 1939 p. 7.'). Ai.MBORN 1939 p. 773. MAGNUSSON 1942 p. 17. Soredia 
more distinctly delimited, rounded, pink. This form is very charac
teristic in its extremes but it is connected with the type through 
numerous transitions. 

Phgseia etaeina (Sm.) A. L. Sm. — Du HIKTZ 1923 p. 87. MAGNUSSON 

1935 p. 123. — Syn. Ph. adglutinata iFlk.) Nyl. 
Hare (or perhaps overlooked); only two Swedish stations known: 

G o t l a n d . Visby ion Abies) and B o h u s l ä n . Solberga ion [//-
mus), both in dust-impregnated situations. 

Head.: K—, C=, K C = , P = . — Ap. very rare (unknown from Sweden). 
minute, blackish brown: margin entire. 

Rinodina colobina (Ach.) Th. Fr. — MALME 1915 ]). 253. Du RIKT/. 

1923 p. 80. MAGNUSSON 1947 p. 319. 

Not unfrequenl (though often overlooked), at the base of deciduous 
trees in eulrophiated situations. 

React.: K. yellow-» red, C=, KC=, P—. Ap. usually scarce, _!_ plane, 
black: margin thick, prominent, grey. 

Toninia caradocensis iLeight.) Lahm. MAGNUSSON 1927 p. 120. 
ALMBOBN 194« p. 200. 

Hare (or perhaps overlooked; only some stations in Bohuslän and 
Västergötland known), especially on coniferous trees and Betitla, also 
on wood. 

React.: K = . ('. and KC± yellowish (or orange). P = . Ap. scarce, 
black: margin usually flexuose. 

Xantboria candelaria IL.I Am. — Du H n i / . 1921 p. 185. HILLMVNN 

1935 p. 23. 
Frequent, on eulrophiated bark. 
React.: K and K C i dark violet-red. C i pale reddish. P = . — Ap. not 

very unfrequenl, yellow; margin entire or somewhat sorediate. 

A', fallax illepp) Am. — Du RiETZ I.e. — Syn. A. substellaris (Ach.) 
Vain. HlLLMANN I.e. p. 28. 

Rather frequent, on eutrophiated bark. 
React.: as in A', candelaria. — Ap. rather rare, orange-yellow; margin 

often sorediate. 
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Xylographa spilomatica (Anzi) Th . F r . - T u . F R I E S 1874 p. 639. 
REDINGEH 1937—1938 p. 207. 

Mainly on wood, ra re ly on living b a r k . Rare in S. Sweden (not un-
I'reqtienl in N. and Centra] Sweden) . 

React.: K and KC+ citrine yellow-*• o range , C = . P + yel lowish— 
brown . Ap. somet imes frequent, somet imes quite tacking, elliptical; 
disc concave, redd ish b r o w n : marg in thin, da rke r b rown. 
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Evolutionary studies on the shape of the cell and 
of the chloroplast in desmids. 

B y E I N A R T E I L I N G . 

»A modern biologist is no longer satisfied wilh !he terse 
statement of CVJVIER, according lo whom Ihe lask of an 
investigator is to 'nonimer, elasser, et dccrirc'. He wishes 
lo know something about Ihe causes which make an indi
vidual what it is, and which make different individuals 
similar in some respects and different in others.» 
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1. Introduction. Basic morphological types. 

When, more than a century ago. MENEGHINT and RALFS first pro
duced order and system into Ihe bewildering multiplicity of Ihe desmids 
then known, the three main types elongate, compressed, and angular 
were used as important characters of the cell shape. Though these 
types, among themselves, exhibit so many points of agreement that the 
desmids sensu stricto stand out as an extremely clearly delimited taxon. 
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very little investigation has been made of the forces which have been 
active in the formation of these very different types. 

The present author ili)50l has submitted a theory that the com
pressed, i.e. biradiale, desmids are derived from angular, i.e. pluri-
radiatc ones, and that the latter are descendants of short, circular 
ancestors and, further, that this evolution has been induced by an 
ecological factor, namely light. 

Apart from some small genera with laminated chloroplast, there is 
one character occurring in the vast majority of the desmids. viz. the 
radiate chloroplast. This common feature is, in certain cases, not im
mediately visible but a comparative morphological examination reveals 
its surprising constancy. 

The author (1950) has shown how the chloroplast of I he angulo-
radiate (compressed and angular) desmids. being the majority of the 
placoderms, probably have arisen from a primitive radiate chloroplast 
which functioned in ancestral desmids. circular a vertice. The radial 
enlargement of the radiate lamellae of the chloroplast favoured greater 
photosynthesis and connected with this there occurred a corresponding 
change of the cell-wall so that the primitive short-cylindrical shape 
evolved into an angular one. each angle containing the outgrown distal 
part of a lamella of the chloroplast. An extreme radial enlargement 
has given rise to the long processes characteristic of many Stmirastra. 
Among these pluriradiale desmids there has. during their evolution, 
occuired a reduction of the angles and ibis evolutionary path, common 
and very important within the animal as well as the vegetable kingdom, 
has gradually given rise to quadriradiate, Iriradiale and biradiale 
forms.' The last represent the end-stage and is characteristic of the 
majority of the placoderm desmids, Cosmariam, Euastrum, Micros-
terias etc. The trend of reduction is to be comprehended as a further 
result of selection performed by the light factor; it gives the chloro
phyll a belter exposition to light. Indeed, the compressed biradiale 
end-stage is an equivalent to the flattened or leaf-like shape of the 
pholosynthelic organs of the multicellular green plants. 

II is now my intention to submit my view of the part played by light-
ecological agents in the phylogeny of the desmid chloroplast as well as 
the connecting causative formation of the shape of the desmid cell. 
Finally a consequent summary of the chloroplast of the desmid genera 
is given in accordance with the more adequate terminology which I have 
used here. 

1 In culture KALLIO (1951) has produced uniradiale facies of Micraslerias. 
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2. Historical survey. 

In the beginning of desmidiology, «hen there were only primitive 
microscopes, the external morphology was ihc sole descriptive character. 
Later on, better microscopes made it possible to complete the diagnoses 
of the rapidly increasing number of species with internal characters. 
The chloroplast, its shape, position and number of pyrenoids became 
over-emphasized and were given a too great part both in taxonomy and 
biosyslemaly. This was done on the assumption that these characters 
are constant and specific, but without sufficient knowledge of the struc
ture of the chloroplast: lor instance the concepts ol axile and parietal 
were comprehended as contrasting characters. 

The first scientist who devoted special attention to these subjects 
was LOTKEMUXLER I 1893 and 1895). His papers, however, did not 
succeed in stimulating research in this direction until NELLIE CARTER 

in 1919 and 1920 published a comprehensive, objective examination, 
founded on good methods, of numerous desmid species belonging to 
the more important genera. This standard-work is still our most im
portant source of knowledge on t bis subject. 1 am glad to express a 
sincere estimation of this excellent work which has, to a large extent, 
been the basis on which I have worked. 

GAY (1884, p. 16) seems to have been the first who summarized the 
contemporary knowledge and devised a system of chloroplast types. 
It is quite artificial: the axil »chlorolencites en plaques» contain the 
type of Mougeotia as well as the type of Micnisterias. 53 years later, 
the system of CZL'RDA is constructed similarly, lie 11937. p. 55) dis
tinguished six types: 1. Plattenförmige. 2. Morgenslern- bis rippcnwal-
zenförmige, Beispiele: Zygnema, Cylindrocystis, Penium. 3. Chromo-
phoren, welche urn cm zentral gelagertes Pyrenoid flache, den Zellen-
rauinverhällnisseii angepasste Lappen oder entsprechend angeordnete 
knrze I.eislen fiihren, Heispiel: Cosmarium. 1. Flachig ausgebildete 
Chromatophoren mit zahlreichen. gleiclunässig verteilten Pyrenoiden. 
Heispiel: Micmsterias. 5. Lnregehnässig verlaufende, ungefähr bandfor -
niige Chromatophoren mit einreihig angeordneten Pyrenoiden, Bei-
spiel: Pleurotaenium, (>. Schraubenbandförmige. dabei ebene oder rin-
nenförmige, an der Wand verteille Chromatophoren mit mehreren. 
verschieden grossen Pyrenoiden. Beispiel: Spirotaema, Spirogyra. 
FRITSCH 11935] has given a short survey of Ihe desmid chloroplast from 
a morphological point of view. 
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3. The chloroplast. 

In the following :i chloroplasl is defined as a chlorophyllous organel 
of the desniid protoplast. This simple definition must be used because 
it is often impossible to decide whether the visible green parts are 
isolated or joined at the basis of the semicell. Sometimes the word 
chloroplasl must be used in a collective sense signifying the total mass 
of the chlorophyll of a semicell not considering shape or parts. 

The chloroplast is irritable and contractile, several factors cause 
changes of its volume, shape and consistency. It is difficult, sometimes 
impossible, to examine living chloroplasts of complicated structure and 
preserving liquids often change the details. The research method of 
fixing, staining, and cutting, so successfully performed by N. CARTKH. 

is very intricate and time-consuming and thus has been avoided by 
later scientists. The culture of desmids is difficult and often gives 
rise to degenerative and teratological forms. CZURDA emphasizes that 
the chloroplast degenerates in culture especially because of a lack of 
carbondioxyd as well as through changes in other ecological conditions, 
which are in many cases unavoidable. 

The main features of the chloroplast show an evident constancy 
when, by means of comparative studies, their phylogcnetical evolution 
is followed. Certain parts of primitive character, viz. the lamellae 
especially of the furcoid chloroplasl may be distinguished in their 
development through the genera. As in all comparative morphology, 
it is a conditio sine qua non to distinguish between homologous and 
analogous details and features in order to avoid the sources of error 
dependant on biological convergency. These points of view have hardly 
been used in desmidiological research, as will be shown hereafter. 

A great many descriptive desmidiologists have mentioned and some
times also figured the chloroplasts. Most of the figures, however, must 
be examined critically for they often conceal sources of errors. The 
three-dimensional structure is difficult to comprehend and the inves
tigator is seldom artist enough to give a epiite clear figure even when 
it is correctly understood. The most valuable informations may he 
obtained from the works of (i. S. WEST, GRÖNBLAD, and SKL'JA but 
others also, e.g. DELPONTE and NOKDSTEDT, have given reasonably 
good figures. Dr. GRÖNRLAD is worthy of a special recognition in this 
respect and 1 am likewise much obliged to him communicating to me 
valuable drawings of chloroplasts. It should be extremely valuable for 
our science if the active desmidiologists devoted their attention to the 
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chloroplast, this organel being in many cases variable and our know
ledge "I il very incomplete. A figure <i fronts is often of little or no 
value, it must he combined with figures </ vertice in optical sections. 

4. Terminology. 

Since the following investigation discusses a subject, previously dealt 
with in more general terms, il is necessary lo define the terms used. 
Some of them were created by TEILING I 19501 and are as yet little 
known, others must he newly created. 

() m n i r a d i a t e is the term for a cell circular a vertice if the iso-
diamelry is primitive. Certain desmids having the same shape, however, 
are derived from hi- or triradiate. (perhaps also from pluriradiatc) 
angular cells, and such are called p s e u d o - o m n i r a d i a t e. In 
many cases this latter form seems to be constant: in other cases a broad 
oval form occurs either as variation of the pseudo-omniradiate species, 
in other species this character constitutes a definite form and may con
veniently by called q u a s i - o m n i r a d i a t e. The angular and com
pressed cells are termed a n g u 1 o - r a d i a t e and may he hi-. Iri-. 
quadri-, quinque-radiale and so on. The most remarkable difference 
within this series is the one between hiradiate and pluriradiate (i.e. 
more than two). This difference has been frequently used in biosysle-
maly and also in taxonomy, the terms seiisu ('-AMP 1951. 

The old concepts axile and parietal have not been defined nor can 
Ihey be; they are relative. As axile has been meant a chloroplast having 
most of its chlorophyll round the vertical axis where the pyrenoids 
normally are situated: the parietal chloroplast has the greater part of 
ils green mass and Ihe pyrenoids in the distal parts of the semicell. 
Neither ot Ihe terms says anything about shape or structure. Even the 
axile chloroplast may have most of its pholosynthetically active parts 
in a parietal position, e.g. in certain Staurastra it is axile in structure 
and parietal in function. In order to satisfy Ihe need of a term for 
transitional forms GRÖNBLAD [1924, p. l i t has proposed the term 
pseudo-parietal. Axile and parietal may he used in a general sense in 
order lo indicate the average distribution of the pyrenoids hut never 
in order lo indicate a hiosystemalical character. 

The axile types of chloroplast may conveniently be divided into 
m o n o c e n l r i c. d i c e n I r i c and t e t r a c e a I r i c. The mono-
centric chloroplast. containing one or more central pyrenoids is Ihe 
most frequent type of the stellate chloroplasls in small angulo-radiate 
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desmids, Ihe Cosmaroids and the Staurastroids for instance, and in most 
ol I lie elongated desmids, e.g. Penium and Closterium. In the latter the 
term monocentric would more correctly be replaced by in o n a x i l : 
the long axis usually contains a row of pvrenoids. The dicentric type 
occurs in rather large biradiate desmids, e.g. Cosmaria and Euastra, 
the mass of chlorophyll is divided in two parts each of them containing 
one (group of I pyrenoidls). Tetracentric means the stage where the 
chloroplast is divided into lour parts each with one (group of) pyre-
noid(s). The location of Ihe pvrenoids in the ends of the ramified chloro
plast represents a separate type, called p e r i c e n t r i c. 

The parietal chloroplast scnsii stricto is very rare. It consisls of several 
parts, plates or ribbons, or. exceptionally, of one tubular part which 
as well as the pvrenoids have a parietal position without or with a 
reduced axile part. !t has evolved from ancestral axile form i(i. S. WEST 
19161 in diverse ways and represents the results of a general trend to 
parietal position of the chlorophyll, a position most favourable to 
photosynthetieal activity. This neglected point of view is. as far as I 
can find for the first time submitted by JACOBSEN as early as in I«74 
and strongly stressed by ELFVING (1889). The parietal chloroplast sensu 
stricto, being an adaption of an organel fairly easily influenced by 
evolutionary agents, has developed in diverse manners and at various 
stages of the evolution. Thus, it has proved necessary to use new terms 
in order to keep the different concepts separate. These are defined 
below and enumerated on page 281. 

Expedient reasons speak in favour of a terminological diversity be
tween the primitive stellate chloroplast of the saccoderm and lower 
placoderm genera (Penium and Closterium]. it is called s t e l l o i d , 
and on the other side the stellate chloroplast ol the placoderm Iribiis 
Cosmarieae which is called f u r c o i d . Both consist of an axile core 
with pyrenoid(s) and a number of longitudinally radiating l a m e l -
I a e. The lamellae of Ihe furcoid type have their free edges longi
tudinally divided into s e in i 1 a in e 11 a e and in its advanced forms 
there are longitudinal secondary r i d g e s ic r i s t a e) from the basis 
of Ihe lamellae. In many cases these ridges play a dominanl röle in the 
structural development of the chloroplast. 

5. Leading lines of the evolution of the desmid shape and chloroplast. 

As in other green plants light has been the most important factor in 
the evolution of the desmids and the morphological changes for 
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obtaining a maxima] exposition to light discerned among the higher 
plants, are also relevant lor the desmid morphology, i.e. enlargement 
and favourable disposition of the chlorophyll and phototaxis, features 
modified according to the unicellular organisation. The methods are 
a.s follows: 
1. enlargement of the chloroplasl 

a) in apical direction. 
b) in radial direction. 

2. placing the chlorophyll in a more exposed position, by means of 
a) transferring the chlorophyll from axile to parietal position. 
b) transferring the celhvall close to the chloroplasl. 

Besides these main methods, a favourable exposition may be attained 
by development of ridges, papillae and marginal extensions. 

Because of the morphological agreement between the .shape of the 
cell and the contour of the chloroplast the methods mentioned above 
correspond to the basic shapes of the cell as follows: 
1. a) elongate cells, 

b) angular and inflated cells. 
2. a) large cells, 

b) compressed cells and angular cells with hollow processes. 
The final shape of the desmids is in most cases the result of combina

tions of several of these basic features. 

6. The stelloid chloroplast. 

As the phylogenetical ancestral forms of the desmids one must 
imagine forms with a short stelloid chloroplast. Of their descendants 
those forms have proved most successful which have a more effective 
chloroplast From this point of view it is possible to eliminate the sub
sequent morphological changes and distinguish a probable prototype, 
VIZ. the stelloid type shortly characterized above. Actually, it is possible 
to derive the chloroplasls of all desmids from this prototype. 

The stelloid chloroplast occurs in the saccodcrins and the lower 
placoderms, viz. the Iribus Peniene and (Aostcrivtw. In the higher placo-
derms with a permanent fissure of division, viz. Hie Iribus < osnuiriciic, 
the stelloid chloroplast is represented in Docidlum, Plctirotaeiiium, and 
the little primitive group of omniradiate and more or less elongated 
desmids, here called the Ctewei-section of Cosmarium, dealt with later. 

The stelloid chloroplast has enlarged its surface by means of vertical 
elongation, the course can be followed in the series: Cyllndrocystis, 
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Spirotaenia, Netrium, Penium, Closterium, the Cfewei-section, a n d Do-

cidium-PIettrotaenium. T h e n u m b e r of the lamellae is variable, normal ly 
6 — 8 , but it m a y be increased to abou t the double in large forms but 
a l s o reduced to two in desmids wi th l a m i n a t e cbloroplasl , viz. the 
s a c c o d e r m smal l genera Mesotaemum, Ancylonema, a n d Roya and the 
p l acode rm genus Groertbladia nov. gen. (pag. 275). 

In smal le r forms of the following ty^pes there is one axile pyrenoid. 
Wil l i increas ing elongat ion the py reno ids increase in n u m b e r or , in 
ce r ta in cases, in length. Wi th increas ing th ickness of the cell the pyre
no ids migra te to the per iphera l region of the chloroplas l . Par ie ta l 
ch loroplas t occurs in Spirotaenia and i'leurotacnium ( taenioparielal) and 
Closterium (holopar ie ta l ) . 

' t y p e S 1. (fig. 1) is the primitive simple stelloid chloroplast with entire 
lamellae characteristic of Penium and the Clevei-seclion of Cosmarium. 

T y p e S '2. has incised lamellae and the lappets being usually more or less 
bent aside. It occurs in Cijlindroeijslis and Netrium. In the schematic survey 
of these types (fig. 1) and their relations this type is apprehended as a typo-
logically connecting link between the pure stelloid and the furcoid chloroplast. 

T y p e S 3. has the edges of the lamellae thickened or transversally flat
tened sometimes to such a degree that only these parts, similar to ribbons, 
are visible which gave rise to the opinion that Spirotaenia possessed parietal 
chloroplasts. This was corrected by LiiTKEMtiiXEit (1895) who stated that the 
chloroplast of certain species (the subgenus Polijtaeniue) is axile and stellate 
willi extended edges of the lamellae and axile pyrenoids. LtlTEEMtlLLEK (1893) 
also examined Pieurolaenium minutum (RALFS) DKT.P. (by him called Doci-
dium baculum), where he found transitorial forms from the primitive stelloid 
chloroplast developing in the direction of a parietal one, in which there had 
occurred a migration of the pyrenoids from axile to parietal position. These 
examples show how the laenio-parictal chloroplast has evolved from a stelloid 
type, nearest to S 3 ; the flattened edges of the lamellae have been the seat of 
the chlorophyll and the pyrenoids and the proximal parts and the core have 
disappeared, thus forming the. 

T y p e SF. Spirotaenia (subgenus Monotaeniae) and Pleurotaenium both 
belong partly to this type. Of the latter some species have a stelloid chloro
plast (GRÖNBLAD 1924) but most of the genus represent an advanced type of 
taenioparietal chloroplasts. Irregularities of the ribbons, for instance the poly
gonal plates occurring in several species, e.g. coronatum and ovatum, depend 
on an original anastomosis of the lamellae, such as is known to occur in Doei-
diiim. Spirotaenia and Closterium. 

The types S 4- S 7 are confined to Closterium. Its richness in diversity in 
the structure of the chloroplasts is impossible to concentrate into a few types, 
all the more the variation within the species is great, especially in the large 
species. The chloroplast of Closterium is in its evolution not to be compared 
with the cylindrical stelloid chloroplasts, where the development of the basal 
and the apical parts is uniform. On the other hand, the light-ecological condi-

1S Botaniska Soliser 1952. 
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lions for the conical chloroplasl arc very different in llic thick basal and the 
slender apical parts, especially in the case of the large species. The smaller 
Closteria possess a simple chloroplasl according to type S I , as do the apical 
part of the chloroplasl of the large species. 

S 4. In this type the core is ralher reduced in thickness (fig. 23), especially 
in the slender parts of the chloroplasl to such an extent that adjacent lamellae 
seem to be attached on longitudinal elevations (N. CARTEB 1919 a, I. 15:29. 
32, 41, 42). The basal parts of the core are thicker and cylindrical and the 
section of the chloroplasl appears as type S 6. Examples are: CI. regulare, 
costatum (fig. 23), and striolatum (N. CARTER 1919 a, t. 15:30, 34. 43). 

S 5. Here the median pari of the chloroplast show a thickened core bearing 
a fairly large number of lamellae: a transverse section gives the figure of a 
cog-wheel with triangular, staff-like or rounded cogs. This applies also to the 
attenuate apical parts even where the lamellae of the median part are simple 
with the edges acute, thickened or parielally extended, or split up in longi
tudinal strips. 

T y p e S 6. has the core and the lamellae more thickened (N. CARTER. 
l'.MSa, t. 15:46), a stage towards the parietal position of the chlorophyll 
accompanied by an augmentation and parietal position of the pyrenoids, 
CI. laterals (GRÖNBLAD 1945. t. 1: 11). 

T y p e S 7. This trend has culminated in this type found in Clnsterium 
Ehrenbergii of which drawings have been kindly sent me by Dr. GBÖNBLAD 
(fig. 25). The chloroplasl consists of a conical layer with scattered pyrenoids. 
This type of parietal chloroplast differs both in genesis and Structure from 
oilier parielal chloroplasis. Consequently il must be distinguished by a special 
term: holo-parietal. 

Normally the chloroplast of Closteriiun Ehrenbergii belongs to type S 6 
often showing a beginning desorganisation of the axile part of the core and 
parietal pyrenoids. 

T y p e S K. The laminate chloroplast in the desmids will be dealt with 
separately. 

Fig. 1. Series of s I e 11 o i (I c h l o r o p l a s i s : S 1—S 0 diverse stclloid. S 7 holo-
parielal. S 8 laminate, SF laenio-pariclnl. I ' l i r c o i d c h l o r o p l a s l s: F 1 primi
tive. F2 quadri-, Iri-, and biradiatc monocentric, F 3 Iri- and biradiatc monocentric 
with ridges. F 8 q biradiale will) ridges in quasi-omniradiale cell. F I dicentric, 
F 4 d dicentricoid, F5 lelracenlric, F 5 d telracentricoid, F6Eu tetracentric stage of 
fc'iwsrrum-lype, F 6 p biradiale sector-parietal, F 6 o lelracenlric iii pseudo-omni-
radiate cell. F6po sector-parietal in pscudo-omniradiatc cell. F l ip hi-, ami iriradiale 
sector-parielal. I-" 7 discoid (biradiale), F 8 pseudo-slelloid. F'.) pseudo-slelloid with 
flattened edges, (in the figures of F3q, F8 and F!) the primary semilamellae are 
dotted), I'll) limbo-parietal, F l l tetra-, Iri-, and biradiale pericentric, 1- 12 limbo-
parietal derivation of the pericentric type. The interrupted line indicates Ihe limit 
between Ihe concepts axile and parielal chloroplast. The arrows indicate Ihe paths 
of evolution presented in this paper and Ihe small circles represent pyrenoids. — 
S 7 is drawn afler drawings of GRÖNBE.AD, F 12 is Hie result of a construction. The 
other figures are somewhat simplified copies after figures selected in Ihe desmid 

literature. 
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7. The laminate chloroplast. 

The laminate chloroplast occurs in cylindrical cells and consists of 
one. rarely two, axile plates with one or several axile pyrenoids, accord
ing lo Ihe length of Ihe chloroplast. Sometimes it consists of 3—6 
longitudinal lamellae which indicates thai the typical laminate chloro
plast consists of two lamellae joined in an axile core where the pyre
noids are situated. It represents an end-stage of reduction, a path of 
evolution more common amongst desmids having a furcoid chloro
plast. The desmids with a laminate chloroplast are small and often 
rare and thus not so well known. A comparison of the known cases, 
however, shows that Ihe derivation of the laminate from the stelloid 
chloroplast. as described above, is most probable. Genera with laminate 
chloroplast are the saccoderm genera Mesotaeniam, Ancylonema, Rot/a 
and the placoderm new genus Groenbladia (p. 275). 

In this connection another kind of laminate chloroplast may be 
mentioned, viz. Ihe one of Micrasterias spp. which must he derived from 
furcoid ancestors. II possesses the furcoid edges of the two lamellae 
and the frontal ridges characteristic for Ihe furcoid chloroplast. 
Secondary ridges are nol found on stelloid chloroplasts. 

Mesotaeniam possesses ordinarily a laminate chloroplast hut DE BABY 
(1858, j). 31) emphasized that some of Ihe cells of M. Braanii contain 
»drei. sellen sogar vierslrahligen C.hlorophyllkörper. aus 3 oder 4 
Längsplatten bestehend» Ishown in I. 1:1. 3. 4 | . Ancylonema has an 
axile laminate chloroplast but is suggested by NoRDSTEDT lo have the 
chloroplast in parietal and oblique position iWlLLE 1890. fig. 6B) . 
In Roya which ordinarily contains a laminate chloroplast. there some
times occurs a stelloid chloroplast with four lamellae, according to 
GRÖNBLÅ» (1935, p. 3, f 1—4). The same occurs in Gonatozyaon which 
usually has a laminate chloroplast. Already in 1858 DE MAHV drew 
'.'. monotaenium with a stelloid chloroplast consisting of three lamellae 
and GRÖNBLÅ» (1948, p. 9. fig. 1) has found chloroplasts with four and 
even six lamellae. 

RACIBORSKI. the inventor of Hyalotheca neglecta, has nol mentioned 
the chloroplast at all in his diagnosis (1895, p. 31) nor have the W E S T S 

(1897) but later (i. S. W E S T (1898) has figured a laminate chloroplast 
without any comment, remarking, however, on »a considerable varia
tion in the pyrenoids». In Monograph V, W E S T and N. CARTER described 
the »chloroplast axile. one in each semicell. typically with a single 
central pyrenoid in each, and plate-like, so that when viewed from Ihe 
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edge it seems very narrow, jusl as in Mougeotin . Kvcn here the signi
ficance of this peculiar chloroplast is neglected, though it is admitted 
that these »chloroplast are rather unusual for the genus Hyalotheca, 
although chloroplasts of this type occur, amongst other Desmidiaceae, 
in the genus Mesotaenium*. 

Probably. RACIBORSKI placed his new species in Hyalotheca on the 
basis of the shape of the cell: cylindrical or slightly barrel-shaped, 
often with a slight isthmusfurrow, always visible because of its lack 
of pores. These characteristics, however, are insignificant, occurring 
in other placoderm genera. Hyalotheca is clearly pseudo-omniradiate; 
in / / . dissiliens there are forms with two or three small prominences 
on the cellwall, indicating hi-, and triradiate fades (TEILING 1950, 
p. 307l. According to the shape of the cell the chloroplast is pseudo-
slelloid- in dissiliens stated with varying number of lamellae and ridges, 
(i IROURRELLY 194(5. fig. 24—25). 7 (WEST 'S Monograph V. t. 161: 19). 
8 (IRÉNÉE-MARIE 1939, I. «2: 2). 9 (ACTON 1916. I. 8: 1) and 10 (TAYLOR 

1935, t. 49: 10). 

The chloroplast of neglecta is described as axile and laminate bj all 
authors who have dealt with it. It consists of one axile. thin plate, often 
somewhat incised in the middle, hut sometimes there are Iwo (incipient 
division of the cell'.'), the pyrenoids are two or. in longer cells, four. 
Of especial interest is GRONBLAD's statement of triradiate chloroplasts 
(1921, p. 64), This quite agrees with the variation of the chloroplasts 
of Mesotaenium, Roya, and Gonatozygon, and it is thus most probable 
that neglecta has a stelloid chloroplast. ordinarily reduced to two 
opposite lamellae. This chloroplast places neglecta in an isolated posi
tion without any connection to Hyalotheca and all known placoderm 
genera and makes it necessary to establish a separate genus for neglecta 
and some desmids. classified as varieties of H indica. which also 
possess an axile laminate chloroplast. 

According to the true oniniradiate cells, the slight isthmus furrow 
and the stelloid chloroplast, its laxonomic position may be among the 
primitive genera of the t rib US Cosmarieae, represented by the (Aevei-
seclion. 

Groenbladia, n. gen. 

Cellulae cylindriformes vel leviter doliformes, saepe isthmo leviter 
conslriclo: filamenta brevia formantes. rnuco amplo circumdata. Mem-
brana tenuis poris in circulos transversales — interdum sparsis cir-
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culis singulis utrimque ad islhmum ordinatis, praeter in area ipsius 
isthmi. Massa chlorophyllacea in utraque cellula laminis axilibus sin
gulis — vel interdum lamellis tribus e cenlro radiantibus; nucleis 
amylaceis singulis vel binis. Zygosporae globosae vol citriformes(?), 
membrana glabra. 

G. neglecta (RACIBORSKI) n. comb. 
G. fennica (GRÖNBLADJ n. comb. Synonyms: Hyalotheca indica f.fen-

ntca GRÖXBLAD {1921. p. 64, t. 6: 11), hi. indica v. spa mi punctata GRÖX

BLAD (1920. p. 84. I. 4:32—33). 
Dr. GRÖNBLAD has. in lift., communicated thai the forms of //. indica, 

described by him, only with some hesitation may bo classed among 
TURNERS / / . indica. This species is very insufficiently described: the 
chloroplast is not mentioned and the dotted outlines of the chloroplast 
(from material fixed in alcohol 30 years earlier) give no clear idea of 
its shape. That is why TURNER'S H. indica must bo regarded as a dubious 
species and it can not bo taken into consideration in a question con-
corning the chloroplast. 

8. The furcoid chloroplast. 

The second method of increasing the surface exposed to light is by 
enlargement in the radial direction. This is realized only in genera be
longing to the tribus Cosmarieae LUTKEM., a circumstance which, as 
will be shown later, is duo to the permanent fissure of the cell-division 
and the consequently fixed organisation of the isthmus. 

The radiate extension of the lamellae is connected with corresponding 
inflations of the coil-wall in which the distal parts of the grown out 
lamellae are situated thus forming the angular shape of the semicell. 
A further enlargment of the lamellae has entered in the longitudinal 
bipartition of their distal edges. This makes the lamellae a vcrticc like 
forks, hence the term furcoid. This bipartition can be so complete that 
the two parts of the lamella form fictitious double lamellae. As these 
halves of a lamella are important concepts in the discussion of the 
phylogeny they will be termed semilaniellae. In this respect the semi-
lamcllae must be kept separate from the laterally protruding secondary 
ridges (or cristae) so very common, especially among the biradiate 
desmids, and not infrequently forming the main part of the chloroplast. 
These two concepts are not homologous and in particular because of 
their analogous changes in the complicaled development of the large 
biradiate desmids it is necessary to keep them separate, an aim often 
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very difficult and indeed somet imes impossible lo obta in . T h e p r i m a r y 

lamel lae a lone cor respond to the rad ia te s t ruc tu re of the angu la r des-

mids . secondary r idges only except ional ly cor respond to small processes 

of the cell-wall, a lways on the frontal pa r t s , fig. 15, 1(5, 17. 

T h e t rend for the en la rgement of the edges of the stelloid chloro

plas t previously dealt wi th , is a genera l a n d m o r e effective feature of 

t h e angu lo- rad ia te d e s m i d s : the forked lamellae. This type is, how

ever, conf ined lo genera of the t r ibus Cosmarirae; t he excepl ions a re 

Ihe C/eoci-seclion of Cosmarium and Docidium and Pleitrotaenium. In 

cer ta in genera the basa l pa r t s of the lamel lae , often en larged by 

s econda ry ridges, fo rm the p r eponde ran t p a r t of the chloroplas t , for 

ins tance in the most flatened species of Micrasterias, bu t even in several 

of Ihese species the forks of t h e two lamel lae a re still visible. 

T h e evolut ion of the furcoid chloroplas t c a n be followed gradual ly 

and the most p rominen t types a re d is t inguished as follows. 

T y p e F 1. The primitive furcoid chloroplast is found among Ihe phiri-
radiate Staurmtra, the best examples in species with well developed processes, 
fig. 26, 30. 

T y p e I'' 2. In short-branched triradiate and thin biradiate desmids of 
»normal» size, about 20—30 (/., the lamellae arc entirely divided up in two 
halves and the core with the axile pyrenoid forms a robust central part of 
the chloroplast. In broad and thin species secondary pyrcnoids appear in the 
long semilamellae. 

T y p e F 3. In convex-sided triradiate and thicker biradiate desmids 
.secondary ridges appear from the core, more or less filling up the interspace 
between the core and the cell-wall. These three types are monoeentric. 

T y p e F 4. In larger forms of biradiate and also, though very rarely, in 
triradiate desmids there appears a bi-, or tripartition of the core and the pyre
noid. The axis is reduced to an intermediate connecting part or lacking. When 
present, it is, as a rule, without a pyrenoid. This is the dicentric type, occur
ring in many biradiate species of Cosmarium. The pluriradiatc desmids of 
this type show a corresponding partition of the chloroplast and the pyrenoid. 
These modifications of the dicentric type in pluriradiate chloroplasts may 
conveniently be termed dicentricoid, F 4 d , e.g. Stuurastrum anatinum and 
sexangulare, Desmidium Swarl-ii (fig. 19, 20). 

T y p e F 5. This tctraccntric type represents an interstage from the 
dicentric F 4 and F 6. The two pyrenoids of F 4 are divided into four but the 
connecting axile part of the chloroplast remains or is lacking in a manner 
quite analogous to the dicentric type and like this one occurring mainly in 
large species of Cosmarium and Xanlhidium, often in the same species as 
does the following type. Among the triradiate desmids there are very few 
species large enough to make this type possible; it is, in a certain degree, 
recorded from Staurastrum Sebaldi var. altum (N. CARTER) where, however, 
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the iixial pyrenoid may remain. According to the type F 4, the corresponding 
modifications in pluriradiate chloroplasts may be termed tetracentricoid, F 5 d. 

T y p e F 6 represents the final stage of this line of evolution. The parts 
of the dicentric chloroplast are each divided into two, or sometimes more. 
The connecting axile part is retained or lacking, probably varying in the same 
species. Each of the parts contains one or, usually, several pyrcnoids; this 
type is the most pronounced tetracentric stage of the primary axile chloro
plast. For this kind of parietal chloroplast I propose the term sector-parietal. 

In Euastrum there is. especially in the large, most elongated species, a 
cross-shaped connection with the reduced primary pyrenoid in the middle 
of the cross; the axilily is still left but rudimentary; functionally the chloro
plast is a parietal one. This stage may correspond closest to the concept 
pseudoparietal. In most cases this connection lias disappeared and the tetra
centric type shows at least four isolated cushion-shaped parts. Each part is, 
phylogenetically, an enlarged scmilamella often with secondary protuberances. 
With increasing size of the cell the number of pyrcnoids increases and sub
sequently there may appear further partitions of the plates, F 6 p. 

The types F 4—F 6 occur in large biradiate desinids where the ratio of 
thickness to breadth is fairly large, about 1 : 2 or more, and appear in the 
order of numbers with increasing magnitude of the cell. They are very scarce 
among triradiale desmids and not found in forms of higher radiation. 

The more the largeness of the cell increases, the more the ridges increase 
in importance; they become branched in front viw and their edges become 
ramified in parietal direction, forming a dense confusion of irregularly 
arranged edges and fringes. The di- or tetracentric type is maintained (fig. 2); 
the pyrcnoids are still »axile» covered by a thin layer of chlorophyll, e.g. 
Cosmaritim Ralfsii, biretum, pachijrferimim (fig. 27), ochthodes, tclraophtal-
miim, rati forme (N. GARTER 1920 a, t. 33. 341. The variable. Cosmarium Bre
bissonii shows diverse aspects: true tetracentric chloroplasts, desorganisation 
of the centres according to the increasing number of pyrcnoids (fig. 28) and 
also true sector-parietal chloroplasts. 

Fig. 2—5: Cosmarium pseudoconnatum, fig. 6 8: Desmidium Orevillei, fig. 9: Cos
marium speciosum, fig. 10: C. cucurbitn. fig. I I : Ili/alotheca dissiliens var. Ivans, 
fig. 12: Desmidium quadrat um, fig. 13: Ilyatotlieca dissitiens facies tridentula, 
fig. 14: ICnaslruni lapponicum, fig. 15: S/aiirastrum Johnsonii var. perpendiculatum, 
fig. 16: St. natator var. Boidtii, fig. 17: St. dimazum, fig. 18: Telmemoras Brebis
sonii, fig. 19, 20: Desmidium Swartzii, fig, 21: Cosmarium Askcnasyi, fig. 22: Micros-
terias pinnati/ida, fig. 28: Closterium costatum, fig. 24: Euastrum bidentatum (two 
figs), fig. 25: Closterium Ehrcnberalui (two figs), fig. 26: Staurastrum ophiura, 
fig. 27: Cosmarium pachydcrmum, fig. 28: (.'. Brebissonii, fig. 29: Staurastrum bra-
silicitse var. I.undelli, fig. 30: St. subnudibrachiatum, fig. 31: Xanthidium Brebissonii, 
scries of four figs. (Fig. 2 after a drawing of LUTKKMUI.I.KH. 4. 5, 25 after drawings 
of GRONULAD, fig. 3, 9, 10, 18, 21, 22—24, 26—29, 31 after X. CARTER, fig. 14—17 
after GRÖNBLAD, fig. 19, 20 after WEST, fig. 6 after IRÉNÉE-MARIK, fig. 7 after 
DE ISARY. fig. II after W.\i. R. TAYLOR, fig. 12 alter NORDSTEDT and fig. 30 after 

BORGE.) 
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I \ |) c 1 7 In MuTtislcriiis the more flattened spci ics have developed in 
an other way. The thickening and partition lias not been possible to such an 
extent as in the genera mentioned above. On the contrary, the chloroplasl 
has been enlarged in the two opposite radiale directions. The forked edges of 
the two actual lamellae are in most cases small or riidimi.nlarv but their 
persistance is a witness of the origin from true furcnid ancestral forms. The 
extended lamellae hear ridges, ill thicker species these are rather high and 
may reach the cell-wall; in the extreme flattened species they are but low 
strips. Owing to the wide extension and laciniation of the chloroplast the 
number of pyrenoids is often very great, up to about one hundred (N. CARTER). 

This type must he comprehended as an organol analogous to the platelike 
organs for photosynthesis of the higher plants: leaves, elndophylls and the 
like. It unites the primitive axile chloroplast with the general trend to parietal 
position. It must be emphasized that this one, in its origin, is quite different 
to other parietal chloroplasts which are the results of a transport of the 
chlorophyll to the cell-wall. In the case of the flattened Micrasterias S/I/J. the 
parietal position is the result of an inverse evolution. 

T y p e F I I . the pericentric chloroplast. is the result of a somewhat 
peculiar mode of evolution in the arrangement of the chlorophyll and the 
pyrenoids. Typologicalh it may be derived from F 2 and 1-".'! and is charac
terized by radiating processes, semilamellae and ridges which have pyrenoids 
in the thickened distal parts. In Desmidium latlceps lac quadriradiatum (the 
upper fig.) the processes consist of the semilamellae. in lac blradiatum (the 
lowest fig.) there arc also secondary ridges, confirmed by a drawing of W. B. 
WlTTROCK, now in my possession. This type has also been found in Desmi
dium Greoillei and Stamodesmus tumidus. The chloroplast of Desmidium (Ire-
villeii is by IHI-NKK-MARIE figured as dicentric (fig. 6), by DE BAHV as letra-
centric (fig. 7). and by GRÖNBLAD as type K 11, fig. 8. N. CARTER'S figure of 
Sid. tumidus (1020b, t. 15:47—48) is drawn a fronte and shows strips of 
chlorophyll rich in pyrenoids giving the impression of a taenio parietal 
chloroplast A drawing kindly sent to me hy Dr dm>\m VD completes the 
exterior in giving a section of the semi-cell (the centre fig). It shows an 
axile chloroplast with dense processes (semilamellae and ridges I with thickened 
parietal ends. This does not prevent both statements being correct In accord
ance with the general trend of atrophying the central part in large desniids 
where the chlorophyll has been displaced to the periphery, there may occur 
species having a chloroplast of type I 11 with variations containing a pro
nounced parietal chloroplast F 12. Such variations an recorded in Std gran
dis, see p 285 Possibly the chloroplast of S/</ Inni/is/iinus belongs to the 
same t\pe. 

The series of evolution from monocentric to sector-parietal chloro
plasl within the Iriradiale desmids corresponds exactly to the evolution 
in biradiate cells. The existing difference depends on the diversity of 
the structure of I he cells. 

In biradiate oval desniids I he enlargemeol of the lamellae extends in 
two opposite directions with sufficient room for a rich development of 
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ridges and increasing enlargement of the ehloroplast. leading ID a 
bipartition of the latter. By further enlargement the trend towards a 
parietal position leads to an other bipartition into four isolated parts, 
consequently each of the thus formed sector-parietal chloroplasls consists 
of one more or less metamorphosed semilamella. 

In Iriradiale semicells the lamellae extend ia three directions and 
the angles do not give space enough for an enlargement with ridges like 
the one in hiradiale desmids. On the contrary, especially among 
Strut rust rum and Staurodesmus the space available for the lamellae is 
a tapering, and often fairly long process with a narrow end which 
possibly may not he quite filled up by chlorophyll- From the objective 
figures of X. CARTER one must suspect a certain degree of contraction 
of the ehloroplast caused by the fixing agent. Only in St re jit one ma the 
processes possess a bulge in the tip where the lamellae develop the 
semilamellae. In the long-spined Staurodesmi the ends of the processes 
are too narrow for the lamellae, they become solid in the adult cells. Some 
Staurastra possess branches on the angles where parts of the ehloro
plast enter. e.g. sexangulare and the .lrci/.scon-seclion. In St. brasiliensis 
var. Lundelli, pentagonal with broad angles, Ihe distal parts of the 
lamellae are ridged (fig. 29). 

Only in bulged semicells, e.g. Staurodesmus Dickci the dicentricoid 
ehloroplast has developed into a shape identical with the one of dicentric 
biradiale semicells, and ietracentricoid ehloroplast is recorded, e.g. 
St. Sebnldi. The further evolution in the few existing large Iriradiale 
semicells has taken other paths. The type represented by .S/</. tumulus 
has already been dealt with. The development of Ihe Ietracentricoid Iri
radiale type to seclor-parielal has occurred through the disappearance 
of the axile part, and the semilamellae have thus been separated to form 
six parietal chloroplasls, F 6 p . The homology with the sector-parietal 
ehloroplast. derived I nun the telracentric ridged ehloroplast. is evident. 
There are a few cases of this type known, in the plan. fig. I. il is 
represented by Std. ceratophorus {GHÖNBLAD 1845. fig. 200l. More cases 
are mentioned on p. 281. Std. grandis belongs in part to this type, il is 
dealt with on p. 285. 

A corresponding development ot a parietal ehloroplast in large an
gular pluriradiale semicells of higher order is not known to me and Ihe 
probability that there are such cases is fairly small; Ihe mulliangular 
shape seems to provide too little space, compare Stnurustrum arctiscon 
and brasilieiise, fig. 29 (N. CARTER 1920 b. t. 14. 15). 
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9. The pseudo-stelloid chloroplast. 

The biradiate monocentric chloroplast of the type F 3 is typologically 
connected to the flattened discoid type F 7. but it also is the starting-
point of secondarily slellale types. There are many dcsmids of very 
different taxonomic position in which the cells tend to circular shape 
a vertice. a series of the stages is shown in fig. 9 —13. The broad oval 
forms are called quasi-omniradiate. In these the ridges have grown 
out to lamella-like plates. This is a special path of evolution, the vast 
majority of the biradiate desmids have maintained the oval shape. In 
these the lamella are still dominating and the ridges form small frontal 
outgrowth on them, viz. the types F 4 — F 6. In pscudo-omniradiate 
cells, containing a chloroplast of the type F 8. the frontal ridges have 
grown out to the same size of the lamellae which are divided into 
semilamellae, giving the chloroplast a vertice a stellate shape, often 
scarcely separable from the true stelloid chloroplast, hence the term 
pseudo-stelloid. Two opposite pairs of the plates are semilamellae from 
the ancient biradiate chloroplast, and, consequently, they are not homo
logous with the other plates which are secondary ridges. This type is 
fairly common in Cosmarium (fig. 2—5) but also occurs in other genera. 

The decisive difference between non-filamentous desmids with a true 
furcoid chloroplast and those bearing a pseudo-stelloid chloroplast. 
lies in the isthmus being smaller than the breadth of the cell and lying 
at the bottom of a welhnarked, often deep sinus. Several pseudo omni 
radiate species show quasi-omniradiate variation and in some cases 
their biradiate origin is confirmed by the ornamentation of the cell. 
e.g. Cosmarium Welwitschii. In this connection it must be emphasized 
that the species of the C/eoW-section are true oiuniradiale, se further 
p. 292. 

TEILING (1950) gave the term pseudo-omniradiate for this kind of 
anguloradiate desmids and the propriety of this concept is verified by 
the structure of the chloroplast. Pseudo-stelloid chloroplasls occur, 
besides in Cosmarium, in the pseudo-omniradiate species of Desmidium 
(fig. 12), Bambusina, and Ihmlotheca (fig. 11, 13) and in the elongated 
basal part of Tetmemorus I fig. 18), Triploceras, and Ichtijocercus. 

The pseudo-stelloid chloroplast has, in several respects, followed a 
morphological evolution similar to that of the stelloid chloroplast. The 
radiating plales increase the surface of their edges in diverse ways. The 
genus Tetmemorus provides good examples, based on the careful 
investigations of N. CARTER. The smallest of the three species examined 
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by her, T. laevis has plates with toothed edges. In the larger T. granu-
latum the edges are roughened up and the filamentous parts are bent 
in all parietal directions similar lo the type S 4, forming a dense? nap 
(N. ('.AKTER 1919 a, fig. 77). T. Brebissonii, of about the same thickness, 
has the edges transversely flattened, forming a kind of »pseudo-furcoid» 
chloroplast iX. CARTER. I.e.) fig. nostr. 18, -so that the desmid, seen from 
the side, seems to contain ribbon-like chloroplasts. Actually, these edges 
sometimes lack the basal plate and form true parietal chloroplasts 
(N. CARTER 1920b, p. 315). In other larger desinids. the axile part is 
atrophied and the edges have been developed into parietal laths ana
logous to the taenio-parielal chloroplasts, e.g. Cosmarium praegrande 
(GRÖNBLAD, in Ull. c. icon.), redtmttum (GRÖNBLAD 1945, fig. 138). 
tesselatum (LUTKEMOLLER 1893. and others). 

In large bilateral Cosmaria, where the end-view is a broad oval, there 
are several species showing this kind of parietal chloroplast, e.g. cucn-
mis (N. CARTER 1920 a. fig. 74), deBargi (LOTKEMI'LLEH 1893 and 
others), maculatum (SKUJA 1949, l. 27: 17), maculatiforme (ibid. fig. 18). 

This type of ribbon-shaped parietal chloroplasts has an origin quite 
different lo the one of the laenio-parietal chloroplast. In the phylo-
genelic and taxonomical discussion these analogous but not homologous 
concepts must be kept separate, and consequently this type must be 
given a term to itself: limbo-parietal. 

10. The parietal chloroplasts. 

In the desmid terminology parietal refers to a position at or near the 
cellwall. In cells where the primitive axile chloroplast is large enough 
lo prevent light from entering the central part in a degree sufficient for 
photosynthesis, the protoplast has displaced the chlorophyll to a more 
exposed position in the peripheral parts of the cell; the chloroplast 
trends to he parietal. In the varying shapes of the desmid cells this 
centrifugal trend has been embodied in different kinds of parietal 
chloroplasts. which can best be discriminated when examining the dif
ferent ways in which they have been developed since their shape in 
certain cases is very similar. 

As this is a phylogenelical process, still active, interstages occur and 
these are visible when comparing species at different stages of develop
ment, as well as when studying the variation within a species, some
times within the same specimen, in dichotypical cells. 

For these interstages GRÖNBLAD (1924, p. 11) has proposed the term 
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pseudopar ie ta l . This term as well as the t e rms ;ixile (axial) , par ie ta l 
and similar ought to he used exclusively in o lde r to indicate the localisa
tion within tin' semicell . In order to obta in an extensive knowledge of 
the chloroplas t , definite u n a m b i g o u s concepts and cor re spond ing terms 
mus t be used: that is w h y I have proposed the terms appl ied to the 
concepts which conce rn the s t ruc ture of the chloroplas t wh ich I have 
tried to analyse . I a m well a w a r e of the difficulties a r i s ing from the 
insufficient basis of f a d s k n o w n rega rd ing the chloroplas t , and , no t 
least the na tu ra l reluctance; of those desmidiologis ts who h i t h e r t o have 
concent ra ted their a t ten t ion main ly to detailed descr ibing of the external 
morphology and d imens ions of the desmids . T h e a n a t o m y of the des
mids . however, has been neglected, t h u s every con t r ibu t ion ought to 
be accepted as a n inci tement to fu r ther invest igat ions. 

W i t h reference to the preceeding pages a survey is given of the dif
ferent k inds of the par ie ta l chloroplas t , so far discerned. 

A. In rounded elongated cells: 
a. origin: the stelloid chloroplast in omniradiate cells. 

1. holoparietal, developed from the peripheral part, forming a conical 
tube. 
e,g. Closterium Ehrenbergii p.p. 

2. taenio-parietal, developed from the thickened edges of the primitive 
lamellae, 
e.g. Spirotaenia (sectio Monotaentae), Docidium-Pleurotaenium p.p., 
Cosmarium turgidum. 
b. origin: the furcoid chloroplast. 

;i. limbo-parietal, developed of the thickened edges of the semilamellae 
and the secondary ridges of a pseudo-slclloid chloroplast, 
e.g. Cosmarium cucumis, deBaryi, maculatum, maculatiforme, redimi-
liim. praegrande, tcsselntum. 

B. Iii angular cells: 

\. sector-parietal a), developed from the semilamellae in triradiate cells, 
e.g. Staurodesmus ceratophorus (GRÖNBLAD 1945, fig. 200), sub-

grandis var. auersus (GRÖNW.AD 1935, fig. 284), grandis p.p. see 
p. 285. 

5. —• I)), developed from the semilamellae and secondary ridges in hi-
radiate cells according to the evolutionary series indicated by means 
of the types F 3 — F 6 , 
c.;/. Cosnuirium lirebissonii p.p., nxagnijicuin, ovale, controversion 
p.p.. Askenasgi, splendidum, denticulatum, Ginzbergeri, tuddalense. 

C. In compressed cells: 

d. discoid, developed of an elaborate monocentric furcoid chloroplast. 
The discoid chloroplast of the most compressed species of Micrasterias 
may be considered as a parietal chloroplast sensn Into. 
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Being the result of an evolution, phylogenctical as well as ontogenc-
tical, the interstages between axilc and parietal sen.su stricto may be 
common, a matter of occurrence which is worthy ol examination. For 
instance: Staurodesmus grandis, often recorded as having parietal chlo-
roplasts, .seems to be variable in this respect. According to the W E S T S ' 

Monograph IV. p. 141. LCTKEMULLER, on the basis of a great and 
varying material, has slated the chloroplast to be mainly axile, but 
also parietal, which probably means that the core with the axile pyre-
noid has not been developed. N. CARTER 11920 b, p. 3091 has round 
dichotypical cells of this species where the one semicell has an axial 
and the other a seclor-parielal chloroplasts. 

11. The importance of the is thmus. 

Originally (he term isthmus is referred to the marked constriction 
between the semi cells in anguloradiate desmids, but in a wider sense, 
it is common to all desmids. The isthmus is a shorl transversal zone 
usually in the middle of Ihe cell, characterized either by a minimum 
or a complete lack of chlorophyll (in most, casesl and, with lew excep
tions, the presence of the nucleus. In some species the angular or com
pressed shape of the cell has modified its regularity but generally it is 
circular even in desmids with very complicated semicells. The des-
midiologists who have given a thought to this fact have probably 
apprehended Ihe circular shape as an axiom. According to the phylo-
genetical conscquenses of the theory of desmid radiation (TEILING 
1950) Ihe circular isthmus is a primitive feature derived from Ihe omni-
radiale ancestors. 

The saccoderms have no semicells sensu stricto, i.e. two symmetrical 
halves of the cell with their walls joined together by Ihe overlapping 
edges. True semicells with a connecting and limiting zone of the cell-
wall where the cell-division takes place occur only in placoderm des
mids. In Penium and Closterium, however, this is not. permanent; after 
the division a new /one is formed in the wall ol the younger semicell. 
In Pemum it is often marked by a slighl constriction. 

The higher placoderms, tribus Cosmarieae LUTKEM.. have a per
manent isthmus where Ihe new semi-cells bud out by the division. In 
cylindrical forms, for instance Docidium, Pleurotaenium, Bambusina, 
the constriction of the isthmus is a shallow furrow and in certain cases 
visible only because of the lacking pores, but in angular and compressed 

http://sen.su
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genera il is situated in the bottom of a more or less deep sinus, i.e. it 
is fenced round by the radially enlarged semicells. 

The relation between the area of the transverse-section of the semi-
cell and the area of the isthmus-hole is of a great importance in the 
formation of the daughter-chloroplast, that is why this exposition is 
necessary to comprehend the evolution of the ehloroplast. 

The cell-division of the saecoderm desmids lakes place af the »in
ternal» isthmus alter ttie nuclei have moved lo the middle of the 
daughter-chloroplast where a new internal isthmus is formed, lis posi
tion is marked by the nucleus and a gap in the ehloroplast. The 
daughter-cells each contain half of the ehloroplast of the molher-cell, 
thus, these halves form a direct continuation of the ehloroplast formed al 
the germination of a zygospore iX. CARTER 1920b). Almost the same 
procedure occurs in the lower placoderm genera Penium and Clostc-
riunr. the half of the mother-chloroplasl forms an internal isthmus 
al the place lo which the daughter-nucleus has immigrated and com
pletes its growth in the end cul-off after the division I I . ITMAN and 
N. CARTER). 

The relative simplicity of regeneration ol the ehloroplast after the 
division may be connected with the simplicity of its shape. The methods 
of making the slelloid ehloroplast more effective are restricted lo the 
enlargement of the edges of the lamellae by means of fringes, lappets 
or thickening; only in a few cases have true parietal chloroplasls been 
evolved. 

The fairly unconslricled higher placoderms, Docidium, Pleurotae-
liiuin and the C/cwef-section of Cosmarium, are in this respect of special 
interest. Unfortunately, there seems to be no information on the 
mechanics of their division but scattered references lo I he conlinuily 
of the taenio-parietal chloroplasts along the whole length of Ihe cell, 
for instance Cosmarium luraidum and certain Pleurotaenia, indicate 
a similar procedure of direct outgrowth of the chloroplasls. 

In Tctmcmorus the regeneration of the ehloroplast seems to follow 
Ihe scheme of Closterium X. CARTER 1920b, I. XV: 60). In Hyalotheca 
Ihe new ehloroplast is formed by a simple division i ACTON 1916). 
Probably the same occurs in other desmids with cell-wide isthmus, lor 
instance Bambusina and Desmidium spp. 

The development of the new ehloroplast occurs in a epiile different 
manner in the constricted placoderm desmids. Here the formation of 
Ihe new semicell lakes place from a constant point of origin, Ihe isth
mus-zone. Because of Ihe considerably smaller area of the isthmus-
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hole it is impossible for the chloroplasl lo enter the new semi-cell in 
the manner of non-constricted desmids. That is why the new chloro-
plast mnsl he rebuilt by rather amorphous elements ol the molher-
chloroplast intruding through ihe isthmus-hole. The daughter-semicell 
has reached a certain size when Ihe chloroplasl begins lo he produced 
in it (N. CARTER 1920b). Thus, the essential difference between the 
development of the slightly or not constricted and the constricted des
mids is that the chloroplast of the former is a direct continuation of the 
mother-chloroplasl. while the chloroplast of the lat ler must be built 
up de novo. 

There seems to be no doubt that this development course is due to, 
and. in many cases has been to a great extent complicated by, the 
narrow communication of the isthmus-hole. In the angulo-radiale des
mids of normal si/e Ihe chloroplast has a monocentrical and rather 
simple radiate structure and its rebuilding from migrating slabs ol the 
mother-chloroplasl can hi- carried out without far-reaching complica
tions: each lamella sends a part and the rebuilding is a procedure of 
mere reorganisation. In the biradiate desmids of larger size with di-
letraeenlric or sector-parietal chloroplasts, the rebuilding without any 
uniting central pyrenoid-beafing part may contain considerable possi
bilities for structural variations, 

II is also significant that non-monocentric complicated chloroplasts 
are known in biradiate but only exceptionally in triradiate desmids. It 
should be of interest lo compare Ihe chloroplasls of hi- and triradiate 
fades of large desmids. 1 know only two cases. In Cosiiiariiim birettim 
the biradiate facies has a typical bicentric chloroplasl with parielally 
extended ridges (N. CARTER 1920a, fig. 64—(55). A drawing, kindly 
sent lo me by Dr. (iKUNBLAD of facies triquetrum shows a rather simple 
triradiate dicentricoid chloroplast and in C. cymatopleurum the dicentric 
chloroplasl (WEST, Monogr. III. p. 5) of the biradiate facies is in fae. 
triquetrum dicentricoid with some auxiliary pyrenoids (GRÖNBLAD 

1952. fig. 1|. 

The variation in chloroplasl structure is greater in the large biradiate 
desmids of the higher F-typus than in Ihe smaller of type F 2 and F 3 , 
and Ihe conclusion seems inevitable that the necessity of rebuilding the 
chloroplasl of every new semi-cell has been the conditioning factor 
which has made possible the richness in forms, all of which show the 
tendency for Ihe chloroplast to be placed in the best position for Ihe 
photosynthesis. X. CARTER emphasizes 11920b. p. 315) the marked pre
cedence taken by the distal parts of the mother-chloroplasl over the 

19 Botaniska Kotteer »952. 
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central parts during the transition to the daughter-scniicell and the 
reconstruction of the new chloroplast. She also calls attention to the 
possibility that »very often the division of the chloroplast. at the isthmus 
occurs before the axial part has entered the young semi-cell at all». 
She also gives examples, especially from Euaxtrum and allied Micraste-
rias spp., of a shortening and even lack of the axis. In this N. CARTER 
suggests a hypothesis of the origin of parietal chloroplasts. 

This hypothesis, modified and completed, can he summarized as 
follows. The starting-point is the bi- (or tri-) radiate monocentric des-
mid. type F 2. With the enlargement of the semi-cell and of the chloro
plast more pyrenoids are formed and located in the now more effective, 
i.e. distal, parts. Owing to this the primitive axile part with its pyrenoid 
decreases in importance (type F 4 and F 5) and disappears, type F 6. 
Consequently the distal parts, by their entrance in the new semicell, 
are independent; they possess their own pyrenoids, their pholosyn-
thetical activity can take place without the ever more insignificant 
and finally atrophied part. With increasing enlargment this evolution 
continues, giving rise to sector-parietal, and limbo-parietal chloroplasts, 
the vast majority of which occur in constricted desmids. 

The persisting axile pyrenoid in type F 6 E u especially in certain species 
of Euaslrum, as stated by N". CARTER, may be considered rudimentary; 
this is probably due to the elongated apex, a shape favourable to the 
formation of elongated or of numerous pyrenoids. To judge from 
N. CARTER'S figures this rudimentary pyrenoid is situated in the fairly 
narrow apical pari where the conditions are like those of a smaller 
more primitive semi-cell. 

12. Other forms of enlargement of the chloroplast. 

Several cases have been described in which papillae occur on the 
outside of certain chloroplasts. LUTKKMtii.LKR (1893) carefully examined 
the hollow warts of Cosavirium tesselatum and found that the cavities 
of these warts were occupied by small protuberances from Ihe surface 
of the chloroplast. The same author also found similar papillae in 
Cosmarium Dcbaryi and turgidum, which have a smooth cell-wall. 
BOIU.E (1903, t. 27) stated filiform papillae in C. splendidum. N. GARTER 
found papillae in Cosmarium biniim, ovale, Askenasiji ifig. 21), con-
trooersum, marguritiferum, Xanlhidium fascicniatum and armatum, 
in several species of Euaslrum and also in Plcurotaeuium. She points 



STUDIES ON THE SHAPE OF THE CELL AND OF THE CIILOROPLAST 289 

mil thai these papillae imply an advantageous increase in the surface 
exposed to light (1920a, p. 267). 

The accurate conformation between the papillae and the hollow 
bulges of the celhvall seems to he a mere matter of space; a result of 
the trend towards parietal position of the chlorophyll. In this respect 
some statements of GRÖNBLAD (1921) are illuminating. In Staurastrum 
Johnsoni with slightly inflated corpus of the cell the chloroplasl bears 
three frontal ridges ((fig. 15). In St. dimazum there are two papillae in 
the two hollow warts of the front (fig. 17). and in St. NatatOT var. 
Boldtii there is one papilla in the single hollow wart (fig. 16). The 
branches of the chloroplasl in the upper processes of St. sexangulare 
and Arctiscon confirm this opinion. 

The same function — more effective absorption of diffuse light — 
may he attributed to diverse parietally directed small parts of the 
chloroplasl, such as the fringes and lappels of the edges, mentioned 
above in several saccoderm genera. Fringes either more or less branched, 
are recorded by N. CARTER in several Cosmaria, both in monocentric, 
e.g. (liplosporum and pseudoj>ijramidatum, bul especially in larger bi
and lelracenlric, e.g. amoemim, pytamidatum. 

13. Combinations of elongation and radial expansion. 

In the previous chaplers 1 have shown that vertical elongation and 
radial expansion arc Nature s methods of enlarging the desmid chloro
plasl by means of the cell-shape. Each of these ways is realised sepa
rately and I hus can be clearly distinguished, even though in many 
cases they are intermixed in numerous combinalions. 

In the saccoderm and lower placoderm desmids elongation is the 
only way; Ibis is due to the structure of the wall and the inconstancy 
of the situation of the isthmus. Among these, Netrium is the only genus 
having species of conspicous vvicllh; Ibis in itself involves a step lowards 
radial enlargement of the cell. The simplicity of the structure appears 
in the great paucity of variation in morphological entities; even more 
Ibis paucity is emphasized by the cell's incapability of forming any 
other sculpture than striae. Thus, there are few genera, most of them 
small, and. even in the largest genus. Clostcrium, the species differ 
mainly in dimensions, proportions and curvature. 

By contrast, in the higher placoderm desmids, viz. the tribus Cos-
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tnarieae Lt'TKEMtJLLEB,1 which embraces all radially enlarged desmids, 
combinations of the two paths of evolution constitute an important 
factor in creating the enormous richness in forms. 

In Pleurotaenium a good many of the species show a combination 
of the generic elongation and an omniradiate inflation, either over the 
whole semicell. for instance oofiliun. rotiindutum. doliforme, and latum, 
or zonally, for instance nodosum, and Kayi'i. A similar zonal inflation 
is also seen in Docidium. Together with Ihe Cfcwef-section these two 
genera seem to be the true omniradiate placoderm desmids, thus forming 
a transitional group from the lower to the higher plaeodcrnis. Of 
interest in this respect may be mentioned the peculiar isthmal suture 
of certain species of Pleurotaenium. 

The remaining elongated genera show important attributes of their 
evidently ancestral angulo-radiate character. Tetmemorm may be 
regarded as an elongated biradiale genus, often compared with Euast-
rum. owing to its having adapted a biradiale ridged chloroplast to a 
pseudo-furcoid one: by means of flattening Ihe edges of the ridges, type 
F 9. Triploceras is no doubt of angulo-radiate origin, the apex being 
2, 3, or 1-radiate while the elongated part is cylindrical having a ridged 
chloroplast. The pileolatum-group of Stourastrum has the same struc
ture but Ihe cylindrical pari is fairly short. Ichtyocercus is, in its shape 
closely related to Tetmemorus: but Ihe biradiale apex is more pro
nounced. Triplostrum has prisniatical elongated Iriradiale semicells 
with a Iriradiale lurcoid chloroplasl with or without ridges. 

In the other placoderm genera the elongation is less pronounced. 
In Cosmarium it is visible only when the length of the semicell is equal 
to. or greater than Ihe breadth, for Instance, in annulatum, elegans 
and similar, ovale, pseudopyramidatum, anceps and other. These 
examples have nionocentric chloroplasts. There are also some dicentric 
Cosmurirt which are somewhat elongated, e.ij. Thvjaiiesii and amocnum. 
RoUBAL (1947, I. 7:'2) has in umocnum found chloroplasts of parietal 
type with two pyrenoids and so has GRONBLAD (in lift. c. icon.). 

Many species of Eiifistnim represent a more or less pronounced 
1 Ii is to lie regretted that I., chose ihis misleading name, 'the first lour tribus 

of his system contain genera of staff shaped ami rather uniform, often elongated 
cells, two of the genera being monogeneric This uniformity depends on the wan
dering' isthmus. Ihe most important character common to these tribus Tribus •"> 
forms a strong contrast due principally to Ihe constant isthmus which has caused 
the immense divcrsil} of the most different shapes in a lol of genera for which the 
name Cosmarieae is not at all representative, Radiatae or something descriptive and 
vet nevertheless neutral, would be better. 
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degree of vertical elongation. Possibly- in accordance with this, the 
connection by means of bridges between the parts of the tetracentrical 
chloroplast is more pronounced here than in those Cosmaria of the 
same type which are. however, not elongate. 

Also in Micrastcrias there are a few examples of vertical elongation, 
for instance in muricata and americana. The filiform cells of Gonato-
zijgon, Genictdaria, and Groenbladia, typify an elongation of this kind. 

14. Convergency, and some examples. 

The trend towards a favourable exposition lo lighl in the form of 
enlargement in apical and radial direction of the cell and parietal dis
placement of the chlorophyll has been active in varying degrees and 
at varying times during the evolution of the desmids, and is still active. 
Since these processes are carried out in unicellular organisms, they 
must in several cases lead lo analogous forms which are not the results 
of homologous development: the development called convergency. 

Actually, cases of convergency are not uncommon among the des
mids and have been understood as identities or homologies, conse
quently they have led lo misapprehensions. The stelloid and the pseudo-
stelloid chloroplast. the taenio-parietal and the limbo-parietal chloro-
plasl, the short-cylindrical shape of certain saccoderms and I he similar 
shape of certain Cosmaria, Ihe true omniradiate and the pseudo-omni-
radiate cells, the elongated cells of Pcninm and certain genera of the 
trilius Cosmarieae are examples of desmid convergency. 

In Ihe taxonomy of the desmids the last mentioned convergency has 
played an interesting part, being Ihe special reason lor the unsuccessful 
attempts made to unite the staff-shaped desmids with rounded ends 
in one genus. From a morphological point of view it was an bold act 
when N'u.hi.i (1849) erected the genus Dysphinctiam with ils sub
genera Aclinotacnium, Calocylindrus and Dysphinctium, well aware, 
as he was. that »diese Gattung ist cine kunstlichc» (p. 1091. This genus 
is now rejected and the five (!) species on which it was founded, viz. 
Regelianum \ curiam), anmdatus, Cglindrus, striolatum \=trssrla-
tum), and Mencghinituium (=connatum\. which are now included in 
Cosmarium except [Penium) cylindrus. Dysphinctium, probably because 
of its deceptive simplicity, was for half a century an acknowledged 
genus. D E TONI (1889) assigned to it 39 species, and other authors [e.g. 
KIRCHNER) have used Calocylindrus as a genus in a similar sense. 
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The legitimate idea of separating the desmids, circular a vertice, from 
the heterogenous crowd of Cosmarium rcquicres to be carried through. 
The failure of NXGELl's attempt is due to I lie heterogenity of I he circular 
desmids. Actually, there are several categories of these desmids. The 
first possess the primitive omniradiate cylindrical or fusiform shape 
characteristic of the saccoderms and a slelloid primitive chloroplast or 
certain types derived from it. The second category consists of the 
pseudo-omniradiate desmids derived from bi-, or triradiate angular 
placodenns with either the pseudostelloid chloroplast or a di-, or tetra-
centric chloroplast. Both categories contain species with taenio-, or 
limbo-parietal chloroplasts. 

The first category covers the C/cnc/'-section. This group consists, 
firstly, of the species, previously reckoned to Peniitm and which were 
excluded by LOTKEMCLLER, in his revision 11905, p. 3361 from this 
genus and provisionally reckoned to Dysphinctium; secondly, the spe
cies which were excluded by LtlTKEMtlLLER from Cylindrocystis 11913) 
and. lastly, several other species, described as Cosmaria. The members 
of the Clevei-sectioo are all of a cylindrical or fusiform shape, more or 
less elongated with rounded or somewhat obtuse apex and a very 
shallow sinus al the isthmus. With a few exceptions they have a slelloid 
chloroplast with one pyrenoid, e.g. inconspicuum, curiam, palangula, 
cucurbitimim; the longer species have '2—3 pyrenoids, e.g. Clevei, 
floridanum, elongatum and Taylori, I he last mentioned having a chloro
plast with plicated and fringed edges of its lamellae. The largest species 
have a taenio-parietal chloroplast. e.g. turgidum. 

No doubt the Clevei-gioup represent a natural and well delimited 
taxon for which the erecting of a separate genus is a matter of im
portance; its present place in Cosmarium is quite unnatural and fal
lacious. At present the foregoing outlines may suffice. 

Contrary to the Ctewei-section, the second category consists of rounded 
Cosmaria of a shape a verlice varying between broad-oval and circular; 
the latter is lIn* true pseudoomniradiate shape, whilst for the broad-
oval form the term quasi-omniradiate may be used. These Cosmaria 
are a heterogeneous group, comprising species with ornamented wall, 
e.g. annulatum and elegantissimum, or with smooth wall, elongate e.g. 
gomoides and cucumis, and globular, e.g. moniliforme and pseudocon-
natum. Of these Ihe pseudocotinatum-gtou\) is worthy of a short dis
cussion because of the fairly detailed knowledge of the chloroplast. 

The species of this group have semicells of almost globular to semi-
globular shape uniled at a wide isthmus visible in a shallow isthmus-
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Furrow. T h e species which have a chloroplasl sufficiently known lo be 
c o m p a r e d a r e : ('.. Wotlei, subglobosum, pseudoconnatum, connatum, 

zontitum, a n d Westii. T h e pseudoomn i rad ia te charac te r is verified fay 
('.. globosum, which is k n o w n in circular , oval (var. comprcssum) and 
t r iangula r ivar. trigonum) forms accord ing to WlLLE (1879, t. 1 3 : 4 1 , 
•12). Cosmarium Wollei ( W E S T and W E S T ) GRÖNBL. has a pseudo-

stelloid chloroplast accord ing to W E S T (1907. t. 7 :10) . which is con
firmed by P L A Y F A I R (11)14, t. 3 : 3 ) and by GRÖNBLAD (1947, t. 1:9) . 
T h e very s imilar (.'. subglobosum also h a s a pseudostelloid chloroplas t 
accord ing to X O R D S T E D T (1873. t. L: 13) a n d , above all, J O H N S O N (1894, 
t. -211:7). 

T h e o the r species men t ioned possess a more e labora le chloroplast . 
The most frequently depicted is pseudoconnatum. It usually contains 
a te l racentr ie chloroplas t , the four pa r t s of which are either separa te 
or axial ly connected. N O R D S T E D T , in his original diagnosis (18(59, 
I. 3 : 17), repor ts four sec tor-shaped chloroplas ls possibly joined in the 
axis. This was also found by N. CARTER (1920 a. I. 10 :35 , 36) with 
longi tudinal ridges (fig. 3) , a lso S K U J A (1819. t. 2(3: 18—20), B O R G E , 
LEMMERMANN, I R É N É E - M A R I E , F H I T S C H a n d others . Fig. nostr . 2 is a 
copy of a d rawing of l,iiTKEMir.LEH \s. belonging to the collection of the 
late professor X O R D S T E D T . GRÖ.VBLAD (1924, t. 2: 51—56) found, besides 
specimens with this chloroplas t , spec imens wi th three lobes, each with 
one pyrenoid . specimens with one axile undivided chloroplast wi th 
three pyrenoids , and also specimens wi th three separa te chloroplas ls 
each wi th one pyrenoid . G H Ö N B I . A D has . further, in mate r ia l from 
Louis iana (A. M. S C O T T coll.) found specimens with the n o r m a l four 
as well as specimens with one axile chloroplas t split in seven par t s 
(fig. 5 ) . each wi th one pyrenoid , but a l so specimens wi th six sector-
shaped par ie ta l par t s each with one pyrenoid (fig. 4) \in lift. c. icon.). 

Cosmarium connatum a n d Westii have Dicentric chloroplasls . their 
shape a vertice is oval and they must be considered as clearly b i radia te . 
It seems almost inevitable to u n d e r s t a n d ('.. pseudoconnatum as having 
received its s o m e w h a t pecul iar te t racentr ic chloroplasl owing lo its 
omni rad ia t e shape , s ince the larger but somewhat compressed con

natum has remained Dicentric. According to this the smal ler species 
\\ ollei and subglobosum a r e monocen t r i c and . according to their cir
cu la r shape, pseudostel loid. 

B E R N A R D I 1908, fig. 108. 109. and 1909. fig. 54) has described Cos

marium pseudoconnatum var. ellipsoideum as having 8—10 parietal 
r ibbons wi th 2—1 pyrenoids . T h e figures show typical tacnio-parietal 
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ribbons extending from apex to apex with (i 8 pyrenoids. If this is a 
correct observiition the actual desmid can not he pseudocannatunt; it 
is very unlikely that a tetracentric chloroplasl can develop into a taenio-
parielal one. In literature there are. however, several examples of mis
apprehended chloroplasts in which after a superficial examination only 
the ridges have been drawn: the drawer has seen the chloroplasl as 
parietal ribbons and by his drawing he conveys this same error to I he 
reader. The pyramids are often difficult to discern without staining 
and seem sometimes to have been drawn ad libitum. 

15. Chloroplast and taxonomy. 

In 1871. the beginning of research on the chloroplast caused LrjNDELL 
to distinguish a separate subgenus in Staiiraslrum, vi:. Pieureiderium, 
comprising tiimidurn, yrande, longispinum, bnisilieii.se, sexcostatum, 
and mutilation. None of these species, whose structure is now correctly 
elucidated, possesses true parietal chloroplasts. According to the same 
principle he also distinguished Pleurotaeniopsis as a subgenus of Cos-
marium with the species: turgidum, de Baryi, Cucumis, ovale, striola-
tum, elegantissimum, and praegrande. WII.I.K (1890) raised both Pleuro
taeniopsis and Pleurenterium to the rank of genera. Earlier, LAGER-

HEIM 11887) had used the name Pleurotaeniopsis as a generic name for 
cucumis, BOLDT 1I888) divided Xanthidium in two subgenera: Euxan-
thidiiim with a parietal and ( enlrenleriiiin with an axile chloroplast. 

The attempts of LUNDELL and his followers to use the central or 
parietal location of the chlorophyll as generic characters have been 
abandonned. for good reasons. The centrifugal trend in the location 
of I he chlorophyll is an evolutionary procedure connected with the 
enlargement of I he semicell, especially in a radial direction. This trend 
occurs in every laxon which contains species ol sufficient size and thus 
is of no taxonomic value, al leasl if Ihere are intermediate forms. The 
fairly well examined genus Eiiastruni is a good example of the evolu
tion of the chloroplasl within a delimited genus 

The small and fairly thin Ett. iapponicum and duhiiun possess a 
monocentric chloroplasl. while in the somewhat larger bidentatum 
I fig. 24) and pectinatum the chloroplasl is mono- or bicentric. The 
largest of these relatively short Euastra is the bicentric verrucostim. 
N. CARTER (1919 a] has divided Ihis genus into two groups, I he one 
with one pyrenoid in an axile chloroplast and the other. Comprising 
larger species, with numerous pyramids in the parietally advanced 

http://bnisilieii.se
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parts of the chloroplast. She found no place for verrucosutn, with its 
typical bicentric chloroplast very similar to thai of certain large species 
of Cosmarium, In ils short semicells it is quite different from other 
large and elongate Euastra examined; thus evolution lias followed the 
same line as in semicells of these dimensions in other genera, e.g. Cos
marium and Xanthidium. 

The second group of Euastra examined contains species of larger si/e 
and elongate shape. The smallest of these is ansatlim which is mono-
centric with a doubled or elongated pyrenoid. (compare for instance 
Netrium and Closterium); while sinuosum, of I he same breadth and 
thickness but shorter, is bi-(or tetra(?)) -centric. The somewhat larger 
cuneatum is bi- or tetracentric. The rest of the species: ampullaceam, 
affine, ventricosum, insigne, didelta, oblongum, and crassum have 
numerous pyrenoids in lelracentric chloroplasts. most of them with 
thin crossing bridges between the parietal parts, the cross often has 
rudiments of the primitive axile pyrenoid. a type characteristic of 
Euastrum. 

Similar typological series occur in other sufficiently extensive and 
delimited natural genera, for instance Xanthidium and Micrasterius as 
well as in the many intricately confluent, as yet not distinguished series 
of the Cosmaria. In Staurastrum, which is more primitive because of 
the persistent phiriradiatiou and the consequent general lack of space 
in the seiniccll-room. an evolution from axil to parietal position of the 
chlorophyll has not occurred. In the more advanced genus Staurodes-
mus where the bi- and Iriradiate facies dominate. Ibis centrifugal evolu
tion has occurred in a few species, e.g. grandis and longispinus. 

16. Chloroplast and pyrenoids. 

There is an evident correlation between the number and organisation 
of the pyrenoids and the size and structure of the chloroplast as was 
indicated already by GAY and emphasized by N. CARTEB. This appears 
very clearly when comparing the short single pyrenoid of the slelloid 
chloroplast of C.glindroegslis with the rod-shaped one in .Xctriurn or 
with the series of pyrenoids in a long Closterium or with the numerous 
pyrenoids lup to more than hundred, according to N". CARTER) in the 
largest and most flattened Micrasterias investigated. In this respect 
the units of stromaslarch are considered as equal to pyrenoids (LUT-
MAN 1910. p. 253). 

A more; intensive comparison reveals that the relation is not a simple 
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mathematical ralio (il pyrenoids to the mass of chlorophyll: moreover. 
the situation of the pyrenoids in relation to the disposition of the chloro
phyll must he considered. In a primitive stellate chloroplasl the central 
pyrenoid is capable of supplying the whole chloroplast. In an enlarged 
chloroplasl which is divided into more or less separate parts, the more 
isolated parts need their own pyrcnoids. Significant examples are, for 
instance, the variable chloroplast of Desmidium Grevillei, fig. (5—8. 
and the ribbon-like parietal chloroplasls. e.g. Pleurotaenium wilh its 
series of pyrenoids. each pyrenoid being exclusively restricted to a 
surrounding part of the ribbon and quite independent of adjacent 
ribbons. 

In the discussion and the figure of the types of the chloroplasts 
(fig. 1) it is possible to follow the phylogenelical evolution of the 
chloroplast and the increasing number of the pyrenoids. The more the 
semicell increases. 1 tie more the chloroplasl changes its structure, 
placing the chlorophyll in parietal position; this is accompanied by an 
accelerated increase in the number of pyrenoids, and by their taking 
up a more advantageous position. 

Jl must be noted that the pyrenoid does not exceed a rather small 
size. Instead of growing larger it divides into two or more pyrenoids, 
grouped closely together. This circumstance is in most cases not observed 
because it is visible almost exclusively in stained specimens, but seems 
to occur fairly often, N. CARTER has given several examples of il. The 
giant pyrenoids, rarely recorded, e.g. Cosmarium bengalicum (SKUJA 
1949. t. 25: 12) possibly consist of multiplied pyrenoids. They may be 
caused by an increased photosynthetical capacity and do not influence 
the types mono-, di-, and tetracenlric, which are founded on the struc
ture of the chloroplast, though the number and. above all. the position 
of" the pyrenoids are significant and in most cases characteristic. 

Earlier, the difference between 1 or 2 and 2 or 4 pyrenoids, was con
sidered as constituting specific characters and in some cases this is 
slill so, e.g. Cosmarium connatum in contrast lo pscudoconwitum and 
amoenum in contrast to pseudamoenum, but the number of the pyre
noids is not decisive in itself, il is only a convenient indicator of the 
mono-, di-, and telraccntric chloroplasts. The distinguishing of similar 
forms as separate species is often a matter of individual approach and. 
in Ibis case an extensive knowledge of the variation of the types is 
necessary. Apart from the elongate or elaborate chloroplasls wilh 
numerous pyrenoids in varying number, the chloroplasls containing 
1, 2 or 4 pyrenoids seem lo be very constant. There arc. however. 
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variations, and these are of two kinds. The first comprises variations in 
the structure of the chloroplast which involves changes of the number 
of the pyrenoids. the other comprises the varying number of the pyre
noids in an invaried chloroplast. 

The first case occurs in desmids where the chloroplast is in transition 
from monocentric to dicentric, e.g. Euastrum bidentatum (N. CARTER 
1919 a, t. 16: 53. 54), Cosmarium benedictinum (DUCELLIER 1919, 
p. 119). C. subcueumis iN. CARTER 1935, I. K), l l i . or from dicentric to 
tetracentric, e.g. Xanthidium Rrebissoni, fig. 31, and Cosmarium pseudo-
connatum. Special cases of this variation show the dichotypical (TEILING 

1948, p. 17 and 1950. p. 325) specimens. G. S. WF.ST (191(5, p. 365), in 
a critical examination of the taxoiiomical character of the chloroplast, 
mentioned that -it is by no means uncommon to find axile chloroplast 
in one semicell and parietal chloroplast in the olher .semicell of the 
same individual». Here must be noted that W E S T used the terms axile 
and parietal in a much more definite sense as contrary types than does 
the present author. In Monograph II I. 60: I a specimen of Cosmarium 
subcueumis is figured, the semicells of which show varying slages ol 
parietal disposition of the chlorophyll. 

The transition from triradiale to biradiate chloroplast and vice versa 
in /onus specimens (TEILING 1950) common in Staurastrum and Stauro-
(lesmus. are examples of a type of variation within I he simple mono-
centric lurcoid chloroplast 

In the second case the variation in monocentric chloroplast s has 
been dealt with by LCTKEMOLI.EH. X. CARTER and DUCELLIER. The 
former examined specimens with supernumerary pyrenoids of Cos
marium pyramidatum, pseudopyramid<dum, botrytis, pseudobotrytis, 
Staurodesmus convergens, and Staurastrum echinatum. DUCELLIER 
examined ll917j C.asmarium vexutum, sid>protumidum, eonspersum, 
and pyramidatum, and (1919) benedictinum. 

The biradiate desmids of type F 2 are, as a rule, small. There are, 
however, desmids of considerable breadth but with little thickness 
which have maintained the simple biradiate type F 2. In the elongated 
lobes of the forked lamellae there are developed several accessory pyre
noids. An example is Cosmarium clwndroides, the chloroplast of which 
(i. S. W E S T I 1909, p. 62, I. 4 :9 , 10) erroreously described as broad 
parietal bands. N. CARTEH (1920 a. p. '2731 found in stained specimens 
a biradiate axile chloroplast with one central and I—2 pyrenoids in 
each of the four lobes. Considering the fact that this desmid is 72 78 u. 
broad, accessory pyrenoids are necessary. Further. BoiuiE (1903, I. 5: 
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22) figured Spondyiosium pulchrum var. inflatum with a frontal row 
of pyrenoids in I lie elongated narrow lobes ol the biradiate chloroplast. 
Later (1925. t. 4: 16) he found the same in var. briisilicnsc. The species 
of Spondylosium are small: in monillferum, nitens and Luetkemuelleri 
the chloroplast is recorded as hi- or triradiate with one axile pyreuoid. 
S/>. fmlchnim is one of the few broad species; hence the formation of 
accessory pyrenoids. 

LRÉNÉE-MABIE (1951. I. 1:9) has given illuminating figures of the 
chloroplast of a desmid, labelled Slannistrttm brevispinum var. iiicrme 
W I L L E . It shows a typical triradiate chloroplast of type F 2 in which 
the lobes of the forked lamellae contain 1—4 auxiliary pyrenoids just as 
in Std. (/randis as it is figured by N. CARTER 11920 b. t. 15: 40—42). Also 
in large pluriradiate Staurasfra auxiliary pyrenoids occur, e.g. Si. bra-
siliense var. Lundelli. By a comparison of the desmid with auxiliary 
pyrenoids it is apparent that these pyrenoids are necessary when the 
cell is more than 50 JA broad. 

17. The chloroplast and the size of the cell. 

In 1874. .IACOHSEN emphasized that the chlorophyll est toujours 
disposée de inaniere ä étaler la surface la plus grande possible å Tac
tion la plus direct de la liunierc». He also held that the principle of 
radiate disposition of the chlorophyll is common to all desinids hut 
appears in very different aspects in relation to the shape and the dimen
sions of the cell, and is. moreover, in certain cases difficult to discern. 
Exceptions may occur, e.g. Spirotaertia. It must be pointed out that 
JACOBSEN was one of the pioneers of the Darwinism in Denmark and 
the Danish translator of The Origin of Species». His ideas of tin' des-
mid chloroplast are, seen against the background of the very poor con
temporary knowledge, to be regarded as results of intuition, more than 
results of a scientific synthesis of known facts. 

Fifteen years later, the Finnish physiologist and desmidiologist F.i.r-
ViNCi (1889) published a little paper which, since it is written in Swedish. 
has been neglected. The author crilisized the method originated by 
LUNDEIX and also used by BOLDT and GAY of using the chloroplast 
as a basis of taxonomy. He considered the axile chloroplast of the 
smaller desmids sufficient for photosynthesis because it could be 
entirely penetrated by Light, but. in larger cells, the chlorophyll must 
be placed in an extended peripheral position in order to be able to 
absorb sufficient light. He gave a list with the dimensions of the larger 
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Cosmaria, Staurastra and Xanthidia with more or less parietal chloro-
plasts. From lhis he deduced Hie relationship between the size ol the 
cell and the tendency to a parietal position of the chlorophyll. 

ELFYING'S points of view are fundamental to the understanding of 
the metamorphosis of the chloroplast. When comparing desmids of 
varying shape it is striking liow exactly the chloroplast makes the 
greatest possible use of the space available in the distal parts. Thus 
it is reasonable lo consider the cell shape as the primary deciding factor 
in the development of the chloroplast. This is not correct; both the 
chloroplast and the cell-shape are the results of the activity of the 
protoplast, bill it may be used as a convenient mode of expression. 

The si/e of desmids covers a wide range, from small Cosmaria of 
about '.) (j. in length to gigantic Pleurotaenia of more than 1000 u,. A 
comparison between desmids of diverse size shows that Ihere is an 
evident, often definite connection between the si/e and the structure 
of the chloroplast. In analysis it is convenient to deal with two kinds 
of size: on the one hand the length of the elongate desmids. most of 
them containing the stelloid chloroplast and parietal forms of it. and, 
on the other hand, the largeness of the angulo-radiate desmids con
taining the furcoid chloroplast and its derivatives. In both cases Ihc small 
desmids are confined to those with an axile monocenlric chloroplast, 

A statistical survey of the 177 nionoeentric species of Cosmaritim in 
W E S T ' S Monograph shows that about (55 °/o do not exceed a length of 
40 ;j. and about 02 °'o do not exceed 50 u.. In Staiiraslrimi. Statirodcs-
mus about 7(> % do not exceed 50 u. Several of those longer than 30 a 
are recorded as having ridges. Of the 74 Cosmaria with a more elaborate 
chloroplast only 15 % do nol exceed 50 u.. and about 15 % exceed 
100 i*, 70 °/II measure between 50 and 100 |j:. The figures, ol course, 
are only approximations because ol the common absence of, or inexacti
tude in, the records ol the number of the pyrenoids. but they have value 
in showing that about 50 IJ. is the average maximum length of the 
monocenlric species of these genera, at least in the ecological condi
tions of the English area. 

The small angulo-radiate genera, Cosmocladium, Oocardium, Sphae-
rozosma, Onychonema, Spondylosium, Hyalotlwca, Phymatodocis, and 
Bambusina, have fairly short cells of about 20 .'50 a. only in a lew 
cases exceeding 30 a: measurements from WEST'S Monograph. All of 
these possess nionoeentric chloroplasts. In oilier genera, where the 
majority of species with di- and lelraccntric and parietal chloroplasts 
occur, the dimensions are greater. In Euastrum the nionoeentric species 
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scarcely exceed 70 p.. while species with the normal tetracenlric chloro-
plasl c;iii reach mure thai) 200 a. in length, e.g. crassum and oblongum. 
The length, however, is no adequate index of the size: il contains only 
one factor of the volume. Elongate desmids have their volume mainly 
in the vertical direction, while in angular forms I he lateral and frontal 
parts make up much of the volume. Thus, in comparison with the 
elongate Euastrum, the genera Cosmarium, Slaurastrum, and Kanthi-
(linm may not be able to reach any more considerable length. In the 
WEST'S Monograph the parietal Xanthidium armatum exceeds 200 >j.. 
the di- and tetracenlric species have a length between 50 100 \j. and 
the monocenlric less than 40 p. In the flattened species of Micrasterias 
the cell combines length and breadth with a minimum of thickness. 
Probably as a result of this, the length is. in general, appreciable, the 
WESTS records up to 360 <j. {M. rotata). 

The real giants occur in the range of the more elongate, staff-shaped 
genera; Clostrrium, Docidium, and I'leurotaeiiium hut also Triploceras 
and Tctmemorus attain, especially in the tropics, considerable dimen
sions. The dimensions cited are not intended to be absolute; a more 
extensive examination of the statements in the literature may probably 
give higher figures. Some examples may be given. Closterium laterale 
535 u., nasutum 038 a, lunula 807 p.. and Hraunii 088 u.. Docidium 
orientate 700 u, indicum 080 a- and gloriosum 1080 a- I'leurotaenium 
datum 000 u,, iwdulosum 946 a. maximum 1020 a. and eugeneum var. 
undululum 1094 u. Triploceras verlicillatum 000 u., and Trinicinarus 
giganteum 205 i/. 

The factors influencing the rate and processes of growth are rather 
unknown. In the elongated desmids there is a possibility of continued 
intercalar growth. This is clearly visible in the long T'enia and the 
girdle-handed (lastcria where the final length may reach double or 
treble the primary length In the liibus Cosmarieae the tesselate struc
ture of certain Pleurotaenia maj be interpreted as a continued inter
calar growth: compare the structure of the islhmal bulged /ones and 
the cylindrical part of /'. trochiscum with each other and with cor
responding parts of P. doliiforme I W E S T 1916, f. 227 A. B). Further
more, the slaflshaped desmids possess an advantage of rapid and 
continuous growth in the uniform and simple structure of the /pseudol-
stelloid and taenio-parielal chloroplasl which allows a continuous growth 
in the length with generation of new pyrenoids. 

There are several combinations of desmids either considered as 
separate species or varieties of one species, where the difference is a 
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mere question of size, for instance Cosmarium pyramidatum and 
pseudopyramidatum. The former is in ils dimensions double the latter 
and there is a further biosystematical difference in that the former 
possesses two pyrenoids and the latter one pyramid in the axile chloro-
plast, according to W E S T . N. CARTER'S detailed pictures of the chloro-
plasts of these species show a striking resseinblancc in the structure of 
the ridges with their fringed edges, the difference lies in the type; pyra-
midatum is tetracentric and pseudopyramidatum is monocentric. The 
difference in the shape falls within the extent of the normal variation 
of a species. It is natural that the larger desmid should possess a more 
elaborate chloroplast with more pyrenoids. Of all desmids Cosmarium 
pyramidatum has been studied most in regard to the variability of the 
pyrenoids. Its elongate shape and ils size make it analogous lo the 
great Euastra which also have a variable number of pyrenoids. The 
Structure of the desmid nucleus and its significance for Ihc Structure 
of the cell have just begun lo be the subject of investigation (KAIXIO 

1951); the difference of the species mentioned may perhaps be the 
results of polyploidy. A similar case is Mesotacnium de <!reiji and ils 
f. mnjor. 

18. The chloroplast of the desmid genera. 

The .statements refer to the semicell. terminology according to the 
description above. 

Cylindrocystis MENEGH. Chloroplast stelloid S 2, rather short, with laciniate 
edges of the lamellae, one axile pyrenoid, sometimes elongated. 

Netrium NÄGELI. Chloroplast stelloid S2, elongate, in some species trans
versely divided in two parts, with laciniate or fringed edges, one elongated 
pyrenoid in each part. 

Spirotaenia BREK. Chloroplast stelloid S3, spirally twisted with several 
lamellae and one or more pyrenoids. or taenioparietal. consisting of one spirally 
twisted ribbon with a few scattered pyrenoids. 

Mesotacnium NXGEM. Chloroplast laminate S8, common to the two semi-
cells, axile or sometimes more or less parietal, with one or several pyrenoids. 
The derivation from the stelloid chloroplast is dealt with on p. 274. 

Ancylonema BERGGR. Chloroplast agreeing with that of Mesotaenium, axile 
or parietal, insufficiently known. 

Roya W. ct G. S. WEST. Chloroplast laminate, axile, with several pyrenoids, 
sometimes stelloid with four lamellae. See further p. 274. 

Goimtoziiyon DE BARY. Chloroplast laminate, axile. with a row of axile 
pyrenoids. sometimes stelloid with 3. 4, or fi lamellae. See p. 274. 

Genicularia DE BABY. Chloroplast 2—3 parietal, spirally twisted narrow 
ribbons with numerous pyrenoids. 
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Penium Iini':it. Chloroplasl stelloid S 1, (in .some species transversafly divided 
in two) with one axile pyrenoid or more (in longer cells). 

Closterium NlTZSCn. Chloroplasl stelloid, elongate conical, in smaller cells 
S I , in thicker species S3) S 4, or So, all of them with an axile row of pyre-
noids, lamellae in some species anastomosing. In thicker cells the lamellae arc 
thicker and lower with an increasing number of pyrenoids; these arc situated 
in the peripheral layers: SO. A hitherto unknown kind of parietal chloroplasl. 
viz. the holo-parielal type S 7 is recorded, see p. 273. 

C/eeri-group. Chloroplasl stelloid S 1 with one or more axile pyrenoids or 
taenio-parictal. See further p. 292. 

Staurastrum MEYEN. The vast majority of the species have a monocenlric 
chloroplasl I" 2 or F 3. larger species with accessory pyrenoids, see p. 298. 
Further, there are species with a dicentricoid chloroplast, e.g. anatinum, 
sexanyulare, or even transitions to tetrncenlricoid, e.g. Sebiddi var. ultiim. 
In the circular basal part of species belonging to the capitu/um-section there 
is a pseudo-stelloid chloroplast, e.g. capitulum (DEFLANDRE 1925, fig. 10). 

Staurodesmus TEILIHG, The vast majority have a monocentric, chloroplast 
F 2 or F 3, larger species with accessory pyrenoids, or they have a dicentricoid 
chloroplast F 4 d, e.g. Dickei (GRÖNBLAD in lilt. e. icon.) or, in biradiate 
species dicentric, e.g. maximus (BORGE) n. comb. (GiuiNisi.Ai) 1945, t. 9: 178). 
Sector-parietal chloroplasls are recorded, e.g. ceratophoru.i (NOBDST.) n. comb, 
and tumidus (LDND.) n. comb, representing (he type !•' 11, see p. 280. 

(i. M. SMITH (1930, p. 330) attributes to Arlhrodesmus, i.e. the small 
biradiate Staurodesmi, an »axial laminate chloroplast with one or two pyre
noids», probably a slip. 

Euastridiam W. el G. S. WEST. Chloroplasl monocenlric, furcoid; »with a 
central pyrenoid and lobes radiating in each process»; this statement refers 
to /•.". verrucosum according to N. CARTER 1935, p. 172. 

Slreploiunm WALLICH, Chloroplast furcoid, monocentric, Iriradiate. He-
cause of the inflated ends of the processes the forked part of the lamellae are 
crescent shaped a vertice. 

IJesmidium AGARDH. Chloroplasl furcoid. 2—5-radiate. in biradiate cells 
dicentric, tetracentric or of the type 11, e.g. Grevillei, in 2— 4-radiale dicentric, 
e.g. Swartzii. 

Pliymatodocis NORDSTEDT. Chloroplast furcoid, 4 5-radiate, monocenlric, 
in certain species zygomorph, the lamellae entirely forked. 

Spondylosium BRÉDISSON, Chloroplast furcoid, 2—3-radiate, the smaller 
species monocenlric F 2 or F 3, in broad and thin species with accessory pyre
noids, see p. 298. 

Cosmocladium BRKR. Chloroplasl furcoid, monocentric or (rarely) dicentric 
(HEI.MANS 1935, p. 109), biradiate. 

Oocardium NAG. Chloroplast furcoid, monocenlric, biradiate. 
Onychonema WALLICH. » > 
Sphaerozosma CORDA. > » 
Costnarium CORDA. 1. Angular cells. In small and thin species the chloro

plast is furcoid. hi- or triradiate. monocenlric, F 2 and F 3, in increasingly 
larger species dicentric, tetracentric, or sector parietal F 6 . 2. Rounded cells. 
In quasi-omniradiate and pseudo-omniradiate species the chloroplast is more 
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or less pseudo-stelloid, or limbo-parietal; in short sphaeroid species di-, or 
tetracentric. The C/roci-seetion is not considered, see p. 302. 

Xanthidium F.HRENB. The hi-, or triradiate furcoid chloroplast agrees with 
those of the angular Cosmaria: mono-, di-, and tetracentric and sector-parietal. 
X. subhastiferum, drawn by WEST as nionoccntric, is tetracentric in N. CAR
TED (1919 a, t. IN: 109—112) even with divided lohes. In Brebissonii N. CARTE» 
(t. 18: 119—126) has given figures of chloroplasts varying hetween divided 
dicentric and transitions to tetracentric with varying number of pyrenoids, 
fig. 31. The most elaborate chloroplast is met with in ttrniatum where the 
lobes of the sector-parietal chloroplast arc irregularly divided and ridged, 
with numerous pyrenoids. 

Euastrum EHRENB. Chloroplast furcoid, hi-triradiate, nionoccntric F 2, or 
dicentric F 4, or tetracentric (often of a kind characteristic for this genus) 
with several pyrenoids in each part, see further p. 279, 294 and 295. 

lUicrasterias AGARDH. Chloroplast furcoid discoid, di- and tetracentric. The 
fairly small pinnatifida (fig. 22) has a modified dicentric chloroplast with 
the. double-ridged core characteristic for this genus and one accessory 
pyrenoid in the apical part (N. CARTER 19191), t. 19: 11, 12). A/, decemdenlata 
has a similar chloroplast (GROMBLAD 1921, t. 1: 1). The thick species have a 
dicentric chloroplast with several pyrenoids, e.g. truncata and oscilant 
(K. CARTER, t. 20: 25—27 and 19—22). The large Moebii seem to have a tetra
centric chloroplast (GITTWINSKI 1902, I. 40:58). The flattened species possess 
a fairly uniform laciniate discoid chloroplast with ridges and many pyrenoids. 

Docldium BRER. Chloroplast stelloid, often with irregularly disposed lamel
lae, several axile pyrenoids. 

Pleurotaenium NXGELI. Chloroplast stelloid or, in most species, taenio-
parietal. The narrow species, e.g. rectum and minutum have a stelloid chloro
plast with several (6—12) pyrenoids (GRÖNBLAD 1824, I). The latter species 
shows transitory forms to parietal chloroplast. The thicker species examined 
have taenio-parielal chloroplast, either consisting of longitudinal ribbons, some
times, perhaps invariably, stretching from apex to apex, or shorter, often 
irregularly shaped tesselate pieces, e.g. coronation (WEST, Monogr. I, t. 28: 4) 
and ovatum var. laeve (BERNARD 1908, I. 5: 105). 

TetmemoruS HAI.FS. Chloroplast pseudo-stelloid with one elongated or 
several axile pyrenoids. The radial plates have their edges laciniate or thickened, 
extended and sometimes »more or less parietal» according to N. CARTER on 
Brebissonii and granulatus (1920 b, p. 315). In this case it is of the limbo-
parietal type. See further p. 282—283. 

Triplocerax BAILEY. Chloroplast pseudo-stelloid, elongated, with several 
axile pyrenoids. Probably the apical part is radiate according to the 2, 3, or 4 
hollow processes. 

Ichtyocercwi W. et G. S. W E S T . Chloroplast pseudo-stelloid ('?). There seems 
not to be any statement on the chloroplast in the literature. BOURRELLY has 
found it »axial du nicme type que Tetmemorus', kindly communicated to me 
in lift. 

Triplaslrum IYENGAR et RAMANATHAN. Chloroplast furcoid, elongated, tri
radiate with 1—2 pyrenoids. 

20 Botaniska Notiser 19J2. 
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Hyalotheca EHHENB. Chloroplast psendo-stclloid, .short, one pyrenoid. 
Bambusiiui KCTZ. Chloroplast pseudo-stelloid, one pyrenoid. 
Groenbladia TEIL. a, gen. Chloroplast axile, laminate, two or more axile 

pyrenoids. Diagnosis on p. 275—276. 

I am very m u c h indebted to three friends of m ine : R O L F GKÖNBLAD, 

Fil. dr . h. c, for liis interest and generosity in sending me valuable 

mater ia l , J . W. (i. L U N D , D. SC. (Ambleside) and R. X. I I INDMARSII , 

M.A. (Linköping) who have spent t ime and interest in order to m a k e 

Ibis pape r more readable . 
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Hepaticae collected in South and West Africa 1951. 

New and little known species. 

B y S I G F R I D A R N E L L . 

Ricciu (Rirciella) undulata S. ARNELL now spec. 

Type: ARNELI. 2252. Africa occidentalis. Sierra Leone, Freetown, 
stream-side above Cabalar Point. 

Monoica, dilute glauco-viridis. Frons usque ad 12 mm longa el 7 mm 
lata, apice breviter biloba, profunde sulcata, marginibus atlcnuatis et 
undulalis. anlice plana-convexa. reticulata, cavernis baud prominenti-
bus, parvis. 

Squamae nullae vel rudimeulariae. Costa erassa, postice convexa, 
lateribus in alas exstantes abeunlibus, margine ipso aculo, undulato. 
Sporae 50 70 tx. facie convexa reticulalim lamellata foveolis vix 8— 
12 u. diam. instrucla. non papillatac. marginibus planis angustissime 
radiatim lamellatis. 

Hab. Africa occidentalis, Sierra Leone, coll. S. ARNELL. 

Monoicous, brigbl blue-green, old parts becoming wbile with a 
brown tinge, once or twice dicbolomously branched, up to 12 mm long 
and 7 mm broad, although the breadth varies in Ihe same plant; the 
margin is undulate. Apex emarginate or obtuse, often with pellucid 
margin, consisting of one layer of almost chlorophyll-less cells. Surface 
with small areolae supplied with a central pore, hardly visible by 
means of a hand-lens. Short furrow at the apex. Cross-section shows a 
thicker central part and broad thin wings, the breadlh being about 
0 times Ihe height. Ventral scales absent or rudimentary. Dorsal epi
dermis with one layer of thin-walled cells with cupola-formed outer 
surface, often destroyed. Air-chamhers small, only 2—4 cells high and 
narrow. Antheridial osteoles often numerous, colourless, rather long. 
Archegonial neck sometimes purple. Sporangia in the mid-line, often 
numerous and slightly protruding on Ihe dorsal surface. Spores bright 
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Fig. I. Riccla [Mccietla] undulata S. \KS a Thallus from dorsal side, b Cross-section 
of thallus. c Cross-section of lhallus, '/ Marginal cells near the apex, c Spores from 

bolh sides. 

brown. 50 -70 u.. with :i margin up to 8 p. in breadth, oulcr face with 
reticulum forming arcs and areolae (diam. 8- 12 p.), no papillae. Rhi-
zoids colourless, smooth and tuberculale. 

Type-specimen in Riksmuseum, Stockholm. 

Riccia (Ricciella) montaguensis S. ARNELL nov. spec. 

Type: AKXKI.I. NOS, 714. 741. 747, Cape Province. Montagu, Bath 
Kloof, near the caves. Montagu, Cogmans Kloof No. 784. 

Type specimens in The Bolus Herbarium. Cape Town and Riks
museum, .Stockholm. 

Dioica'?. magna, dilute \ iridis—flavo-rubescens. Frons ad 12 mm 
louga, 4—5 mm lata, I 2 Jurcata. furcis 4—5 mm lalis, apice breviter 
biloba, profunde sulcata, antice concava, marginibus decurvis, cavernis 
bullatim prominentibus rugulosa, pons e 5—fi cellulis concentricis I'or-
matis, coslai crassa. postice convexa. lateribus rotundalis abrupte in 
alas exstantes abeuntibus. Sporae c. 80 a diam., nigrae. 1—5 foveolis, 
20—40 p. diam,, instruclae. 
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Kig. 2. liiccia (Ricciella) montaguensis S. ARN. <I Thallus. I> Young plant with reticular 
surface pallcrn. <• Apex of a thallus with scales, rf Cross-section of thallus. i Assi

milation tissue, j Pores, k Spore from lioth sides. 

Dioicous?, thallus single or once or twice dichotomously branched, 
ollen crowded in carpet-like groups. Thallus up to 12 mm long and 
4—5 mm broad, bright green with lighter, often yellowish while wings, 
when old oflen bright yellowish brown. The surface on young thalli 
marked with polygonal areas, when old hullale and raised by the 
protruding air-chambers. Very similar in habitus to li. bullosa. The 
cells of the surface-epithelium are quadrate-polygonal. 30—40 u., in the 
middle of the end-segments with a breadth about twice the height. 
I he dorsal surface with a deep sharp furrow, the ventral surface in the 
middle part convex, then steeply ascending side-surfaces, in the upper 
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part becoming concave below the rather broad wings. Air-chambers 
large, in a single layer, but communicating with the labyrinthine chan
nels in (he lower parts of the respiratory tissue, built of one-cell thick 
broad balks. Ventral scales colourless, few, usually one pair al the 
apex and a larger pair behind Ihcni. In the peripheral part of [he wings 
only large air-chambers. Both smooth and tuberculate rhizoids. the 
latter more abundant. Archegonia and anlheridia not observed. Spo
rangia near the mid-line, sometimes causing a cupola-formed pro
minence on the dorsal surface, usually nol observable from the surface. 
Spores dark, about 80 ;/. in diameter, with a 5—f> <j. broad wing, which 
is often perforated at the three corners. On the convex outer-side 4—5 
large foveolae 20 40 |j. in diameter, and a few smaller areolae near 
the periphery. The larger areolae, as a rule, have a papilla in the 
centre, from which fine ridges run out giving it a triradiale to stellate 
form. Triradiale marking very distinct, of three ridges meeting at the 
spore apex and extending to the spore margin. The inner sides arc 
deliminated by thick ridges and have a reticular drawing with relative 
large areolae. 

R. numtaguensis, when dry. has the same buff or straw colour as 
7?. bullosa, and somewhat resembles small specimens of the latter plant. 

Rircia (Ricciella) spongosa S. ARNELL now spec. 

Type: ARNELL NO. 1393, Cape Province. George. Wilderness, forest-
path '/o mile east of the hotel. Type specimen in The Bolus Herbarium, 
Cape Town. 

Monoica"?, major, viridis, sicca llavo-virens. I'rons ad 8 mm longa, 
2 mm lata, apice oblusa, non sulcata, antice convexa et porösa, mar-
ginibus rotundatis, cavernis magnis. Sporae permanenter adhaerentes 
in tetradc, nigro-brunneae, reticulalim lamellatae, foveolis 4 u. diam. 
instruclae, non papillalae. 

Monoicous? Thallus up to 8 mm long and 2 mm broad, linear, once 
or twice dichotomously branched or in long-branched rosettes, the 
young parts green, the older parts bright yellow-green. Dorsal tissue, 
except in the immediate neighbourhood of Ihe growing point, very loose 
and spongy. Air-pores rapidly enlarging. Ihe dorsal surface becoming 
pitted with large holes. Ventral scales not seen. Rhizoids mostly tuber
culate. Spores dark brown, permanently adhering in tetrads, which are 
about 00 a in diameter. Convex face with low ridges, forming complete 
or incomplete areolae, about 4 JJ. in diameter. No spines. 
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Fig. :!. liiccia (liicciella) spongosa S. ARN. a Thallus. b Small lhallus. c Tetrad of 
spores. — liiccia capensis STEPH. d Thallus. c Dry lhallus. / Side view of lhallus. 

;/ Spore, h Cross-sections of thallus. i Scales. 
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Differs from R. Curtisii in being larger and having linear branches 
and quite a different pattern on the spores. 

Riccia capensis STEPH. BRUNXTIIAI.FR. 1913, i. 14. ap. SIM, Trans. 
Royal Soe. S. Afr. XV (1926) p. 13.] 

('•ape Province, Peninsula: Wynberg, cultivated ground (Park Hotel) 
Nos. 102, 18(5, 189, 302. Wynberg. roadside No. 150. Lions Head above 
Fresnaye Nos. 26, 36. 49, 50. 59. 

Montagu: Cogmans Kloof Nos. 802. 792. 
The type specimen of BRUNNTHALER in Vienna contains only sand 

and no Riccia can be found in it. The drawings ol STEPHANI show a 
Riccia of the same appearance as the one in my collection and I there
fore use the name of STEPHANI for this plant. As the type for my plant 
1 will use Nos. 59 and 162. 

Monoicous. of about the same size as R. sorocar/xt L. Usually in 
rosettes. 10 18 mm in diameter, bright glaucous green in the young 
portions, the margins soon changing to yellow-brown, in the older 
parts yellow-brown, sharp, when dry convex in I lie proximal parts of 
the thalli and therefore appearing swollen, in the apical parts the 
margins when the thallus is dry bend towards one another, so when 
seen from above the dark scales cover the apex. The fresh green seg
ments are about 2 mm long and 1 1 '/a mm broad, the thallus 2—3 
times dichotomously branched with acute angle, the segments acutely 
Ungulate and with a deep sharp furrow. Ventral scales in one line, dark 
blackish-red. quadrangularly serrate, reaching the margin of the thallus. 
In cross-section the breadth is equal to or somewhat less than the 
height, the dorsal surface with narrow deep furrow, the ventral surface 
strongly convex in the basal part, in the upper part concave to the 
sharp margin. Epidermal cells in one layer, rectangular-quadrate, with 
nearly plane or lain! convex free surface, thin-walled. The archegonial 
neck almost black, the sporangium causing a pillow-like prominence 
on the dorsal surface, which at this place soon becomes dark red in 
the centre and orange-brown in the periphery, frequently two sporo-
gonias in line one behind the other. The dorsal wall is soon destroyed 
and the interval between the lateral wings of the thallus lilled by black 
spore-masses. Spores 50—60 u., red-brown, marginal wing 2—3 jj.. often 
broader al the corners and at that place with rounded emarginations. 
Coarse ridges on the convex side, forming a complete reticulum, the 
ridges often with a brighter mid-line or two bright lines and a dark 

http://Brunxtiiai.fr
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Fig I. Hiccia rhodeslae S. \RN. n Thallus from dorsal side, b Cross-sections, r Spore. 
</ Scales. 

mid-line, with a very short, truncate papilla at each of the nodes of the 
areolae, on the convex side. The areolae small, usually •'* 4 |j. in dia
meter. The inner side of the spores with similar, hut lower ridges. 
Antheridial osleoles blackish red. 

Hah. Sandy soil, also on cultivated ground. 
Dislrib. Cape Province. Common in the surroundings of Cape Town. 

Also noted from Montagu and dcnadendal. 
Looks like li. limbnln (the black scales), but much smaller and with 

quite a different decoration of the spores. 

Riccia rhodesiae S. ARNELL now spec. 

S. Rhodesia, Victoria Kails, on soil near the Trolley Junction. Nos. 
1271, 1291. 

Type specimens in The Bolus Herbarium, Cape Town, and Riks
museum. Stockholm. 

Dioica?, olivaceo-viridis. Krons ."> - 8 mm longa, '.i—I mm lata 2 .'5 
furcata. acuteque sulcata. Squamae majores. triangulares, purpureae. 
inarginein baud excedentes. Sporae 80 100 a diam., rufo-brunneae, 
reliculatim lamellatae, loveolis (> 8 0 . diam. instructac. 

Thallus dark olive-green. 5 8 mm long, 2—3 times dicholomously 
branched, with sharp but shallow furrow. Lobes narrow ovate, with 
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rounded apex, Hrcadth about 2 ]/2 limes I lie depth. The surface often 
pitted in the mid-line. The dorsal surface with a sharp furrow in the 
apical pari, the side parts convex. In the proximal parts of the thallus 
the furrow is nol SO distinct or is absent, the dorsal surface then faintly 
convex and the margin obtuse. The ventral surface in the basal part 
convex, the upper parts straight and forming a sharp margin. The 
ventral scales large, triangular-lanceolate, dark purple, hardly pro
truding over the margin of the thallus. Epithelial cells in one layer, 
with thin walls and cupola-formed outer-surface. Spores 80—100 ij.. 
bright brown-dark brown, regularly reticulated, papillae in the corners 
of Ihe areolae, areolae 6—8 JJL. Antheridial neck colourless. 

Fossombronia capensis S. ARNELL nov. spec. 

Type ARXKI.I. NO. 1876. Bracken Hill Forest, Knysna. Cape Province. 
Other collections: Knysna: Parkes Station 1470, 1474. 1477: (iuona 
Forest Reserve Nos. 1756, 1757. 1783, 1799. 

Dioica, major, ad 12 mm longa. 2 nun lata. Sectio transversa cum 
facie dorsali plano-concava, facie venlrali convexa. Perianthia cani-
pannlata. margine undulalo el dentato. Sporae ad 40 y. diam., furcalim 
lamellatae, lamellis laxe disposilis. Elaleres lainellati, spiralibus incom-
plelis et rudimenlariis. Antheridia bracleis tecta. 

Dioicous. Rather large, up to 12 mm long and 2 mm wide, with 
strong aromatic smell. Stem on cross-section somewhat higher than 
broad, dorsallv plane-concave, venlrally convex, the ventral pari 
coloured dark purple. Cells in the stem 21—^0 a, thin-walled. Leaves 
entire, somewhat emarginate. slightly undulate, marginal cells 35X35— 
36X40 y.. cells in Ihe middle of the leaf about 50X50 p. Pseudoperianlh 
campanulale, with undulate and bluntly dentaled margin Sporogo-
niuni-wall with irregularly formed cells, yellow half-ring threads and 
pointformed thickenings in groups. Spores of the same appearance as 
in F. pusilla, with distant ridges forming incomplete areolae, yellow. 
incomplete marginal wing between the 12 16 marginal spinae. Klalers 
rudimentary, mostly consisting of a thin leaf 10—15X70 [A, with in
complete spiral thickenings. Arehegonia on the dorsal side of the 
stem, numerous, nude. Antheridia on the dorsal side, covered by large 
bracts. 

The curious elalers seem to be very characteristic for this species. 
The large male bracts also distinguish it from Ihe European F. pusilla, 
the pattern of the spores being very similar to that species. 
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Fig. 5. Possombronia capensis S. AKN a Plants with pscudopcrianths. b Cross-
scclion of the stem, c Pscudoperianth. <l Spores, e Elaters. / Capsule. ;/ Capsule-wall. 

/i Female plant with archegonia. » Leaf. ./ Male bracts, ft Male plant. 
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Pi^. (i. a Fossombronia monlaguensis S. AHN. Three spores. (> Two spores of /'. densi-
lamclluln S. ARK. C /•'. occidento-africana S. \HN. Cross-seclion of slem and rhizoid 

Fossombronia montaguensis S. AKNELL nov. spec. 

Cape Province, Montagu, Bath Kloof, 724, 731, 739. 774. 785. 
Dioica, dilute viridis, ad 8 nun longa. 2 nun lata. Folia hand lobata, 

integeirima vol obtuse dentata. Cellulae marginales ."50X40—50 a- ba-
sales ad 40X100 i/.. Pseudoperianlhium campanulalum, margine in-
legerrimo vel crispato. Sporae .'50—32 a, obtuse et irregulariler lamel-
latae. Elateres 4 <x liili el ad 140 [j. longi. 

Dioicous, pale green, about 8 mm long and 2 nun broad. Stem on 
cross-section with plane dorsal surface, strongly convex ventral surface. 
height equal to breadth. Rhizoids purple. Leaves slightly lobate. entire 
or with a few obtuse short teeth. Marginal cells .'50X40—50 [/., in the 
middle ol the leaf 50X50 - 6 0 ;/., basal cells 40X100 [x- Pseudoperianth 
campanulate or. when the sporogonium is mature, as a wide cup with 
entire and somewhat crispate margin, sometimes open on the basal 
side and then not completely surrounding the sporogonium. Spores 
,'50—32 u. on the convex side with irregularly branched ridges with 
obi use or sharp spines, often connected with one another by thin lamel
lae, on the inner side with low short ridges and low plump spines. 
Elaters up lo 140 \j. long and 4 (j. wide, with 2 spirals. 
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Fossombronia densilamellata S. ARNKI.I, nov. spec. 

/•". tumida SIM. Trans, of Royal Soc. S. Afr. XV p. 35 1926. Cape 
Province; Lions Head near Kloof Nek 257. 265. 295. Montagu, Cogmans 
Kloof 762. 

Dioica, major, viridis. ad 15 mm longa. 4 mm lata. Folia crispata. 
concava-plana, — dentala. Perianthia campannlata. ore den tat o et cris-
pato. Sporae 40 u„ dense lamellatae. spinae ad 50. Antheridia bracleis 
lecla. 

Dioieous. rather large, green. Plant up to 15 mm long, with leaves 
4 rnni wide. Cross-section of the stem shows in the posterior portions 
a breadth about 3 times the height, in the middle and peripheral end 
a breadth equal to the height or somewhat larger. Leaves in the apical 
part slightly crispate, in the other part of the plant plane-slightly con
cave, somewhat lobale and with a few + obtuse and short teeth. Cells 
in the margin 20X40—30X50 {J.. in the middle of the leaf about 
30X40 [/., at the base 40X70 [*. Cuticula smooth. Old leaves soon de
colorized, often with entire margin, concave or almost plane. Archegonia 
on the dorsal side of I he stem, nude as young and unfertilized. Perianth 
widely campanulate, the margin slightly crispate and obtusely dentate. 
Spores 40 [A, red-brown, with numerous sharp lamellae, mostly running 
parallel to one another, about 50 spines in the periphery. Male plants 
with antheridia on the dorsal side of the stem, covered by concave 
bracts. 

MITTEN describes F. tumida as having spores »obscurac papillosae»; 
therefore it can not be this plant in which the spores have lamellae, 
and 1 think SlM is wrong in identifying it with F. tumida MlTT. 

Fossombronia occidento-africana S. ARN. nov. spec. 

Sierra Leone. Freetown. Mont Oriel, 2409, 2113, 2418, 2431. 2448, 
2449, 2468. 2476, 2497. 

Dioica, ad 10 mm longa. 1,5 mm lata, viridis, lerricola. Sectio trans-
versalis caulis triangularis, radicellis purpureis basibus bullosis instruc-
tis. l'erianlhium campanulatum. margine crispalum el lobatum. Sporae 
34—40 JA, brunneae. lamellis interruptis vermicularibus. Antheridia 
flava, 100 (j. diam., bractcis masculis longis. 

Dioieous, about 10 mm long and 1 '/2 mm wide, dark green, on 
moist soil, especially on stream-banks. Cross-section of the stem tri
angular, about 200 [A high and 250—300 y. wide, with plane dorsal 
surface, almost straight lateral sides and a narrow convex ventral mid 
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portion with purple rhizoids with a strongly bulbous base. Leaves 
lingulate-rotundate, often rather strongly crispate, with slightly lobate-
entire margin. Marginal cells 20X20 ."54 a. basal cells up lo 40X70 -j.. 
cuticula with I— 2 long striae per cell, sometimes small trigones. Pseudo-
perianth campanulate, with rather long narrow basal part, margin 
recurvate. slightly crispate. lobaled. not dentatcd. Spores brown. 30— 
40 a. with the same pattern as F. Stephani (lamellis interrupts vermi-
cularibus). Elaters up to 150 a long and 8 u. wide, mostly composed of 
3 spirals, sometimes only 2 spirals or 2 spirals at the ends and 3 in the 
mid part. Capsule-wall shows broad and close semicircular thickenings. 
Male plants witli antheridia on the dorsal side near the apex, covered 
by rather long narrow bracts with deeply bidentale apex. Antheridia 
about 100 a in diameter, pale yellow, globose. Differs from /•'. Ilusnoti 
in having purple rhizoids and 3 spirals in the elaters. from F. Stephani 
in having smaller spores and 3-spired elaters. 

Cephalozielld tabularis S. ARNF.I.I. nov. spec. 

Type: ARNELL 844, 857. 859, 1223, 1227. Cape Province, Table Moun
tain, near the upper Cable Way Station. 

Cape Province, Peninsula, above Bakoven 805. The Flats, between 
Claremont and Cement Works, near St. John's Tower. 

Paroica, gracilis, fusco-brunnea. Caulis ad 15 mm longa, 60 IJ. diam. 
Folia concava, brunnea-purpurea, ad '/-> bifida, lobi breves, acuti, sinus 
oblusus. Cellulae marginales 12 [A. basales ad 20 u.. Amphigastria lan-
ceolala vel bilida. Bracteae feminae crenulatae dentatae. 1—2 jugae. 
Perianthia triplicata, purpurea, ore decoloralo, crenulato. Androecia 
subfloralia vel intercalaria. bracleis 4 8 jugis. qiuim folia caulina 
majoribus. 

Paroicous. prostrate on soil, or mixed with other bryophytes. Stem 
up to 15 mm long and 00 y. in diameter, dark brown, cortical cells 
rectangular-quadrate, 12X10—10X28 jx, in regular longitudinal rows. 
Leaves distant, mostly dark brown, at the apex purple or hyaline, con
vex, bifid lo '/o. sinus obtuse. Cells in the margin of the lobes about 
12 o., at the base of the lobes 10 12X18—20 u., in the middle of the 
male b rads up to 10X30 JJ.. Amphigastria lanceolate-bifid. Female 
inflorescences apical on long branches, crenulate-denlale. in 1—2 pairs. 
connate with the bracteole at the base. Often innovations below the 
sterile perianths. Perianth purple with hyaline mouth, mouth crenulate, 
apical cells with very thick walls, about 10X40 IA. Spores not seen. 
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Fig. 7. Cephaloziella tabularis S. ARN. a Plan! with perianth. (> Sterile plant, r Planl 
with gemmae, d Leaf and amphigaslria. <• Female brads and bracteolc. / Cells from 

the margin of the perianth. 

Male bracts in 4 -8 pairs below the female bracts, larger than the 
leaves, otherwise of the same appearance, sometimes also intercalary 
androecia. 

Grows in inoisl places on the Plal Kliff as a dark carpet of black 
threads on soil or usually mixed with other bryophytcs. The dark 
colour, (he very small and distant leaves give it a characteristic 
appearance. Gemmae on Ihe margin of deformed leaves. 

Cephaloziella Kiaerii (AIST . | S. ARN. now comb. 

Jungermania Kiaerii AUSTIN. Torrey Rot. Club 1875 p. 18. 
Cephalozia Kiaerii STKPII.. Spec. Hep. Ill p. 329. 
Cape Province, Peninsula, Constanlia Nek No. 319. Between Con-

slanlia Nek and Kirslenbosch Nos. 128, 129, 131, 134, 135. Kirslenbosch 
No. 1218. 

Monoicous. pale green —dark brown, creeping on soil and among 
other mosses, proslrale or erect when growing in dense carpets. Stem 

21 Botaniska Notiser tSSi. 
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up to 2 cm long and 00—70 u in diameter. Iliicker towards the top, 
with lew rhizoids, especially on the lower part, sparsely and irregularly 
branched, cortical cells 10—14X21 40 |j.. cnlicida striated. Leaves 
' / s - 'Vz hilobed. insertion transverse-oblique |30 -60°), lobes tri
angular up to (5 cells broad, somewhat conduplicate—plane and squar-
rose. margin entire or seldom with an occasional tooth. Marginal cells 
10—20 ut, internal cells (12—)20—30 u.. walls of medium thickness, 
cuticula smooth or fine papillose. Amphigastria on sterile branches 
absent or small near the peripheral end. on fertile shoots larger, of 
varying form, bifid or entire. Female bracts in 1 2 pairs, large, bilobed. 
dentate, the lobes pointed with a mostly hyaline apical cell. Perianth 
triplicate, cylindrical-ovoid, with constricted mouth, ciliate by long 
cells. Spores red-brown, 8—10 v.. elaters 5X100 a, red-brown. Male 
bracts in 3 10 pairs below the female bracts, with an anlheridiiim 
54X00—00X70 y. in the axil, larger and more convex than of the 
leaves, sometimes apical andraecia. Gonidia round-ellipsoid, on the lop 
of shoots. 

The oblique insertion of the leaves is remarkable, in Cephalozietta 
the leaves otherwise have a transverse insertion. 

(Ipjilifdoziella lyrcopodioides (SIM) S. ARN. now comb. 

Cephalozia lycopodioides SIM. Trans. Royal Soc. S. Afr. XV (1926) 
p. 85. 

Cape Province. Montagu, Rath Kloof. 705. 
Dioicous or auloicous. On soil, dark purple. Stem 3—4 mm long, 

00 -120 i* i in male bracts) wide, cortical cells 8 10X20—34 u, culicnla 
smooth. Leaves imbricate, to '/., bilobed. lobes triangular, subacute, 
entire, distal portion and margin purple, apex often decolorized, sinus 
acute. Marginal cells 0—10 jx- internal cells up to 14 u.. in the base up 
to 10X20 jjt,, cuticula smooth. Walls of medium thickness, no trigones. 
Oil-bodies 2—8 per cell, 2X2—2X4 u.. No amphigastria except in the 
inflorescences. Rhizoids brownish, long and abundant. Female inflores
cence short and thick. Rraels in 2 pairs, the inner bract connate, with 
broad, shortly pointed lobes and marginal cells 10 -10 u.. inner cells 
of the same magnitude, walls very thick, margin decolorized, base red. 

Fin. 8. Cephaloziella Klaerii (AUST.) S. AIIN. a Plant with poroecious inflorescence. 
b 1- final c liract. c Male luacl </ Perianth c Spores. / Plant from ventral side and in 
side view. 7 I nusuallv long inflescence. /1 Female bract and liraeleole. i Sterile plant. 

/ Leaf. 
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Fig. 9. CephnlozivUii lycopodioides (Sl\n s. \HN. a Plant with perianth, b Cells 
from margin o! a female bract, c Female bracts (internal row), il Perianth, <• Cells 

from the margin ol the perianth. / Leaves. 

Perianth short, obovalc, mouth constricted, crenulate by protruding, 
short, thick-walled cells, distal 1/., frequently decolorized, then a purple 
band and the basal portion green. Male inflorescences apical, with Ö 6 
densely imbricated pairs of bracts. Brads somewhat larger than the 
leaves but of the same form, antheridia I—2 in the axils, globose. 40 u. 
in diameter, stalk short, with one cell row. 

Cephaloziella anthelioides S. ARNELL now spec. 

Type: AHNKI.I. no. 766, Cape Prov. Montagu, Bath Kloof. 
Peninsula. C.onslantia Slopes No. 392. 
Type specimens in Bolus Herbarium, (ape Town and Riksmuseum. 

Stockholm. 
Autoica. dense intricata. viridis-brunnesceus. C.aulis ad 2 cm longa. 

100 <j. diam., viridis. Folia ad z/3 bifida, transverse inserta. conduplicata. 
lobis triangiilaribus, actilis. Cellulae tnarginales 14—20 OL, cuticula pa-
pillosa. Amphigaslria magna, triangularia vel bifida. Folia iloralia bi-
lobata, den tala, dentibus recurvatis. 

Perianlhia ovata, ore crenulato. Androecia in ramis sub inflorescentia 
feminea, bracteis conduplicatis. denlatis, minoribus. 
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Fig, 10. CephalozieUa antheliodes S. AKN. a Sterile planl. I> Plant with perianth and 
male branch, c Three leaves, d Cells from the mouth of the perianth, e Female bract, 

/ Female bracteoles. 

Auloicous. in dense intr icate carpe ts on soil. Stem u p to 20 nun long 
and 100 [x in d iamete r , green, cortical cells 1 4 — 2 0 X 2 0 — 4 0 \j.. Culicula 
slightly s tr iated. Leaves app rox ima te , u p to 2/ s bifidc, lobes t r iangular-
lanceolate , condupl ica le u p lo 8 cells wide somet imes a short tooth 
hasally. apex of ventral lobe often clow-like recurved, apex acute , sinus 
acute. Marginal cells 14—20 j * . Cul icula papil lose, especially at the 
marg in and on the base . Amphigas t r ia large, t r i angu la r or bit id. Female 
b rac t s in 2 pairs , bilobed, denta te , wi th long acute , often recurved teeth. 
Per ian th ovoid, m o u t h crenula le by long cells. Spores 10 y.. pale b rown , 
line papillose. E la te rs 5 X 8 0 — 1 6 0 p.. Male inflorescences on separate 
b r a n c h e s below the female inflorescence, t r iangular , Ihe b rac t s decreas
ing in size t owards the apex, bi lobed. condupl ica te and denta te . 
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Fig. II. Cephaloziella tcnuissima IL. & L.) S. AIIN. II Plant with perianth, b I.i-af. 
c Internal female bracts and bracleole. (/ Bracteole. e Margin of mouth of perianth. 

/ Spore. 

Cephaloziella tenuissima (L. & L.) S. ARN. nov. comb. 

Jungermania tenuissima LEHM. & LlNDENB., Syn. Hep. p. 143. 1844. 
Cephaloziu tenuissima STEPHAM, Spec. Hep. Ill p. 514. 
Cape Province. Peninsula. Lions Head: belween Kloof Nek and 

Round House Nos. 201, 214. 217, 232, 249, above Clifton No. 509. 
Wynberg Park 1 13. Above Bakoven 942. 
Montagu; Bath Kloof 779. 794. Gogmans Kloof 808. 
Autoicous. Growing on soil, usually in thin, intricate carpets, pale 

green-dark purple. Slem up to 10 mm long and 70—90 a in diameter, 
yellow-brown, sparsely branched. Cortical cells 10X20—24(—36) (A, 
irregularly rectangular, walls of medium thickness. Cross-section shows 
cortical cells with thickened walls, internal cells of the same diameter 
(10—18 u.) but with thin walls. Leaves approximate-distant, on Sterile 
branches more distant. '/2—2/.; bifide. obtusely conduplicate. on the 
dorsal side frequently with papillose or spinose protruding cells, base 
diverges 60— 90 from the stem, lobes parallel to—diverging 20 from 
the stem, triangular and acute, dentate, frequently decolorized at the 
apex. Sinus on flattened leaves about 150 , often with deflexed margin. 
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Marginal cells 10—12 u., internal cells up to 1(5 \j.. Cell walls of medium 
thickness. Oil-bodies 1—7(—9 in bracts) per cell, 2X2—2X8 JJL, colour
less, marginal cells without oil-bodies. Cuticula slightly papillose-
smooth. Rhizoids abundant, colourless. Amphigaslria rather large, 
entire—bifid. Female bracts larger than the leaves. 2—3 pairs, condupli-
cate and strongly dentated at the margin, connate to ' 2. Perianth obo-
vale, rather broad and short, mouth dentate by 30 40 p long cells, 
when young purple, when older usually decolorized at the margin. 
Spores 10 JA, red-brown. Elaters 8X130—150 u. 

Cephaloziella leonensis S. ARNELL nov. spec. 

Type: ARNELL NO. 2, Cape Province. Lions Head above Frcsnaye and 
Round House Xos. 2, 6, 15, 16, 27, 43, 196, 197. 201. 218. 251. 272, 279. 
481. 

lloltentotts Holland, Steenbrass River, at the outlet No. 703. 
Type specimen in Bolus Herbarium, Cape Town and Riksmuseum, 

Stockholm. 
Dioica?, tenuis, viridis, terricola. Caulis ad 6 mm longa, 60 (j. diam. 

Folia squarrose patula. ad 3/4 bifida, carinata. lobi inaequales, triangu
lares, dentati. Cellulae marginales 10—12 y.. Amphigaslria minima. 
Folia floralia caulinis majöra. Perianthia longa at tenuis, triplicata, ore 
ciliato. Sporae 6—8 (i., leves. 

Dioicous?, small and gracile, green, on soil. Stem up to 6 mm long 
and 60 y. in diameter, cortical cells 12—18X30—40 [A. Leaves rather 
distant, up to -/3—s/4 bilobed, base diverging 90—45° from the stem, 
lobes triangular, the dorsal lobe frequently longer, sparsely dentate by 
protruding cells, marginal cells 10—12 p., internal cells 12—18X20 a, 
in the mid line of the lobes, especially in the dorsal lobe, often long 
cells, 10X30 34 y.. Sinus acute, up to 90". Cuticula smooth or with 
few fine papillae Amphigaslria small, mostly subulate. Female bracts 
2—3 pairs, free, of the same form as the leaves but larger. Perianth 
long and narrow. 3-plicate, mouth crenated by prolruding cells. 20 
00 IJ. long, green or decolorized. Spores 6—8 [j., light brown, with chloro-
plasts in the centre, cuticula smooth. Elaters 4—8 [/. broad, yellow 
brown. Capsule wall light brown, with semicircular thickenings, cells 
10—12X30 [j.. Gemmae 1-celled. round, from the margin, apex and 
dorsal side of deformed leaves and amphigastria. 

It looks like a gracile and small Cephalozielhi tenuissima, but the very 
different form of the perianth and bracts distinguish the two species at 
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Fig. 12. Cephaloziella leonensis S. ARN. a Planl wilh perianth, b Sterile plant, c Leaf. 
d unci </ Bracteoles. e Spore. / Cells ironi mouth of perianth, h Female bracts. 

once. They frequently grow mixed together. The type specimen of SIM 
(9787. Kloof of Constantia Nek) in National Herbarium, Pretoria, con
tains both this species and another, identical with what I have described 
as C. capensis. To judge from his drawings. I I hink SIM had the latter 
in view when he described his species. 

Cephaloziella capensis (SIM) S. ARNEIX nov, comb. 

Cephalozia capensis SIM, Trans. Royal Soc. S. Afr. XV, p. 87. 1926. 
Cape Province, Peninsula: Constantia Nek. No. 4(57, Orange Kloof Forest 
Department No. 2198. 

Dioicous?, on soil, green. Stem 2—3 cm long. f>0—90 u in diameter, 
prostrate sub-erect, with few branches, cortical cells 12—14X20 
(—40) i/.. mostly nearly quadrate, cuticula striated. Leaves approxi
mate—distant on sterile shoots, regularly arranged. Iransversallv inserted. 
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Fig. 13, Cephaloztella capenste (SIM) S. ARNELL nov. comb, a Plant with perianth, 
b Leaves, c Margin ol a female bract, d Sterile plant, e female bract. 

sinus lunate, hi fid lo J/,—;i/4. lobes lanceolate, suhacule, en I ire, <5 —7 
cells wide ;ii the base, conduplicate. Cuticula with few small papillae, 
cell walls tliin no trigones. Oil-hodies not seen. Amphigastria small, 
subulate, present only near the apex. Female bracts in 2—.'{ pairs, the 
inner pair connate with each other and the hracteole. margin decolo
rized, crenaled by protruding, thick-walled long cells and dentate. 
The second pair has also a similar margin. Perianth triplicate, with 
low plicae also on the sides, ohovale. decolorized in the distal '/:;. mouth 
crenaled by protruding long cells. Spores 10—14 IJ.. brown, fine papil
lose. Elaters 6X100 jx. 

Cephaloziella marionensis S. ARNKLI. nov. spec. 

Type: Bolus Herbarium No. 23884. South Atlantic, Marion Island, 
legit Commander COPENHAGEN Feb. 1948. 

Dioica, gracilis. Caulis ad 2 cm longa. 00—80 |j. diam., pluriramosus, 
cuticula papillosa. Folia bilobala ad T/s, lobi lanceolati, acuti. Cellulae 
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marginales 10 16 a. basa-
les 20X20 |x. validac. Am-
phigastria desunt. Andro-
ecia intercalaria, bracfeis 
concavis, ad ','« bilobis. 

Dioicous, mixed with Ja-
mesoniella colorata. Stem to 
2 cm, 60—80 JJ. in diameter, 
repeatedly branched. Corti
cal cells 10—12X16—20 u., 
thick-walled, cuticula with 
rather large papillae. Leaves 
distant, bilobed to 1jJ. ovate, 
lobes lanceolate, acute, 4— 
5 cells broad at the base, 
sinus acute. Marginal cells 
10 16 [A. internal cells up 
to 20X20 (x, walls thick, 
Cuticula papillose. Amphi-
gaslria absent. Female in
florescence not seen. Male 
inflorescences intercalary. 
frequently several on the 
same branch. Male bracts 
large, in 1 10 pairs, mar
gin entire — occasionally 
dcntaled. .'i times as large 
as the leaves, very concave, 

Fig. ii. Cephatozlella marionensis S. ARN. a Plant internal and basal cells up 
willi androccium. b Leal', r Lobe, d Male bract, to 20X22 [̂ . 

Key to the South African species of Cephaloziella. 

a. 1'aroicous. 
b. Thread-like, dark brown, with small, short, concave loaves hardly broader than 

the stem, amphigaslria present, mostly barren. ' tabularis S. ARN'. 
bb. Of varying length, green-brown, leaves larger, ollen obliquely inserted, aniplii-

gaslria fugitive. I . Kinerii (Ausr.) 
aa. lutoicOUS or dioicOUS, 
b Perianth on short lateral branches. 
c. Leaves densely imbricate, slightly concave. (.'. lycopodioides (SIM) 
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cc. Leaves wilh long triangular lobes, eonduplicale. female bracts serrate with often 
recurved teeth. ' anthelioides S. ARN. 

hi). Perianth apical on long branches, 
e. Leaves dentate and eonduplicale. perianth short, female bracts connate basally. 

amphigastria present. Perianth often purple with decolorized margin. 
C. tenuissima iL. & L.I S. A. 

cc. Leaves entire or only with an occasional tooth. 
cl. Leaves condiiplicate. lobes unequal, the dorsal longer and usually with long 

cells in the centre, female bracts free, perianth long and narrow, green or 
decolorized, very small plant. C. leonensis S. ARN. 

dd. Lobes of about equal size, amphigaslria absent or fugitive. 
e. Leaves bilobed to : a—3fi. sinus obtuse, female bracts crenated. 

C capensis (SIM) 
ee. Leaves nol so deeply bilobed, female bracts dentate, sinus acute. 

f. Male bracts smaller than the leaves, eonduplicale. Prostrate, numerous rhizoids 
the entire length. ('.. radtcans iSiMi 

ff. Rhizoids only basally. Male bracts larger than the leaves. ('.. nttttilensis (SIM) 
(( martonensls with rough papillose cuticula, DIoicous. Male bracts bilobed to Vs.) 

Summary. 

T h e au tho r descr ibes the following new species from West Africa, 
Sierra Leone : Riccia iRieeiella) iindulata S. ARN. . Fossombronia occi-

dento-africana S. A R N . and from South Africa: Riccia spongosa S. ARN., 
Riccia monlagtiensis S. ARN. . Riccia rhodesiae S. ARN.. Fossombronia 

capensis S. A R N . . Fossombronia montagnensis S. ARN. . Fossombronia 

densilamellata S. A R N . . Cephaloziella tabularis S. ARN. . Cephaloziella 

anthelioides S. ARX. . Cephaloziella leonensis S. ARN. . Cephaloziella 

marionensis S. A R N . He also gives more comple te descr ip t ions of Cepha

loziella tenuissima (L. & L.) S. ARN. , Cephaloziella lycopodioides i SIM I 
S. ARN. , (eph'doziella Kiaerii (AUST.J S. ARN. . Riccia capensis 

S T E P H A N I . 



BOTANISKA NOTISER 1952. HÄFTE 3. LUND 

Några sädeskornsavtryck från Sydsveriges 
stenålder. 

Av H. TIJKI.MQVIST. 

I Willi a summary in English.) 

Alltsedan den danske forskaren SARAEW i slutet av 1800-talet bör
jade använda metoden att med hjälp av tillfälligtvis bildade avtryck 
av sädeskorn i keramik från förhistorisk lid fastställa vilka sädesslag 
som voro i odling under tiden ifråga, har särskilt i Danmark med denna 
metod en mängd bidrag lämnats till kulturväxternas historia (i senare 
tid särskilt av JESSEN och HELB.-EKI. De uppgifter som föreligga från 
Sydsverige på della område (SARAUW 180». KJELLMARK 1005. LIDEN 

1940), ärt) emellertid mycket sporadiska och delvis allmän! hållna. 
För all i någon mån fylla den lucka som alltså finnes i kännedomen 
om Sydsveriges äldsla kulturväxlcr har jag företagit en granskning av 
ett stort antal lerkärl och lerskärvor (de senare kanske c:a 20.000 i 
antal) i Lunds universitets historiska museum frän den yngre sten
åldern, var äldsla jordbrukstid. och ehuru hittills blott ett ringa antal 
kornavtryck påträffats, lämnas i det följande en redogörelse för dessa 
första fynd. För välvilligt bistånd lackar jag museets tjänstemän, sär
skilt docent C A . ALTHIN och amanuens MATS PETERSSON. 

Från tidig döstid. enligt en utbredd uppfattning den första lid. då 
jordbruk förekom i värt land. föreligger ell fynd frän en boplats vid 
Oxie (nr 28.'$77 Bb) med etl tydligt kornavtryck. Avlryckel visar ven-
tralsidan av etl sädeskorn, med den karakteristiska fåran ifig. I o, 2 a). 
Längden är 5.7 mm, bredden 2,8 mm. Till storlek och form överens
stämmer avlryckel alliså väl med s k a l l ö s I k o r n . och kommer 
nära danska typer från stenåldern. Strax intill kornavtrycket finnas 
avtryck av två borst och troligen en del av ell tredje (fig. 1 b), vilka 
bilda en grupp liksom de borsllika skärmfjällen i ell kornax och där
för säkerligen höra till samma art. 

I en annan krukskärva från samma fynd (27857: 147) finnas två av
tryck, vilka av storlek och form att döma säkerligen äro av sädeskorn, 



NÅGRA SÄDESKORNSAVTRYCK FRÅN SYDSVERIGES STENÅLDER 331 

ehuru di- tyvärr ej äro gjorda av veniralsidan. Det ena har en längd 
av (5.8 mm. bredden är 3,2 min (komets bredd möjligen någol mindre, 
da avlryekel synes vara något snett). Storlek och form. bl.a. den starkt 
krökta rygglinjen, överensstämmer med e m m e r. Triticum dlcoccum. 
Något märke av grodden är dock ej synligt. Del andra avtrycket är 
ofullständigt och visar blott nedre delen, e:a hälften av ett korn. Bred
den är 3,0 mm. Även delta liknar mest emnier i storlek och form. Om 
bada får alltså .sägas, sitt de sannolikt äro avtryck av eminerkorn. 

En annan skärra från samma fynd 128377 B) har ett avtryck, som 
ej är bildal av ett sädeskorn men som dock i deltsi sammanhang är av-
intresse. Avtrycket sir c:a 2,0 mm brett och minst 6 mm långt (hela 
längden sir ej med) och försett med längsstrinimor. Säkerligen är del 
bildat av ell gräsfrö: ett märke vid basen kan motsvara grodden. Något 
annat gräs än r å g l o s t a. Bromus secalinus, kan ej gärna komma 
i fråga. 

Av ungefar samma ålder som kornavtrycken från Oxie, d.v.s. från 
tidig döslid, är ett avtryck i en trattbägare frän St. Herrestad: Fred
riksberg. Detta är omtalat i den sirkcologiska litteraturen som ett vete
korn (kex. hos MOBERG 19511. Avtrycket, som är bildat på bägarens 
insida, visar en något snedställd \cutralsida av ett korn. Längden är 
5,7 mm och bredden 3,0, och form och storlek visa därmed, all det är 
skallösl korn. medan vete har en mera brett rundad form. 

Fran något senare döstid föreligger ett kornavtryck (fig. 2 b) i en 
lerskärva från Maglarp: Albäcksborg (nr 28443:3). Också här är det 
fråga om en ventralsida, och form och storlek äro nästan exakt de
samma som i föregående fall: längden är 5,7. bredden 2.9 mm. Också 
delta avtryck sir alltså bildal av sksillöst korn. 

Bland de avtryck, som härstamma från ganggrifttid, är ett av de 
äldre omtalat och avbildat i litteraturen av RVDBECK 11938), som be
tecknar del som ett vetekornsavtryck. Det finnes i en trattbägare frän 
Södervidinge (nr 20155), som enligt RYDBECK härstammar från gang-
grifttidens första tredjedel, och del var det äldsta avtryck siv delta slag. 
som vid denna lid var honom beksint Iran Lunds bislorisksi museum. 
Avtrycket sir bildat av ell korn. som varit alldeles inneslutet i bägarens 
vägg, och vid dess sönderfallande hsir del delsits på tvä skärvor; pä 
den ena är ventralytan avgjuten, pä den andra större delen av kornet. 
Vid jämförelse mellan de bada avtrycken framgår, sitt ventralytan sna
rast är vinkelräl mot kornets störstsi genomskärning, d.v.s. sill kornets 
bredd är mindre än dess höjd eller tjocklek. Bredden beräknades till 
2,6 mm, höjden till 3,1 och längden till c:a 5,4. Delta förhallande. att 

file:///cutralsida
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l'ig. 1. a avtryck a\ skullösl korn frän Oxie, tidig döslid; b borslavlryck av samma; 
c avtryck av enkorn frän Södcrvidinge, tidig gånggrifttid; d avtryck av småaxbas 
av rinmcr från Xosaby. gånggrifttid; c småaxavtryck ax emmer frun Barsebäck, 
Gillbög. gånggrifttid. Alla teckningar utom </ gjorda efter plastilinaavgjutningar. -
Impressions in pottery from Neolithic time of in—b) naked barley, grain and 
bristles, (c) small belt, Id f) emmer, spikclet base ispikelet fork) and spikelet. All 

drawings, except d, made after plastilina easts. — X •'). 

tjockleken är markerat större än bredden, visar all del är fråga om 
e i i k o r n, Tritictun monococcum, varmed även i övrigt dimensionerna 
överensstämma; en likhet är också den asymmetri, som vcntralylan 
visar och som väl ålininstone lill en del är ursprunglig. I samma bägare 
finnes även ett annul avtryck, djupl insänkt; bredden är c:a 2.7, tjock
leken c:a 3.6 mm. medan längden är ofnllsländig. Förhållandet tjocklek : 
bredd liksom den här mycket starkt asymmetriska och sneda ventral-
ytan visa, all det även här är fråga om enkorn. 

Till fyndel. från Södcrvidinge höra också många lerskärvor, och vid 
genomgång av dessa ha också några kornavtryck anträffats. Ett Större 
väggparti av en bägare visade sålunda på utsidan cll vackert avtryck 
av enkorn ifig. 1 c). Alt det var enkorn visades i detta fall främst genom 
den bagformigt rundade konturen av ventralsidan. utmärkande för 
detta sädesslag, saml vidare genom de olikslora partierna på ömse sidor 
om faran. Längden var 5,7 mm, avtryckets bredd 2,5, da vcnlralvlan 
tydligen har varit något snedställd, bar kornets bredd varit nugot 
mindre, kanske c:a 2.2 mm. Tjockleken var ofullständig. En mindre 
skärva visade ett avtryck av en venlralsida. 5,6 mm långt men med 
bredd och tjocklek ofullständiga. Pä grund av den bagformiga kon
turen och den tydligen asymmclriskt löpande faran masle detta också 
vara bildat av enkorn. Detsamma gäller om ett annat avtryck i en liten 
skärva (längd 5.9, bredd troligen 2.2 mm); det måste också represen-
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lera enkom, da de av ventrallaran skilda partierna iiro olikstora och 
olika höga. 

Del är alltså lem olika avtryck av enkom, som äro konstaterade i 
fyndmaterialet frän Södervidinge, medan avtryck av någon annan art 
ej där anträffats. 

Från Barsehäck: Gillhög föreligger ett stort antal lerskärvor. de 
flesta från gänggrifttid. I allmänhet sakna dessa fynd helt kornavtryck, 
men i en fyndgrupp ifrån gänggrifttid) anträffades flera avtryck. Två 
av dessa voro ofullständiga; att de bildats av sädeskorn var dock tyd
ligt, da ventrallaran väl framträdde på bada ocli ett märke efter grod
den var tydligt synligt på det ena av dem. Bredden var i båda fallen 
c:a .'$ mm: längd och tjocklek voro ofullständiga. Med hänsyn till av
tryckens form och de matt som kunde beräknas kunde man antaga, 
alt de voro bildade såväl av emmer som av skallöst korn: da emellertid 
emmer har en markerat smalare kornbas, medan den här var brett 
rundad, och då vidare kornens tjocklek, om den också ej var exakt 
mätbar, dock föreföll att vara mindre än bredden, måste det vara fråga 
om skallöst korn. Ett tredje avtryck visade en del av ett småax (fig. 1 c). 
Två fjäll framträdde här: det ena. yttre var 6 1/2 mm långt, vasst kölat. 
det andra sköt något upp över delta. Till utseendet överensstämde av
trycket med emmer eller enkom, vilka båda ha skarpt kölade skärm
fjäll; dä det ej fanns märke av någon tand på skärmfjället som hos 
enkom, måste det vara fråga om emmer. Ett avlryck av ett korn i en 
fjärde skärva härrörde också frän emmer: längden var 7 mm. tjock
leken e:a 3 mm, bredden ofullständig, ventralsidan var plattad, dorsal-
sidan välvd. Utom denna fyndgrupp, där alltså fyra kornavtryck 
kunde fastställas, funnos i andra grupper enstaka avlryck, troligen här
rörande från sädeskorn. I en skärva av en »konhalsskål» (nr 9) fanns 
sålunda ett avtryck, som var 7.4 mm långt och c:a 3.4 mm brett, medan 
tjockleken var ofullständig, dock troligen något större än bredden, och 
ryggsidan var rundat välvd. Helt säkert var detta avtryck bildat av ett 
emmerkorn |ryggsidan). Ett avlryck i en annan skål (nr 11) var tro
ligen också, med hänsyn till den jämnt rundade formen, bildat av rygg
sidan av ett sädeskorn. Bredden var c:a 3 mm, längd och tjocklek 
ofullständiga. Formen erinrade mesl om skallösl korn: sannolikt var 
avtrycket bildat av detta sädesslag. 

Även av råglosta Bromus secalinus, fanns det ett par avtryck i (iill-
hög-inalerialel. I en skal fanns det alltså avtryck av två bildningar 
bredvid varandra, som till utseendet överensstämde med ett småax-
fragment av Bromus secalinus, ett skärmfjäll och en blomma där O van-



334 H. HJELMQVIST 

Fig. 2. Avtryck a\ skallfisl korn Iran olika stcn&ldersfynd i Skåne. 1'lastilinaavgjut-
ningar. <i (ran ()\ie. äldre döslid; b frän Maglarp, Albäcksborg. något senare dSstid; 
c från Svedala, Hyllarp, yngre gånggrifttid. — Naked barley from Neolithic time. 
Plaslilina casts of impressions in pottery from three places in Scania. C:a X 1 '/s. 

Foto A. PERSSON, 

för. I en skärva av ett anna t kärl fanns avtryck av ett korn . c:a 5 m m 

långt och 1,6 m m brett , med en svag längss l r imma på ryggsidan. Dimen

sionerna äro d e s a m m a som hos smär re frukter av Bromus seailinus. 

I ett anna t fynd från gånggrift t id, från Nosaby (nr 28171), förekom 
ett avt ryck, som var bi ldat av ett sädesslag, om också ej av ett" ko rn . 
Det v isade basalpar l ic t av et t s m å a x med de nedre , grövre de l a rna av 
de båda skärmfjä l len (fig. 1 c/I. L i k n a n d e av t ryck ä ro ofla funna 1)1.a. 
i D a n m a r k (»s inaaaksforke») . De ä ro b i ldade av e n k o m eller eminer ; 
till utseendet överenss tämma de ganska mycke t hos dessa bada ar ter . 
men vissa kvant i ta t iva ol ikbeter f innas, som n ä r m a r e påvisas av JESSEN 
(1939). Del bär föreliggande avtrycket öve renss t ämmer i må t ten med 
eminer , om det också h a r relativt sina d imens ioner i jämförelse med 
recent eminer. 

Slutligen l innes I ran yngre gånggrift t id ett sädeskornav t ryck i ell 
lerkär l Iran Svedala: Hyl ta rp (nr 25573 gl . Längden ä r 5,3 m m , bred
den 2.7 m m . och genom storlek såväl som form visas dä rmed , all det 
ä r bildat av .skallöst korn (lig. 2 c). 

I mate r ia l I ran gånggrif t t id fanns även ell avt ryck, som visserligen 
ej bi ldats av ell sädeskorn men som ända ä r av intresse, da det h ä r r ö r 
från en växt, som möjligen varit odlad eller i varje fall slätt i s a m b a n d 
med kul luren . I en skärva från Trol le - I . jungby: H a m m a r e n iakt togs 
näml igen ell avtryck, som mås te vara bildal av en äpp l ekä rna . Ytan 
var mycke t slät och j ä m n , l ängden (i.7 m m , b redden c:a 2,4 (ej al ldeles 
ful lständig), t jockleken c:a 4,0 eller möjligen något m e r (ej fu l l s t änd ig] ; 
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bredden var stor nära basen och avsmalnade starkt mot den smala 
spetsen liksom hos äpple, varmed dimensionerna även visa överens
stämmelse. 

Från Lackalänga (gånggrifttid) fanns ett avtryck, som uppenbarligen 
var bildat av Bromus seealinus; längden var 5,7, bredden '2,0 mm, av
smalnande särskilt mot ena hållet; den ena sidan var rak och den 
andra krökt, varför avtrycket tydligen visade kornet något från sidan. 

De sädesslag, som därmed blivit konstaterade från Skånes neollilhi-
cum, äro följande. 

1. S k a l l ö s t k o r n , en form av Hordeum polystichum, som er
inrar om var. coeleste utan att dock helt överensstämma därmed. Härav 
ha sex avtryck påvisats, frän tidig döstid till yngre gånggrifttid, medan 
ett sjunde avtryck, från gånggrifttid, sannolikt också hör hit. De äldsta 
avtrycken (från Oxie och SI. Herreslad: Fredriksberg) tillhöra den allra 
tidigaste jordbrukskulturens lid. 

Skallös I korn är tidigare påvisal från Danmarks yngre stenålder av 
SARAUW, vilken (se H A T T 1937) från denna tid anger 20 fynd med 40 
avtryck därav, medan han av skalkorn endast anträffade 14 avtryck i 
7 fynd. JESSEN (1939) har i Bundsö på Als (gånggrifttid) även funnit 
skallöst korn, däremot ej skalkorn. Enligt BRÖNDSTED (1938, s. 141) 
ga ett par fynd av skallöst korn (Birkeröd Mose och Bornholm: Vallens-
gaard) tillbaka till den allra äldsta jordbruksliden i Danmark. Från 
Sydsverige synes ej någon exakt uppgift föreligga om skallöst korn 
från förhistorisk lid, men JESSEN (1939) förmodar, alt de rikliga fyn
den av Hordeum vulgäre från pålbyggnaderna vid Alvastra (gånggrift
tid) tillhöra den skallösa typen. Detsamma gäller säkert om åtminstone 
något av de av SARAUW (1899) i korthet omnämnda kornfynden frän 
södra Sverige, utan närmare fyndortsuppgift, att döma av en uppgift 
hos JESSEN och HELB^EK (1944, s. 43). 

Som visas av BRÖNDSTEDS (1938) och JESSENs (1939) framställ
ningar, har skallöst korn i Danmark varil den äldsta kornsorten, medan 
skalkorn först något senare kommit i odling. Också för Storbritannien 
påvisa JESSEN och I1ELB/EK (1944), all fynd av skallöst korn överväga 
under äldre perioder, medan senare skalkorn blir dominerande. 1 Sve
rige ha förhållandena förmodligen varit likartade. Det skallösa kornet 
har emellertid länge hållit sig kvar i mindre utsträckning; en form 
därav, himmelskorn. förekom i odling i Sverige, ehuru sällsynt, ännu i 
senare hälften av 1800-lalel. 

22 Ralaniskn Notiser 195-2. 
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2. E m m e r , Triticum dicoccum. Av delta sädesslag ha tre avtryck 
anträffats Iran gånggrifltid, medan ett fjärde från samma period tro
ligen hör hit. Från tidig döstid (Oxie) föreligga två avtryck, som också 
efter all sannolikhet äro bildade av einnier. 

Av emmer äro talrika fynd gjorda från Danmarks neolithicum. En
ligt HATT (a.a.) har sålunda SAKAUW frän denna period anträffat 288 
avtryck i 40 fynd, ett antal som senare utökats av andra forskare. 
Också från Sydsverige finnas ett par uppgifter om emmer. Från .sten
ålderboplatsen i Järavallen vid Limhamn omtalar således KJELLM.VRK 

(1905, s. 101) ett kornavtryck, som enligt SARAUWS bestämning härrör 
frän en veteart, snarasl kanhända Triticum dicoccum, och från sten-
åldersboplalserna i Jonstorpsomrädet uppgiver LlDÉN (1940) fynd av 
två korn och ett kornavtryck, varav ett av de förra är bestämt till 
emmer, medan beträffande de båda andra fynden det uppgives, att de 
tillhöra vele, förmodligen åtminstone i det ena fallet Triticum com
paction. Utan tvivel har emittera varit ett viktigt sädesslag i Skandi
navien under stenåldern; sedan mycket länge är den helt försvunnen 
därifrån. 

3. E n k o m , Triticum monococcum. Av enkom ha fem avtryck 
anträffats, alla frän samma fyndplats (Södervidinge) och från äldre 
gåuggrifttid. 

Enkom är relativt sparsamt representerat i SAKAUWS fynd från Dan
marks stenålder. Avtryck av detta sädesslag uppgivas endast (HATT, 

a.a.) från två fynd, båda på Jylland; avtryckens antal var samman
lagt 21. Från Bundsö pä Als föreligga emellertid enligt JESSEN (1939) 
ytterligare talrika fynd av Triticum monococcum, och även frän Born
holm är elt avtryck känt (BRÖNDSTEI) 1938, s. 140), härstammande 
frän den allra äldsta jordbrukstiden. Från Sydsverige synes det ej före
ligga någon Tidigare uppgift om 'fr. monococcum, och fyndet från 
Södervidinge är därför av ett visst intresse. Då kornavtrycken anträffats 
i olika bägare och inga spår av andra sädesslag blivit funna, har enkom 
här säkerligen odlats som en självständig odling och inte t.ex. i bland
ning med emmer, som man kanske skulle kunnat vänta sig. 

Liksom emmer har enkom för mycket länge sedan hell kommit ur 
bruk i Nordeuropa: till nutiden ha dessa sädesslag blott hållit sig kvar 

- på europeiskt område — i några trakter med ålderdomlig åker
brukskultur i Mellan- och Sydeuropa. 

Utom av de odlade sädesslagen ha avtryck även påträffats av r å g-
l ö s t a , Bromus secfdinus, som förmodligen förekommit som ogräs. 
Härav föreligger ett avtryck frän döstid, medan tre avtryck från gång-
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grilttid med större eller mindre säkerhet förts hit. Frukter av denna 
art ha tidigare påträffats i åtskilliga förhistoriska fynd från olika om
råden, hl.a. föreligga uppgifter från Ungern (DEININGER 1890), Schweiz. 
Österrike och Tyskland (NEUWEILER 1935. 1946), England (JESSEN 
och HEI.B/EK 1944), de äldsta fynden äro från stenåldern. Även 
från södra Sverige föreligga några fynd, nämligen från Jonslorpsom-
rådets gropkeramiska kultur i senare- stenålder (LIDEN 1940). Bromus 
secatinus förekommer ju numera som ogräs i höstsäd av råg och vete 
och är en tämligen utpräglad vinterannucll, som vid sådd om våren 
ofta ej kommer till blomning under första året. Man frågar sig dä, om 
något av de under neolitisk tid odlade sädesslagen odlats som höstsäd. 
närmast korn eller emmer, tillsamman med vilka råglostan ofta an
träffas i fynden. Detta är väl högst osannolikt; troligare är väl då. att 
primitiva jordberedningsmetoder möjliggjort för Br. secalinus att hålla 
sig kvar från det ena året till det andra, som ett 2-ärigt ogräs. Man har 
också tänkt sig möjligheten, alt arten varit odlad som sädesslag i för
historisk tid (jfr LlDÉN, a.a.). 

Av ä p p I e, Mains communis, har slutligen ett avtryck påträffats, 
frän gänggrifttid. Frän Danmark är ett sådant avtryck känt redan frän 
döstid (BRÖNDSTED 1938. s. 147), och fynd av äpple föreligga också 
från de schweiziska pålhyggnaderna (HEER 1866) och frän boplatserna 
vid Alvastra ( W U L F F 1910). På den senare fyndplatsen har del konsta
terats, att det förekommer dels större, dels mindre frukter, varför man 
anlagil, att den ena typen härstammat från odlade träd (jfr HOLMBOE 

1921, DAHL 1945). Då tiden är ungefär densamma som för det skånska 
fyndet, är det ju ej otänkbart, att även detta kan härröra frän ett odlat 
träd, om det också är mest troligt, all det härstammar från en insam
lad vildfrukt. 

De kornavtryck, som i «let föregående omtalats frän Sydsveriges sten
ålder, äro ju relalivl få i jämförelse med de talrika fynd, som gjorts i 
Danmark under motsvarande tid. där också ett större antal sädesslag 
blivit fastställt, nämligen utom emmer, enkorn och skallöst korn, de 
äldsta, även skalkorn och två sorters vete (BRÖNSTED a .a) . I främsta 
rummet beror ju detta på all det från Danmark undersökta materialet 
är många gånger större än det svenska, och delvis kunna också till
fälligheter spela in. när det gäller fynd av denna art. Man får dock 
kanske också det intrycket, att fynden av kornavtryck äro mera säll
synta i Sydsverige, pä grund av en mindre utvecklad sädesodling under 
förhistorisk tid. Fortsatta undersökningar få lämna ytterligare bidrag 
till belysningen av denna fråga. 
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Summary . Some cereal impress ions from Neolithic t ime in South Sweden. 

The author lias made an investigation of impressions of cereal grains in South 
Swedish pottery from Neolithic lime, present in the Historical Museum in Lund. 
Such impressions were staled for three kinds of cereals, viz. naked barley, emmer. 
and small spell. Impressions of naked barley were found even in pottery from the 
early Dolmen Period, generally regarded as the first agricultural time in South 
Sweden, Impressions of emmer were probably also present in pottery from this 
lime, though quite sure impressions could be. stated only from Hie following period. 
to which also the finds of small spelt belong. Small spell is apparently not. formerly 
reported from prehistoric lime in Sweden. 

In addition some impressions of chess. Bmmus secallnui, and one such of apple, 
Mai us communis, wen' found. The possibility of the cultivation of Ihe apple tree in 
this time is briefly discussed. 
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Litteratur. 

FRAtra RITTNKR: Grundriss der Limnologie (Hydrobiolbgre des Susswassers), 
2. Auflage. — Walter de Grin ter & Co, 1952. Ganzleinen DM 16.80. 

KtiiTMiits bok är av största värde för studiet av limnisk ekologi, en forsk
ning, som ligger väl till för vara biologer. I.imnologi är en forskningsgren, 
som kommit i gang relativt sent i vårt land trots dess 90.000 sjöar. Det före
faller, som om sjöarna äro en allt för vanlig beståndsdel i var landskapsbild 
för alt värka forskarens intresse. Liknande förhallande kan noteras frän 
Norge, under det att finnarna och särskilt danskarna ligga före oss 

För den limnologiskt intresserade är RlJTTNEUS bok oundgänglig såsom 
kalekes. Även andra biologer, speciellt botaniska ekologer ha mycket all hämta 
där: den linniobotaniska ekologien är förenklad och lättare förståelig, tack 
vare den omständigheten, att fuktighetsfaktorn, som sa starkt präglar den 
terrestra växtekologien, här är eliminerad. Likaså saknar lempcralurfaktorn 
de ytterligheter, bade temporal! och tcrmomelriskt, som gälla för terra firma. 

Rl'TTNKH klargör först biotopen i partiet »Das Wasser als Lehensraum». 
som bildar bokens första hälft och omfattar avsnitten »Die physikaliscbe l'm-
weltsbedingungeH» om 49 sidor och -Die gelösten Stoffe und ihr Urflsatz» om 
48 sidor. I det förra ges en ingående översikt av vattnets interna fysik samt 
sjöns terinik och dynamik. I det senare avsnittet behandlas koloxidens och 
syrets kretslopp, vilka här kunna följas pa ett särdeles ingående sätt. samt 
sjövattnets mincraliska och även organiska beståndsdelar. Etl litel kapitel om 
minimilagcn avslutar. 

I'a denna ekologiska grund bygges partiet »Die Lcbensgemeinschaflen . där 
avsnittet Das Planklon > inlär huvudparten. 57 sidor. Efter en kort historik 
behandlas svåvproblemet och planktonets sammansättning samt dess utbred
ning, speciell! i verlikal led. varvid ncuslon i denna upplaga fått utvidgad 
behandling. De temporals växlingarna i planklonsammansättningen har fort 
farande en väl knapp behandling. Planktonavsnittet avslutas med en översikt 
av del sa viktiga produktionsproblemet. 

De övriga biocenoserna: literal, »Aufwuchs samt zoneringen behandlas 
rätt kortfattat, under det att sedimenten ägnas 24 sidor. I fråga om dessa 
diskuteras huvudsakligen de kemiska förändringarna vid sönderdelningen av 
de organiska sedimenten. Nvheler äro kapitlen om redox potentialen, skikt 
ningen och utbytet mellan sediment och limnion. 

At myrarna ägnas ett kort kapitel, som av naturliga skäl har föga all ge 
äl initierad svensk publik. Därefter kommer elt kapitel om del rinnande valt-
nets biocenoser, där hell naturligt den zoologiska sidan dominerar. Lit litel 
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terminologiskt lexikon och en förteckning på den viktigaste litteraturen av
slutar höken. 

Denna upplaga är i mänga delar, text och illustrationer, utvidgad och 
utökad med de viktigaste nya rön, som framkommit sedan första upplagan 
1940. Sidantalct liar formellt ökats med 65 sidor, fack vare en något minskad 
textyta är den reella ökningen cirka -15 sidor. 

EINAR TEILING, 

A. F. HlLL: Economic Botany. A Textbook of Useful Plants and Plant Pro
ducts. Second ed. McGraw-Hill Book Co. New York-Toronto-London 1952. 
560 s. 56 Sh. 

Den nya upplagan av A. F. Hiu.s »Economic Botany» är en fullt modern 
handbok i kännedomen om gagnväxterna. Författaren är amerikan, research 
fellow i ekonomisk botanik vid Harvard-imiversitetet, men om också huvud
vikten lägges vid de växter, som äro av intresse ur amerikansk synpunkt, så 
behandlas också alla övriga, som äro av någon betydelse i världshandeln. För 
varje växt lämnas en framställning av dess viktigaste egenskaper, dess före
komst, eventuella odling och dess användning; givetvis varierar framställ
ningens utförlighet mycket alltefter växtens betydelse. Bokens innehåll är 
delat på fyra större avdelningar. Den första av dessa behandlar »Industrial 
plants and plant products», ett mycket omfattande, avsnitt, som behandlar 
fiberväxter, skogsträd och skogsprodukter, färgväxter, gummi- och oljeväxter, 
socker- och stärkelseväxter in.ni. I den andra delen, »Drug plants and drugs», 
behandlas medicinalväxter och deras användning, varvid även så moderna 
produkter som de av olika Streptomyces-aTteT erhållna antihiotica, Chloro
mycetin, neomycin o.s.v., äro medtagna. I samma avdelning behandlas även 
tobaksväxterna, en kanske något diskutabel anordning. Det tredje avsnittet 
ger en framställning av näringsväxterna, sädesslag, grönsaker och fruktväxter; 
den mest utförliga skildringen får här vete, majs och ris. Det fjärde avsnittet 
slutligen handlar om kryddor och njutiiingsväxter. 

A. F, HILLS bok är lättläst och rikt illustrerad, huvudsakligen med foto
grafier. Många av dessa visa växter, som man kanske inte är så van att se 
avbildade i handböckerna; i regel äro illustrationerna goda, om också en del 
av dem kanske kunde ha varit något tydligare. Papper och tryck äro utmärkta. 

I viss mån bildar »Economic Botany» en motsvarighet till del svenska 
arbetet »Gagnväxtcr» av JÖNSSON-SIMMONS. Den kan emellertid vara ett lämp
ligt komplement till denna genom de något olika aspekter den anlägger och 
genom att den är förd fram till fullt moderna förlhiHanden och hl.a. också 
lager hänsyn till den utveckling, som föranletts av del andra världskriget. 

II. IlJEI.MQVIST. 
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Notiser. 

DoeenlfOrordnanden. Fil. dr BENGT KIIILMAN har förordnats lili docent i cyto-
genctik och fil. dr MATS W J J R N till doccnl i limnolhalassologi vid 1'ppsala universitet. 

Vetenskapsakademiens Liniiémcdalj. Vid sammanträde den .*> juni 1952 beslöt 
K. Vetenskapsakademien alt utdela sin större Linnémedalj i silver till professor 
F. FIRBAS. Göttingen, och till stalsgcologen dr. phil. .1. JVERSEN. Köpenhamn, för 
deras även för svensk vetenskap betydelsefulla undersökningar rörande den kvar
tära vegetationshistoriska utvecklingen. 

Forskningsanslag. K. V e t e n s k a p s a k a d e m i c n har ur K n a n cl e r s k a 
f o n d e n utdelat 1.000 kr. till assistent K. II. MATTISSON för fortsatt undersökning 
av släktet Dactylorchis i Fennoskandien och 1.C00 kr. till fil. dr G. HAGLUND lör 
fortsatta studier av släktet Taraxacum i Norden. 

S t a t e n s n a t u r v e t e n s k a p l i g a f O r s k n i n g s r å d har, förutom anslag 
till fullföljande av tidigare påbörjade och av rådet underslödda undersökningar, även 
utdelat följande anslag till botanisk forskning: Till professor II. BURSTRÖM 7.000 kr. 
för undersökningar över aiixinhnmologers inverkan pä cellslräckningen och cell-
sträckningens mekanism, till fil. dr (i. ERDTMAN 29.800 kr. för pulynologiska forsk
ningar, lill professor F. FAGERLIND 5.500 kr. för kompletterande insamlingar i 
Buiten/oigs botaniska trädgård av tnorfologiskt, einbryologiskt och c.ytologiskl 
material i samband med en resa till Sydamerika, till doccnl M. 1-ltlE.s 1.500 kr. för 
pnllenanalytiska arbeten och 2.000 kr. för vegetationshistoriska undersökningar i 
det centrala Västergötland, lill professor H. FLORIN och doccnl G. HARUNG 7.000 kr. 
för forskningar vid Bcrgianska stiftelsen, till agr. dr (i. JULEN 1.550 kr. för under
sökning av rönlgcnbehandlad Poa pratensis, till fil. lic. C. I.. KlELLANDER 8.200 kr. 

för embryologiska undersökningar inom släktet Poa, sekt. Stenopoa och Tiehopoa, 
lill fil. lic, N. I.INNKHMARK 12.000 kr, för vegetations- och niarksludier inom östra 
Skånes ås- och skogsområden, lill fil. lic. I-". LUNDBERG 500 kr. för limnologiska 
undersökningar i Dalarna, till laborator A. NYGREN 7.200 kr. för undersökningar 
inom släktena Calamagrostis och /'<>«, lill fru ELSA NVIIOI.M i.710 kr. för utarbe
tande av en illustrerad skandinavisk bladmossflora. till fil. dr 11. 1'ERSSON 1.000 kr. 
för bryologiska undersökningar på Madeira, till professor C SKOTTSBERG 3.430 kr. 
för framställning av vegetationskartor och klimatkurvor soml utförande av jord-
analyser och för arbetshjälp vid kromosombestämningar, lill professor M. G. STAI,-
1'KI.T 17.300 kr. för undersökning av de ekologiska faktorernas inverkan på prolo-
plasinans viskosilel ocli därmed sammanhängande fysiologiska processer, lill docent 
H. VIRGIN 5.000 kr. för undersökningar över proloplasnians spektrala känslighet 
med avseende på viskosilelsförändringar och 2.0110 kr. för ljusretningsundersök-
ningar vid Carnegie Institution, Palo Alto. Californien, till docent S. ÖSTERLIND 
(i.000 kr. för undersökningar rörande planktiska grönalgcrs oorganiska kolkällor. 
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J o r d b r u k e t s f o r s k n i n g s r å d har utdelat bl.a. följande anslag: Till 
assislenl T. DENWARD 000 kr. för fortsatt undersökning av rödklöverns fertilitcts-
förbållanden, Ull assistent S. ELLEKSHKIM 3.000 kr. lör fortsalla undersökningar av 
reaktionen gentemot varierande miljöbetingelser hos olika kroinosomlalsraser av limo-
Icj. till lil. dr I. GRANHALL och förste assistent ti. .1. OI.DKN 5.100 kr. lör teoretiska 
undersökningar av befruktnings- och polyploid il örhållandcn hos \issa äppelformcr, 
speciellt Malm Sieboldii och korsningsprodukler av denna, till fil. mag. A. HAGBERG 
och assislenl S. ELLERSTRÖM 5.000 kr. lör undersökning av effekten av vicillism och 
inblandning hos artificiella polyploida marknadssorter, till professor N. HELLSTRMM. 
laborator E. AltERC och docent E. AKKRBKKI; 10.500 kr. för vissa försök i samband 
ined en undersökning av köldhärdigheten hos raps och rybs, till laborator K. ÅBERG 
2.900 kr. lör kombinerade växtföljds- och ogräsbekämpningsförsök i kampen mot 
flyghavre och 10.000 kr. för forlsatla undersökningar över sambandet mellan mog
nadsförloppet hos vissa kulturväxter och .skördetröskningen. 

F o n d e n f ö r s k o g l i g f o r s k n i n g har beviljat bl.a. följande anslag: Till 
professor A. GUSTAFSSON 2G.1U0 kr. för elt års försök alt med hjälp av radioaktiva 
isotoper klarlägga nSringsupplagandet hos genetiskt skilda planlmateria) av olika 
skogsträd, till fil. mag. J.-ll. TEGNÉR 10.200 kr. för undersökning av skogsmarkernas 
bakterier och deras betydelse för nedbrytning av skogsförna. till professor II. lirit-
STHÖM 10.000 kr. för forlsall undersökning över sulfilavlulens verkan som gödsel-
och jordförbättringsmedel. 

Från H e l g e A x : s o n J o h n s o n s s t i f t e l s e ha följande anslag utdelats 
lill botanisk forskning: Till fil. lic. O. ANDERSSON 1.000 kr. för avslutande under
sökningar av den svenska ädellövskogens storsvampar, till amanuens N.-O. BOSE-
MAiii; 2.000 kr. lör fortsatta undersökningar över accessoriska kromosomer hos Fes-
tuca pratensis, lill docent N. HVLANBER 2.000 kr. för forlsall arbete med verkol 
»Nordisk kärlväxtflora», till fil. kand. A. LUNDol'IST 1.500 kr. för undersökning av 
lelraploidiens inverkan på självsterilitet och inavelselfekt hos råg, till fil. kand. 
BERTA SAXTESSON 1.000 kr. för fortsatta undersökningar över polyploidi inom släkte! 

1'l'tlllttS. 

Prefekten lör Göteborgs Botaniska trädgård B. LlNDQUST har erhållit elt stats
anslag ä 2.50(1 kr. för en resa lill Japan för studier av lypvarialionen hos de ja
panska skogsträden, särskilt av släktena I.ari.v, Picen och liciiilii. 
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