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

By OvE ALMBORN.

The delermination of sterile lichens can be a difficull task, as lichen
taxonomy is mainly built on characlers taken from apolhecia and
spores. Yel a good deal of those lichens which are seldom or never
found with apothecin can easily be recognized on other morphological
characlers. E. AciARIUS, in the beginning of the 19th 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. W. WALLROTH and
G, Fo W, Mevyer in Germany and E. Frigs in Sweden trealed Lhe
majorily of sterile lichens as monstruous forms of ferlile specics. These
poinls of view were strengthened 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, NYLANDER
and E. Vamzio. both of whom regarded the organs of vegetative re-
production. mainly soredia and isidia, as important specific characlers.
About the turn of lhe century, ia., J. REINKE, . V. DARBISHIRE and
G. Brrrer studied the morphology of the soredia, and succeeding liche-
nologists began to consider soredia and isidia lo be ol equal taxonomic
interest as apothecia. thus. in many cases, returning to the same species
concepl as AcHARIUs. A valuable contribulion to the morphology of
the vegelative organs ol reproduclion was given by Du RigTz (1924
p. 371}, who classified the main types of soredia and isidia, proposed a
consequent terminology and discussed their taxonomical importance,

An important help to the classification of sterile lichens has
been provided by lichen chemistry, NYLANDER (1866 p. 198) found
that the colour reactions given by polassium hydroxide and calcium
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hypochlorite with cerlain lichens could be used as taxonomical cha-
racters. These reagents. as well as iodine solulion and. in the last
decades. paraphenylenediamine (AsamiNa 1934 p. 47). have been
employed by mosl lichenologists, The taxonomical value ol these
chemical lests have been judged in different wavs. An extreme fendency
{i.., MULLER ARGOVIENSIS, hardly represented among modern licheno-
logists) did not aseribe any taxonomical value to chemical reactions.
The other extreme, mainly represented by the leading men in the field
of lichen chemistry, W. Zoprr and Y. AsaHINA, but also by a limiled
number of pure taxonomists. such as NYLANDER, and, in recent lime,
V. GyELNIE and V. RASANEN. consider a conslanl difference in the
chemical constituents to be sufficient for specific segregation. even if
there is no morphological difterence. 1 agree with the majorily of
modern lichenologists who aseribe merely a subsidiary taxonomical
value Lo lichen chemistry. Only when there is a correlalion between
chemical and morphological characlers can the former be useful for the
delimitation of speecies. With this reservation we musl acknowledge the
-aluable aid offered by lichen chemistry, especially for the identification
ol fragmentary specimens and of sterile lichens. The use of »chemical
characterss for the distinction of rather large groups of species in the
following scheme does not mean to over-estimale the taxonomical value
of lichen chemistry. It is a praclical arrangement for the benefit of the
beginner: the trained eye can in every case recognize Lhe species on
morphological characters.

The key that is given below is restricled to the sterile {or rather
oflen sterile) erustaceous lichens reported as corticolous (or lignicolous)
in South Sweden, i.e., the provinces known as Golaland. A similar
trealment of the sterile saxicolous species must be postponed 1o a future
date. Sterile species or forms of larger foliose lichens, such as Par-
melice and Physciae (except the very small Ph. elaeina). have been
excluded, as they are supposed to be well-known from elementary lichen
floras. Also among lhe mere crustaceous lichens [he choice has, in
some cases, been somewhal subjeclive, e.q., in the group conlaining
36 b in the key). Some fertile
species, whose apolhecia can be mistaken for soredia (i.a., Pertusaria
leptospora, P. multipuncta and Phlyctis agelaea) have also been con-
sidered.

species bearing pyenoconidia (nos. 31 a

The scheme comprises 65 species. Two of them (Lecidea Lightfootii
and Pertusaria pulverco-sulfurata) must. however, be excluded from
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the Swedish lichen flora. as the records of them have heen stated to be
incorrect. A similar key by ERICHSEN (1930 p. 230) from N.W. Germany
listed 35 species. To some extenl lthis increased number is due to Lhe
fact thal our district conlains more species than ERICHSEN's, but also
lo the extended knowledge of sterile lichens during lhe Iast two decades,
mainly through the works of LEricusen. Yel I have a wider species
concepl than ErtciuseN. The study ol the varialion within o larger
material has rendered il necessary lo degrade several ol his species,
mainly within Pertusaria, lo varicties or forms.

Nearly all species treated have at least some time been found fertile,
so thal it has been possible 1o place them in the system. They constitute
no natural group: rather similar sterile lichens can belong to very
different genera in the generally accepled ZAHLBRUCKNER system, which
is based on the morphology of apothecia and spores. In some cases the
material available does not allow a definitive judgement of the taxo-
nomic rank, A number ol species (some Pertusarice. the whole genus
Lepraria) have never been found in a [lertile stale. Their generic
arrangement musl be provisional, as it is based on habilual similarity.

From a phytogeographical view-point. the majority of lhe species
dealt wilh here are southern lowland plants. Propagation by means of
soredia or isidia seems to be less frequent in northern or alpine districts.
A list from Northern Sweden would probably not contain more than
about 30 such species, according lo our present knowledge. From an
ecological view-poinl. we find a dominance ol coniophilous species.
[t is evident that dust-impregnated habitats are more favourable fo
species spreading by means of soredia and isidia, than to those spreading
by means of spores only.

The addilional notes after the key contain no detailed descriptions.
FFor such, 1 refer to the works quoled at each species. Only some shorl
notes aboul the occurrence of apothecia and their morphology are given,
Further, I have summed up the most usetul chemical reactions for each
species, particularly as. in many cases, the literalure does not conlain
such dala. It musl be asserted thal these reactions give only fragmentary
hinls of the chemical composition ol the lichen thallus. For detailed
informalion aboul lichen chemistry and ifs laxonomical significance
reference must be made to the works of, f.a., Zopr. ASAHINA, DES AB-
BAYES and LAMB.

The morphological terminology agrees with DES ABBAYES (1951) and,
as lo soredia and isidia, mainly with Dv Rierz (1924).
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Abbrevialtions.

Ap. apothecia. Pv.—pyenidia. Py.-con. — pyvenoconidia, So.=soredia. Th.—
thallus,

K= potassivm hyvdroxide, C=calecium hypochlorite,

K these reagents used one after the other. P=paraphenylenediamine,

The signs ©, * ete. after the reagents indicate a posilive or negative reac-
tion of corlex {superior sign) and medulla (inferior sign}. In some cases, when
cortex and medulla are less distinetly limited, the statementl considers the
whole thallus. e.g., K-F instead of ]{1. () means an indistinet reaction,

Key to the species.

1 a. Thallus erustaceous only in the cenlre, at the circumference with distinet,
corticate lobes (visible in the binocular), sometimes with distinet squa-
mules,

2 a. 'Th, deep vellow—orange.
3a. Th. K+ dark red.
4 a. Lobes coralloid. sorediate, somewhat ascendent,
Xanthoria candelaria
4 b. Lobes = appressed, sorediale in the margin, often broader than in
the preceding sp., colour often darker yellow. Xanthoria [allox
3 b, Th. K—. Candelaria concolor
2 b, Th, * grey (often brownish-, greenish- or yvellowish-grey).
5. Th. squamulose.
6a. Th. C+ red; squamules grey or brownish above, whilish and
sorediate beneath. Lecidea scaluaris
6 b. Th. C— (or somelimes yellowish).
7 a. Th. covered with coralloid isidia emerging from the edges of ithe
squamules, Parmeliella corallinoides
7 b. Th. not isidiate,
8 a. Squamules nol appressed, greyish above, whitish beneath, at
least sometimes forming cups or tubes (podelia).
Cladonia spp. (voung slages)
8 b. Squamules appressed, without podetia.
9 u. Squamules crowded, brownish, nol sorediate,
Toninia caradocensis
9b. Squamules seatterced, glaucous—greyish, rounded, with a
thickened sorediale margin. Normandina pulchella
5 b. Th. = conlinuous, lobate al the circumference.
10 2. Th. covered with isidial so. in the centre.

11 a. Th. whitish grey, K-+ yellow. — Mainly on coniferous lrees.
Parmeliopsis aleurites

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

10 b. Th. sorediate., withoul isidia.
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12 a. Th. yvellowish, K- Parmeliopsis ambigua
12 b. Th. grey,.
13a. Cortex K £ vellow,
14 a. Marginal lobes free: so. maculiform,
Parmeliopsis hyperopta
14 b. Marginal lobes appressed. pruinose: so. maculiform—dif-

fuse in the centre. Buellia canescens
13 b Cortex K-—; marginal lobes closely appressed; so. maculi-
form. Physcia elacina

I b. Th, quite crustaceous. withoul corlicate lobes in the circumference, nor
with distinet squamules,
15 a. Th. (at least s0.) C+ red or orange.
16 a. Th. thin, yvellowish, quite dissolved into so.
17 a. Th. light vellowish green: so. diffuse or sometimes maculiform.
Lecanora expallens
17 h. Th. pale brownish vellow, often limited by o dark hypothallus:
so. dilfuse. Lecidea quernea
16 b. Th. thicker. distinctly corticate [at least in the circumferencej,
generally sorediate.
18 a. Cortex vellowish. Th. with verruciform isidia, generally mingled
with sorediate verrucae. Pertusarin Iutescens
I8 b. Cortex light grev  dark grev, not vellowish.
19 a. So. well delimited: no isidia.
20 a. So. large (mostly exceeding 0.5 mum. diam.), £ convex,
21 a. So. grevish white, K—,
22 a. Th. areolate: so. somewhat constricted al the hase.
Pertusaria lactea {. faginea
22 h. Th. nol areolate; so. not constricted at the base.
Pertusario hemisphaerica
21 b. So. with a yellowish, dirty brownish {or reddish] tinge, K+
vellow. Ochrolechia androgyna
20 b. So. small (not or rarely reaching 0.5 mm. diam.), plane.
23 a. So. ¢. 0.4 0.5 mm. diam.; soredial granules ¢. 0.05— 0.1

nun. diam, Ochrolechia arborea
23 b, So. mostly e, 0.2—0.4 mm. diam.; soredial granules c.
0.02 —0.03 mm. diam. Lecidea fleruosa

19 b. Soredia mainly diffuse.
24 a. Th. £ light grey, isidiale; isidia soon developing into whitish
grey or faintlly greenish grev so. Ochrolechin saboiridis
24 b, Th. dark grey, without isidia: so, first roundish, soon conflu-
ent, dirly brownish or vellowish grey. Perlusaria sordidogrisea
15b. Th, C—,
25 a. Th. distinctly vellow (not sulphur-grey).
26 a. K+ distinelly red.
27 a. Th. with maculiform so.
28 a. So. reunded, with a reddish or brownish tlinge.
Cealoplaca microphyllina
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28 b. So. rounded confluent. bright (citrine) yellow.
Caloplaca chrysophthalina
27 b. Th. with isidial so. Caloplaca herbidella
27 ¢. Th. almost quite dissolved into diffuse so, Calopluca phloginag
26 b, Th. K— (or faintly red).
29w, Th. quite dissolved into minute leprose so., K- faintly red.
Lepraria candelaris
28 b, Th. consisting of small granules, K.
30 a, Granules ¢. 0.2 mm. diam., forming a conlinuous erust.
Candelariella vitellina
30 b, Granules ca. 0.1 mm diam., scatlered. Candelariella ranthostigma
25 b, Th, lighter or darker grey (also while-grey, brownish grey or sulphur-
grey) or almost absent.
31 a. Py. numerous,
32 a. P’v. black, not pruinose.

33 a. Py.-con. eurved, 5—7 X 1—2 w. — Mainly on smooth bark.
Opegrapha rufescens
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—3 X1 p. Catillaria graniformis
34 b, Py. 0.1 -0.2 mm. diam., spunctiform»; py.-con. 4.5 -6 w long.
35 a. Py.-con. 1—2 p broad; th, P—, Arthonia byssacea

35 h. Py.-con, 0.5—1 u broad; th. P+ orange.
Arthania cinereoprizinosa
32 b, Py. covered with a white pruina (at least in young slages; some-
times disappearing on old py., revealing a brownish surlace).
36 a. Py. 0.2—0.3 mm. diam.; py.-con. 12—202<2.5—4 u; th. pul-
verulent. Lecanactis abietina
36 b, Py, 0.1 0.2 mm. diam.; pyv.con. 3—3.5X1 @i th. smoolth,
Opeqgrapha fuscella
31 b. Py. few or quite lacking.
37 a. Th. whitish, pulverulent. with numerous brownish abortive apo-
thecia. Lecanactis amylacea
37 b. Th. of varving colour: no abortive apothecia.
A8 a. No distinel contiguous cortex present: th. quite dissolved into
minute granules or squamules, diffuse so. or coralloid isidia.
39 a. Th. surrounded by a distinet while hypothallus.
Haematommea coccinenm
39 b, Hypothallus blackish or lacking.
40 a. Th. sorediate: isidia and squamules lacking.
41 a, Most so. distinetly delimited, round or ovoid. partly £ con-
fluent, K| wvellow — orange, Xylographa spilomatica
41 b, So, diffuse, K— (or impurely vellow],
42 0. Th. glaucous grey—whitish grey: no thalline lobes.
43 a. Granules forming a conliguous erust: no hypothallus.
44 a. Granules »leproses (i.e., dissolved into a fibrillose or
arachnoid texture), —— Mainly on rough bark (in the
crevices). Lepraria aeruginosa
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44 b Granules nol leprose. Mainly on twigs and needles of Picea,
Calillaria Bouteillei

43 b, Granules scattered in the circumference, in the centre * con-

fluent forming a crust of diffuse so.: blackish hyvpothallus often
visible. Lecidea Nylanderi
42 h. Th. sulphur-grey, £ leprose—arachnoid, with indistinet, non-corti-

wle thalline lobes, trocynia membranacea
40 b. T'h. nol sorediate.

45 a. Th, vivid green when moist, irregularly erose or composed of
appressed greenish grey squamules. Caloplaca obscurella

45 b. Th. not changing colour when moist, nor erose or squamulate.
46 a. Th. composed of minute, £ conglomerate, dark grev (greenish—
brownish] corticate granules, Calillaria prasina

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

Caloplaca herbidella

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

ference,

47 a. Th. (at least so., when present] K+ wvellow, changing lo red within

a minute.
48 a. Th. with papillate or evlindriecal isidia. somelimes developing inlo so.
Pertusaria coccodes
48 b, Th. withoul isidia.
49 0. Th. with so. or sorediate apothecia; cortex light grey
50 a. Th. with real so.

ol a. So. whitish grey (or sometimes reddish), K+ yellow—orange
> red, £ limited or later eonfluent to large diffuse efflores-
cences. Phlyetis argena

51 b. So. brown  brownish grev. K+ (indistinetly vellow —) red,
as young * prominent and limited, laler confluent.

Lepraria decolorans

ash-grey.

50 b. Real so. lacking; apothecia roundish, erose, surrounded by a
prominent whitish pulverulent margin, thus giving the impres-
sion of so, Phlyctis agelaca

49 b, Th. without so.; corlex blackish or bluish grey.
Rinodina colobina
47 b. Th, (at least so.) immediately K-+ yellow, not changing to red. (Vide
also 47 ¢).
52 a. Th. covered with low papillate isidia, soon bursting into so.
Pertusaria coccodes var. eoronata
52 b, Th. sorediate, without isidia.
53 a. Almost the whole th, covered with T diffuse so.

51w, Soredial granules ¢, 0.05—0.1 mm. diam,

55 a. So. yellowish grey —whitish grey, K-+ intensely vellow, after
some day changing to reddish.

Haematomma elalinum

29 b. So. brownish grey, K+ (brownish) yellow, nol changing to

reddish. Catillaria pulverea
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24 b. Soredial granules e. 0.02 mm. diam. thardly visible as granules
to the naked-evel, sulphur-vellow,
Pertusaria pulvereo-sulfurata
a3 b So. distinetly delimited (at least the majority of them).
56 a. IFertile verrucae sorediate in the margins, often guile pulveru-
lent giving the impression of real so. Pertusaria leplospora
A6 b So. not containing apothecia.
37 a. Th, rather distinetly delimited, often with dark hyvpothallus
lines; so. greenish grev (at least in a fresh slate).
Buellia griseovirens
57 b, Th. indistinctly delimited (no hypothallus linesj: so. whilish
or vellowish grev.
38 a. So. scattered. plane or convex, dissolved into rather coarse
{e. 0.05 0.08 mm. diam.] granules. Lecanora meaculata
38 b, So. dense (oflen touching each other, hence angular), plane
or slightly concave, dissolved into very fine (c. 0.03 mm,
diam.) granules. Lecanora impudens
17 ¢. Th. k— (sometimes very slowly changing to brownish or reddish].
59 a. Th, KC—+ violet (medulla and sorediaj: laste bilter.
60 a. Th. with greyish, corticate, sterile verrucac. as a rule mingled with

white-pruinose, fertile verrucac. Pertusaria amara {. slesvicensis

60 b, No cortieate verrucae; th. sorediate,
61 a. Th, with well delimited so. Pertusaria cinara
61 Db, Th. with diffuse so, Pertusaric amara [, pulvinata

59 b, Th. KG—: no bitter laste.
62 a. So. £ distinetly delimited, roundish.

63 a. »Sorediar in reality being fertile verrucae. e, containing apo-
theein covered with a sorediate margin,  Pertusaria mualtipuncta

63 b, Fertile sorediate verrucae lacking (or extremely rarel.
64 a. Th. distinctly delimited. margin often zonate (containing al
least one pale and one dark line). Pertusaria globulifera

64 b. Th. not distinetly delimited.
65 a. Cortex with a yellowish tinge: so. small {c:a 1 mm. diam.j. —
Coniophobous. mainly on coniferous Irees.

Ochrolechia alboflavescens

65 h. Cortex whitish grey—ash-grey (not vellowishi: so. large
{often more than 2 mm. diam.). Coniophilous, mainly on
deciduous trees. Pertusaria globulifera var, discoidea

62 b, So. £ diffuse.
66 a. So. greenish grey or yellowish grey, P I ovellow »red.
Lecidea efflorescens
66 1, So. whitish grey or faintly brownish grev, P
67 a. Th. covered with granulate isidia (0.2 0.5 mm. diam.|, some of
which become £ dissolved inlo so. (soredial granules 0.1—0.2
mm, diam.j; margin of th. often zonate,
Pertusaria globulifera var. Henrici
67 b. No real isidia present: soredial granules 0.02 0.1 mm. diam.:
no zonate margin.
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638 a. Granules e, 0.02—0.03 mm., diam. Lectdea Light footii
68 b, Granules exceeding 0.04 mm. diam,

69 u. Th. thin, effuse, almost wholly covered with diffuse, whitish grey so.;
granules ¢, 0.05—0.07 mm, diam. Ochrolechia microsticloides
69 b, Th. rather thick, determinate (sometimes wilh a pale margin}. at least
in the circomference wilh some determinate so., in the cenlre covered

with diffuse, brownish grey so.: granules ¢. 0.08—0.12 mm, diam.
Pertusaria leprarioides

Additional notes.

Arthonia byssacea (Weig.) Ach. — Anymguist 1880 p. 25. REDINGER
1937 —38 p. 25. ALMBORN 1948 p. 198.

Rare. on coarse bark of old lrees, mainly oaks. Known only from
five Swedish slations. not collected in the present century.

React.: K impurely vellow, C=. KC=. P=. - Ap. not requent. semi-
globose. immarginate: dise blackish covered with a whilish pruina.,

AL einereopruinosa Schaer, — ALMQUIST Le. p. 26. REDINGER Le. p. 87.
Rare. mainly on coarse bark of old trees.
React.: K impurely yellow. C=, KC=, P| yellow -» orange. - Ap. nol

frequent, roundish, plane or slighlly convex, immarginate: disc blackish
covered wilh a bluish grey pruina.

AL decolorans (Turn. & Borr.) Erichs.. vide Lepraria L.
B. caneseens (Dicks.) De Not. — Tu. Fries 1874 p. 587, ALMBORN
1948 p. 173 (map).

On rough bark of old deciduous trees. Known only from two Swedish
stations. both in Skane.

Reacl.: K_ yellow - brownish, C=, KC=, P= {— yellowish). — Ap.
unknown from Sweden, black, plane: margin thin - disappearing.

B. farinosa Malme, vide Pertusaria leprarioides.

B. griseovirens (Turn. & Borr.) n.c. — Syn. Variolaria griseovirens
Turn. & Borr, TURNER & BORRER 1839 p. 54 (descr.). Cf. A, L. SMmiTH
1918 p. 361 (sub Pertusaria faginea). lcon.: J. E. Smrrn, English Bo-
tany (1812) tab. 2400, Buellia betulina (Hepp) Th. Fr. TH. Frigs 1874
p. 610. Khizocarpon betulinum Hepp (1862).

The synlypes of Variolaria griseovirens in the Brilish Muscum (Nu-
lural History), London, examined be me are slerile, bul their idenlity
wilh Buellia betufina is quile evident. As names given lo slerile (or
simperfecls) states of lichens are valid if oetherwise in conformity with
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the rules of nomenclature, the well-known epithel betuline must be
replaced by griseovirens.

React.: K'I' yellow - brownish. C=. KC=. PT yellow-—-orange.  Ap.
rather frequenl. black, concavei

plane): margin thick, prominent.

Caloplaca chrysophthalma Degel. — DEGELIUS 1944 p. 36,

On old deciduous trees. Probably overlooked: previously known from
Oland and Gotland (DEGELIUS l.c.). An unpublished station. Up p-
land, O.Ryd: in the avenue between the church and Rydboholm, on
Fraxinus, leg. 5. AHLNER.

React.: K and KC F dark violet-red, C— (or orangel, P=. Ap.
rather rare. |brownish— Jorange yellow; margin thick. yellow,

(C. herbidella (Nyl.) H. Magn. — MAGNUSSON 1932 p. 430, 1944 p. 30.
Not unfrequent though hitherto overlooked.

React.: K and KC— dark violet-red (pale forms —), C—or ( | Jorange,
P{--) orange. Ap. rather rare, dark orange: margin thick, flexuose.

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

Rare (or overlooked), on coarse bark of old trees. Known only
from Bohuslan, Skalto (DEGELIUS lLe) and Skane. Torekov:
Hallands Viderd, on Quercus and also on rocks [ALMBORN. unpub-
lished).

Reacl.: K and KC-+ dark violet-red. (.—, P— [soredia orange). —
Ap. unknown [rom Sweden, minute, dark orange: margin orange —
greyish, erenulale.

€. obscurella (Lahm) Th. Fr. —— Tu. Frigs 1871 p. 182, [HELLBOM
1871 p. 91.

Rare, on deciduous trees in eutrophialed situations.

React.: K=. C=. KC=, P=.— Ap. not unirequent, minute. brownish—
blackish: margin grey—pale brown. soon disappearing.

.. phlogina (Ach.) 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 {Dicks.) Arn. — HILLMANN 1936 p. 20.

FFrequent on eutrophiated bark.

React.: K— (—, KC—. P—. Ap. rather rare, yellow or brownish;
margin entire or granulate—sorediate.
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Candelariella vitelling (Ehrh.) Miill. Arg. To. Fries 1871 p. 188.

Frequent in wood in eulrophialed situations. also on bark of old trees.

React.: K—, (—, KC—, . — Ap. rather frequent, vellow: margin
enlire or granular,

C. xanthostigma (Pers.) Leltau. — TH. FRIES Le. (pro var.). MAGNUS-
SON 1935 p. 122,

Frequenl on eutrophiated bark,

React.: as in €. vitellina. — Ap. rather rare. minute,

Catillaria Bouteillei (Desm.) Zahlbr. — VAINIO 1934 p. 441. DEGELIUS
1944 b p. 23.

Not unfrequent (though hitherto overlooked), mainly on twigs and
needles of Picea in the oulskirls of foresls.

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. €. Ehrhar-
tiana (Ach.) Th. I'r. Ti. I'rigs 1874 p. 570.

Not unfrequent on wood, also on coarse bark. mainly of old oaks,

React.: K yellow, C=, KC=, P=.
flexuose.

The name €. Ehrhartiana generally used by Swedish and Central
European lichenologists must be replaced by €, graniformis, as Lichen
graniformis Hagen (1782], though referring lo the spermogonilerous
state only. is the valid specific epithet. Cf. the analogous case con-
cerning Opegrapha fuscella (ALMBORN 1948 p. 137) and the discussion
by HYLANDER (in LaNjovw 1950 p. 162].

Ap. pale—vellow: margin often

C. prasina (I'r.) Th. Fr. — TH. Fries 1874 p. 572, Vainio 1931 p. 166.
Rather frequent on wood and old bark.
React.: K—, C—, KC—, P— — Ap. not unfrequent, minule, convex,

immarginate, yellow brown—dark brown or blackish.

C. pulverea (Borr.) Lettau. — Linpav 1923 p. 87. A. L. SMmitH 1926
p- 134, — Syn. Pertusaria miniescens Erichs. (see. holotype in herb.
Ertcisen, Hamburg. and isolype in herb. A. H. MAaGNUSsON, Gothen-
burg). ERICHSEN 1938 p. 111, MAGNUSSON 1942 p. 16,

On old trees. oaks. ele., in woods. known from some few stations in
Bohuslin and Viistergotland, but probably overlooked.

Reacl.: K and KCF yellow, C=, P} yellow - orange - cinnabar. — Ap.
probably rather rare, plane (—concave}. black: margin Lthin, persistent.
greyish black.
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Crocynia membranacea (Dicks.) Zahlbr. Svn. (. lanuginosa (Ach.)
Hue. Psoroma lanuginosum (Ach.) Mill. Arg. ipro p.). Lixpav 1923
p- 150, ANpERs 1928 p. 33. Lepraria cinereosulphnrea Flk. pro max. p.

Frequent on rough bark. especially overgrowing mosses. also on rocks.

Reacl.: K and KCG{+ ) impurely yellow, ¢ , P+ pink— brick-red.
Ap. unknown,

Haematomma coccineum {Dicks.) Kbr, - T Frigs 1871 p. 297,

Rather [requenl on old trees, mainly Quercus and Fagus.

Reacl.: K and KC(-+) impurely vellow, C—, P | yellow., — Ap. nol
unfrequent, blood-red or reddish brown: margin thick, sorediate.

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

var. coccineum. — Syn. H. coecinenm sensu ang. ICRICHSEN (1928—|
1930 p. 6. H. coccineum var. ochroleucum (Neck.) Th. Fr. TH. FRIES
Le. Th. sulphur-yvellow.

var, fuscocinerenm n. var. Th. brownish grey.

var. porphyrinm (Pers,) Th, Fr. Tu. Fries Le, Syn. M. leiphdae-
muim (Ach.) Zopl. EricHseN Le. Th. whitish grey.

H. elalinum (Ach.) Mass. — TH. FrRigs 1871 p. 299, HOEG 1923 p. 144,

Probably rare (or overlooked) in S. Sweden (more frequenl in
N. Sweden). Mainly on coniferous trees and Beftula.

React.: K= yellow, C=. KC=. P' ! yellow .» orange » cinnabar. — Ap.
nol very common. reddish hrown: margin soon disappearing.

Lecanactis abietina (Ach.) Kbr. — LETTAU 1932 p. 30.

Frequent, mainly on coniferous trees. also on old deciduous trees
(Quercus, Fagus, Alnus, cte.).

Reael.: K—, C— (lop of pyenidia C-+ red), KC-—, P+ yellowish. —
Ap. not unfrequent, black, covered with a thick. whitish
pruina: margin prominent, concolorous.

pale yellowish

L. amylacea (LEhrh.] Arn. — LETTAU 1932 p. 35, ALMBORN 1948 p. 31
{map].
Ralher rare. mainly on old oaks. especially on the northern sides.

! Thallus fuscocinereus. — Type locality: Sweden, Skane, Torekov: Hallands
Viaderd, on Fagus, leg. O. ALMBORN, 1950, HHololype in herb. Lund.
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React.: K and KC— jor impurely yellow), C—, P— vellowish. — Ap.
often aborlive. but somelimes well developed. black. while-pruinose;

margin thin or disappearing.

-

Lecanora expallens Ach. — MaGNussoN 1927 p. 125, — Syn. Leciden
soraliata Vain. VAINIO 1934 p. 401,

Very frequenl on all kinds of Irees in not too illuminated situations.

React.: K+ vellow, € and KC—+ orange »rtose-red, P — (or darker
vellow]. — Ap. not unlrequent (though inconspicuous), pale yellowish;
margin sorediale, at length disappearing.

L. impudens Degel. — DEGELIUS 1944 p. 30. Syn. Perfusaria fari-
nacea T Magn. MaGNUSsoN 1942 p. 15.

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

Reacl.: K7 yellow, =, KC=_ P'_’ citrine vellow. — Ap. rare, urceo-
late

plane. red-brown: margin thick, entire{—crenulate), persistent,

L. maculata (Erichs.) n.e. — Syn. see below.

Frequenl. mainly on deciduous lrees in woods.

Reacl.: K and KC | yellow. C=, P'_’ yellow, orange or cinnabarine.

- Ap. rare, plane, brownish; margin thick. = crenulate, persistent

The discovery ol typical lecanorine apothecia in several Swedish spe-
cimens renders il necessary lo transfer Pertusaric maculeda o Leca-
nora, quite as has been the case with the related species .. impudens
isyn. P, farinacea). Bolh these species belong to the L. subfusca group.

L. macnlata is a variable species:

I. maculata. — Syn. Pertusaria maculate Erichs. FEricnsex 1936
p. 646 (deser.). P, sublutescens Malime in Lich. suec. exs. No. 868 (1923
nomen solum. non P, sublutescens Zahlbr. 1925). P, chloropolia
LErichs. var. planiuscula H, Magn. MagNUssen 1942 p. 14 Soredia plane,
delimited. c¢. 0.5 mm. diam., whitish yellowish grey.

f. chloropolia (lirichs.) n.c. Syn. Pertusaria chloropolia Erichs.
IERICHSEN 1936 p. 645 ideser.) and 1940 p. 42, MacNUssoN 1937 p. 131
and 1942 p. 14 jexcl. var.}. P. chloropolia f. cana Erichs. ERicuseN 1936
p. 646, Soredia convex. L delimited. ¢. 1 mm. diam., as a rule more
distinctly sulphur-grey.

These forms may look rather characteristic in their extremes, but
they are combined with numerous transitional slages, LERICIISEN and
MacNusson used the P reaction ol the soredia as a line of demarcation
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between maculata and chloropolia. In lacl there is no correlation be-
tween this reaction and the morphological characlers.
A detailed revision of this group will appear in a work in preparation.

Lecidea efflorescens (Hedl.) Erichs. — ERricnseN 1932 p. 83. VamNio
1934 p. 103, Syn. L. (Biatora) helvola (Koerb.) Th. Fr. f. efflorescens
Hedl. HEDLUND 1892 p. 126. MAGNUSSON 1927 p. 126.

Not unfrequent (though hitherto overlooked), often on Quercus.

React.: K=, C=, KC=, T+ brick-red. — Ap. rather frequent. plane—
semiglobose, pale reddish—brownish: margin disappearing.

L. flexuosa (Fr.] Nyl. — Tn, Friegs 1874 p. 444. LYNGE in VAINIO
1934 p. 343. — Syn. Biatera flexuosa Fr.

Rather frequent on wood or on decaying bark of old irees.

React.: K= impurely vellow. C and KCT rose-red. P=. — Ap. rather
frequenl. plane, blackish: margin thin. often flexuose.

[L. Lightfootii (Sm.) Ach. — VaiNto 1934 p. 315. — Syn. Catillaria
Lightfootii Oliv.

Nol yel known from Sweden. The records by MAGNUSSON (1942
p- 13, Magn. exs, 338) from Bohuslidn, Slenkyrka do not belong
here. The exs, is Lecidea flexuosea,

In Central and Western Europe preferring smooth bark, often Betula,

Reacl.: K=, (=, KC=, P=. — Ap. nol unfrequent, dark brown or
black: margin thin, persistent.]

L. Nylanderi (Anzi) Th. Fr. — TH. Fries 1874 p. 462, Vainto 1931
p- 201. — Syn. Biatora Nylanderi Anzi.

Nol unfrequent, mainly on coniferous trees and Betula or on lignum.

Reacl.: K=, €=, KC=, P=. — Ap. rather rare, brown or blackish
often conglomerale: margin pale, flexuose. persistent.

L. quernea (Dicks.) Ach. — Ta. Friks 1874 p. 125. Vaixio 1934 p. 67.
— Svn. Biatora quernea IFr.

Rather frequent, mainly on deciduous trees, in not too illuminated
situations,

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

L. scalaris Ach. — VAINIC 1934 p. 44, Syn. L. ostreata (Hotfm.)
Schaer. TH. I'RIES 1874 p. 414,
Irequent on rough bark. especially of Pinus, also on wood.
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React.: K and KC=. C I rose-red, P=. — Ap. not unfrequent. blackish,
slightly pruinose; margin thin, at length pruinose.

L. soraliata Vain., vide Lecanora erpallens.

Lepraria aeruginosa (Wigg.) Sm. — LiNpDAU 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
(»cinnabar). — Ap. unknown.

KC—, P—, slowly + yellow

L. candelaris (1.} I'r.
ANDERS L.
[‘requent on coarse bark of old lrees, especially oaks.

Syn. L. flava (Schreb.) Ach. Linpavu le.

React.: K{+) faintly red, C—, KC—, P— brown-red - orange (- cin-
nabar). — Ap. unknown.
L. decolorans {Turn. et Borr.) Almb. (1948 p. 127). — Syn. Arthonia

impolita (Ehrh.) Borr. var. decolorans Redinger (1937 1938 p. 96},
A. decolorans Erichs. (1936 b p. 1L, 1940 b p. 311). MAGNUSSON
1942 p. 4.
Rather frequent in the crevices of coarse bark, mainly old oaks,
React.: K=, brownish colour of soredia changing to red. C= (not
red as slaled by ERICHSEN and REDINGER|. P—. — Ap. unknown.

Normandina pulchelle (Borr.j Nyl. — DEGELIUS 1935 p. 99 (map).
AHLNER 1942 p. 81 (map). HHASSELROT 1948 p. 185.

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

Reacl.: K=, U=, KC=, P=. — Perithecia rare (or overlooked), very
minute, globose, immersed. superior part visible as dark poinls.

Ochrolechia alboflavescens (Wulf.) Zahlbr. — RASANEN 1939 p. 61.

Rare {or overlooked: previously not specilically distinguished from
O. pallescens). mainly on coniferous trees in the N. parts of the district.

Reacl.: K=, C=, KC=, P= (soredia slowly yellow » red-brown}. — Ap
rather rare, & urceolate, yellowish—pink. white-pruinose: thalline mar-
gin thick, wrinkled- crenulate, persistent.

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

I'requent. mainly on rough bark of deciduous trees.

React.: K= yellow, C and KU5 rose-red, P= {soredia slowly yellow -
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orange). — Ap. rather rare. = urceolale, brownish or vellowish red. not
pruinose: thalline margin thick. entire. often sorediate.

{. reseosorediosa (Gyeln.) Erichs. Ericusen 1944 p. 31, — Syn.
0. roseosorediosa GYELNIK (1930 p. 391): ¢l. 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,

O. arborea (Kreyer) n.c. — Syn. Pertusaria arborea (Kreyer) Zahlbr.
EricuseN 1936 p. 545. DEGELIUS 1936 p. 74, ALMBORN 1942 p. 395.
P. myriosora Erichs, ERICHSEN 1938 p. 113,

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

React.: K= yellow inot always distinct). € and KC_ rose-red, P=
jor faintly yellow). Ap. very rare (not known from Sweden), plane.
reddish, not pruinose; thalline margin rather thin, entire. persistent.

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

O, microstictoides Ris.  RASANEN 1936 p. 26. Cl. ERICHSEN 1940 p. 50.
Exs. Lich. FFenn. exs. No. 226. Lichenotheca fennica No. 107, Syn.
Pertusaria silvatica H. Magn. (pro p.). MAGNUSSON 1912 p, 16, P lepra-
riofdes Erichs. var. silvatica (H. Magn.} Almb. (pro p.) ALMBORN 1942
p. 397.

Frequent. mainly on wood-trees (non-eutrophiated bark),

React.: K=, (C=. K=, P= (or slowly brown). Ap. rare, isomewhat
urceolate —] plane, light brown. not pruinose: thalline margin thick.
granular—sorediale. persislenl.

O. subviridis (Hoeg) Erichs. — LERICHSEN 1942 p. 146. — Syn. Pertu-
saria s. Hoeg, HOEG 1923 p. 150. EricHsEN 1936 p. 516, ALMBORN 1948
p. 77 (map). Ochrolechia bahustensis H. Magn. (al least pro p.).
MAGNUSSON 1927 p. 115. Magn. exs. 4. Cf. ERICHSEN (19281930 p. 2,

Rather frequent. mainly in the S)W. districts, often on somewhat
eutrophiated bark.

Reacl.: K=, € and KC | rose-red, P—.
coneave, light brown, not pruinose; thalline margin thick. granular—

Ap. very rare, somewhat

sorediale, persistent,
Opegrapha Juscella (Fr.) Almb, ALMBORN [948 p. 137 (map|. —
Syn. O. hapaleoides Nyl. REDINGER 1937-—1938 p. 352,
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Rather rare (known from Skane, Blekinge and Oland), on shaded
trunks of old trees, especially Ulmus.

React.: K=, later yellowish, C=, KC=, P=. —— Ap. rather frequent,
elongate, branched or somelimes stellate; dise narrow,

0. rufescens Pers. — Syn. O. herpetica (Ach.) Ach. ALMQuisT 1869
p- 20. REDINGER l.c. p. 343.

Frequent, mainly on smooth bark.

React.: K=. C=, KC=, P=. — Ap. as a rule frequenl, innate. oval or
linear, simple or branched, straighl or curved; dise black, variable in
width; margins rounded and inflexed.

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

Pannaria pityrea (DC.) Degel. — DEGELIUS 1935 p. 105 (map). — Syn.
P. coeruleobadia (Schleich.) Mass. P. lanuginosa (Holfm.?] Szat.
GYELNIK 1940 p. 241.

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

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

Parmeliella corallinoides (Hoffm.) Zahlbr. — GYELNIK 1940 p. 180. —
Syn. Pannaria triptophylla (Ach.) Arn.

Rather frequent on deciduous trees in woods,

React.: K=. C=, KC=, P=. — Ap. not unfrequent, plane—convex,
dark brown; margin paler, red-brown.

Parmeliopsis aleurites (Ach.) Nyl. — Syn. Cetraria aleurites Th. Fr.
P. pallescens (Hoftm.) Zahlbr. HILLMANN 1936 p. 36.

Nol unfrequent, mainly on coniferous trees. especially Pinus, also
on wood.

React.: KT yellow, C=, KC=, P=. — Ap. not very common. reddish
brown; margin granular —sorediate.

P. ambigua (Wulf.] Nyl. — ITIILLMANN 1936 p. 27.

Frequent, on all kinds of bark and on wood.

React,: K= (orimpurely yellowish), C=, KC=, P=, — Ap. nol frequent,
dark red-brown; margin thin, entire or crenulate, sometimes sorediale.,

17 Botaniska Notiser 1952.
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P. hyperopta (Ach.) Arn. — HiLLMANN 1936 p. 31.

Not unfrequenl (rare in the southernmost districts). prelerring coni-
ferous trees, often near the ground, also on wood.

Reacl.: K=& yellow., C=, KC=, P=. — Ap. not frequent, brownish,
nilidous: margin thin or granular—sorediate.

Pertusaria amara (Ach.) Nvl. — HOEG 1923 p. 152. ERICHSEN 1936
p. 560.

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

Reacl.: K= (or slowly brownish—reddish). (.=, KCT violel-red, P=
(or soredia slowly orange

cinnabarine). Ap. rare, in semiglobose
sorediate verrucae: dise immersed. pale reddish, at first covered by a
whitish pruina.

ERricHSEN described some species [rom this form-circle, which, in my
opinion. cannot relain the rank of proper species:

f. pulvinata (Lrichs.) Almb. (1948 p. 76). — Syn. . pulvinata Iirichs.
1936 p. 573). Soredia = diffuse.

f. slesvicensis (LErichs.) n.c. Syn. P. slesvicensis LErichs. ERICHSEN
1934 p. 391, 1936 p. 535, ALMBORN 193% p. 778. 1948 p. 208. Th. papil-
late, not or liltle sorediate, ap. frequent. This form can give Lhe im-

pression of a proper species. but transilional stages — svar. infermedias
Erichs. 11940 p. 38) — occur oflen logether with il

P. arborea (Krever) Zahlbr., vide Ochrolechia «a.
P. chloropolia Erichs.. vide Lecanora maculala f.

P. coccodes {Ach.] NyL

Frequent. mainly on rather rough bark. somewhal coniophilous,

React.: K | yellow, often changing to red (ef. below). €=, KC= (or
yellowish), P~ jor vellowish]. — Ap. rare, in semiglobose verrucae;
dise immersed, minute, dark.

Owing to the numerous transitional types occurring, . coccodes
and relaled species, sensu ERICHSEN, had. in my opinion, beller be
treated as varieties of a colleclive species:

var. coccodes. Syn. P. coccodes {Ach.) Nyl sensu ang. HOEG 1923
p- 166 (exel. f.). ERICHSEN 1936 p. 351. Th. dark or light grey. forming
granular sorediate isidia. K7 yellow — red.

var. coronate (Ach.) n.e. — Syn. P.coronata (Ach.) Th. Fr. HOEG 1923
p. 165, ErrcuseN 1936 p. 394, Th. yellowish grey. forming granular
sorediate isidin; K- vellow,
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var. isidiifera (Erichs.) n.e.— Syn. P isidiifera Irichs. ERICHSEN 1936
p. 399. Th. grey. forming granular—cylindrical. non-sorediate isidia,
K vellow,

var. phymatodes (Ach.) n.c. Syn. P. phymatodes (Ach.) Erichs.
ERICHSEN 1936 p. 361. P. coccodes f. bacillosa Nyl. HOEG l.e. Th. grey
{often dark). forming granular- cylindrical (somelimes branched),
glomerale, non-sorediale isidia: K _ yellow — red.

P. coronata (Ach.) Th. Fr.. vide P. coccodes var.
P. discoidea (Pers.) Malme. vide P. globulifera var.

P. globulifera {Turn.] Mass.

Frequent, mainly on deciduous Irees in open situations, somewhal
coniophilous,

React.: K=, C=, KC=, P=. — Ap. very rare, in = sorediate verrucae;
disc immersed. reddish —brown, pruinose,

P. globulifera is also a polymorphous species including several varie-
ties ranked as species by LERICHSEN:

var. glebulifera. -— Syn. P. globulifera ('Turn.) Mass. sensu ang, HOEG
1923 p. 155 (excl. f.). EricHsEN 1936 p. 654. Margin of th, containing
zones of dark and pale lines: soredia ¢. 2 mm., diam.

var. discoidea (Pers.) n.c. — Svn. P.discoidea (Pers.) Malme, ERICHSEN
1936 p. 664, P, scutellata Hue. HOEG 1923 p. 157. Margin not or indis-
tinctly zonate: th. more whitish: soredia large (reaching 6 mm. diam.).

var. Henrici (Harm.) n.e.— Sy, P, Henrici (Harm,) Erichs. ERICHSEN
1936 p. 671, P. globulifera {. isidiata Hoeg. TIOEG 1923 p. 155, Margin =+
zonate: th. granular—isidiale, isidia partly dissolved into diffuse soredia.

P. hemisphaerica (FIK.) LErichs. ERICHSEN 1936 p. 511. ALMBORN
1948 p. 65 (map). — Syn. P, speciosa Hbeg, HOEG 1923 p. 147,

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

React.: K=, € and KC - dark red, P=, — Ap. unknown,
P. Henrict (Harm.] Lrichs., vide P. globulifera var,
P. isidiifera Erichs.. vide P. coceodes var.

P lactea (1) Arn. — Mainly a saxicolous species sometimes occurring
in a somewhal aberrant corlicolous form: f. faginea Erichs. [ERICHSEN
1936 p. 535.

Rather rare. on deciduous trees.
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React.: K=, C and KC~ rose-red, P=. Ap. very rare (only known
from the saxicolous form). in sorediate verrucae: disc immersed.
brownish—pink. = while pruinose.

P.leprarioides Erichs. — ERICHSEN 1936 p. 678. MAGNUSSON 1942 p. 15,
ALMBORN 1942 p. 396. Magn. exs. No. 362. — Syn. P. incolorata Erichs.
(in herb.: nomen solum). P. silvatica H. Magn. (pro p.] MAGNUSSON
1942 p. 16. P. Henrici (Harm.) Erichs. var. sepincola Erichs. ERICHSEN
1929 p. 114, 1936 p. 675. 1940 p. 50. — Buellia farinosa Malme (MALME
1923 p. 374) is a P. lepraricides affected by the fungus Leciographa
inspersa (Flk.) Rehm, sec. a holotype in herb. Stockholm. The epithel
farinosa cannot be used for the present species being a nomen con-
fusum.

Frequent, mainly on eutrophiated bark {near roads, elc.}.

React.: K=, C=, KC=. P=, — Ap. very rare, in almost wholly
sorediale, semiglobose verrucae: dise immersed, minule, pale brownish,

P. leptospora Nilschke, — ERICHSEN 1936 p. 611, ALMBORN 1948
p. 163 (map).

Some stations. mainly on Fagus and Quercus, in Skane. W, Smaland,
Halland @nd Bohuskin,

React.: K and KC | yellowish. later brownish, C=, P} orange. — Ap.
always present. in conic--semiglobose sorediate verrucae; disc plane,
yvellowish—reddish brown, not pruinose.

P. lutescens (Hoflm.) Lamy. — HOEG 1923 p. 160. ERICHSEN 1936
p. 648.

Frequent, mainly on deciduous Irees, in woods,

Reacl.: K= (or yellowish), € and K _ orange, P= - Ap. rare, im-
mersed in sorediale verrucae: dise minute, blackish brown.

P. maculata Erichs.. vide Lecanora m.
P. miniescens Lrichs., vide Catillaria pulverea.

P. multipuncta (Turn.) Nyl — HOEG 1923 p. 145. ErRicHSEN 1936
p. 605. ALMBORN 1948 p. 167.

Rare in S. Sweden (more frequent in N. Sweden), mainly on Alnus
and Betula.

React.: K=, (=, KC=. P=, — Ap. always presenl, in rather flat
sorediale verrucae; dise plane. greyish—Dblack, usually pruinose,

P. myriosora Erichs.. vide Ochrolechia arborea.
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P. phymatedes (Ach.) Erichs.. vide P, coccodes var.

[P. pulvereo-sulfurata Iarm, ERICHSEN 1936 p. 679.

A dubious species. A comparison with an isotype (from France,
Cheniménil. leg. Harmand) in herb. Hamburg has revealed that the
two Swedish records of P. pulvereo-sulfurata are not correct. The type
is a plant somewhal similar to Haematommea elatinum though il has
much finer soredia. The specimen from Bohuslin, N, Skaftd
(DEGELIUS 1939 p. 151) is young and nol determinable with certainty.
It is granular —verrucose wilh 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 fHaema-
tomma coccineum. The record Halland, Hasslov (ALMBORN 1942
p- 399) relers to a voung P. lulescens.

Reacl. {in the isotype): K and KC T yellow, later brownish, C=, P=,
— Ap. unknown.]

P. pulvinata Erichs.. vide P. amara [,
P. silvatica 11. Magn.. vide Ochrolechia microstictoides.
P. slesvicensis Erichs., vide P, amara {.

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 Skane, Blekinge, Halland, Bohuslin and Vister-
gotland.

Reacl.: K and KC= (or soredia yellowish). €7 red, P=. — Ap. un-
known.

P. subviridis Hoeg.. vide Ochrolechia s.

Phlyetis agelaea (Ach.) Flot. — HOEG 1923 p. 173.
Nol unfrequent, mainly on smooth bark, often on Fraxinus, Sorbus
aucuparia, ete,
React.: K{ or impurely brown-red SHE e VI B : 2
| yvellow — orange — rust-red , C=. KC=, PT yellow, soredia—
orange. Ap. alwayvs present, in sorediale verrucae; disc blackish,
grey- or while-pruinose.

Phl, argena {Ach.) Flot. — [1OEG 1923 p. 174,
Very [requent on different kinds of bark, moslly in somewhat shaded
situations.
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Reacl.: K| yellow—orange—rust-red. C=, KC=, P 7 yellow, soredia—

orange. Ap. rather rare. in sorediate verrucae; dise blackish. white-
pruinose,
f. erythrosora (LErichs.) n.e. — Syn. Phl. erythrosora Lrichs. Erich-

SEN 1939 p. 75. ALMBORN 1939 p. 773. MAGNUSSON 1942 p. 17. Soredia
more distincetly delimited, rounded. pink. This form is very charac-
terislic in its extremes but it is connected with the type through
numerous (ransitions.

Physcia elaeina (Sm.) A. L. Sm. — Du RieTz 1923 p. 87. MAGNUSSON
1935 p. 123. — Syn. Ph. adglutinata (Flk.) Nyl

Rare {or perhaps overlooked):; only two Swedish stations known:
Gotland. Visby (on Abies) and Bohusliin, Solberga (on [Ul-
mus), both in dust-impregnated situations.

Reacl.: K=, C=, KC=, P=.— Ap. very rare {unknown from Sweden},
minute. blackish brown; margin entire.

Rinodina colobina (Ach.) Th. Fr. — MaLme 1915 p. 253, Du RieTz
1923 p. 86. MAGNUSSON 1947 p. 319.

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

React.: K yellows red, C=. KC=, P=. - Ap. usually scarce, £ plane,
black: margin thick. prominent. grey.

Toninia caradocensis |Leight.) Lahm. — MaGNUssen 1927 p. 120.
ALMBORN 1948 p. 206.

Rare (or perhaps overlooked: only some stalions in Bohuslin and
Vistergotland known), especially on conilerous trees and Betula, also
on wood.

React.: K=, C and KC* yellowish (or orange). P=. Ap. secarce.
black: margin usually flexuose.

Xanthoria candelaria (L.) Arn. — Du RieTZ 1921 p. 185. HILLMANN
1935 p. 23,

Frequent., on eutrophialed bark.

React.: K and KC= dark violel-red. C* pale reddish. P=. — Ap. not
very unfrequent, yellow; margin entire or somewhal sorediale.

X. fallae (Hepp) Arn. — Du RIETZ Le. — Syn. X, substellaris {Ach.
Vain. HILLMANN Le. p. 28.

Rather frequent, on eutrophialed bark.

Reacl.: as in X. candelaria. — Ap. rather rare. orange-yellow; margin
often sorediate.
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Xylographa spilomatica (Anzi) Th. Fr. - T, FFrigs 1874 p. 639.
REDINGER 1937—1938 p. 207.

Mainly on wooed, rarely on living bark. Rare in S, Sweden (not un-
frequent in N, and Central Sweden).

React.: K and KC+ citrine yellow - orange. (=. P+ yellowish—
brown. — Ap. sometimes {requent, somelimes quile lacking, elliptical;
disc concave, reddish brown: margin thin, darker brown.
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Evolutionary studies on the

of the chloroplast in desmids.

By LZINAR TEILING.
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1. Introduction. Basic morphological types.

When, more than a centurv ago. MENEGHINT and RALFS first pro-
duced order and system into the bewildering multiplicity of the desmids

then known, the three main types elongate, compressed, and angular
were used as imporiant characlers of the cell shape. Though (hese
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 lillle investigation has been made of the forces which have been
aclive in the formalion of these very different types.

The present author (1950) has submitted a theory that the com-
pressed. i.e. biradiale, desmids are derived from angular, i.e. pluri-
radiate ones, and thal Lthe latter are descendants of short, circular
ancestors and, further. that this evolution has been induced by an
ecological [actor. namely light.

Aparl from some small genera with laminated chloroplast, there is
one character occurring in Lhe vasl majority of Lhe desmids, viz. Lhe
radiate chloroplast. This common feature is, in certain cases, nol im-
mediately visible but a comparative morphological examination reveals
its surprising conslancy.

The author (1950) has shown how the chloroplast of the angulo-
radiate {compressed and angular] desmids. being the majority of the
placoderms, probably have arisen [rom a primitive radiate chloroplast
which functioned in anceslral desmids. circular a vertice. The radial
enlargement of the radiate lamellae of the chloroplast favoured grealer
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 oulgrown distal
part ol a lamella of the chloroplast. An extreme radial enlargement
has given rise to the long processes characteristic ol many Staurastra,
Among these pluriradiale desmids lhere has. during their evolulion,
occurred a reduction of the angles and ihis evolutionary path. common
and very imporlant wilhin the animal as well as the vegetable kingdom,
has gradually given rise to quadriradiate, Iriradiale and biradiate
forms.! The last represent the end-stage and is characteristic of the
majority of lhe placoderm desmids, Cosmarium, FEuastrum, Micras-
tericts ete. 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 better exposition to light. Indeed, the compressed biradiate
end-stage is an equivalent to the flattened or leaf-like shape of the
photosynthelic organs of the mullicellular green planls.

It 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.

T'In culture Kacvio (19510 has produced uniradiate facies of Micrasterias.



266 EINAR TEILING
2. Historical survey.

In the beginning of desmidiology, when there were only primitive
microscopes. the external morphology was the sole descriplive character.
Laler on, beller microscopes made it possible 1o complete the diagnoses
of the rapidly increasing number of species wilh inlernal 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: for instance the concepts of axile and parietal
were comprehended as contrasting characters.

The [lirst scientist who devoted special attention to these subjects
was LUTKEMULLER (1893 and 1895). His papers. however. did not
succeed in stimulating research in this direclion unlil 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 this subject, I 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 Lhe first who summarized the
contemporary knowledge and devised a system of chloroplast types.
It is quite artificial: the axil »chloroleucites en plaques» contain the
type of Mougeotia as well as the type of Micrasterias. 53 years laler,
the system of Czrrpa is constructed similarly. He (1937, p. 551 dis-
tinguished six types: 1. Plattenformige. 2. Morgenstern- bis rippenwal-
zenformige, Beispiele: Zygnema, Cylindrocystis, Penium. 3. Chromo-
phoren. welche um ein zentral gelagertes Pyrenoid flache, den Zellen-
raumverhiiltnissen angepasste Lappen oder entsprechend angeordnete
kurze Leisten fiihren. Beispiel: Cosmarium. 4. Flichig ausgebildete
Chromatophoren mit zahlreichen. gleichmiissig verteilten Pyrenoiden.
Beispiel: Micrasterias. 5. Unregelmiissig verlaufende, ungefihr bandfor-
mige Chromatophoren mit einreihig angeordnelen Pyrenoiden. Bei-
spiel: Pleurotaenium. 6. Schraubenbandférmige, dabei ebene oder rin-
nenformige, an der Wand verteilte Chromatophoren mit mehreren.
verschieden grossen Pyrenoiden. Beispiel: Spirotaenia, Spirogyra.
Frrrscr (1935) has given a short survey of the desmid chloroplast from
a morphological point of view,

TSN
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3. The chloroplast.

In the following a chloroplasl is defined as a chlorophyllous organel
of the desmid protoplasl. 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
chloroplast must be used in a collective sense signifying the tolal mass
of the chlorophyll of a semicell not considering shape or parls.

The chloroplast is irritable and contractile, several laclors cause
changes of its volume, shape and consistency. It is dilficull. sometimes
impossible, to examine living chloroplasts of complicated structure and
preserving liquids often change the details. The research method of
fixing, slaining, and cutting, so successtully performed by N. CARTER,
is very intricate and lime-consuming and thus has been avoided by
later scientists. The culture of desmids is difficull and often gives
rise lo degenerative and teratological forms. CZURDA emphasizes that
the chloroplast degenerales 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 comparalive studies, their phylogenetical evolulion
is followed. Certain parls of primitive character, viz. the lamellae
especially of the furcoid chloroplast may be distinguished in their
development through the genera. As in all comparalive morphology,
it is a conditio sine qua non 1o distinguish between homologous and
analogous details and features in order to avoid the sources of error
dependant on hiological convergeney. These poinls of view have hardly
been used in desmidiological research, as will be shown hereafter.

A greal many descriptive desmidiologists have menlioned and some-
limes also figured the chloroplasts. Most of the ligures, however, musl
be examined critically for they often conceal sources ol errors. The
three-dimensional structure is difficult to comprehend and the inves-
ligator is seldom artist enough to give a quite clear figure even when
it is correctly understood. The most valuable informations may be
oblained from the works of G. 8. WEST. GRONBLAD, and SKuJA bul
others also, e.g. DELPONTE and NORDSTEDT, have given reasonably
good ligures, Dr. GRONBLAD is worlthy of a special recognition in this
respecl 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 altention to the
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chloroplast. this organel being in many cases variable and our know-
ledge of it very incomplete. A figure a fronte is often ol little or no
value, it must be combined with figures a verfice in oplical 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 (1950) and are as yet little
known. others musl be newly crealed.

Omniradiate is the term for a cell circular « vertice if lthe iso-
diamelry is primitive, Cerlain desmids having lhe same shape, however,
are derived from bi- or triradiate. (perhaps also from pluriradiate)
angular cells, and such are calied pseudo-omniradiate. In
many cases this laller form seems to be conslant: 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 quasi-omniradiate. The angular and com-
pressed cells are termed angulo-radiale and may be bi-, lri-
(quadri-. quinque-radiate and so on. The mosl remarkable difference
wilhin this series is the one belween biradiate and pluriradiate (ie.
more than two). This dillerence has been frequently used in biosyste-
maly and also in taxonomy. the terms sensu Cave 1951.

The old concepls axile and parielal have not been defined nor can
they be: they are relalive. As axile has been meant a chloroplast having
most of ils chlorophvll round the vertical axis where the pyrenoids
normally are situaled: the parielal chloroplast has the grealer parl of
its green mass and the pyrenoids in the distal parts of the semicell.
Neither of the terms says anvthing about shape or structure. Lven the
axile chloroplast may have most of its pholosynthetically aclive parls
in a parielal position, e.g. in certain Staurastra it is axile in structure
and parietal in function. In order to salisly the need of a term for
transitional forms GRONBLAD (1924, p. 11) has proposed the term
pseudo-parietal. Axile and parietal may be used in a general sense in
order lo indicate the average distribution of the pyrenoids but never
in order to indicale a bhiosvstematical character,

The axile types of chloroplast may conveniently be divided into
monocentric. dicentric. and tetracentric. The mono-
centric chloroplast. containing one or more central pyvrenoids is the
mosl frequent type of the slellate chloroplasls in small angulo-radiate
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desmids, the Cosmaroids and the Staurastroids for instance. and in most
ol Lhe elongated desmids, e.g. Penium and Closterican, In the latter the
term monocentric would more correctly be replaced by monaxil:
the long axis usually contains a row of pyrenocids. The dicentric lype
occurs in rather large biradiate desmids. e.g. Cosmaria and Fuastra,
the mass of chlorophyll is divided in two parts each of them conlaining
one (group ofj pyrenoid(s). Telracentric means the slage where the
chloroplast is divided into four parts each with one (group of) pyre-
noidis). The location of the pyrenoids in the ends of the ramified chloro-
plast represenls a separale type, called pericentric.

The parielal chloroplast sensu stricto is very rare. 11 consisls of several
paris. plates or ribbons, or, exceplionally, of one tubular part which
as well as the pyrenoids have a parietal position withoul or with a
reduced axile part. 1l has evolved from ancestral axile form (G. S. WEST
1916) in diverse ways and represents the results of a general trend to
parietal position ol the chlorophyll. a position most favourable lo
photosynthetical aclivity. This neglected point of view is. as far as I
can find for the first time submitted by JACOBSEN as early as in 1874
and strongly stressed by ELFVING (1889). The parietal chloroplast sensu
stricto, being an adaplion of an organel fairly easily inlluenced by
evolulionary agenls, has developed in diverse manners and at various
stages of the evolution. Thus, it has proved necessary lo use new terms
in order to keep lhe dilferenl concepts separate. These are defined
below and enumeraled on page 284,

Expedient reasons speak in lavour of a lerminological diversily be-
tween the primilive stellale chloroplast of the saccoderm and lower
placoderm genera (Penium and Closterium), il is called stelloid,
and on the other side the slellale chloroplast of the placoderm (ribus
Cosmarieae which is called furcoid. Both consist of an axile core
with pyrenoid(s) and a number of longitudinally radiating lamel-
lae. The lamellae of the furcoid type have their [ree edges longi-
ludinally divided inlo semilamellae and in ils advanced forms
there are longitudinal secondary ridges jeristae) from the basis
of the lamellae. In many cases these ridges play a dominanl réle in the
structural development of the chloreplasl.

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

As in other green planis, light has been the most important factor in
the evolulion of the desmids and the morphological changes for
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obtaining a maximal exposition to light discerned among the higher
plants, are also relevant lor the desmid morphology. ie. enlargement
and favourable disposition of the chlorophyll and phototaxis, features
modilied according to the unicellular organisation. The methods are
as lollows:

1. enlargement of the chloroplast

a) in apical direction.

b) in radial direction.

2. placing the chlorophyll in a more exposed position. by means of

a) transferring the c¢hlorophyll from axile lo parielal posilion,

b) transferring the cellwall elose to the chloroplast.

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

Because of the morphological agreemenl belween the shape of the
cell and the contour of the chloroplast the methods mentioned above
correspond lo the basic shapes ol 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 ol the desmids is in most cases the result of combina-
tions of several of Lhese basic leatures.

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
chloroplasl. From Lthis point of view it is possible to eliminate the sub-
sequent morphological changes and distinguish a probable prolotype,
piz. Lhe stelloid type shortly characterized above. Actually, il is possible
to derive the chloroplasts of all desmids [rom this protolype.

The stelloid chloroplast occurs in the saccoderms and the lower
placoderms, viz. the Iribus Penieae and Closterieae, In the higher placo-
derms with a permanent fissure of division, viz. the lribus Cosmarieae,
the stelloid chloroplast is represented in Docidium, Pleurotaenium, and
Ihe little primitive group of omniradiate and more or less elongated
desmids, here called the Clevei-section of Cosmarium, deall with laler.

The stelloid ehloroplast has enlarged its surface by means of vertical
elongation, the course can be followed in the series: Cylindrocystis,
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Spirotaenia, Netrium, Penium, Closterium, the Clevei-section, and Do-
cidium-Pleurotaenium. The number of the lamellae is variable, normally
6—38. but it may be increased to about the double in large forms but
also reduced to two in desmids with laminate chloroplasl, viz. the
saccoderm small genera Mesotaenium, Ancylonemea, and Roya and lhe
placoderm genus Groenbladia nov. gen. (pag. 275).

In smaller forms of the following types there is one axile pyrenoid.
With increasing elongation the pyrenocids increase in number or, in
certain cases, in length. With increasing thickness of the cell the pyre-
noids migrate to the peripheral region of the chloroplasl. Parietal
chloroplast occurs in Spirotaenia and Pleurotaenium (taenioparielal) and
Closterium (holoparietal).

Type S L. (fig. 1} is the primitive simple stelloid chloroplast with entire
lamellae characleristic of Penium and the Clevei-section of Cosmarinm.

Type 52 has incised lamellae and the lappets being usually more or less
bent aside. It oceurs in Cylindrocystis 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.

Type S 3. has the edges of the lamellae thickened or transversally flal-
tened sometimes to such a degree that only these parts, similar to ribbons,
are visible which gave rise to the opinion thal Spirofacnia possessed parietal
chloroplasts. This was corrected by LUTKEMULLER (1895] who stated that the
chloroplast ol certain species (the subgenus Polylaeniae) is axile and slellate
with extended edges of the lamellae and axile pyrenoids. LUTKEMULLER (1893)
also examined Pleurotaenium minutum (RALrs) DELp, (by him called Doci-
ditmn 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 taenio-parietal ehloroplast has evolved from a slelloid
lype, nearest to S 3; the flattencd 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

Type SF. Spirotaenia (subgenus Monotaeniae) and Pleurotaenium both
belong partly to this tyvpe. Of the laltter some species have a stelloid chloro-
plast (GRONBLAD 1924) bul 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 Doci-
divum, Spirolaenia and Closterium.

The types §4- S 7 are confined to Closterium. Its richness in diversily in
the structure of the chloroplasts is impossible to concentrale into a few lypes,
all the more the variation within the species is greal, especially in the large
species. The chloroplast of Closterinm is in ils evolution not to he compared
with the cylindrical stelloid chloroplasts, where the development of the hasal
and the apical paris is uniform. On the other hand. the light-ecological condi-

18 Botaniska Noliser 1952,
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tions for the conical chloroplast are very differenl in the thick basal and the
slender apical parts, especially in the case of the large species. The smaller
Closteria possess a simple chloroplast according to type S1, as do the apical
part of the chloroplast of the large species.

S 4. In this type the core is rather reduced in thickness (fig. 23), especially
in the slender parts of the chloroplast to sueh an extent that adjacent lamellae
seem to be altached on longitudinal elevations (N. CARTER 1919 a. 1. 15: 29,
32, 41, 42). The basal parts of the core are thicker and eylindrical and the
seclion of the chloroplast appears as tvpe S 6. Examples are: €l regulare,
costatuum (fig, 23), and striolatum (N. CARTER 1919 a, t. 15: 30, 34, 43).

S 5. Here the median part 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 applics also to the
attenuate apical parts even where the lamellae of the median part are simple
wilh the edges acute, thickened or parielally extended, or split up in longi-
tudinal strips.

Type S 6. has the core and the lamellae more thickened (N. CARTER,
1919 a, t. 15:46), a stage lowards the parietal position of the chlorophyll
accompanicd by an augmentation and parietal posilion of the pyrenoids,
Cl. laterale (GRONBLAD 1945, t. 1:11}.

Type S 7. This trend has culminated in this type found in Closferium
Ehrenbergii of which drawings have been kindly sent me by Dr. GRONBLAD
(fig. 25). The chloroplast consists of a conical layer with scatfered pyrenoids.
This tvpe of parietal chloroplast differs both in genesis and structure from
other parietal chloroplasts. Consequently it must be distinguished by o special
term: helo-parietal.

Normally the chloroplast of Closterium Ehrenbergii belongs to tvpe S6
often showing a beginning desorganisation of the axile part of the core and
parielal pyrenoids.

Type S 8. The laminale chloroplast in the desmids will be dealt with
separately,

Iig. 1. Series of stelloid ehloroplasts: S1—86 diverse stelloid, S 7 holo-
parietal. § 8 laminate. SF taenio-parictal. Furcoid chloroeplasts: F1 primi-
tive, F 2 quadri-, tri-. and biradiate monocentrie, F 3 tri- and biradiale monocenirie
with ridges, "3 q biradiate with ridges in quasi-omniradiate cell, I' 1 dicentric,
IF4.d dicentricoid, 5 tetracentrie, 5 d tetracentricoid, I 6 Eu telracenlric slage of
Buastrum-type, 6 p biradiate seclor-parictal, F 6o telracentric in pseudo-omni-
radiate cell, ¥ 6 po sector-parietal in pseudo-omniradiate cell, F 6 p bi-, and triradiate
sector-parietal, I¥7 diseoid ibiradiate), F8 pseudo-stelloid, I'9 pseudo-stelloid with
flattened edges, (in the figures of F3q, '8 and F 9 the primary semilamellae are
dotted}, 1”10 limbo-parietal, I° 11 tetra-, tri-, and biradiale pericentrie, 1912 limbo-
parictal derivation of the pericentric type. The interrupted line indicates the limit
between the concepts axile and parietal chloroplast. The arrows indicale the paths
of evolution presented in this paper and the small circles represent pyrenoids. —
S7 is drawn after drawings of GrOxsrLAp, I' 12 is the result of a construction. The
other figures are somewhal simplified copies after figures selected in the desmid
literature.



274 EINAR TEILING

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 to the length of the chloroplast. Sometimes it consisls of 3—86
longitudinal lamellae which indicales that the tvpical laminate chloro-
plast consisls of two lamellae joined in an axile core where lhe pyre-
noids are situaled. It represents an end-stage of reduction, a path of
evolulion more common amongst desmids having a furcoid chloro-
plast. The desmids with a laminale chloroplast are small and often
rare and thus not so well known. A comparison of the known cases.
however. shows that the derivation of the laminate from the stelloid
chloroplast. as described above, is most probable. Genera with laminate
chloroplast are the saccoderm genera Mesotaenium, Ancylonema, Roya
and the placoderm new genus Groenbladia (p. 275).

In this eonnection another kind of laminate chloroplast may be
menlioned. piz. the one of Micrasterias spp. which must be derived from
furcoid ancestors. Il possesses the furcoid edges of the two lamellae
and the frontal ridges characteristic [or lhe furcoid chloroplast.
Secondary ridges are nol found on stelloid ehloroplasts.

Mesotaeninm possesses ordinarily a laminate chloroplast but bE BAry
(1858, p. 31) emphasized thal some of the cells of M. Braunii contain
sdrei, sellen sogar vierstrahligen Chlorophyllkérper, aus 3 oder 4
Lingsplatten bestehend» (shown in 1. 1:1. 3. 4). Anecylonema has an
axile laminate chloroplast but is suggested by NoOrRDSTEDT lo have the
chloroplast in parietal and oblique position (WiLLE 1890. fig. 6 B).
In Roya which ordinarily contains a laminate chloroplast. there some-
times occurs a stelloid chloroplast with four lamellae, according lo
GRONBLAD (1935, p. 3, f 1—4]. The same oceurs in Gonatozygon which
usually has a laminate chloroplast. Already in 1858 DE BARY drew
(;. monotaenium with a stelloid chloroplast consisting of three lamellae
and GRONBLAD (1948, p. 9. lig. 1) has found chloroplasts with four and
even six lamellae.

RaciBogrskl, the inventor of Hyalotheca neglecta, has nol mentioned
the chloroplast at all in his diagnosis (1895, p. 31) nor have the WESTs
(1897) but later G. S. WrsT (1898) has figured a laminate chloroplast
wilhout any comment. remarking, however, on »a considerable varia-
tion in the pyrenoids». In Monograph V, WEST 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 the
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edge it seems very narrow, jusl as in Mougeotia-. Even here Lhe signi-
ficance of this peculiar chloroplast is neglecled. 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 Mesotaeniim»,

Probably. RACIBORSKI placed his new species in Hyalotheca on the
basis of the shape of the cell: eylindrical or slightly barrel-shaped,
often with a slight isthmusfurrow, always visible because of ils lack
of pores. These characteristics, however, are insignificanl. occurring
in other placoderm genera. Hyalotheca is clearly psendo-omniradiate;
in H. dissiliens there are forms with lwo or three small prominences
on the ecellwall, indicating bi-, and triradiate facies (TEILING 1950,
p. 307). According to the shape of the cell the chloroplasl is pseudo-
stelloid, in dissiliens stated with varying number of lamellae and ridges,
6 (BOURRELLY 1946, fig. 24—25). 7 (WEST's Monograph V. t. 161:19),
8 (IRENEE-MARIE 1939, L. 62:2). 9 (AcTten 1916, 1. 8: 1) and 10 (TAYLOR
1935, t. 49: 16).

The chloroplast of neglecta is described as axile and laminale by all
authors who have deall with it. It consisls of one axile, thin plate, often
somewhat incised in the middle, but sometimes there are lwo (incipient
division of the cell?), the pyrenoids are two or. in longer cells, four,
Of especial inleresl is GRONBLAD'S sltatemenl of Iriradiate chloroplasts
(1921, p. 64). This quile agrees with the variation of the chloroplasts
of Mesotaenium, Roya, and Gonalozygon, and it is thus most probable
that neglecta has a slelloid chloroplast. ordinarily reduced to two
opposile lamellae. This chloroplast places neglecta in an isolaled 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 laminale chloroplast.

According to the true omniradiate cells. the slight isthmus [urrow
and the stelloid chloroplast, ils taxonomic position may be among the
primitive genera of the tribus Cosmariene, represenled by the Clevei-
seclion,

Groenbladia, n. gen.

Cellulae cylindriformes vel leviter doliformes, saepe isthmo leviter
constricto; filamenta brevia formantes. muco amplo circumdata. Mem-
brana tenuis poris in circulos transversales — interdum sparsis cir-



276 EINAR TEILING

culis singulis utrimque ad isthmum ordinatis, practer in area ipsius
isthmi. Massa chlorophyllacea in utraque cellula laminis axilibus sin-
gulis — wvel interdum lamellis tribus e centro radiantibus; nucleis
amylaceis singulis vel binis. Zygosporae globosae vel citriformes(?},
membrana glabra.

(. neglecta {RACIBORSKI) n. comb.

(r. fennica (GRONBLAD; n. comb. Synonyms: Hyalotheca indica f. fen-
nica GRONBLAD (1921, p. 64, t. 6: 11), H. indica v. sparsipunctata GRON-
BLAD (1920. p. 84. 1. 4: 32—33).

Dr. GRONBLAD has, in litt,, communicated thal the forms of I1. indica,
described by him, only with some hesitalion may be classed among
TURNER's II. indica. This species 1s very insufficiently described: Lhe
chloroplast 1s not mentioned and the dotted outlines of the chloroplast
(from material fixed in alcohol 30 vears earlier] give no clear idea of
its shape. Thal is why TURNER's H. indica must be regarded as a dubious
species and it can not be taken into consideration in a question con-
cerning 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 he-
longing lo the iribus Cosmariede LUTKEM., a circumstance which, as
will be shown later, is due to the permanent fissure of the cell-division
and the consequently fixed organisation of Lhe isthmus,

The radiale extension of the lamellae is connected with corresponding
mflations of the cell-wall in which the distal parts of the grown out
lamellae are silualed lhus forming the angular shape ol the semicell.
A further enlargment of the lamellae has entered in the longiludinal
bipartition of Lheir distal edges. This makes the lamellae « vertice like
forks, hence the term turcoid. This bipartition can be so complete that
the two parts ol the lamella form ficlitious double lamellae. As lhese
halves of a lamella are important concepls in the discussion of the
phylogeny they will be termed semilamellae. In this respect the semi-
lamellae must be kept separate from the laterally protruding secondary
ridges (or eristae) so very common, especially among the biradiate
desmids, and nol infrequently forming the main part of the chloroplast.
These two concepts are not homologous and in particular because of
their analogous changes in lhe complicaled development of the large
biradiale desmids it is necessary to keep them separate. an aim often
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very difficull and indeed sometimes impossible to obtain. The primary
lamellae alone correspond to the radiate slructure of the angular des-
mids, secondary ridges only exceplionally correspond to small processes
of the cell-wall, always on the frontal parts, fig. 15, 16, 17.

The trend for the enlargement of the edges of the slelloid chloro-
plast previously dealt with, is a general and more effective feature ol
the angulo-radiate desmid’s: the forked lamellae. This type is, how-
ever. conflined to genera of the Iribus Cesmarieae; the exceplions are
the Clevei-section of Cosmarium and Docidium and Pleurotaenium. In
certain genera the basal parts of the lamellae, often enlarged by
secondary ridges, form the preponderant part of the chloroplast, for
instance in the mosl flatened species of Micrasterias, bul even in several
of Lhese species the forks of the two lamellae are still visible.

The evolution of the furcoid chloroplast can be followed gradually
and the most prominent types are distinguished as follows.

Type F 1. The primitive furcoid chloroplast is found among the pluri-
radiate Staurastra, the best examples in species with well developed processes,
tig. 26, 30.

Type F 2. In short-branched triradiate and thin biradiate desmids of
snormal» size, aboul 20—30 p, the lamellae ave entirely divided up in fwo
halves and the core with the axile pyrenoid forms a robust central part of
the chloroplast. In broad and (hin species secondary pyrenoids appear in the
long semilamellae.

Type IF 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 lypes are monocentric.

Type I 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 s, as a rule, without a pyrenoid. This is the dicentrie lype, occur-
ring in many hiradiate species of Cosmarium. The pluriradiate desmids of
this type show a corresponding partition of the chloroplast and the pyrenoid.
These modifications of the dicenlric type in pluriradiate chloroplasts may
conveniently be termed dicentricoid, T4 d, eg. Staurastrum anatinum and
sevangulare, Desmidinm Swarlzii (fig. 19, 20).

Type I 5 This tetracentric type represents an interstage from the
dicentrie F4 and F 6. The two pyrenoids of F 4 are divided into four but the
connecting axile parl of the chloroplasl remains or is lacking in a manner
quite analogous to the dicenlric type and like this one occurring mainly in
large species of Cosmarium and Xanthidium, often in the same species as
does the following type. Among the triradiate desmids there are very few
species large cnough to make this type possible; il is, in a certain degree,
recorded from Staurastrum Sebaldi var. altum (N. CArRTER] where, however,
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the axial pyrenoid may remain. According to the type I'4, the corresponding
modifications in pluriradiate chloroplasts may be termed tefracentricoid, F 5 d.

Type F 6 represents the final stage of this line ol evolution. The parts
of the dicentric chloroplast are each divided inte two, or sometimes more.
The connecting axile part is relained or lacking, probably varying in the same
species. ach of the parts contains one or, usually, several pyrenoids; this
lype 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 pyrenocid in the middle
of the cross; the axilily is still left but rudimentary: funectionally the chloro-
plast is a parietal one. This stage mayv correspond closest to the concept
pseudoparietal. In most cases this connection has disappeared and the tetra-
centric Lype shows at least four isolated cushion-shaped parts, Each part is,
phylogenetically, an enlarged semilamella often with secondary protuberances.
With increasing size of the cell the number of pyrenoids increases and sub-
sequently there may appear further partitions of the plates, F 6 p.

The types T 4—F 6 occur in large biradiate desmids where the ralio 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 triradiate 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 tvpe is maintained (fig. 2);
the pyrenoids are still saxile» covered by a thin layer of chlorophyll, e.g.
Cosmariwm Ralfsii, biretum, pachygdermnm (tig. 27}, ochthodes, tetraophial-
mun, rentforme (N, CARTER 1920 a, 1. 33. 34). The variahle Cosmarium Bre-
bissonii shows diverse aspects: true letracentric chloroplasts, desorganisation
of the cenires according to the increasing number of pyrenoids (fig. 28) and
also lrue sector-parielal chloroplasis.

IMig. 2—5: Cosmarium pscudoconnatum, fig. 6 8: Desmidium Grevillei, fig. 9: Cos-
martum speciosum, fig. 10: €. cucurbita, 1ig. 11: Hyalotheca dissiliens var, hians,
fig. 12: Desmidium quadratum, fig. 13: Hyalotheca dissiliens facies fridentula,
fig. 14: Euastrum lapponicum, tig. 15: Staurastrum Johnsonii var, perpendiculatum,
fig, 16: St. natator var. Boldtii, fig. 17: St. dimazum, fig. 18: Tetmemorus Brebis-
sonii, fig, 19, 20: Desmidium Swartzii, fig. 21: Cosmarium Askenasyi, fig. 22: Micras-

g2

terins pinnatifide, fig. 25: Closterium costatum, fig. 24: Euastrum bidentafum (1wo
figs), fig. 25: Closterium Ehrenberghil itwo [ligs). fig. 26: Stawarastrum ophiura,
fig. 27: Cosmarium pachydermam, fig. 28: €. Brebissonii, lig. 29: Staurastrum bra-
siliense var. Landelli, fig. 30: 8t. subnudibrachiatum, fig. 31: Xanthidium Brebissonii,
series of four figs. (Fig. 2 after a drawing of LUTREMULLER, 4, 5, 25 afler drawings
of GrONBLAD, fig. 3, 9. 10, 18, 21, 22—24, 26—29, 31 after N. CArrER, fig. 14—17
after GRONBLAD, fig. 19, 20 after WEesT, fig. 6 after IRENEE-Mamie, fig. 7 afler
DE Bary. fig. 11 after Wa R, Tayror. fig. 12 after NorDSTEDT and fig. 30 after
BoORGE.)
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Type IF7. In Micrasterias the more flattened species have developed in
an other way. The thickening and partition has nol been possible to such an
extent as in the genera mentioned above. On the contrary, the chloroplasl
has been enlarged i the two opposite radiale directions. The forked edges of
the two actual lamellae are in most cases small or rudimentary but their
persistance 15 a witness of the origin from true furcoid ancestral forms. The
extended lamellae bear ridges. in thicker species these are rather high and
may reach the cell-wall: in the extreme flatlened species they are but low
strips. Owing lo 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 be comprehended as an organcl analogous to Lhe platelike
organs for photosvnthesis of the higher plants: leaves. cladophylls 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 resulls of a transport of the
chlorophyll to the cell-wall. In the case of the [lattened Micrasterias spp. the
pariclal posilion is the result of an inverse evolution.

Type F 11, the pericentric chloroplast, is the result of a somewhal
peculiar mode of evolution in the arrangement of the chlorophyll and the
pyrenoids. Tyvpologically it mav be derived from F 2 and I'3 and 1s charac-
terized by radiating processes, semilamellae and ridges which have pyrenoids
in the thickened distal parts. In Desmidinm laticeps tac quadriradiatum (the
upper fig.) the processes consist of the semilamellac, in fac biradiatum (the
lowest {igZ.) there are also secondary ridges, confirmed by a drawing of W. B.
WITTROCK, now n my possession. This type has also been found in Desmi-
dittm Grevidlet and Stanrodesmus tumidus. The chloroplast of Desmidium Gre-
villeii 1s by IRENEE-MaRrie figured as dicentrie (fig. 6}, by pE BARY as letra-
centric (fig. 7). and by GRONBLAD as type F 11, fig. 8. N. CarrTer's figure of
Std. tumidus (1920 b, L 15:47—48) 1s drawn a fronte and shows strips of
chlorophyvll rich in pyrenoids giving the impression of a taenio-parietal
chloroplast. A drawing kindly sent to me by Dr. GRONBLAD compleles the
exterior in giving a scclion of the semi-cell (the centre fig.). It shows an
axile chloroplast with dense processes (semilamellae and ridges) with thickened
parictal ends. This does not prevent both statements being correct. In accord-
ance with the general trend of atrophving the central part in large desmids
where the chlorophvll has been displaced to the periphery. there may occur
species having a chloroplast of type I 11 with varialions conlaining a pro-
nounced parietal chloroplast T 12, Such variations are recorded in Std. gran-
dis. see p. 285. Possibly the chloroplast of Std. longispinus belongs lo the
same tvpe.

The series of evolution from monocentric to sector-parietal chloro-
plast within the triradiale desmids corresponds exactly lo the evolution
in biradiate cells. The existing difference depends on the diversity of
the structure of the cells.

In biradiate oval desmids lhe enlargemenl 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 chloroplast, leading to a
bipartition of the latter. By further enlargement the trend towards a
parietal position leads lo an other bipartition into four isolated parls,
consequently each of the thus formed seclor-parielal chloroplasts consists
of one more or less melamorphosed semilamella.

In triradiate semicells the lamellae extend in three direclions and
the angles do not give space enough for an enlargement with ridges like
the one in biradiale desmids. On the conlrary, especially among
Staurastrum and Staurodesmus the space available for the lamellae is
a tapering, and often fairly long process with a narrow end which
possibly may not be quite lilled up by chlorophyll. From the objeclive
figures of N. CARTER one must suspecl a cerlain degree of contraction
of the chloroplast caused by the fixing agent. Only in Streptonema the
processes possess a bulge in the tip where the lamellae develop the
semilamellae. In the long-spined Staurodesmi lhe ends of the processes
are too narrow for the lamellae, lhey become solid in the adult cells. Some
Staurastra possess branches on the angles where parts ol the chloro-
plast enler. e.g. sexangulare and the Arctiscon-seclion. In St. brasiliensis
var, Lundelli, penlagonal with broad angles, the distal parts of the
lamellae are ridged (fig. 29).

Only in bulged semicells, e.q. Staurodesmus Diclei the dicentricoid
chloroplast has developed into a shape idenlical with the one of dicentric
biradiate semicells. and ictracentricoid chloroplasi is recorded, e.q.
St. Sebaldi. The [urther evolution in the few existing large triradiate
semicells has taken other paths. The type represented by Std. tumidus
has already been dealt with. The development of the tetracentricoid tri-
radiate lype lo seclor-parietal has occurred through the disappearance
of the axile part. and the semilamellae have thus been separated to form
six parietal chloroplasts, F 6 p. The homology with the sector-parietal
chloroplast, derived from the letracentric ridged chloroplast, is evident.
There are a few cases of this lype known. in the plan, fig. 1, it is
represented by Std. ceratophorus (GRONBLAD 1845, fig. 200). More cases
are mentioned on p. 281, Std. grandis belongs in part lo this lype, it is
dealt with on p. 285.

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

The biradiate monocentric chloroplast of the type " 3 1s typologically
connected lo the flattened discoid type F 7, but it also is lhe starting-
poinl of secondarily slellale types. There are many desmids of very
different taxonomie position in which the cells tend to circular shape
a vertice, a series ol the stages is shown in fig. 9 —13. The broad oval
forms are called quasi-omniradiate. In these lhe ridges have grown
out to lamella-like plates. This is a special path of evolution. the vast
mujority of the biradiate desmids have maintained the oval shape. In
Lhese the lamella are still dominating and the ridges form small frontal
outgrowlh on them, viz. the types I¥4—I"6. In pseudo-omniradiate
cells, containing a chloroplast of the type I 8. the frontal ridges have
grown oul to the same size of the lamellae which are divided into
semilamellae, giving the chloroplasl 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
Lthe ancienl biradiate chloroplast, and, consequenltly, they are not homo-
logous with the other plates which are secondary ridges. This type is
fairly common in Cosmarinm (fig. 2

5] bul also oceurs in other genera.

The decisive ditference between non-filamentous desmids wilh a true
furcoid chloroplast and those bearing a pseudo-stelloid chloroplast,
lies in the isthmus being smaller than the breadth of the cell and Iving
at the bottom of a wellmarked, often deep sinus. Several psendo-omni-
radiale 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 Clevei-section are true omniradiate, se further
p. 292.

TemwiNG (1950) gave the term pseudo-omniradiale for this kind of
anguloradiate desmids and the propriety of this concept is verified by
the structure of the chloroplast. Pseudo-stelioid chloroplasls occur,
besides in Cosmarium, in the pseudo-omniradiate species of Desmidinm
(fig. 12), Bambusina, and Hyalotheca (fig. 11, 13) and in lhe elongaled
basal part of Tetmemorus (tig. 18), Triploceras, and Ichtyocercus.

The pseudo-stelloid chloroplast has, in several respects, followed a
morphological evolution similar to that ol the slelloid chloroplast. The
radialing plales increase the surface of lheir edges in diverse ways. The
genus Tetmemorus provides good examples. based on the carelul
investigations ol 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-
letiem the edges are roughened up and the filamentous parts are bent
in all parietal directions similar to the type S 4, forming a dense nap
(N. CARTER 1919 a. fig. 77). 7. Brebissonii, of aboul the same thickness,
has the edges transversely flattened. forming a kind ol »pseudo-furcoid»
chloroplast (N. CARTER. Le.) fig. noslir. 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 1920 b. p. 315). In olher larger desmids. the axile part is
alrophied and the edges have been developed into parietal laths ana-
logous to Lhe laenio-parictal chloroplasts, e.g. Cosmarium praegrande
(GRONBLAD, in liti. c. icon.). redimitum (GRONBLAD 1945, fig. 138).
tesselatum (LUTKREMULLER 1893, and others).

In large bilateral Cosmaria, where the end-view is a broad oval, there
are several species showing this kind of parietal chloroplasl. e.qg. cucu-
mis (N. CARTER 1920 a. [ig. 74), deBaryi (LUTKEMULLER 1893 and
others), maculatum (SKUJA 1949, 1. 27: 17). maculatiforme (ibid. fig. 18).

This type of ribbon-shaped parietal chloroplasts has an origin quite
differenl to the one of the laenio-parietal chloroplast. In the phylo-
genelic and taxonomical discussion these analogous bul not homologous
concepts must be kepl separale, and consequently this type musl be
given a lerm lo itself: limbo-parictal.

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
to prevent light from entering the central part in a degree sufficient for
photosynthesis, the protoplast has displaced the chlorophyll lo a more
exposed position in the peripheral parts of the cell; the chloroplasl
frends to be parietal. In the varving 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-
ferenl ways in which they have been developed since their shape in
cerlain cases is very similar.

As this is a phylogenelical process, still active, inlersltages occur and
these are visible when comparing species al different stages ol develop-
ment, as well as when studyving the variation within a species. some-
limes within the same specimen, in dichotypical cells,

IFor Lhese interstages GRONBLAD (1924, p. 11] has proposed the term
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pseudoparietal. This term as well as the terms axile (axial). parietal
and similar ought to be used exclusively in order o indicate the localisa-
tion within the semicell. In order to oblain an exlensive knowledge of
the chloroplast. definite unambigous concepls and corresponding lerms
muslt be used: that is why [ have proposed the terms applied to the
concepls which concern the structure of the chloroplast which I have
tried to analyse. I am well aware of the difficulties arising from the
insufficient basis of facls known regarding the chloroplast. and, not
least the nalural reluetance of those desmidiologists who hitherto have
concentraled their atlention mainly to detailed describing of the external
morphology and dimensions of the desmids. The anatomy of the des-
mids. however, hus been neglecled, thus every conlribution ought to
be accepled as an incitement to further investigations.

With reference 1o the preceeding pages a survey is given of the dif-
ferenl kinds ol the parietal chloroplast, so far discerned.

A. In rounded clongated cells:

a. origin: the stelloid chloroplast in omniradiate cells.

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

2. Aaenio-parieial, developed from the thickened edges of the primilive
lamellae,
e, Spirolaenia (sectio Monotaeniae), Docidinm-Pleurotaenivan p.p.,
Cosmarinm turgidim.
b. origin: the furcoid chloroplast.

3. limbo-parietal, developed of the thickened edges of the semilamellae
and the secondary ridges of a pseudo-stelloid chloroplast,
ey, Cosmarium cucumis, deBaryi, maculalum, maculatiforme, redimi-
tum, praegrande, tesselatum.

B. In angular cells:

4. sector-parictal a), developed from the semilamellae in triradiate cells,
e.q. Staurodesmus ceratophorus (GrRONBLAD 1945, fig. 200}, sub-
grandis var. aversus (GRONBLAD 1935, fig. 284), grandis p.p. sec
P. 285,

5. — b}, developed from the semilamellae and secondary ridges in bi-
radiate cells according to the evolutionary series indicaled by means
of the types I 3—F 6,

e, Cosmarium Brebissonii p.p., magnificum, ovale, controversum
p.p. Askenasyi, splendidum, denticulatum, Ginzbergeri, tuddalense.

C. In compressed cells:
6. discoid, developed of an elaborate monocentrie furcoid chloroplast.
The discoid chloroplast of the most compressed species of Micrasterias
may be considered as a parielal chloroplast sensn Iafo.
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Being the result of an evolution. phylogenetical as well as ontogene-
tical, the inlerslages between axile and parietal sensu 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 WESTS'
Monograph IV, p. 141. LCTKEMULLER, on the basis of a greal and
varying malerial. has stated the chloroplast to be mainly axile, but
also parielal, which probably means that the core with the axile pyre-
noid has not been developed. N. CARTER (1920 b, p. 309} has found
dichotypical cells of this species where the one semicell has an axial
and the other a sector-parielal chloroplasts.

11. The importance of the isthmus.

Originally the term isthmus is referred to the marked constriction
between the semicells 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 Lhe cell, characterized either by a minimum
or a complete lack of chlorophyll [(in most cases) and, with few excep-
tions, the presence ol the nucleus. In some species the angular or com-
pressed shape of the cell has modified ils regularity but generally it is
circular even in desmids with very complicated semicells. The des-
midiologists who have given a thought le this facl have probably
apprehended the circular shape as an axiom. According to the phylo-
senetical consequenses of the theory of desmid radiation (TEILING
19507 the circular isthmus is a primitive lealure derived from the omni-
radiale ancestors,

The saccoderms have no semicells sensu stricto, i.e. two symmetrical
halves of the cell with their walls joined together by lhe overlapping
edges. True semicells with a connecling and limiting zone of the cell-
wall where the cell-division takes place occur only in placoderm des-
mids. In Penium and Closterinm, however. lhis is nol permanent; after
the division a new zone is formed in the wall of the younger semicell.
In Penium it is often marked by a slight constriction.

The higher placoderms, tribus Cosmarieae LUTKEM., have a per-
manent isthmus where the new semi-cells bud out by the division. In
evlindrical 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
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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 ol the semi-
cell and the area ol the isthmus-hole is of a greal imporlance in the
formalion of the daughter-chloroplast. that is why this exposilion is
necessary lo comprehend the evolulion of the chloroplast,

The cell-division of the saccoderm desmids lakes place at the »in-
ternal» isthmus aftter the nuclei have moved to the middle of the
daughler-chloroplast where a new internal isthmus is formed. [ts posi-
tion is marked by the nucleus and a gap in the chloroplast. The
daughter-cells each contain half of the chloroplast of the molher-cell,
thus. these halves form a direct continuation of the chloroplast formed al
the germinalion of a zygospore (N. CARTER 1920 b). Almost the same
procedure occurs in the lower placoderm genera Penium and Closte-
rium; the half of the mother-chloroplast forms an inlernal isthmus
al the place to which the daughter-nucleus has immigrated and com-
pletes its growth in the end cul-off afler the division |LuTmMaN and
N. CARTER).

The relative simplicity ol regeneration of the chloroplast after the
division mayv be connected with the simplicily of its shape. The methods
of making the stelloid chloroplast more effective are restricled lo Lhe
enlargemenl of lhe edges of lhe lamellae by means of fringes, lappets
or thickening; only in a few cases have lrue parielal chloroplasts been
evolved,

The fairly unconstricted higher placoderms, Docidium, Pleurotae-
nim and the Clevei-section of Cosmarium, are in Lhis respect of special
interest. Unfortunately, there seems to be no information on the
mechanices of their division bul scallered references lo the conlinuily
ol the taenio-parietal chloroplasts along the whole length of the cell.
for instance Cosmarium turgidum and certain Pleurotaenia, indicale
a similar procedure of direct outgrowth of the chloroplasts.

In Tetmemorus lhe regeneration of the chloroplast seems to follow
the scheme of Closterium N. CARTER 1920 b, t. XV: 60). In Hyalotheca
the new chloroplast is formed by a simple division (AcroN 1916).
Probably the same occurs in other desmids with cell-wide isthmus. for
instance Bumbusina and Desmidinum spp.

The development of the new chloroplasl occurs in a quite different
manner in the constricted placoderm desmids. Here the formation of
the new semicell lakes place from a constant point ol origin, the isth-
mus-zone, Because of the considerably smaller area of the isthmus-
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hole it is impossible for the chloroplast to enler the new semi-cell in
the manner of non-consiricted desmids. That is why the new chloro-
plast must be rebuilt by rather amorphous elements of the molher-
chloroplast intruding through the isthmus-hole. The daughter-semicell
has reached a cerlain size when the ehloroplast begins Lo be produced
in it (N, CARTER 1920 b), Thus, the essential difference between Lhe
development of the slightly or not constricled and the constricted des-
mids is that the chloroplast of the former is a direcl continualion ol the
malher-chloroplasl. while the chloroplast of the latter must be buill
up de novo,

There seems to be no doubl that this development course is due to,
and, in many cases has been to a great extent complicaled by, the
narrow communicalion of the isthmus-hole. In the angulo-radiale des-
mids of normal size the chloroplast has a monocentrical and rather
simple radiate structure and its rebuilding from migraling slabs ol the
mother-chloroplast can be 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 ol larger size wilh di-
letracentric or sector-parietal chloroplasts. the rebuilding withoul any
uniling cenlral pyrenoid-bearing part may contain considerable possi-
bilities for structural variations,

IL is also significant that non-monocentric complicaled chloroplasts
are known in biradiate bul only exceptionally in triradiate desmids. It
should be of interest to compare Lthe chloroplasts of bi- and triradiale
facies of large desmids. I know only two eases. In Cosmarium biretum
the biradiate facies has a lypical bicentric chloroplast with parietally
exlended ridges (N. CarTeER 1920 a. fig. 64—65). A drawing, kindly
sent to me by Dr. GRONBLAD ol [acies friquefrum shows a rather simple
triradiate dicentricoid chloroplast and in €. egmatopleurum the dicenltric
chloroplast (WEST, Monogr. 111, p. 5) of the biradiate facies is in fac.
triquetrum dicenlricoid wilh some auxiliary pyrenoids [GRONBLAD
1952, fig. 1).

The variation in chloroplast structure is greater in the large biradiate
desmids of the higher I"-lypus than in the smaller of type "2 and F 3,
and lhe conclusion seems inevitable that the necessily of rebuilding the
chloroplast 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 the chloroplast to be placed in the best position for the
photosynthesis. N, CARTER emphasizes (1920 b, p. 315) the marked pre-
cedence taken by the distal parts of the mother-chloroplast over the

19 Botaniska Nuoliser 1952,
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cenlral parts during the transition lo the daughter-semicell and the
reconstruction of the new chloroplast. She also calls attention lo the
possibility thal svery often the division of Lhe chloroplast at the isthmus
oceurs before the axial parl has entered the young semi-cell al alls.
She also gives examples. especially from Fuastrum and allied Micraste-
ritcis spp.. of a shortening and even lack of the axis. In this N. CARTER
suggests a hypothesis ol the origin of parietal chloroplasts.

This hypothesis, modified and completed. can be summarized as
follows. The starting-point is the bi- (or tri-) radiate monocentric des-
mid, Lype F 2. With the enlargement of the semi-cell and of the chloro-
plast more pyrenoids are formed and localed 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 17 6.
Consequenily the distal parts. by Llheir enlrance in the new semicell,
are independent; they possess their own pyrenoids, their photosyn-
thetical activity can take place without the ever more insignificant
and finally atrophied part. With increasing enlargment this evolution
continues. giving rise to seclor-parietal, and limbo-parielal chloroplasts,
the vast majorily of which occur in constricled desmids,

The persisting axile pyrenoid in type F 6 I especially in certain species
of Euastrum, as stated by N. CARTER, may be considered rudimentary;
this is probably due lo the elongated apex, a shape lavourable lo lhe
formation of elongated or of numerous pyrenoids, To judge from
N. CARTER's figures this rudimentary pyrenoid is situated in the lairly
narrow apical parl where the conditions are like those of a smaller
more primilive semi-cell.

12. Other forms of enlargement of the chloroplast.

Several cases have been described in which papillae occur on lhe
outside of certain chloroplasts, LUTKEMULLER (1893) carefully examined
the hollow waris of Cosmarium tesselatum and found that the cavilies
of these warts were oceupied by small protuberances from the surface
of the chloroplast. The same author also found similar papillae in
Cosmarium Debarygi and turgidum, which have a smooth cell-wall.
BORGE (1903. 1. 27) staled filiform papillae in C. splendidum. N. CARTER
found papillae in Cosmarium binum, ovale, Askenasyi (fig. 21}, con-
troversum. margaritiferum, Xanthidium fasciculotum and armalum,
in several species of Fuastrum and also in Plenrotaenitm. She points
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out that these papillae imply an advanlageous increase in the surface
exposed to light (1920 a, p. 267).

The accurale conformation belween Lhe papillae and the hollow
bulges of the cellwall seems to be a mere matter of space; a result of
the trend towards parietal position of the chlorophyll. In this respect
some statements of GRONBLAD (1921) are illuminating. In Staurastrum
Johnsoni with slightly inflated corpus of the cell the chloroplast bears
three frontal ridges ((fig. 15). In Si. dimazum there are two papillae in
the two hollow warts of the front (fig. 17), and in St Natator var.
Boldtii there is one papilla in the single hollow wart (fig. 16). The
branches of the chloroplast in the upper processes of Sf. sexangulare
and Arctiscon confirm this opinion.

The same function — more effective absorption of diffuse lighl —
may be attributed to diverse parietally directed small parts of the
chloroplast, such as the [ringes 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.q. diplosporum and pseudopyramidatum, bul especially in larger bi-
and letracentric, e.g. amoenum, pyramidalirm.

13. Combinations of elongation and radial expansion.

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

In the saccoderm and lower placoderm desmids elongalion is the
only way; this is due to the structure of the wall and the inconstanecy
ol the situalion of the isthmus. Among these, Netrizm is the only genus
having species of conspicous width; this in itself involves a slep lowards
radial enlargement of the cell. The simplicity of the structure appears
in the great paucity of varialion in morphological enlities; even more
this paucity is emphasized by the cell's incapability of forming any
other sculplure than striae. Thus. there are [ew genera, most of them
small, and. even in the largest genus. Closteritum, the species differ
mainly in dimensions. proportions and curvature.

By contrast. in the higher placoderm desmids, viz. the tribus Cos-
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marieae LUTKEMULLER." which embraces all radially enlarged desmids,
combinations of the two paths of evolulion constitute an important
factor in creating the enormous richness in forms,

In Pleurotaenium a good many ol Lhe species show a combination
of the generic elongalion and an omniradiale inflation. either over the
whole semicell, for instance evatum, rotundatum, doliforme, and latum,
or zonally, for instance nodosum, and Kayei. A similar zonal inflation
is also seen in Docidium. Together wilh lhe Clevei-seclion Lhese lwo
genera seem o be the true omniradiate placoderm desmids. thus forming
a transitional group from the lower to the higher placoderms. Of
interest in this respect may be mentioned the peculiar isthmal sulure
of certain species of Pleurofaenium.

The remaining elongated genera show important attributes of their
evidently ancestral angulo-radiate character. Tetmemorus may be
regarded as an elongated biradiate genus, often compared with Fuast-
rum, owing to its having adapted a biradiate ridged chloroplast to a
pseudo-furcoid one: by means of flattening the edges of the ridges. type
F 9. Triploceras is no doubl of angulo-radiale origin. the apex being
92, 3, or d-radiate while the elongated part is cylindrical having a ridged
chloroplast. The pileolatum-group of Steurastrum has the same strue-
ture but the cylindrical parl is fairly short, Iehtgocercus is, in its shape
closely related to Tetmemorus: but the biradiate apex is more pro-
nounced. Triplastrum has prismatical elongated triradiale semicells
with a triradiale furcoid chloroplast wilth or without ridges.

In the other placoderm genera the elongation is less pronounced.
In Cosmarium it is visible only when the lenglh of the semicell is equal
to. or greater than the breadth. for inslance. in annulatum, elegans
and similar, ovale, pseudopyramidatum, anceps and other. These
examples have monocentric chloroplasts. There are also some dicenlric
Cosmaria which are somewhat elongated. e.q. Thwaitesii and amoenum.
RouBAL (1947, t. 7:2) has in amoeenum found chloroplasts of parietal
type with two pyrenoids and so has GRONBLAD (in litt. ¢, icon ).

Many species of FEuastrum represent a more or less pronounced

LIt is to be regretted that L. chose this misleading name. The first four tribus
of his system contain genera of staff-shaped and rather uniform, often elongated
cells. two of the genera being monogeneric. This uniformity depends on the ~wan-
derings isthmus, the most important character common to these tribus. Tribus 5
forms a strong conlrast due principally lo the constani isthmus which has caused
the immense diversity of the most different shapes in a lot of genera for which the

name Cosmarieae is not at all representative, Radiatae or something deseriptlive and
vet nevertheless neutral, would be better.
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degree of verlical elongalion. 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 lhe
same type which are. however. not elongale.

Also in Micrasterias there are a few examples of verlical elongation,
for instance in muricata and americana. The filiform ecells of Gonato-
zygon, Genicularia, and Groenbladia, typify an elongation of this kind.

14, Convergency, and some examples.

The Lrend 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
al varving limes during the evolution of the desmids, and is still active.
Since these processes are carried oul in unicellular organisms. they
must in several cases lead to 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-
plast, the short-cylindrical shape ol certain saccoderms and the similar
shape of cerlain Cosmaria, the true omniradiate and the pseudo-omni-
radiate cells, the elongated cells of Peninm and certain genera ol the
lribus Cosmarteae are examples of desmid convergency.

In the taxonomy of the desmids the last mentioned convergency has
played an interesting part, being the special reason for the unsuccesstul
altempts made to unite the staff-shaped desmids with rounded ends
in one genus. I'rom a morphological point of view it was an bold act
when NAGELD (1849) erected the genus Dysphinetinm with ils sub-
genera Actinotaeninm, Calocylindrus and Dysphinetium, well aware,
as he was, that »diese Gatiung ist eine kiinstliche» (p. 109). This genus
is now rejected and the five (!]

species on which it was founded, piz.
Regelianum {— curtum), annulatus, Cylindrus. striolafum (=tessela-
tum), and Meneghinianum (=connatum|. which are now included in
Cosmarium except (Penium) cylindrus. Dysphinctium, probably because
of its deceplive simplicity. was for half a century an acknowledged
genus. DE Tont (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 legilimale idea of separating the desmids, circular a vertice, from
the heterogenous crowd of Cesmariim requicres to be carried through,
The failure of NAGELI's attempt is due to the heterogenity of Lhe eircular
desmids. Actually, there are several calegories of these desmids. The
first possess the primitive omniradiate eylindrical or fusiform shape
characteristic ol 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
placoderms with either the pseudoslelloid chloroplast or a di-, or tetra-
centric chloroplast. Both categories conlain species with taenio-, or
limbo-parietal chloroplasts.

The first category covers the Clevei-section. This group consisls,
firstly, of the species, previously reckoned to Peninm and which were
excluded by LUTKEMULLER. in his revision (1905, p. 336} from Lhis
genus and provisionally reckoned to Dysphinctium: secondly, the spe-
cies which were excluded by LUTKEMULLER from Cylindrocystis (1913)
and, lastly, several other species. described as Cosmaria. The members
of the Clevei-section are all of a evlindrical or fusiform shape, more or
less elongated with rounded or somewhat obtuse apex and a very
shallow sinus at the isthmus. With a few exceptions they have a slelloid
chloroplast wilh one pyrenoid, e.q. inconspicuum, curtum, palangula,
cucurbitinum: the longer species have 2—3 pyrenoids, e.g. Clepel,
floridanum, elongatum and Taylori, the lasl mentioned having a c¢hloro-
plast with plicated and fringed edges of ils lamellae. The largest species
have a taenio-parietal chloroplast, e.g. furgidum.

No doubt the Clevei-group represenl a natural and well delimited
taxon for which the erecling ol a separate genus is a matter of im-
portance; ils present place in Cosmarium is quite unnatural and [al-
lacious. At presenl Lhe foregoing outlines may sulfice.

Contrary lo the Clevei-section, the second category consists of rounded
Cosmaria of o shape a verlice varying between broad-oval and circular;
the latter is the true pseudoomniradiale shape, whilst for the broad-
oval form the lerm quasi-omniradiate may be used. These Cosmaria
are a heterogencous group. comprising species with ornamented wall,
e.g. annulatum and elegantissimum, or wilth smooth wall, elongate e.q.
gonioides and cucumis, and globular, e.q. moniliforme and pseudocon-
natum. Of these the pseudoconnatum-group is worthy of a short dis-
cussion because of the fairly detailed knowledge of the chloroplast.

The species ol this group have semicells of almost globular o semi-
globular shape uniled at a wide isthmus visible in a shallow isthmus-
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furrow. The species which have a chloroplasl sufficiently known to be
compared are: €, Wollei, subglobosum, pseudoconnatum, connatum,
conatum, and Westii. The pseudoomniradiate characler is verilied by
€. globesum, which is known in circular, oval (var. compressum) and
triangular (var. trigonum) forms according to WILLE (1879, 1. 13: 41,
42). Cosmarium Wollei (WEST and WEST) GRONBL. has a pseudo-
stelloid chloroplast according to WesT (1907, t. 7:10). which is con-
firmed by PLAYFAIR (1914, t. 3:3) and by GRONBLAD (1947, t. 1:9),
The very similar €, subglobosum also has a pseudostelloid chloroplast
according to NORDSTEDT (1878, 1. 1:13) and. above all, JOHNSON (1894,
% @ Ol

The other species mentioned possess a more elaborale chloroplast,
The most frequenlly depicled is pseudoconnaium. It usually contains
a tetracentric chloroplast, the four parts of which are cither separale
or axially connected. NORDSTEDT, in his original diagnosis (1869,
. 3: 17}, reports four sector-shaped chloroplasts possibly joined in the
axis. This was also found by N. CARTER (1920 a. . 10: 35, 36) with
longitudinal ridges (fig. 3), also SKusa (1819, t. 26: 18--20), BORGE,
LEMMERMANN. IRENEE-MARIE, IFRI1$CH and others. Fig. nostr. 2 is a
copy of a drawing of LUTKEMULLER's, belonging to the collection of the
late professor NORDSTEDT. GRONBLAD (1924, 1. 2: 51— -56) found, besides
specimens wilh this chloroplast, specimens with three lobes, each with
one pyrenoid, specimens with one axile undivided chloroplast with
thiee pyrenoids, and alse specimens with three separate chloroplasts
each with one pyrenoid. GRONBLAD has. further, in material from
Louisiana (A. M. Scert coll) found specimens with the normal four
as well as specimens with one axile chloroplast splil in seven parls
(fig. 5}, each with one pyrenoid, bul also specimens wilh six seclor-
shaped paricetal parts each with one pyrenoid (fig. 4] (in litt. c. icon.).

Cosmarium connatum and Wesltii have bicentric chloroplasts, their
shape a verlice is oval and they must be considered as clearly biradiate,
It seems almost inevitable lo understand C. psendocannatum as having
received its somewhat peculiar tetracentric chloroplast owing to its
omniradiale shape, since the larger but somewhal compressed con-
neifum has remained bicentrie. According to this the smaller species
Wollei and subgiobosum are monocentric and. according to their eir-
cular shape. pseudostelloid,

BERNARD (1908, fig. 108, 109, and 1909, lig. 54) has described Cos-
marium pseudoconnatum var. ellipsoideum as having 8—10 parietal
ribbons with 2—4 pyrenoids. The figures show typical taenio-parietal
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ribbons extending from apex to apex with 6 8 pyrenoids. If this is a
correct observation the actual desmid can not be pseudoconnatum; il
is very unlikely thal a tetracentrie chloroplast can develop into a taenio-
parielal one, In literature there are. however, several examples of mis-
apprechended chloroplasts in which alter 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 the
reader. The pyrenoids are often difficult lo discern without slaining
and scem sometimes to have been drawn ad libitum.

15. Chloroplast and taxonomy.

In 1871. the beginning of research on the chloroplasl caused LUNDELL
to dislinguish a separatle subgenus in Staurastrum, viz, Pleurenterium,
comprising tumidum, grande, longispinum, brasiliense, sexcostatum,
and mutilaium. None ol these species. whose structure is now correclly
elucidated. possesses true parietal chloroplasts. According to the same
principle he also distinguished Pleurotaeniopsis as a subgenus of Cos-
marinm with the species: turgidum, de Baryi, Cucumis, ovale, striola-
tum, elegantissimum, and praegrande, WiILLE (1890) raised both Pleuro-
taeniopsis and Plearenterinm to the rank of genera. Farlier, LAGER-
HEIM (1887) had used the name Pleurotaeniopsis as a generic name for
cucumis. BOLDT 11888) divided Xanthidium in lwo subgenera: Furan-
thidium with a parietal and Centrenterium with an axile chloroplast.

The attempls of LunpeLL and his lollowers to use the cenlral or
parielal location of the chlorophyll as generie characlers have been
abandonned. lor good reasons. The centrifugal trend in the location
of the chlorophyll is an evolutionary procedure connected wilh the
enlargement ol the semicell, especially in a radial direction. This trend
occurs in every taxon which contains species of sufficient size and thus
is of no taxonomic value. al least il there are inlermediate forms. The
fairly well examined genus Erastrum is a good example of the evolu-
tion of the chloroplast within a delimited genus,

The small and fairly thin Fu. lapponicum and dubium possess a
monocentric chloroplast, while in the somewhal larger bidentatum
ifig. 24) and pectinatum the chloroplast is mono- or bicentric. The
largest of these relatively short [Fuastra is the bicentric verrucosum.
N. CARTER (1919 a) has divided this genus into lwo groups. the one
with one pyrenoid in an axile chloroplast and the other, comprising
larger species, wilh numerous pyrenoids in the parielally advanced
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parls ol the chloroplast. She found no place lor verrucosum, wilh ils
typical bicentric chloroplast very similar to that of certain large species
of Cosmarium. In ils short semicells it is quite different from other
large and elongate [uastra examined; thus evolution has followed Lhe
same line as in semicells of these dimensions in other genera. e.g. Cos-
mariam and Xanthidium.

The second group of Euastra examined contains species of larger size
and elongate shape. The smallest of these is ansatum which is mono-
cenltric with a doubled or clongated pyrenoid. (compare for instance
Netrium and Closterium); while sinuosum, ol the same breadth and
thickness but shorter, is bi-(or telra(?))-centric. The somewhat larger
cunealum is bi- or tetracentric. The rest of the species: ampullaceum,
affine, veniricosum, insigne, didelta, oblongum, and crassum have
numerous pyrenoids in lelracentric chloroplasts. most ol them with
thin crossing bridges belween the parietal parts. the cross often has
rudiments of the primitive axile pyrenoid. a type characteristic of
Fuastrum.

Similar typological series occur in other sufficienlly extensive and
delimited nalural genera, for instance Xanthidium and Micrasterias as
well as in the many intricalely confluent. as yet not dislinguished series
of the Cosmaria. In Staurastriim, which is more primilive because of
the persistent pluriradiation and the consequent general lack ol space
in the semicell-room, an evolution from axil to parietal position of the
chlorophyll has not ceeurred. In the more advanced genus Staurodes-
mus where the bi- and Iriradiate facies dominale, this centrifugal evolu-
tion has oecurred in a few species. e.q. grandis and longispinus.

16. Chloroplast and pyrenoids.

There is an evidenl correlalion between the number and organisalion
of the pyrenoids and the size and structure of the chloroplast as was
indicaled already by Gay and emphasized by N. Cartegr. This appears
very clearly when comparing the shorl single pyrenoid of the stelloid
chloroplast of Cylindrocystis with the rod-shaped one in Netrium or
with the series of pyrenoids in a long Closterium or with the numerous
pyrenoids (up to more than hundred. according to N. CARTER) in the
largest and most (lattened Micrasterias investigated. In this respect
the unils of stromastarch are considered as equal to pyrenoids (LuT-
MAN 1910, p. 253).

A more inlensive comparison reveals that the relation is not a simple
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mathemalical ratio ol pyrenoids to the mass of chlorophyll: moreover.
the situation of the pyrenoids in relation to the disposition of the chloro-
phyll must be considered. In a primilive stellale chloroplasl the central
pyrenoid is capable of supplying the whole chloroplast. In an enlarged
chloroplasl which is divided inlo more or less separale parts, the more
isolated parls need their own pyrenoids. Significant examples are, for
inslance, the variable chloroplast of Desmidium Grevillei, lig. 6—8,
and the ribbon-like parietal chloroplasts. e.g. Pleurotaenium with its
series of pyrenoids. each pyrenoid being exclusively restricted lo a
surrounding part of the ribbon and quite independent of adjacent
ribbons.

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

It 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 scems
to occur lairly often, N. CARTER has given several examples of it. The
giant pyrenoids, rarely recorded. e.q. Cosmarium bengalicum (SKUJA
1949, t. 25: 12) possibly consist of multiplied pyrenoids. They mav be
caused by an increased photosynthelical capacity and do not influence
the types mono-. di-, and tetracentric, 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 characleristic.

Earlier, the difference between 1 or 2 and 2 or 4 pyrenoids, was con-
sidered as consliluling specific characters and in some cases lhis is
still so, e.g. Cosmarium connatum in contrast lo pseudoconnatum and
amoenum in contrast to pseudamoenum, but the number of the pyre-
noids is not decisive in itself. it is only a convenient indicator of ihe
mono-. di-, and lelracentric chloroplasts. The distinguishing of similar
forms as separate species is often a matter of individual approach and,
in this case an extensive knowledge of the varialion of the types is
necessary. Apart from the elongate or elaborale chloroplasts with
numerous pyvrenoids in varyving number, the chloroplasts containing
1, 2 or 4 pyrenoids secem lo be very constant. There are. however,
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varialions, and Lhese are ol 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 occeurs in desmids where the chloroplast is in transition
from monocentric to dicentrie, e.q. Fuustrum bidentatum (N. CARTER
1919a, L. 16:53. d4), Cosmarinum benedictinum [(DUCELLIER 1919,
p- 119}, C. subcucumis (N, CARTER 1935. f. 10, 11}, or [rom dicenlric to
tetracentric, e.q. Xanthidium Brebissoni, [ig. 31, and Cosmarium pseudo-
connatum. Special cases of this variation show the dichotypical (TEILING
1948, p. 17 and 1950, p. 325) specimens. G. S, WEST (1916, p. 365), in
a crilical examination of lhe taxonomical character of the chloroplast,
menlioned 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 noled that WEST used Lhe terms axile
and parietal in a much more definile sense as contrary lypes than does
the present author. In Monograph II 1. 60: 4 a specimen of Cosmarium
subeneumis is figured, the semicells of which show varying slages of
parietal disposilion of the chlorophyll.

The transition from triradiale to biradiate chloroplast and vice versa
in junus specimens (TEILING 1950) common in Staurastrum and Stauro-
desmus, are examples of a type of variation within the simple mono-
centric lurcoid chloroplast.

In the second case ihe varialion in monocentric chloroplasts has
heen dealt with by LUTKEMULLER, N. CARTER and DUCELLIER. The
former examined specimens with supernumerary pyrenoids ol Cos-
marium pyramidatum, pseudopyramidatum, botrylis, pseudobotrylis,
Staurodesmus convergens, and Staurastrum echinatum. DUCELLIER
examined (1917) Cosmarium vexatum, subprotumidum, conspersum,
and pyramidatum, and (1919) benedictinum.

The biradiale 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 biradiale type I 2, In the elongated
lobes of the forked lamellae there are developed several accessory pyre-
noids. An example is Cosmarium chondroides, the chloroplast of which
G. S, WEesT (1909, p. 62, 1. 4:9, 10) errorecously described as broad
parictal bands. N. CARTER (1920 a, p. 273) found in slained specimens
a biradiate axile chloroplast with one central and 1—2 pyrenoids in
each of the four lobes. Considering the fact thal this desmid is 72 78 .
broad, accessory pyrenoids are necessary. Further, BorGe (1903, 1. 5:
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22) figured Spondylosinm pulchrum var. inflatum with a f{rontal row
of pyrenoids in the elongated narrow lobes ol the biradiate chloroplast.
Later (1925, t. 4: 16) he found the same in var. brasiliense. The species
of Spondylosium are small: in moniliferum, nitens and Luetkemuellert
the chloroplast is recorded as bi- or triradiate with one axile pyrenoid.
Sp. pulehrum is one of the few broad species; hence the formation of
aceessory pyrenoids,

IRENEE-MARIE (1951, L. 1:9) has given illuminating figures ol the
chloroplast of a desmid, labelled Staurastrum brevispinum var. inerme
WiLLE. 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. grandis as it is figured by N, CARTER (1920 b, 1. 15: 40—42). Also
in large pluriradiate Staurastra auxiliary pyrenoids occur, e.q. St. bra-
siliense var. Lundelli. By a comparison of the desmid with auxiliary
pyrenoids il is apparent that these pyrenoids are necessary when the
cell is more than 50 y. broad.

17. The chloroplast and the size of the cell.

In 1874, JACORSEN emphasized that the »chlorophyll esl toujours
disposée de maniére a ¢laler la surface la plus grande possible a Iuc-
tion la plus direct de la lumieres, He also held that the principle of
radiate disposition of the chlorophyll is common to all desmids bul
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 oceur, e.q. Spirotaenia. 1t must be pointed out thal
JACOBSEN was one of the pioneers of the Darwinism in Denmark and
the Danish translator of ~The Origin of Species». His ideas of the des-
mid chloroplasl are, seen against the background of the very poor con-
temporary knowledge. to be regarded as resulls of intuition. more than
resulls of a scientific synthesis of known facts,

Fifteen vears later. the Finnish physiologist and desmidiologist FELr-
VING (1889) published a little paper which, since it is wrilten in Swedish,
has been neglecled. The author cerilisized the method originated by
LuxpeLL and also used by Borpr and Gay of using the chloroplast
as a basis of taxonomy. He considered the axile chloroplast of the
smaller desmids suflicient for photosynthesis because il could be
entirely penetrated by light. bul. in larger cells. the chlorophyll must
be placed in an extended peripheral position in order lo be able lo
absorb sufficient light. He gave a list wilh the dimensions of the larger
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Cosmaria, Staurastra and Xanthidia with more or less parietal chloro-
plasts. From this he deduced the relationship belween the size ol the
cell and the tendeney to a parietal position of the chlorophyll.

ELrvING's poinls of view are fundamental to the understanding of
the metamorphosis of the chloroplast. When comparing desmids of
rarving shape it is striking how exactly the chloroplast makes the
grealesl possible use of the space available in the distal parts. Thus
it is reasonable 1o consider the cell shape as the primary deciding factor
in the development of the chloroplast. This is nol correct; both the
chloroplast and the cell-shape are the resulls of the aclivity of the
protoplast. bul it may be used as a convenient mode ol expression.

The size of desmids covers a wide range, [rom small Cosmaria of
about 9 p in length to gigantic Pleurotaenia of more than 1000 y. A
compuarison between desmids of diverse size shows thal there is an
evident, often definite conneclion between the size and the struclure
of the chloroplast. In analysis it is convenienl lo deal with two Kinds
of size: on the one hand the length of the elongate desmids. most of
them conlaining the stelloid chloroplast and parielal forms of it. and,
on Lhe other hand, the largeness of the angulo-radiate desmids con-
taining the furcoid chloroplast and its derivatives. In bolh cases the small
desmids are confined to those wilh an axile monocenltric chloroplast,

A slatistieal survey of the 177 monocentric species of Cosmarium in
WEST's Monograph shows that about 65 %o do not exceed a lenglh of
40 y. and about 92 % do not exceed 50 y. In Staurastrum. Staurodes-
mus aboul 76 % do not exceed 50 .- Several of those longer than 50 u
are recorded as having ridges. Of the 74 Cosmearia with a more elaborate
chloroplast only 15 % do not exceed 50 ., and aboul 15 % exceed
100 g, 70 0/ measure belween 50 and 100 u. The figures, ol course,
are only approximalions because ol the common absence of, or inexacti-
tude in, the records of the number of the pyrenoids, bul they have value
in showing that aboul 50 y 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, Hyalotheca, Phymatodocts, and
Bambusina, have fairly short cells of about 20 30 u, only in a few
cases exceeding 30 p: measurements from WEST's Monograph. All of
these possess monocentric chloroplasts. In other genera. where the
majorily of species with di- and letracentric and parietal chloroplasts
occur, the dimensions are grealer. In Fuastrum the monocentrie species
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scarcely exceed 70 . while species wilh the normal tetracentric chloro-
plast can reach more than 200 p in length, e.g. crassum and oblongun.
The length. however, is no adequale index of the size: it contains only
one [actor of the volume, Elongale desmids have their volume mainly
in the vertical direction. while in angular forms the lateral and fronlal
parts make up much of the volume. Thus, in comparison with the
elongate Fuastrum, the genera Cosmarinm, Staurastriom, and Xanthi-
dim may not be able to reach any more considerable length. In the
WEsT's Monograph the parietal Xanthidium armatum exceeds 200 y,
the di- and tetracentric species have a length between 50100 ¢ and
the monocentric less than 40 . In the flallened species of Micrasterias
the cell combines length and breadlh with a minimum of thickness,
Probably as a result of this, the length is, in general. appreciable, the
WESTS records up to 360 y (M. rolata).

The real gianls occur in the range ol the more elongate, staff-shaped
genera: Closterium, Docidium, and Pleurotaenium but also Triploceras
and Tetmemorus attain, especially in the tropics. considerable dimen-
sions, The dimensions ciled are nol intended to be absolule; a more
extensive examinalion of the statemenlts in the literature may probably
give higher figures. Some examples may be given. Closterium laterale
535 . nasutum 638 ., lunula 897 p. and Braunit 988 p. Docidium
orientale 700 y, indicum 980 . and gloriosum 1080 w. Pleurotaenium
elatum 900 y. nodulosum 946 p. marimum 1020 y. and eugeneum var.
undulatum 1094 y. Triploceras verlicillatum 600 p, and Tetmemorus
gigantewm 265 .

The [uctors 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 Penia and Lhe
girdle-banded Closteria where the final length may reach double or
ireble the primary length. In the tribus Cosmarieae the tesselate struc-
ture of certain Pleurolaenia may be interpreted as a continued inter-
calar growth: compare the structure of the isthmal bulged zones and
the eylindrical part of P. trochiscum with each other and with cor-
responding parls of P. doliiforme (WesT 1916, f. 227 A, B). Further-
more. the slaffshaped desmids possess an advanlage of rapid and
continuous growth in the uniform and simple structure of the (pseudo)-
stelloid and taenio-parietlal chloroplast which allows a continuous growlth
in the length with generalion of new pyrenoids.

There are several combinations of desmids. either considered as
separale species or varielies of one species. where the difference is a
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mere uestion of size, for instance Cosmarinm pyramidatum and
pseudopyramidatum. The former is in its dimensions double the laller
and there is a further biosystemalical difference in thal the former
possesses lwo pyrenoids and the latter one pyrenoid in the axile chloro-
plast, according to WEsT. N. CARTER's detailed pictures of the chloro-
plasts of these species show a striking ressemblance in the structure of
the ridges with their fringed edges, lhe difference lies in the type: pyra-
midatum is telracentric and pseadopyramidatum is monocentric. The
difference in the shape falls within the extent of the normal varialion
ol a species. It is natural that the larger desmid should possess a more
elaborale 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 Fuastra which also have a variable number of pyrenoids. The
structure of the desmid nucleus and ils significance for Lhe struclure
ol the cell have just begun lo be the subject of invesligation (KarLrio
1951): the difference of the species menlioned may perhaps be the
resulls of polyploidy. A similar ease is Mesofaenium de Greyi and ils
. major,

18. The chloroplast of the desmid genera.

The statemenls refer to the semicell, terminology according to the
deseription above.

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

Netrinm NAGELL Chloroplast stelloid S 2. elongate, in some species trans-
versely divided in two parts, with laciniale or fringed edges, one elongaled
pyrenoid in each part.

Spirotaenia Briss, Chloroplast stelloid S 3. spirally twisted with several
lamellae and one or more pyrenoids, or laenioparietal, consisting of one spirally
twisted ribbon with a few scattered pyrenoids.

Mesotaenium NAGrLt Chloroplast Taminale S 8, common to lhe two semni-
cells, axile or somelimes 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 Mesolaenium, axile
or parietal, insufficiently known.

Roga W. et G, §. WEST, Chloroplast laminate, axile, with several pyrenoids,
sometimes stelloid with four lamellae. See further p. 274,

Gonatozygon bE Bary. Chloroplast laminate, axile, with a row of axile
pyrenoids, sometimes stelloid with 3, 4, or 6 lamellae. See p. 274,

Genicularia DE Bary, Chloroplast 2—3 parietal, spirally twisted narrow
ribbons with numerous pyrenoids.
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Peninm Bres, Chloroplast stelloid S 1, (in some species transversally divided
in two) with one axile pyrenoid or more (in longer cells).

Closterium Nitzscu. Chloroplast stelloid. elongate conical, in smaller cells
S 1, in thicker species S 3, S 4, or 55, all of them with an axile row of pyre-
noids, lamellae in some species anaslomosing, In thicker cells the lamellae are
thicker and lower with an increasing number ol pyrenoids: these are situated
in the peripheral Iayers: S 6. A hitherto unknown kind of parietal chloroplast,
viz, lhe holo-parietal type S 7 is recorded, see p. 273,

Clevei-group, Chloroplast stelloid S 1 with one or more axile pyrenoids or
taenio-parietal. See further p. 292,

Staurastrum MEYEN. The vast majority of the species have a monocentric
chloroplast I 2 or F 3, larger species with accessory pyrenoids, see p. 208.
FFurther, there are species with a dicentricoid chloroplast, e.g. anafinum,
sexangulare, or even lransitions to tetracenlricoid, e.g. Sebaldi var. altum.
In the circular hasal part of speecies belonging to the capilulum-section there
is a pseudo-stelloid chloroplast, e.g. eapitulum [{DEFLANDRE 1925, fig. 10).

Staurodesmus TeLinG, The vast majorily have a monocentric chloroplasi
F 2 or I7 3, larger species with accessory pyrenoids, or they have a dicentricoid
chloroplast F4d, eg. Dickei (GrONBLAD in lit. ¢. icon.) or, in biradiate
species dicentrie, e.g. marimus (BOrGE] n. comb. (GRONBLAD 1945, t. 9: 178).
Seclor-parietal chloroplasts are recorded, e.y. ceratophorius (NORDST.) n. comb.
and tumidus (LUND.) n, comb. representing (he tyvpe I° 11, sce p. 280,

G. M. Samrre (1950, p. 330) attributes lo Arthrodesmus, ie. the small
biradiate Staurodesmi, an »axial laminate chloroplast with one or two pyre-
noids», probably a slip,

Euastridinm W. et G. S, WEsT. Chloroplasl monocenltrie, furcoid; »with o
central pyrenoid and lobes radiating in each process:; this statement refers
to E. verrucosum according fo N. CARTER 1935, p. 172,

Strepltonema Warricn, Chloroplast furcoid, monocentrie, (riradiate. Be-
:ause of the inflated ends of the processes the forked part of the lamellae are
crescent-shaped a vertice.

Desmidium AGarDH. Chloroplast furcoid. 2—5-radiate, in biradiate cells
dicentric, tetracentric or of the type 11, eg. Grevillei, in 2 —4-radiate dicenlrie,
e.g. Startzil.

Phymatodocis NorpsTEDT. Chloroplast furcoid, 4 5-radiate, monocentric,
in cerlain species zyvgomorph, the lamellae entirely forked.

Spondglosium Bresisson. Chloroplast furcoid, 2—3-radiate, the smaller
species monocentric F 2 or I 3, in broad and thin species with accessory pyre-
noids, see p. 298.

Cosmocladium BrEB. Chloroplast furcoid, monocentric or (rarcly} dicentric
(HEINANS 1935, p. 109), biradiate.

Oocardium NAG. Chloroplast Turcoid, monocentric, biradiate,

Onychonema WALLICH, » » » »

Sphaerozosma CoORDA,  » » »

Cosmarinm CORDA. 1. Angular cells. In small and thin species the chloro-
plast is furcoid, bi- or triradiate, monocenltric, F2 and F 3, in increasingly
larger species dicentrie, letracentrie, or sector-parielal 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 sphaecroid species di-, or
tetracentric, The Clevei-section is not considered, see p. 302,

Xanthidiem EFEuress. The bi-, or triradiate furcoid chloroplast agrees with
those of the angular Cosmaria: mono-, di-, and tetracentric and sector-parietal.
X. subhastiferum, drawn by WEST as monocentrie, is tetracentric in N, Car-
TER (1919 a, L. I8: 109—112) even with divided lobes. In Brebissonii N. CARTER
(t. 18: 119—126) has given figures of chloroplasts varying between divided
dicentric and lransitions to tetracenlric with varying number of pyrenoids,
fig. 31. The most claborate chloroplast is met with in armatum where the
lobes of the sector-parietal chloroplast are irregularly divided and ridged,
with numerous pyrenoids.

Euastrum Enrens. Chloroplast furcoid, bi-triradiate, monocentric F 2, or
dicentric I' 4, or letracentric (often of a kind characteristic for this genus)
with several pyrenoids in each part, see [urther p. 279, 204 and 295.

Micrasterias AGarDH. Chloroplast furcoid discoid, di- and tetracentric. The
fairly small pinnatifida (fig. 22} has a modified dicentric chloroplast with
the double-ridged core characleristic for this genus and one accessory
pyrenoid in the apical part (N. CARTER 1919 b, &, 19: 11, 12]. M. decemdentata
has a similar chloroplast {(GrONpLAD 1921, £ 1:1}. The thick species have a
dicentric chloroplast with several pyrenoids, e.g. fruncata and oscilans
(N. CARTER, t. 20: 25—27 and 19—22). The large Moecbhii seem to have a letra-
centric chloroplast (GuTwiNskr 1902, 1. 40: 538). The flaltened species possess
a fairly uniform laciniate discoid chloroplast with ridges and many pyrenoids.

Docidiem Bris. Chloroplast stelloid, often with irregularly disposed lamel-
lae, several axile pyrenoids,

Pleurotaeninm NAGeELL Chloroplast stelloid or, in most species, taenio-
pariclal. The narrow species, e.g. rectum and minutum have a stelloid chloro-
plast with several (6—12) pyrenoids (GrONBLAD 1824, 1). The latter species
shows transitory forms to parietal chloroplast. The thicker species examined
have taenio-parictal chloroplast, either consisting of longitudinal ribbons, some-
times, perhaps invariably, stretching from apex to apex, or shorter, often
irregularly shaped lesselate pieces, e.y. coronatum (WesT, Monogr. I, . 28:4)
and ovatum var. lacve (BErRNARD 1908, L. 5:105).

Tetmemorns RaLrs. 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 parietals according to N. CARTER on
Brébissonii and granulatus (1920h, p. 315). In this case il is of the limbo-
parietal type. See further p. 282—283.

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

Iehtyocercus W, et G. 8. WesT, Chloroplast pseudo-stelloid(?]. There seems
not to be any slalement on the chloroplast in the literaturc. BOURRELLY has
found it raxial du meme type que T'e¢tmemorus», kindly communicated to me
in litt.

Triplastrum IYENGAR et RamaNaTuaN. Chloroplast furcoid, clongated, tri-
radiate with 1—2 pyrenoids.

20 Bolaniska Notiser 1959,
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Hyalotheca Ennexn, Chloroplast psendo-stelloid, short, one pyrenoid.

Bambusina Ki'rz. Chloroplast pseudo-stelloid, one pyrenoid.

Groenbladia TEIL. n. gen. Chloroplast axile, laminate, two or more axile
pyrenoids. Diagnosis on p. 275—276.

I am very much indebted lo three Iriends of mine: ROLF GRONBLAD,
Fil. dr. h. e. for his interest and generosily in sending me valuable
malerial, J. W. G, Luxp, D. Se. (Ambleside) and R. X. IINDMARSTH,
M.A. (Linkoping) who have spenl lime and interest in order to make
this paper more readable.
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Hepaticae collected in South and West Africa 1951.

New and little known species.

By SIGFRID ARNELL.

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

Type: ARNELL 2252, Africa occidentalis, Sierra Leone, Freelown,
stream-side above Cabalar Point,

Monoica, dilute glauco-viridis. Frons usque ad 12 mm longa et 7 mm
lata, apice breviler biloba, profunde sulcata. marginibus allenuatis et
undulatis. anlice plana-convexa, reticulata. cavernis haud prominenti-
bus, parvis,

Squamae nullae vel rudimenlariae. Costa crassa, postice convexa,
lateribus in alas exstantes abeuntibus, margine ipso aculo, undulalo.
Sporae 50 70 p. facie convexa reticulatim lamellata foveolis vix 8—
12 p diam. instructa, non papillatae. marginibus planis angustissime
radiatim lamellatis,

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

Monoicous, bright blue-green, old parts becoming while with a
brown tinge, once or twice dicholomously branched. up to 12 mm long
and 7 mm broad. although the breadth varies in the same planl: the
margin is undulale. Apex emarginate or obtuse, often wilh peliucid
margin, consisting of one layer ol almost echlorophyll-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-seclion shows a
thicker central part and broad thin wings, the breadth being about
6 times the height. Ventral scales absent or rudimentary. Dorsal epi-
dermis with one layer of thin-walled cells with cupola-formed ouler
surface. often destroyed. Air-chambers 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 the dorsal surface. Spores bright
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Fig. 1. Riccin |Ricciella) undulota S. ArN. a Thallus from dorsal side. b Cross-section
of thallus. ¢ Cross-section of thallus. d Marginal cells near the apex. ¢ Spores {rom

both sides.

brown. 50 -70 y. with a margin up to 8 y in breadth. ouler face with
reticulum forming arcs and areolae (diam. 8- 12 w). no papillae. Rhi-
zoids colourless, smooth and tuberculate.

Type-specimen in Riksmuseum. Slockholm.

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

Type: ARNELL Nos. 714, 741, 747, Cape Province, Montagu, Bath
Kloof, near the caves. Montagu, Cogmans Klool No. 784,

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

Dioica?. magna, dilute viridis—{lavo-rubescens. Frons ad 12 mm
longa, 4—5 mm lata, 1 2 furcata. furcis 4—5 mm lalis, apice breviter
biloba, profunde suleata, antice concava. marginibus decurvis. cavernis
bullatim prominentibus rugulosa, poris e 5—6 cellulis concenltricis for-
matis, costa crassa, postice convexa. lateribus rotundalis abrupte in
alas exslantes abeuntibus. Sporae ¢, 80 yw diam.. nigrae. 4—5 foveolis,
20—40 y, diam., instructae,
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Fig. 2. Riccia (Riceiella) montaguensis 5. ArN. a Thallus. b Young plant with reticular

surface pallern. ¢ Apex of a thallus with seales. d Cross-section of thallus. § Assi-
milation tissue. j Pores. & Spore from both sides,

Dioicous?, thallus single or once or twice dichotomously branched,
often crowded in carpet-like groups. Thallus up to 12 mm long and
4-—5 mm broad. bright green with lighter, often yvellowish white wings,
when old often bright vellowish brown. The surface on young thalli
marked with polygonal arcas, when old bullate and raised by the
protruding air-chambers. Very similar in habilus to R. bullosa. The
cells of the surface-epithelium are quadrate-polygonal. 30—40 1, in the
middle of the end-segments with a breadth about twice the height,
the dorsal surface wilh 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, bul communicating with the labyrinthine chan-
nels in the 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 them. In the peripheral part of the wings
only large air-chambers. Both smooth and tuberculate rhizoids, the
latter more abundant. Archegonia and antheridia nol observed. Spo-
rangia near lhe mid-line, somelimes causing a cupola-formed pro-
minence on the dorsal surface, usually not observable from the surface.
Spores dark, about 80 y. in diameter. with a 5—6 . broad wing, which
is often perforated at the three corners. On the convex ouler-side 4—5
large foveolae 20 40 p. in diameler, 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 il a triradiale to stellate
form. Triradiale marking very dislinel, of three ridges meeling at the
spore apex and exiending to the spore margin. The inner sides are
deliminated by thick ridges and have a relicular drawing with relalive
large arcolae.

R. montaguensis, when dry, has the same bufl or straw colour as
R. bullosa, and somewhal resembles small speecimens of the latter plant.

Riccia (Riceiella) spongosa S. ARNELL nov. spec.

Type: ARNELL No. 1393, Cape Province, George, Wilderness, forest-
path 1/, mile east of the hotel. Type specimen in The Bolus Herbarium,
Cape Town.

Monoica?, major, viridis, sicea [lavo-virens. Frons ad 8 mm longa,
2 mm lata, apice oblusa, non sulcata, antice convexa et porosa, mar-
ginibus rotundatis, cavernis magnis. Sporae permanenter adhaerentes
in tetrade, nigro-brunneae, reticulatim lamellatae, foveolis 4 y diam.
instruclae, non papillatae,

Monoicous? Thallus up to 8 mm long and 2 mm broad, linear, once
or lwice dicholomously branched or in long-branched rosetles, the
young parts green, the older parts bright yellow-green. Dorsal tissue,
except in the immediate neighbourhood of the growing point, very loose
and spongy. Air-pores rapidly enlarging. the dorsal surface becoming
pitted with large holes. Ventral scales not seen. Rhizoids mostly tuber-
culate. Spores dark brown, permanently adhering in letrads, which are
aboul 90 g in diameter. Convex face with low ridges, forming complete
or incomplete areolae, about 4 y, in diameter. No spines.
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Fig. 3. Riccia (Riceiella) spongosa 8. ArN. a Thallus. b Small thallus. ¢ Tetrad of
spores. —— Riecia capensis STEPH. d Thallus, e Dry thallus, f Side view ol thallus.
¢ Spore. fi 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 pallern on the spores.

Riccia capensis STEPH. 'BRUNNTHALER. 1913, i. 14, ap. Sinm, Trans,
Royal Soc. 8. Afr, XV (1926) p. 13.]

Cape Province, Peninsula: Wynberg, cultivated ground (Park IHolel)
Nos. 162, 186, 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 lound in it. The drawings ol STEPHANI show a
Riccia ol the same appearance as the one in my colleclion and I there-
fore use the name of Stepuant for this plant. As the type for my plant
I will use Nos. b9 and 162.

Monoicous. of aboul the same size as R. sorocarpa L. Usually in
rosettes, 10-—18 mm in diameter, bright glaucous green in the young
porlions. the margins soon changing to yellow-brown, in the older
parts vellow-brown, sharp, when dry convex in lhe proximal parts of
the thalli and therefore appearing swollen, in the apical parts the
margins when the thallus is dry bend lowards one another, so when
seen from above the dark scales cover the apex. The fresh green seg-
menls are about 2 mm long and 1 1'/, mm broad, the thallus 2—3

times dichotomously branched with acute angle, the segments acutely
lingulate 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 breadlh is equal to or somewhal less than the
height, the dorsal surface with narrow deep furrow, the ventral surface
strongly convex in the basal part. in the upper parl concave to the
sharp margin. Epidermal cells in one layer. rectangular-quadrate, wilh
nearly plane or fainl 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 belween the lateral wings of the thallus filled by black
spore-masses. Spores 50—60 w, red-brown, marginal wing 2—3 u. often
broader al the corners and at that place with rounded emarginations.
Coarse ridges on the convex side. lorming a complete reliculum. the
ridges olten with a brighter mid-line or two bright lines and a dark
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I'ig. 1. Riccia rhodesiae S. ARN. a Thallus from dorsal side. b Cross-sections. ¢ Spore.
d Scales.

mid-line, wilth a very short, truncate papilla al each of the nodes of Lhe
areolae, on the convex side. The areolae small. usually 34 p in dia-
meler. The inner side of lhe spores with similar, bul lower ridges.
Antheridial osteoles blackish red.

Hab. Sandy soil. also on cultivated ground.

Distrib. Cape Province. Common in the surroundings ol Cape Town,
Also noted from Monlagu and Genadendal.

Looks like R. limbata (the black seales), bul much smaller and with
quite a different decoration ol the spores.

Riccia rhodesiae S. ARNELL nov. spec.

S. Rhodesia, Vicetoria Falls, on soil near the Trolley Junction, Nos.
1271, 1291,

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

Dioica?, olivaceo-viridis. I'rons 5—8 mm longa, 3—4 mm lata. 23
furcata, acuteque sulcata. Squamae majores, triangulares. purpurecae.
marginem haud excedentes. Sporac 80— 100 y diam.. rufo-brunneae,
reliculatim lamellatae, foveolis 6 8 p diam. instructae.

Thallus dark olive-green, 5 -8 mm long, 2—3 times dicholomously

branched. with sharp bul shallow furrow. Lobes narrow ovate. with
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rounded apex, Breadth about 2 '/, times the depth. The surface often
pitted in the mid-line, The dorsal surface with a sharp furrow in lhe
apical parl, the side parts convex. In the proximal parls of the thallus
the lurrow is nol so distinct or is absenl, the dorsal surface then laintly
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-lanceolale, 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 .,
bright brown-dark brown. regularly reticulated, papillae in lhe corners
ol the areolae, areolae 6—8 p. Antheridial neck colourless.

Fossombronia capensis S. ARNELL nov. spec.

Type ArNELL No. 1876. Bracken Ilill I'orest, Knysna. Cape Province.
Other collections: Knysna: Parkes Station 1470, 1474, 1477: Guona
Forest Reserve Nos. 1756, 1757, 1783, 1799.

Dioica, major. ad 12 mm longa. 2 mm lata. Sectio transversa cum
facie dorsali plano-concava, facie venlrali convexa. Perianthia cam-
panulata, margine undulato el dentato. Sporae ad 40 p. diam., furcatim
lamellatae, lamellis laxe disposilis, Elaleres lamellati, spiralibus incom-
pletis et rudimentariis. Antheridia bracleis lecta.

Dioicous. Rather large, up to 12 mm long and 2 mm wide, with
strong aromatic smell. Stem on cross-section somewhat higher than
broad, dorsally plane-concave. venlrally convex, the ventral part
coloured dark purple. Cells in the stem 24—30 g, thin-walled. Leaves
entire, somewhal emarginate, slightly undulate. marginal cells 35 <35
36 <40 y. cells in the middle of the leaf about 50<50 p. Pseudoperianth
campanulale, with undulale and Dluntly dentaled margin. Sporogo-
nium-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 1216 marginal spinac. Elaters
rudimenlary, mostly consisting of a thin leaf 10—15X70 p. with in-
complete spiral thickenings. Archegonia on the dorsal side of the
stem. numerous. nude. Antheridia on the dorsal side, covered by large
bracts.

The curious elaters seem to be very characteristic for this species.
The large male braets also distinguish it from the European IY. pusilla,
the pattern ol the spores being very similar to that species.
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Fig. 5. Fossombronia capensis S, ARN. a Plants with pseudoperianths, b Cross-
section ol the stem. ¢ Pseudoperianth, o Spores. e Elaters. f Capsule. g Capsule-wall.
h Temale planl wilth archegonia. @ Leal. § Male bracts, & Male plant,
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Fig. 6. a Fossombronia montaguensis S. ArN. Three spores. b Two spores of P. densi-

lamellata 5. Arx. ¢ F. occidento-africana 5. ARN. Cross-seclion of stem and rhizoid

Fossombronia montaguensis S. ARNELL nov. spec.

Cape Province, Monlagu, Bath Kloof, 724, 731, 739, 774, 785.

Dioica. dilule viridis, ad 8 mm longa, 2 mm lata. Folia haud lobata,
integerrima vel obluse dentata, Cellulae marginales 30>X40—50 . ba-
sules ad 40100 1. Pseudoperianthium campanulaium, margine in-
tegerrimo vel crispato. Sporae 30-—32 1, obtuse et irregulariter lamel-
latae, Elateres 4 . lali et ad 140 p. longi.

Dioicous, pale green. about 8 mm long and 2 mm broad. Stem on
cross-section wilh plane dorsal surface, strongly convex ventral surface,
height equal to breadth. Rhizoids purple. Leaves slightly lobate, enlire
or with a few obtuse shorl feeth. Marginal cells 30<40—50 ., in the
middle ol the leat 5050 —60 1, basal cells 463100 . Pseudoperianth
campanulate or. when the sporogonium is mature, as a wide cup with
entire and somewhal crispate margin, sometimes open on the basal
side and then not completely surrounding the sporogonium. Spores
30—32 1. on the convex side with irregularly branched ridges with
obluse or sharp spines, often connected with one anolher by thin lamel-
lae, on the inner side with low short ridges and low plump spines,
Elaters up lo 140 p. long and 4 o wide, with 2 spirals.
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Fossombronia densilamellata S. ARNELL nov. spec.

F. tumida SiM, Trans. of Royal Sec. 5. Afr. XV p. 35 1926. Cape
Province; Lions Head near Kloof Nek 257, 265. 295. Montagu, Cogmans
Klool 762.

Dioica. major. viridis. ad 15 mm longa. 4 mm lata. Folia crispata.
concava-plana. — dentata. Perianthia campanulata. ore dentato et cris-
pato. Sporae 40 ., dense lamellatae, spinac ad 50. Antheridia bracleis
lecla.

Dioicous, rather large, green. Plant up to 15 mm long. with leaves
4 mm wide. Cross-section of the stem shows in the posterior portions
a breadlh about 3 times the height, in the middle and peripheral end
a breadth equal to the height or somewhal larger. Leaves in the apical
part slightly erispate, 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 y. in the middle of the leaf about
3040 g, at the base 40X70 . Cuticula smooth. Old leaves soon de-
colorized, often wilh enlire margin. concave or almost plane. Archegonia
on lhe dorsal side of the stem. nude as young and unferlilized. Perianth
widely campanulate, the margin slighlly crispate and obtusely dentate.

Spores 40 ., red-brown, wilh numerous sharp lamellae, mostly running
parallel to one anolher. about 50 spines in the periphery. Male plants
wilh antheridia on the dorsal side of the stem, covered by concave
bracts.

MiTTEN describes F. fumida as having spores »ohscurae papillosaes;
therefore it can not be Lhis plant in which the spores have lamellae.
and I Lthink SiM is wrong in identifying it wilh F. tamida MITT.

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

Sierra Leone, Freelown., Mont Oriel, 2409, 2413, 2418, 2431, 2448,
2449, 2468, 2476, 2497,

Dioica, ad 10 mm longa. 1,5 mm lata, viridis, lerricola. Sectio trans-
versalis caulis lriangularis, radicellis purpureis basibus bullosis instrue-
tis. Perianthium campanulatum. margine crispalum et lobatum. Sporae
3440 y, brunneae. lamellis interruptis vermicularibus. Antheridia
flava, 100 U diam., bracteis masculis longis.

Dioicous, about 10 mm long and 1'/, mm wide. dark green, on
moisl soil, especially on stream-banks. Cross-section of the stem Lri-
angular. about 200 p high and 250—300 y wide, wilh 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 crispale, with slightly lobate-
entire margin. Marginal cells 20X20- 34 y, basal cells up to 40X70 o,
cuticula with 1— 2 long striae per cell, sometimes small lrigones. Pseudo-
perianth campanulate, with rather long narrow basal part, margin
recurvale, slightly crispate, lobaled, nolt dentated. Spores brown, 30—
40 . with the same pattern as F. Stephani (lamellis interruptis vermi-
cularibus). Elaters up to 150 g long and 8 1. wide, mostly composed of
3 spirals, sometimes only 2 spirals or 2 spirals at the ends and 3 in the
mid parl. Capsule-wall shows broad and close semicircular thickenings.
Mule plants with antheridia on the dorsal side near the apex, covered
by rather long narrow bracts with deeply bidentate apex. Antheridia
aboul 100 y. in diameter, pale yellow. globose. Differs from F. Husnoti
in having purple rhizoids and 3 spirals in the elaters, from F. Stephani
in having smaller spores and 3-spired elaters.

Cephaloziella tabularis S. ARNELL nov. spec.

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

Cape Province, Peninsula. above Bakoven 865. The Flats, between
Claremont and Cement Works, near St. John's Tower.

Paroica, gracilis, fusco-brunnea. Caulis ad 15 mm longa, 60 g diam.
Folia conecava, brunnea-purpurea, ad '/, bifida. lobi breves. acuti, sinus
obtusus. Cellulae marginales 12 y. basales ad 20 w. Amphigastria lan-
ceolala vel bilida. Bracteae feminae crenulatae dentatae, 1—2 jugae.
Perianthia triplicala, purpurea, ore decolorato, crenulato. Androecia
subfloralia vel intercalaria, bracleis 4 -8 jugis, quam folia caulina
majoribus.

Paroicous, prostrate on soil. or mixed with other bryophytes. Stem
up to 15 mm long and 60 p in diameler, dark brown. cortical cells
rectangular-quadrate, 12>(16—16X28 p, in regular longitudinal rows.
Leaves distant, moslly dark brown. at the apex purple or hyaline, con-
[, sinus obtuse. Cells in the margin of the lobes about
12 g, al the base of the lobes 10 -12 < 18—20 ko in the middle of the
male bracts up to 16X30 p. Amphigastria lanceolate-bifid. FFemale
inflorescences apical on long branches, crenulale-denlale, in 1—2 pairs,
connale 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 10<40 p. Spores not seen.

vex, bifid lo

J——
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Iig. 7. Cephaloziella tabularis S, ARN. a Plant with perianth. b Sterile planl. ¢ Plant
with gemmae. d Leal and amplugastria. ¢ Female bracts and braeteole, f Cells from
the margin ot the perianth.

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

Grows in moist places on the Plat KIliff as a dark carpet of black
threads on soil or uvsually mixed with other bryophyles. The dark
colour. the very small and distant leaves give it a characleristic
appearance. Gemmae on lhe margin of deformed leaves.

Cephaloziella Kiaerii (Aust.) S. ARN. nov. comb.

Jungermania Kiaerii AUSTIN, Torrey Bot. Club 1875 p. 18.

Cephalozia Kiaerii Steprn,, Spec. Hep. III p. 329.

Cape Province, Peninsula, Constantia Nek No. 319, Between Con-
slanlin Nek and Kirslenbosch Nos. 128, 129, 131, 134, 135. Kirstenbosch
No. 1218.

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

21 Bolaniska Noliser 1952
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up to 2 em long and 60—70 y in diameter, thicker lowards the lop,
with few rhizoids. especially on the lower part, sparsely and irregularly
branched, cortical cells 10—14 <24 40 y. culicula striated. Leaves
l4—1[, Dbilobed, insertion transverse-oblique (30 —607), lobes lIri-
angular up to 6 cells broad. somewhat conduplicate-—plane and squar-
rose, margin entire or seldom wilh an occasional tooth. Marginal cells
10—20 u, internal cells (12—)20—30 w. walls of medinm thickness,
cuticula smooth or fine papillose. Amphigastria on sterile branches
absenl or small near the peripheral end. on fertile shools larger, of
varying form, bifid or entire. Female bracts in 1 2 pairs, large. bilobed,
dentale. the lobes pointed with a mostly hyaline apical cell. Perianth
triplicate. cylindrical-ovoid, with consiricted mouth, ciliate by long
cells. Spores red-brown, 8—10 y. elaters 5X100 y. red-brown. Male
bracts in 3 —10 pairs below the female bracts. with an antheridium
54 X60—60X70 y in the axil. larger and more convex than of lhe
leaves, sometimes apical andraecia. Gonidia round-cllipsoid. on the lop
of shoots.

The oblique insertion of the leaves is remarkable, in Cephaloziella
the leaves otherwise have a lransverse insertion.

Cephaloziella lycopodioides (SiM) S. ArN. nov. comb.

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

Cape Province. Monlagu, Bath Kloof. 765.

Dioicous or auloicous. On soil, dark purple. Stem 3—4 mm long,
60-—120 . (in male bracts) wide, corlical cells 8 10 X 20—34 y, culicula
smooth. Leaves imbricale, to !/, bilobed. lobes Iriangular, subacule,
enlire, distal portion and margin purple, apex often decolorized. sinus
acute. Marginal cells 9—10 . internal cells up to 14 y. in the base up
to 1020 .. culicula smooth. Wulls of medium thickness. no trigones.
Oil-bodies 2—8 per cell, 2X2—234 p. No amphigastria except in the
inflorescences. Rhizoids brownish. long and abundant. Female inflores-
cence short and thick. Braclts in 2 pairs, the inner bracl connate. with

broad, shortly pointed lobes and marginal cells 1016 . inner cells
of the same magnitude, walls very thick, margin decolorized. hase red.

Fig, 8. Cephaloziella Kiaerii (AvsT.) 8. Any, a Plant with paroecious inllorescence.

b I'emale bract. ¢ Male bract. d Perianth. ¢ Spores. f Plant from ventral side and in

side view. g Unusually long inflescence, i IFemale bract and bracteole. ¢ Sterile plant.
j Leaf.
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f

Fig. 9. Cephalozielln lycopodioides {S1M) S. ArN. a Plant with perianth. b Cells
from margin of a female bract. ¢ Female bracts (internal row). d Perianth, ¢ Cells
from the margin ol the perianth. f Leaves.

Perianth short, obovate, mouth constricted, crenulate by prolruding,
shorl, thick-walled cells, distal Y/, frequently decolorized, then a purple
band and the basal portion green. Male inflorescences apical. with 5--6
densely imbricaled pairs of bracts. Bracls somewhat larger than the
leaves bul of the same form, antheridia 1—2 in the axils. globose, 40 p.
in diameter. stalk short, with one cell row.

Cephaloziella anthelioides S. ARNELL nov. spec.

Type: ARNELL no. 766, Cape Prov, Montagu, Bath Klool.

Peninsula, Conslantia Slopes No. 392,

Type specimens in Bolus Herbarium, Cape Town and Riksmuseum,
Stockholm.

Autoica, dense inlricata. viridis-brunnescens. Caulis ad 2 cm longa.
100 y, diam.. viridis. Folia ad */; bifida, transverse inserta, conduplicata,
lobis triangularibus, aculis. Cellulae marginales 14—20 u, cuticula pa-
pillosa. Amphigastria magna, triangularia vel bifida. Folia floralia bi-
lobata, dentata, dentibus recurvatis,

Perianthia ovata, ore crenulato. Androecia in ramis sub inflorescentia
feminea. bracteis conduplicatis. denlatis, minoribus.



HEPATICAE COLLECTED IN SOUTH AND WEST AFRICA 1951 323

Fig 10. Gephaloziella antheliodes S. AR, a Sterile plant. b Plant with perianth and
male branch. ¢ Three leaves. d Cells from the mouth of the perianth. ¢ Female hract.
[ Female bracteoles.

Autoicous. in dense inlricate carpets on soil. Stem up to 20 mm long
and 100 y in diameter, green, cortical cells 14—20<X20—40 p. Culicula
slightly striated. Leaves approximale, up to 2/, bifide, lobes triangular-
lanceolale, conduplicale up lo 8 cells wide sometimes a short tooth
basally. apex of ventral lobe often clow-like recurved, apex acute, sinus
acule. Marginal cells 1420 y. Culicula papillose, especially at the
margin and on the base. Amphigasiria large. triangular or bilid. Female
bracts in 2 pairs, bilobed, dentate. with long acute, often recurved teeth.
Perianth ovoid. mouth crenulate by long cells. Spores 10 y. pale brown,
fine papillose. Llalers 5 <80—160 g. Male inflorescences on separale
branches below the female inflorescence. iriangular, the bracts decreas-
ing in size towards the apex. bilobed, conduplicate and dentate.
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Fig. 11. Cephaloziella tenuissima |L. & L. S. AN, a Plant with perianth. b Leaf.
¢ Internal female bracts and bracleole. d Bracteole. e Margin of mouth of perianth.
I Spore.

Cephaloziella tenuissima (L. & 1.) S. ARN, nov. comb.

Jungermania lenuissima LEnM. & LINDENB.. Syn. Hep. p. 143, 1844,

Cephalozia tenuissima STEPHANI, Spec, Hep. 111 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 143. Above Bakoven 942.

Montagu; Bath Kloof 779. 794. Cogmans Klool 808.

Autoicous. Growing on soil. usually in thin, inlricate carpets, pale
green-dark purple. Stem up to 10 mm long and 70—90 y, in diameler,
yvellow-brown, sparsely branched. Corlical cells 10X20—24(—36) 1,
irregularly reclangular, walls of medium thickness, Cross-section shows
cortical cells with thickened walls, inlernal cells of the same diameler
(16—18 1) bul with thin walls. Leaves approximate-distant, on sterile
branches more distant, '/,
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 acule. denlate. frequently decolorized at the
apex. Sinus on flattened leaves about 150 , often with dellexed margin.

,—2/, bifide. obtusely conduplicate. on the
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Marginal cells 10—12 , internal cells up to 16 e Cell walls of medium
thickness. Oil-hodies 1—7(—9 in bracts) per cell, 2X2—23X8 y, colour-
less, marginal cells wilhoul oil-bodies. Cuticula slightly papillose-
smooth. Rhizoids abundant, colourless. Amphigasiria rather large,
bifid. Female bracts larger than the leaves, 2
cate and strongly dentated at the margin, connate to '/,. Perianth obo-
vate, rather broad and short, mouth dentate by 30 40 4 long cells,
when young purple, when older usually decolorized at the margin.
Spores 10 4, red-brown. Elaters 8 X130—150 1.

cntire

3 pairs. condupli-

Cephaloziella leonensis S. ARNELL nov. spec.

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

Holtentotts 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 y diam,
IFolia squarrose patula. ad ®/, bifida. carinata. lobi inaequales, triangu-
lares, dentati. Cellulae marginales 10—12 y. Amphigastria minima.
Folia floralia caulinis majora. Perianthia longa at tenuia, triplicata, ore
ciliato. Sporae 6—=8 1, leves.

Dioicous?. small and gracile, green, on soil. Stem up lo 6 mm long
and 60 in diameler, cortical cells 12—18X30—40 . Leaves rather
distant, up to *,—*/, bilobed, base diverging 90
lobes triangular, the dorsal lobe frequently longer. sparsely dentate by
prolruding cells, marginal cells 10—12 g, internal cells 12—18X20 .
in the mid line of the lobes, especially in the dorsal lobe, often long

45” from the stem,

cells, 10X30 34 . Sinus acule, up to 90°. Cuticula smooth or with
few fine papillae. Amphigastria small, mostly subulate. Female bracts
23 pairs, free, of the same form as the leaves but larger. Perianth
long and narrow. 3-plicate, mouth crenated by prolruding cells, 20
60 y. long, green or decolorized. Spores 6—38 1., light brown, with chloro-
plasts in the centre, cuticula smooth. Elaters 4+—8 n broad, yellow
brown. Capsule wall lighl brown, with semicircular thickenings, cells
10—12X30 . Gemmae 1-celled, round, from the margin. apex and
dorsal side of deformed leaves and amphigastria.

It looks like a gracile and small Cephaloziella 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 with perianth, b Sterile plant. ¢ Leaf.
d and g Bracteoles, ¢ Spore. f Cells from mouth ol perianth, h Female bracts.

once. They frequently grow mixed logether. The type specimen of Sim
(9787, Kloof of Constantia Nek) in National Ierbarium, Preloria. con-
tains both this species and another, idenlical with what I have described
as C. capensis, To judge from his drawings. | think Siv had the latter
in view when he described his species.

Cephaloziella capensis (Sim) S. ARNELL nov, comb.

Cephalozia capensis SiM. Trans. Royal Soc. S, Afr. XV, p. 87, 1926.
Cape Province, Peninsula: Constantia Nek, No. 467, Orange Kloof Foresl
Department No. 2198,

Dioicous?. on soil. green. Stem 2—3 em long. 60—90 y in diameter,
prostrale sub-erect. with few branches, corlical cells 12—14X20
(—40) p. mostly nearly quadrate, cuticula striated. Leaves approxi-
male——distant on sterile shoots. regularly arranged, lransversally inserted,
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FFig. 13, Cephaloziella capensis (SIS, ARNELL nov. comb. a Planl with perianth,
b Leaves. ¢ Margin of a female bract. d Sterile planl. ¢ Female hract.

sinus lunate. bifid to */,—?/,, lobes lanceolate, subacute, enlire, 6—-7
cells wide at the base, conduplicate. Culicula with few small papillae,
cell walls thin. no trigones. Oil-bodies not seen. Amphigastria small,
subulate, present only near the apex. Female bracts in 2—3 pairs. the
inner pair connate with each other and the bracteole, margin decolo-
rized, crenaled by protruding, thick-walled long cells and dentale.
The second pair has also a similar marsin. Perianth triplicate, with
low plicae also on the sides, obovale, decolorized in the distal '/,, mouth
crenaled by protruding long cells. Spores 10—14 g, brown, fine papil-
lose. Elaters 6100 p.

Cephaloziella marionensis S. ARNELL nov. spec.

Type: Bolus Herbarium No. 23884, South Allanlic, Marion Island,
legil Commander COPENHAGEN Feb. 1948,

Dioica, gracilis. Caulis ad 2 em longa. 60—80 . diam., pluriramosus,
cuticula papillosa. Ifolia bilobala ad '/, Iobi lanceolali, acuti. Cellulae
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marginales 1016 y., basa-
les 20X20 ., validae. Am-
phigastria desunt. Andro-
ecia inlercalaria, bracteis
concavis, ad '/, bilobis.
Dioicous, mixed with Ja-
mesoniella colorata, Stem to
2 em, 60-—80 1. in diameter,
repeatedly branched. Corli-
cal cells 10—12X16—20 .,
thick-walled, culicula with
rather large papillae. Leaves
distant, bilobed to /,. ovate,
lobes lanceolate, acute, 4—
5 cells broad at the base,
sinus acute. Marginal cells
10 16 p, internal cells up
to 20<X20 g, walls thick,
culicula papillose. Amphi-
gastrin absent. Female in-
[lorescence nol seen. Male
inflorescences  intercalary,
frequently several on the
same branch. Male bracts
large, in 4 10 pairs, mar-
gin entire — occasionally
dentated, 3 times as large

as the leaves. very concave,

14. Cephaloziella marionensis S. ARN. a Plant internal and basal cells up
androecium. b Leal. ¢ Lobe. d Male bract. to 20322 e

Key to the South African species of Cephaloziella.

a. Paroicous,
. Thread-like, dark brown. with small, short, concave leaves hardly broader than

the stem, amphigastria present, mostly barren. (. tabularis 5. ARN.
Of varving length, green-brown, leaves larger, often obligquely inserted, amphi-
gaslria fugitive, (.. Kiaerii (AUST.)

Autoicous or dioicous
Perianth on short lateral branches.
Leaves densely imbrieate, slightly concave. €. lycopodioides 1SIM]
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ce. Leaves with long trinngular lobes, conduplicate. lemale bracts serrate with often
recurved teeth. €. anthelioides S. ARN.

bb. Perianth apical on long branches.

¢. Leaves dentate and conduplicate, perianth short, female bracts connate basally,
amphigastria present. Perianth often purple with decolorized margin.

C. tenuissima |L. & L.} S, Al
cc. Leaves entire or only with an oceasional tooth.

d. Leaves conduplicate. lobes uncqgual, 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. feonensis S. ARN.

dd. Lobes of about equal size. amphigastria absent or fugitive.

e. Leaves bilobed to =3—%4 sinus obtuse, female bracts crenated.

€ capensis [SIM)
ce. Leaves nol so deeply bilobed, female bracts dentale, sinus acute.

. Male bracls smaller than the leaves, conduplicate, Prosirate. numerous rhizoids
the entire length. C. rodicans [SIM)

ff. Rhizeids only basally. Male bracts larger than the leaves. (.. natalensis [Sim)
(. marionensis with rough papillose cuticula. Dioicous. Male bracts bilobed to Us )

Summary.

The anthor describes the following new species from West Africa,
Sierra Leone: Riecia (Riceiella) undulata S, ArN.. Fossombronia occi-
dento-africana S. ARN. and from Soulh Africa: Riccia spongosa 5. ARN,
Riccia montaguensis 5. ARN.. Riccia rhodesiae S. ARN.. Fossombronia
capensis 5. ArRN., Fossombronia montaguensis S. ARN.. Fossombronia
densilamellata S. ARN.. Cephaloziella tabularis S. ARN. Cephaloziella
anthelioides S. Am~.. Cephaloziella leonensis S. ArN.. Cephaloziella
marionensis S. ARN. He also gives more complete deseriptions of Cepha-
loziella tenwissima (L. & L.) S, Arn., Cephaloziella lycopodioides |S1v)
S, AmN., Cephalozielln Kiaerii (Aust.) S. ARN. Riccia capensis
STEPHANL
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Nagra sddeskornsavtryck fran Sydsveriges
stendlder.

Av . HIIELMQVIST.

{With a summary in English.)

Alltsedan den danske forskaren SARAUW i slulel av 1800-talet bhor-
jade anviinda metoden att med hjalp av (illfilligtvis bildade avtryek
av siideskorn i keramik fran forhistorisk lid faststilla vilka sidesslag
som voro i odling under tiden ifraga. har sirskilt i Danmark med denna
melod en mingd bidrag limnats till kulturviixternas historia (i senare
lid séirskill av JESSEN och HELB.EEK). De uppgifier som foreligga fran
Sydsverige pa delta omrade (SAratw 1899, KigLpmark 1905, LIDEN
1940), iiro emellertid mycket sporadiska och delvis allmint hallna.
For alt i ndgon man fylla den lucka som alltsa finnes i kiinnedomen
om Sydsveriges ildsta kulturviixter har jag foretagit en granskning av
ett stort antal lerkiirl och lerskiirvor (de senare kanske c:a 20.000 i
antal) i Lunds universilels historiska museum fran den yngre sten-
aldern, var ildsta jordbrukstid, och ehuru hittills blotl elt ringa antal
kornaviryck patriffats. lamnas i det foljande en redogirelse for dessa
firsta fynd. For vilvilligt bistand tackar jag museets tjinstemin. sir-
skilt docent C.-A. ALTHIN och amanuens MATS PETERSSON,

Fran lidig dostid, enligt en utbredd uppflattning den forsta tid, da
jordbruk férekom i vart land, foreligger ell fynd fran en hoplats vid
Oxie (nr 28377 Bb) med ett tydligt kornaviryck. Aviryekel visar ven-
tralsidan av elt siideskorn. med den karakleristiska faran (fig. 1 a, 2 a).
Lingden ér 5.7 mm, bredden 2.8 mm. Till storlek och form Overens-
stiimmer aviryckel allisa viill med skalldst korn, och kommer
nira danska typer fran stendaldern. Strax intill kornaviryceket {innas
aviryck av tvii borst och troligen en del av ett tredje (fig. 1 b), vilka
hilda en grupp liksom de borstlika skirmfjillen i elt kornax och dir-
[6r sikerligen hora till samma art.

I en annan krukskiirva fran samma fynd (27857: 147) finnas tva av-
tryck, vilka av storlek och form att doma siikerligen firo av siideskorn,

!
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ehuru de lyviirr ej dro gjorda av venlralsidan. Det ena har en lingd
av 6.8 mm, bredden ir 3.2 mm (kornets bredd mojligen nagot mindre.
da aviryckel synes vara nagot snelt). Storlek och form. bla. den starkt
krokta rygglinjen, dverensstimmer med em m e r, Triticum dicoccum,
Nagol miirke av grodden ir dock ej svnligt. Del andra avirycket iir
ofullstéindigt och visar blolt nedre delen, ¢:a hiillften av ell korn. Bred-
den ir 3,0 mm. Aven delta liknar mest emmer i storlek och form. Om
bhada far alltsa siigas. att de sannolikt fro aviryck av emmerkorn.

En annan skiirva fran samma fynd (28377 B) har ett aviryck. som
ej dr bildal av ett sideskorn men som dock i detta sammanhang ér av
intresse. Avtryckel ir c:a 2,0 mm brell och minst 6 mm lingt (hela
lingden iir ¢j med) och forsett med lingsstrimmor. Sikerligen dr del
bildat av ell grisiro: el miirke vid basen kan motsvara grodden. Nagot
annat gris dn raglosta, Bromus secalinus, kan ej girna komma
i fraga.

Av ungelir samma alder som kornavirycken fran Oxie, d.v.s. fran
lidig doslid, ir ett aviryck i en tratltbigare fran St. Herrestad: Fred-
riksberg. Detta ar omtalat i den arkeologiska litleraluren som ett vete-
korn (Lex. hos MOBERG 1951). Avirveket. som iir bildat pa bhiigarens
insida, visar en nagol snedstiilld ventralsida av ett korn, Lingden ér
5,7 mm och hredden 3.0, och form och slorlek visa dirmed, atl det ir
skallést korn, medan vete har en mera brett rundad form.

FFran nagot senare dostid foreligger ett kornaviryck (fig. 2b) i en
lerskiirva fran Maglarp: Albicksborg inr 28443:3). Ocksa hiir dr det
friga om en ventralsida, och form och storlek iro nistan exakt de-
samma som i (oregiende fall: lingden ar 5,7, bredden 2.9 mm. Ocksa
detla aviryck dér alltsa bildal av skallost korn.

Bland de aviryck. som hirstamma fran ganggrifttid, ir ett av de
dldre omtalat och avbildat i litteraturen av RYDBECK (1938), som be-
tecknar del som ett velekornsaviryck. Det [innes i en tralthigare fran
Sodervidinge nr 20155), som enligt RypBECK hiirstammar fran gang-
grifttidens forsta tredjedel, och del var det aldsta aviryvek av detta slag,
som vid denna tid var honom bekant fran Lunds historiska museum.
Avtrycket dr bildat av ell korn. som varit alldeles inneslutet i hiigarens
viigg, och vid dess sonderlallande har del delats pa tva skiirvor; pid
den ena ér ventralytan avgjuten, pa den andra slorre delen av kornet,
Vid jimforelse mellan de bada avirycken framgar, att venlralvtan sna-
rast iir vinkelril mot kornels storsta genomskiirning, d.v.s. all kornets
bredd ir mindre dn dess hojd eller tjocklek. Bredden beriknades till
2,6 mm, hojden Lill 3,1 och ldngden till c:a 5,4, Della forhallande. att
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I'ig. 1. a avtryck av skallost korn fran Oxie, tidig distid: b borstaviryek av samma;
¢ aviryek av enkorn fran Sodervidinge, tidig gingerifttid; d aviryek av smiaxbas
av emmer [ran Nosaby, ganggrifttid; e smiaxaviryek av emmer frin Barsebiick,
Gillhig, ganggrifttid. Alla teckningar ulom d gjorda efter plastilinaavgjutningar. —
Impressions in pottery from Neolithic time of {a—»b) naked barley, gram and

bristles, {¢) small belt, (d ¢ emmer, spikelet base (spikelet fork) and spikelet, All

drawings, except d, made after plastilina casts, — < 5,

tjockleken dr markerat stérre in bredden. visar atl del ir fraga om
enk orn, Triticum monococeum, varmed fiven i vrigt dimensionerna
overensstiimma: en likhel dr ocksia den asymmelri, som ventralylan
visar och som viil alminstone Lill en del édr ursprunglig. T samma biigare
finnes fiven ett annal aviryvek. djupl insiinkt; bredden dir c:a 2.7, ljock-
leken c:a 3.6 mm, medan lingden ir ofullstindig. Forhallandet tjocklek :
bredd liksom den hir mycket starkt asymmelriska och sneda ventral-
ylan visa, all det édven hiir ir fraga om enkorn.

Till fyndet fran Sodervidinge hora ocksia manga lerskiirvor, och vid
genomging av dessa ha ocksa nfigra kornaviryek antriiffats, I5tt stérre
diggparti av en biigare visade salunda pa utsidan elt vackert aviryck
av enkorn (fig. 1 ¢). Att det var enkorn visades i detta fall frimst genom
den bagformigt rundade konturen av ventralsidan, utmiérkande [or
detla siidesslag, samt vidare genom de olikstora partierna pa émse sidor
om faran. Lingden var 5.7 mm, avirvekets bredd 2.5, da ventralylan
tydligen har varit nagot snedstiillld, har kornets bredd varit nagol
mindre. kanske c:a 2.2 mm. Tjockleken var ofullstiindig. En mindre
skirva visade ett aviryck av en venlralsida. 5,6 mm langl men med
bredd och tjocklek ofullstindiga. Pa grund av den bagformiga kon-
turen och den tydligen asymmetriskt 16pande faran maste detta ocksi
vara bildat av enkorn. Detsamma giiller om ett annat aviryek i en liten
skiirva (lingd 5.9, bredd troligen 2.2 mm}; det masle ocksa represen-
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tera enkorn. da de av ventralfaran skilda partierna éro olikstora och
olika hoga.

Del ér alltsa fem olika aviryck av enkorn, som iiro konstaterade i
fyndmaterialet fran Sodervidinge, medan aviryck av nagon annan arl
ej diir antraffats,

Fran Barsebiick: Gillhog foreligger ett stort antal lerskirvor, de
flesta fran ganggrifttid. T allméinhel sakna dessa fynd helt kornaviryck,
men i en fyndgrupp (fran ganggrifttid) antriffades flera aviryck. Tva
av dessa voro ofullstiindiga; att de bildats av sideskorn var dock tyd-
ligt, da ventralfaran viil framtriidde pa bada och ell mirke efter grod-
den var tydligh synligt pa del ena av dem. Bredden var i bada fallen
c¢:a 3 mm: Engd och tjocklek voro ofullstindiga. Med hiansyn Lill av-
iryckens form och de matt som Kkunde beriknas kunde man antaga,
alt de voro bildade savil av emmer som av skallost korn: da emellertid
emmer har en markeral smalare kornbas, medan den hir var brett
rundad, och di vidare kornens Ljocklek, om den ocksa ej var exakl
miithar, dock forefdll att vara mindre éin bredden, maste det vara fraga
om skallbst korn, Ett tredje aviryck visade en del av ett smaax (fig. 1 ).
Tva fjill framtriidde hiir; det ena, ytire var 6 ', mm langt, vasst kolal,
det andra skét nagot upp over delta. Till utseendel dverensstimde av-
tryckel med emmer eller enkorn, vilka bada ha skarpt kolade skiirm-
fjill; da det ej fanns miirke av nagon tand pa skirmfjillet som hos
enkorn, maste del vara fraga om emmer. Etl aviryck av elt korn i en
fjirde skiirva hdarrorde ocksa fran emmer: lingden var 7 mm, ljock-
leken c:a 3 mm, bredden ofullstiindig. ventralsidan var plattad. dorsal-
sidan villvd, Utom denna fyndgrupp. dir alltsa fyra kornavtryck
kunde faststillas, funnos i andra grupper enstaka aviryck, troligen hér-
rorande fran sideskorn. 1 en skiirva av en skonhalsskals (nr 9) fanns
salunda ett avtryck. som var 7.4 mm langt och ¢:a 3.4 mm brett, medan
tjockleken var ofullstiindig. dock troligen nagol storre éin bredden, och
ryggsidan var rundat viilvd. Helt sikert var detta avtryck bildat av el
emmerkorn (ryggsidan). Ett aviryck i en annan skal (nr 11) var tro-
ligen ocksa, med hiinsyn Lill den jimnl rundade formen, bildat av rygg-
sidan av ett sideskorn. Bredden var c:a 3 mm, lingd och Ljocklek
ofullstiindiga. Formen erinrade mest om skallost korn: sannolikt var
aviryveket hildat av detta sidesslag.

Aven av raglosta, Bromus secalinus, fanns det elt par aviryck i Gill-
hog-materialet. T en skal fanns det alltsa aviryck av tva bildningar
bredyid varandra, som il utseendet overensstimde med ell smaax-
fragment av Bromus secalinus, ell skirmfjill och en blomma déirovan-
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Fig. 2. Aviryek av skallost Korn fran olika stendldersfynd i Skane. Plastilinaavgjul-
ningar. « fran Oxie, ildre dostid; b fran Maglarp, Albiicksborg, nagot senare doshid,

¢ fran Svedala, Hyltarp, yngre ganggrifttid. Naked barley from Neolithic lime.
Plastilina casts of impressions i pottery {from three places in Scania. G X 1.,

Foto A. PERSSON,

for. I en skiirva av ett annat kiirl fanns aviryck av efl korn. ¢:a 5 mm
langt och 1.6 mm brett, med en svag lingsstrimma pa ryggsidan. Dimen-
sionerna iro desamma som hos smiirre frukler av Bromus secalinus.

I ett annal fynd [ran ganggrifttid, frin Nosaby (nr 28171), férekom
ett aviryck, som var bildat av ett siidesslag, om ocksa ej av ell” korn,
Det visade basalpartiet av ett smaax med de nedre, grovre delarna av
de bada skiirmfjillen (fig. 1 d). Liknande aviryck édro ofta funna bl.a,
i Danmark (»smaaaksforke»). De éro bildade av enkorn eller emmer;
till utseendet dverensstimma de ganska myckel hos dessa bada arter.
men vissa kvantitativa olikheler finnas, som niirmare pavisas av JESSEN
(1939). Det hiir foreliggande aviryekel dverensstiimmer i matten med
emmer, om del ocksa har relativt sma dimensioner i jamforelse med
recent emmer,

Slutligen finnes [ran yngre ganggrifllid ett sideskornaviryck i ell
lerkiirl fran Svedala: Hyllarp (nr 25573 g). Lingden ir 5.3 mm, bred-
den 2.7 mm. och genom storlek saval som lorm visas dirmed, all del
ar bildat av skallist korn (fig. 2 ¢).

I malerial fran ganggrifttid lanns aven ell aviryck. som visserligen
ej bildats av ell sideskorn men som anda ir av intresse, da det hiirror
fran en viixt, som mojligen varit odlad eller i varje fall statt i samband
med kulluren. I en skiirva fran Trolle-Ljungby: Hammaren iakllogs
namligen ett aviryvek, som maste vara bildat av en dpplekiirna. Ylan
var mycket slit och jimn. langden 6.7 mm, bredden c:a 2.4 (ej alldeles
fullstiindig), tjockleken e:a 4.0 eller majligen nagot mer (ej fullstindig) ;
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bredden var stor nira basen och avsmalnade starkt mot den smala
spetsen liksom hos dpple, varmed dimensionerna fiven visa dverens-
slimmelse.

Fran Lackalinga (ganggriftlid) fanns ell avtryck, som uppenbarligen
var bildat av Bromus secalinus; lingden var 5,7, bredden 2.0 mm, av-
smalnande sirskilt mot ena hallet; den ena sidan var rak och den
andra krokt, varfor avirycket tydligen visade kornel nagol fran sidan.

De siidesslag, som dirmed blivit konstaterade fran Skanes neotlithi-
cum, firo 1ol jande.

1. Skalldsl korn, en form av Hordeum polystichum, som er-
inrar om var, coeleste utan att dock helt 6verensstiimma ditrmed. Hiiray
ha sex aviryck pavisats, fran tidig dostid till yngre ganggrifttid, medan
ett sjunde avtryck, fran ganggrifttid, sannolikt ocksa hor hit. De dldsla
aviryeken (fran Oxie och St Herreslad: Fredriksberg) lillhéra den allra
lidigaste jordbrukskulturens lid.

Skallost korn ér tidigare pavisal fran Danmarks yngre stenilder av
SArAUw, vilken (se [1aTT 1937] fran denna tid anger 26 fynd med 40
aviryek dirav, medan han av skalkorn endast antrilfade 14 aviryck i
7 fynd. JESSEN (1939) har i Bundsd pa Als (ganggrifllid) fiven funnit
skallost korn, diremot ¢j skalkorn. Enligt BRONDSTED (1938, s. 141]
ga ett par fynd av skallost korn (Birkerod Mose och Bornholm: Vallens-
gaard] tillbaka 1ill den allra idldsta jordbrukstiden i Danmark. I'ran
Sydsverige synes ej nagon exakt uppgitt foreligga om skallost korn
fran forhistorisk tid, men JESSEN (1939] formodar, all de rikliga fvn-
den av Hordenm vulgare fran pilbyggnaderna vid Alvastra (ginggrift-
lid) Lillhora den skallosa typen. Detsamma giller sikerl om alminstone
nagot av de av SARAUW (1899} 1 korthet omniimnda kornfynden fran
sodra Sverige. utan nidrmare fyndortsuppgilt, alt doma av en uppgift
hos JESSEN och HELBEK (1944, s. 43).

Som visas av BRONDSTEDs (1938) och JEssENs (1939) framstill-
ningar, har skallost korn i Danmark varit den dldsta kornsorten, medan
skalkorn forst nagot senare kommit i odling. Ocksa {6r Slorbritannien
pavisa JESSEN och HELBEK (1944), all fynd av skallost korn éverviiga
under dldre perioder, medan senare skalkorn blir dominerande. 1 Sve-
rige ha forhallandena férmodligen varit likartade. Det skallésa kornel
har emellertid Linge hallit sig kvar i mindre ulslrickning; en form
dirav, himmelskorn, {6rekom 1 odling i Sverige, ehuru siillsynt, innu i
senare hiilften av 1800-1alel.

22 Ruotaniska Noliser 1852,
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2. Emmer, Triticum dicoceum. Av della siidesslag ha tre aviryck

antriffats fran ganggriftitid, medan elt fjirde fran samma period tro-
ligen hor hit. Fran tidig dostid (Oxie} foreligga tva aviryek, som ocksa
efter all sannolikhet iro bildade av emmer.

Av emmer dro lalrika fynd gjorda fran Danmarks neolithicum. IEn-
ligt HATT (a.a.) har salunda SArauw fran denna period anlriaffat 288
aviryek 1 40 fynd. ett antal som senare utdkats av andra forskare,
Ocksa [ran Sydsverige finnas ell par uppgifter om emmer. Fran sten-
alderboplatsen i Jiravallen vid Limhamn omtalar saledes KIELLMARK
(1905, s. 101) ett kornavtryek, som enligt SARAUWS bestiimning hiirror
frin en veteart, snarasl kanhiinda Triticum dicoccum, och fran sten-
aldersboplalserna i Jonstorpsomradet uppgiver LIDEN (1940) fynd av
tva korn och ett kornavtryck, varav ell av de forra dr bestimt till
emmer, medan betréiffande de biada andra fynden det uppgives, att de
tillhora vele, formodligen dtminstone i det ena fallel Triticum com-
pactum. Utan tvivel har emmern varil etl viktigt siidesslag i Skandi-
navien under stenaldern: sedan mycket liimge ér den hell férsvunnen
dérifran.

3. Enkorn, Triticum moneococcum. Av enkorn ha fem aviryck
antriffats, alla fran samma fyndplats (Sodervidinge) och fran éldre
ganggrilttid.

Enkorn iir relativt sparsamt representerat i SARAUws [ynd [rian Dan-
marks stenilder. Aviryck av detta siidesslag uppgivas endast {(ITaTT,
a.a.) [ran Iva fynd, bada pa Jylland; aviryckens antal var samman-
lagt 21. I'ran Bundsd pa Als foreligga emellertid enligl JESSEN (1939)
vtterligare talrika {ynd av Triticum menococcum, och dven fran Born-
holm dr elt aviryck kiint (BRONDSTED 1938, s. 140}, hirstammande
frin den allra éldsta jordbrukstiden. Fran Sydsverige synes det ej fore-
ligga nagon lidigare uppgifl om Tr. moenococcum, och [yndet [rin
Sodervidinge ér diirfor av ett visst intresse. Da kornaviryeken antriffats
i olika biigare och inga spar av andra sidesslag blivit funna, har enkorn
hiir sikerligen odlats som en sjilvstiindig odling och inte t.ex, i bland-
ning med emmer, som man kanske skulle kunnat viinta sig.

Liksom emmer har enkorn f6r mycket linge sedan hell kommil ur
bruk i Nordeuropa: till nuliden ha dessa siidesslag blott hallit sig kvar

pia europeiskl omriade — i nagra trakter med alderdomlig aker-
brukskultur i Mellan- och Sydeuropa.

Utom av de odlade siidesslagen ha aviryck dven palriffats av rag-
losta, Bromus seealinus, som formodligen féoreckommit som ogriis.
Hiirav foreligger ett aviryck fran dostid, medan tre avtryck [rian gang-



NAGRA SADESKORNSAVTRYCK FRAN SYDSVERIGES STENALDER 337

grifttid med storre eller mindre siikerhet f6rts hil. Frukter av denna
arl ha tidigare patréiffats 1 atskilliga forhistoriska fynd fran olika om-
riden. bla. [Greligga uppgifter fran Ungern (DEININGER 1890}, Schweiz.
Osterrike och Tyskland (NEUWEILER 1935. 1946), England (JESSEN
och HELBAEK 1944), de dldsta fynden dro fran stenildern. Aven
frin sodra Sverige (dreligga nagra fynd, ndmligen fran Jonstorpsom-
ridets gropkeramiska kultur i senare stenalder (LIDEN 1940). Bromus
secalinus forekommer ju numera som ogris i hostsiid av rig och vele
och &r en timligen utpriglad vinterannuell, som vid sidd om viren
ofta ej kommer till blomning under férsta dret. Man fragar sig da, om
niagol av de under neolitisk tid odlade sidesslagen odlats som hdstsid,
niirmast korn eller emmer, tillsamman med vilka raglostan ofta an-
triiffas 1 fynden. Detta fir val hogst osannolikt; troligare fr viil da, att
primitiva jordberedningsmetoder mojliggjort for Br. secalinus att halla
sig kvar fran det ena aret till det andra, som ett 2-arigt ogris. Man har
ocksi tinkt sig mojligheten, alt arlen varit odlad som sidesslag i for-
historisk tid (j{r LIDEN, a.a.).

Av dpple. Malus communis, har slutligen etl avtrycek patriffats,
fran ganggrifttid. Fran Danmark dr ell sadant aviryek kiint redan fran
distid (BRONDSTED 1938, s. 147), och fynd av dpple foreligga ocksa
fran de schweiziska palbyggnaderna (HEER 1866) och fran hoplatserna
vid Alvastra (WuULFF 1910). Pi den senare fyndplatsen har del konsta-
terats, att det forekommer dels storre, dels mindre [rukler, varfor man
anlagil, all den ena typen hiirstammat fran odlade trid (jfr HOLMBOE
1921, DAL 1945). D4 tiden dr ungefir densamma som [Or det skanska
fyndet, iir det ju ej otinkbart, att iven detta kan hiirréra fran ett odlat
Iritd, om det ocksé dr mest troligh. all del hirstammar fran en insam-
lad vildfrukt.

De kornaviryck, som i det [Oregaende omtalats frian Sydsveriges sten-
alder, firo ju relativl fa i jiimférelse med de talrika fynd, som gjorts i
Danmark under motsvarande tid. dir ocksa ett storre antal siidesslag
blivit faststillt, nimligen utom emmer, enkorn och skallost korn, de
dldsla, dven skalkorn och tva sorters vele (BRONSTED a.a.). 1 frimsta
rummet beror ju detta pa all det fran Danmark undersokta materialel
ir manga ganger storre dn det svenska, och delvis kunna ocksa till-
filligheter spela in, néir del géller fynd av denna arl. Man fir doek
kanske ocksid del inlrycket, att fynden av kornaviryck éro mera sill-
synta i Sydsverige, pa grund av en mindre utvecklad siidesodling under
frhistorisk tid. Fortsalla understkningar fa limna ytierligare bidrag
lill belysningen av denna fraga.
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Summary. Some cereal impressions from Neolithic time in South Sweden.

The author has made an investigation of impressions of cereal grains in South
Swedish pottery from Neolithic time, presenl in the Historical Museum in Lund.
Such impressions were stated Tor three kinds of cereals, viz. naked barley, emmer,
and small spell. Impressions ol naked barley were found even in poltery from the
early Dolmen Period, generally regarded as the first agricullural time in South
Sweden, Impressions o emmer were probably also present in pottery from this
time, though quile sure impressions could be staled only Irom the following period,
to which also the linds of small spell belong. Small spelt is apparently not formerly
reported from prehistorie time in Sweden,

In addition some impressions of chess, Bromus secalinny, and one such of apple,
Malus communis, were found, The possibility of the eultivation of the apple tree in
this time 1s briefly discussed.
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Litteratur.

Franz RUTTNER: Grundriss der Limnologie (Hydrobiologie des Susswassers|,
2. Aullage. — Waller de Gruyter & Co, 1952, Ganzleinen DM 16.80.

Rurryers bok ar av storsta varde [or studiet av limnisk ckologt, en forsk-
ning. som ligger vil Il for vara biologer. Limnologt ir en forskningsgren,
som kommit 1 gang relativt sent 1 vart land trots dess 96.000 sjoar. Det fore-
faller, som om sjoarna aro en allt for vanhig bestandsdel 1 var landskapshild
for att vacka forskarens intresse. Liknande forhallinde kan noleras fran
Norge. under det att finnarna och sarskilt danskarna higga fore oss.

For den limmologiskt intresserade ar RurT~ERrs hok oundganglig sisom
katekes. Aven andra hiologer, specielll bolaniska ekologer ha mveket att hamta
dar: den limnobolaniska ckologien ar forenklad och Iattare forstaelig, tack
vare den omstindigheten, att fuktighetslaktorn, som sa slarkt praglar den
terrestra vaxtekologien, hiar ar eliminerad. Likasa saknar temperaturfaktorn
de vtterligheter. bade temporall och termometriskt, som gilla for terra firma

Rurryer klargor forst biotopen 1 partiet »Das Wasser als Lebensraume,
som bildar bokens forsta halft och omfattar avsnitten »Die physikalische Um-
wellsbedingungens om 49 sidor och »Die gelosten Stoffe und thr Umsatz» om
48 sidor. T det forra ges en ingaende oversikt av vattnets interna fysik sami
sjons termik och dynamik, I det senare avsnitlet hehandlas koloxidens och
syvrets kretslopp, vilka har kunna foljas pa etlt sardeles ingaende satl. saml
sjovatinets mineraliska och aven organiska bestindsdelar. UL hitet kapitel om
minimilagen avslular.

PPa denna chologiska grund bygges partiet »Die Lebensgemeinschaften-, dar
avsoitiet - Das Plankton» mtar huvudparten. 57 sidor. Liter en kort historik
behandlas svavproblemet och planktonets sammansattning sami dess ulbred-
ning. speciellt 1 vertikal led, varvid neuslon 1 denna upplaga fitt uividgad
behandling. De temporala vaxlingarna i planklonsammansattningen har fort
farande en val knapp behandling. Planktonavsnittet avslutas med en oversikt
av det sa vikliga produktionsproblemet

De ovriga biocenoserna: litoral, »Aunfwuchs: samt zoneringen behandlas
ratt kortfattat, under det att sedimenten agnas 24 sidov. I fraga om dessa
diskuteras huvudsakligen de kemiska forandringarna vid sonderdelningen ay
de organiska sedimenten. Nyheler aro kapitlen om redox potentialen, skikt-
ningen och ulbytet mellan sediment och limnion.

At myrarna agnas ett kort kapitel. som av naturliga skil har foga att ge
at initicrad svensk publik. Darefter kommer et kapitel om del rinnande vatt-
nets biocenoser, dar helt naturligt den zoologiska sidan dominerar. Ett litel
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terminologiskt lexikon och en forteckning pa den vikligaste lilteraluren av-
slutar boken.

Denna upplaga ir i mianga delar, text och illustrationer, utvidgad och
utldkad med de viktigaste nya ron, som framkommit sedan forsta upplagan
1940. Sidantalet har formellt dkals med 65 sidor, tack vare en niagot minskad
lextyta fir den reella Okningen cirka 45 sidor.

Emvar TEILING,

A. F. Hini: Economic Botanyv., A Textbook of Useful Plants and Plant Pro-
duets. Second ed., MceGraw-Ilill Book Co. New York-Toronto-London 1952,
H60 5. 56 Sh.

Den nya upplagan av A. F. HiLes »Economie Bolany: dr en fullt modern
handbok i kiinnedomen om gagnviixterna. Forfattaren dr amerikan, research
fellow 1 ekonomisk holanik vid Ilarvard-universitetet, men om ocksd huvuod-
vikien ligges vid de viixler, som fro av intresse ur amerikansk syvnpunkf, si
behandlas acksa alla 6vriga, som firo av nagon belydelse i virldshandeln. For
varje vixt Iimnas en framstillning av dess viktigaste egenskaper, dess fore-
komst, eventuclla odling och dess anvindning; givetvis varierar framstill-
ningens utforlighet myveket alltefter vixtens betydelse. Bokens innehall idr
delat pa fvra storre avdelningar. Den forsta av dessa behandlar »Indusirial
plants and plant products:, etl mycket omfattande avsnitt, som behandlar
fiberviixter, skogstriid och skogsprodukler, firgvixter, gummi- och oljeviixter,
socker- och stirkelseviixter m.m. I den andra delen, »Drug plants and drugs».
behandlas medicinalviixter och deras anviindning, varvid fiven sa moderna
produkter som de av olika Streptomyees-arter erhiillna antibiotica, chloro-
mycetin, neomyein o.s.v., dro medtagna. T samma avdelning bhehandlas fiven
tobaksviixterna, en kanske nagot diskutabel anordning. Det tredje avsnittet
ger en framstillning ay niiringsviixterna, sidesslag, gronsaker och frukiviixter;
den mest utforliga skildringen far hiir vete, majs och ris. Det fjirde avsnitiel
slutligen handlar om kryddor och njutningsviixter.

A. F. HiLes bok dr Littldst ech rikt illustrerad. huvadsakligen med foto-
grafier. Manga av dessa visa viixter, som man kanske inte fir si van att se
avbildade i handbickerna: i regel fro illustrationerna goda, om ocksa en del
av dem kanske kunde ha varit nigot tydligare. Papper och tryck firo utmiirkta.

I viss man hildar :IEconomic Botanys en motsvarighel till del svenska
arbetet »Gagnviixters av JONSSON-SiMMoONS. Den kan emellertid vara ett imp-
ligt komplement till denna genom de niagol olika aspekter den anligger och
genom att den iir ford fram till fullt moderna forhallanden och bla. ocksa
fager hinsyn lill den utveckling, som foranletts av det andra viirldskriget.

IT. HIELMQVIST.
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Docentfiirordnanden. Fil. dr BeneT KinpMax har forordnals Lill docent i cyvto-
genetik och fil. dr MaTs W.ERN till docent i limnothalassologi vid Uppsala universitet,

Vetenskapsakademiens Linnémedalj. Vid sammantriide den 5 juni 1952 beslit
K. Vetenskapsakademien att utdela sin storre Linnémedalj i silver till professor
F. Firpas, Gittingen, och till statsgeologen dr. phil. J. IverseN, Kopenhamn, for
deras dven [or svensk velenskap betydelsefulla undersokningar rérande den Kvar-
tiara vegelalionshistoriska utvecklingen,

Forskningsanslag. K. Vetenskapsakademien har ur Enanderska
fonden utdelat 1.000 kr. till assistent K. H. MATTISSON {01 fortsall undersikning
av slaktet Dactylorchis i Fennoskandien och 1.600 kr. Lill fil. dr G. HacLuxp for
fortsatta studicer av sliktet Tararacum i Norden.,

Statens naturvetenskapliga forskningsrad har, [6rutom anslag
till fullfdljande av tidigare paborjade och av radet understidda undersikningar, fiven
utdelat oljunde anslag till bolanisk forskning: Till professor Il Burstros 7.000 kr.
for undersokningar dver auxinhomologers inverkan pa cellstrickningen och cell-
striickningens mekanism, Ll fil. dr G, Erorsaan 200800 ke, fér palynologiska lorsk-
ningar, Lill professor F. FAGERLIND 5.500 kr, for kompletierande insamlingar i
Buitenzorgs botaniska tradgard av morfologiskt, cmbryologiskt och  evtologiskt
material i sumband med en resa till Sydamerika, till docent M. FrIEs 1.500 kr. for
pollenanalytiska arbeten och 2.000 kr. (6r vegetationshistoriska undersékningar i
det centrala Vistergitland, Hll professor R. FLorIN och docent G. HarriNg 7.000 kr,
for forskningar vid Bergianska stiftelsen, till agr. dr G. JUuLeEN 1550 kro for under-
sokning av rinlgenbehandlad Poe pratensis, till fil. lie. €. L. Kignpasoer 8290 kr.
for embryologiska undersékningar inom sliktet Poa, sekt. Stenopoa oeh Tichopon,
till fil. le, N, LINNERMARK 12,000 kr, [6r vegelations- och markstudier inom Oslra
Skiines ds- och skogsomriaden, till fil, lic. F. LenpBerc 500 kr. for limnologiska
undersikningar i Dalarna, till laboralor A, NvGrEN 7.200 kr. for undersokningar
inom sliklena Calamagrostis och Poa, lill fru Evsa Nynors 4.740 kr. for ularbe-
tande av en illustrerad skandinavisk bladmossflora, till fil. de H. PErRssoN 1000 kr.
for bryologiska undersokningar pi Madeira, LIl professor €. SKOTTSBERG 3.430 kr,
for framstillning av vegetationskartor och klimatkurvor samt utférande av jord-
analyser och fdr arbetshjialp vid kromosombestimningar, till professor M. (. STAL-
FELT 17.300 kr. for undersikning av de ekologiska faklorernas inverkan pa profo-
plasmans viskositel och dirmed smmmanhiingande fysiologiska processer, 1ill docent
H. Virciy 5.000 kr. for undersikningar over proloplasmans spekirala kinslighet
med avseende pd viskosilelsforindringar och 2.900 kr. lor ljusretningsundersik-
ningar vid Carnegie Institution, Palo Alto. Californien. till docent S. (STERLIND
6.0G0 kr. for undersokningar rorande planktiska grénalgers oorganiska kolkillor,
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Jordbrukets forskningsrad har utdelat bla. fioljande anslag: ‘Till
assistent T, DeExwarn 600 kr. fér fortsatt undersikning av rodkloverns lertilitels-
forhallanden, Gl assistent S. ELLERSTrOM 3.600 kr. fir forlsalla undersékningar av
reaktionen gentemot varierande miljobetingelser hos olika kromosomtalsraser av timo-
tej. till Lil. dr [ GraxparLn och forste assistent E. J. OLDEN 5.100 Kkr. [6r leoretiska
undersikningar av befrukinings- och polyploidifirhallanden hos vissa dippelformer,
speciellt Mafus Sieboldii ech korsningsprodukier av denna, tll il mag. A, HAGBERG
och assistent S. ELLERSTROM 5.000 kr. for undersikning av effeklen av vicinisim och
inblandning hos artificiella polyploida marknadssortler, till professor N. HELLSTROM,
laboralor E. ABERG och docent E. AKERBERG 10.500 kr. for vissa forsok i samband
med en undersékning av kildhirdigheten hos raps och ryvbs, till laborator E. ABErG
2900 kr. ior kombmerade vixtfoljds- och ogrisbekimpningsforsok i kampen mol
flyghavre och 10.000 kr. for fortsalta undersbkningar over sambandet mellan mog-
nadsforloppel hos vissa kulturviixter och skordetriskningen.

Fonden fior skoglig forskning har beviljat bla, foljande anslag: Till
professor A, GUSTAFSSON 26.100 kr. {ir ell drs [Grsok att med hjilp av radioaktiva
isotoper klarligga niringsuppilagandet hos genetiskt skilda plantmaterial av olika
skogstriid, till fil. mag. J.-H. TEGNER 10.200 kr. for undersokning av skogsmarkernas
bakterier och deras betydelse for nedbryining av skogsforna, till professor H. BUr-
STROM 10,000 kr. for forisall undersokning dver sulfitaviutens verkan som gidsel-
och jordlGrbittringsmedel,

Frin Helge Ax:son Johnsons stiftelse ha (oljande anslag uldelals
till botanisk forskning: Till {il. lic. O. ANpErssoN 1000 ke. (Or avslutande under-
sikningar av den svenska ddelldvskogens storsvampar, Lill amanuens N.-O. Bose-
Manrk 2,000 kr. fdr fortsatta undersokningar dver accessoriska kromosomer hos fles-
tica pratensis, Lill docenl N, Hyraspenr 2000 kr. for fortsall arbete med verkel
sNordisk Kirlviixtfloras, HI1 il kand. A, Luxpguist 1500 ke, i undersikning av
tetraploidiens  inverkan pa sjilvsterilitel och inavelseffekt hos rig, Gl fil kand.
BERTA SANTESSON 1.0OGO Kr. 10r fortsatta undersdkningar dver polyploidi inom sliktet
Prunus.

Prefeklen [or Goteborgs Bolaniska triidgdrd B, LiNpQuist har erhiillit ett stals-
anslag & 2.500 kr. for en resa Gill Japan f6r studier av lypvariationen hos de ja-
panska skogsiriiden, sirskilt av sliklena Larix, Picea och Betula,
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