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Abstract  

Clement-Westerhof, J.A., 1987. Aspects of Permian palaeobotany and palynology, VII. The Majonicaceae, a new 
family of Late Permian conifers. Rev. Palaeobot. Palynol., 52:375 402. 

On the basis of rich vegetative and fertile material from the Val Gardena Formation in the Dolomites and 
the Vicentinian Alps, coniferous remains have been studied in detail with the aid of cuticle analysis. Except the genus 
Ortiseia Florin, three other natural  genera can be distinguished: Majonica nov. gen, Dolomitia nov. gen. and 
Pseudovoltzia Florin. Within both Majonica and Dolomitia a single species is recognized, Majonica alpina nov. sp. and 
Dolomitia cittertiae nov. sp., respectively. Within Pseudovoltzia two species can be recognized: P. liebeana (Geinitz) 
Florin and P. sjerpii nov. sp. 

The genera Majonica, Dolomitia and Pseudovoltzia are associated with ovuliferous fructifications and Majonica 
even with polliniferous cones and bisaccoid bitaeniate pollen grains. 

A new family-- the Majonicaceae--is  proposed to include the genera Majonica, Dolomitia and Pseudovoltzia. The 
family is characterized by a peculiar organization of the ovuliferous dwarf-shoots, i.e. the places of ovule-attachment 
on the lateral fertile scales varying from explicitly laterally situated to more or less shifted to the adaxial side of the 
dwarf-shoot. 

Riassunto  
In base al materiale ricco vegetativo e fertile proviente dalle Formazione di Val Gardena nelle Dolomiti ed Alpi 

Vicentine, reste delle conifere sono state studiate in detaglio con l 'aiuto dell 'analisi di cuticola. 
Oltre il genere Ortiseia, tre altri generi naturali  si puo distinguere: Majonica nov. gen., Dolomitia nov. gen. and 

Pseudovoltzia Florin. Ambie due Majonica and Dolomitia ~ riconnosciuto un solo species, Majonica alpina nov. sp. 
e Dolomitia cittertiae nov. sp. respettivamente. In Pseudovoltzia si possono distinguere due specie distinte: 
P. liebeana (Geinitz) Florin e P. sjerpii nov. sp. 

I1 genere Majonica, Dolomitia e Pseudovoltzia si sono associati con coni ovuliferi e Majonica perfino con cone 
pollinici e grani di pollini bisaccate e bitaeniati. 

Una famiglia nuova-- le  Majonicaceae---~ proposta in modo da includere i generi Majonica, Dolomitia e 
Pseudovoltzia. 

La famiglia sono caratterizzati per un' organizzazione particulare dei rami nani ovuliferi, i attaccamenti dei 
ovuli su foglie fertili laterali variata dalla posizione lateralemente evidente fino la posizione pifi meno rimossa dal 
posto adassiale del ramo nano. 

'Contribution to the UNESCO/IUGS International Geological Correlation Programme (IGCP) project No. 106: "Permo- 
Triassic Stage of Geological Evolution". 
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Introduct ion  

In outer Alpine parts of Western Europe two 
types of Permian floras have traditionally been 
distinguished: (1) Early Permian (Autunian or 
"Lower Rotliegendes") floras, characterized by 
the pteridosperm Callipteris, in combination 
with coniferous remains classifed as Walchia; 
(2) Late Permian (Thuringian or '~Zechstein") 
floras, characterized by coniferous genera, 
such as Ullmannia and Pseudovoltzia. These 
two types of floras are completely different 
from each other. 

While therefore elsewhere in Europe the 
Permian floras can be regarded as either Early 
Permian or Late Permian, the stratigraphical 
position of the Permian floras from the 
Southern Alps has remained obscure for a long 
time. 

Already in the second part of the nineteenth 
century fossil floras from the Southern Alps 
were described by e.g. Gfimbel (1877, 1879). 
Also the flora from Hungary, described by Heer 
(1876) may be regarded as an Alpine Permian 
flora. However, both from a taxonomic and 
stratigraphical point of view these floras were 
inadequately treated. The same can be said 
from more recent investigations by e.g. 
Leonardi (1951, 1967), Jung (1977), Remy and 
Remy (1978). 

Especially the Permian floras from the 
Val Gardena Formation (German: GrSdener 
Schichten) of the Dolomites became a source of 
controversy with respect to their stratigraphi- 
cal interpretation. For the greater part this is 
due to the interpretation of the coniferous 
remains which represent a dominant compo- 
nent of the Alpine Permian floras. The follow- 
ing coniferous genera have been regularly 
mentioned in floral lists: Walchia, Ullmannia 
and Voltzia (especially V. hungarica Heer). 
Pseudovoltzia, however, known from outer 
Alpine '~Zechstein" floras has not been de- 
scribed from Alpine Permian deposits. 

Joint occurrence of coniferous remains, as- 
cribed to Walchia (Early Permian) and Ull- 
mannia (Late Permian) respectively, gave rise 

to the suggestion that  the Alpine Permian 
floras could (at least partly) represent a Middle 
Permian (Saxonian or Upper Rotliegendes) 
age (e.g. Leonardi, 1967; Remy and Remy, 
1978). 

Investigations of the present author, how- 
ever, demonstrated that  the Walchia-like re- 
mains could well be ascribed to Ortiseia Florin, 
a Late Permian representative of the Walchia- 
ceae (Clement-Westerhof, 1984); moreover, veg- 
etative remains and prepollen assignable to 
this family have been mentioned from outer 
Alpine Late Permian deposits. 

In continuation of the study on Ortiseia, the 
author investigated other, frequently occur- 
ring Alpine Permian coniferous remains in 
order to establish their taxonomic position. 
While earlier authors based their identifi- 
cation only on the morphology of shoots and 
dispersed leaves (only Jung, 1977, described 
some badly preserved fructifications) the pres- 
ent author studied both vegetative and fertile 
remains in detail with the aid of cuticle 
analysis, similarly to the treatment of the 
remains of Ortiseia. 

The results of this study necessitate the 
introduction of new taxa. The present paper, 
therefore has the following objectives: 

(1) A detailed morphological-taxonomic 
study of the genus Majonica nov. gen. includ- 
ing descriptions of its ovuliferous and pollinif- 
erous organs. 

(2) A detailed morphological-taxonomic 
study of the genus Dolomitia nov. gen. includ- 
ing descriptions of its ovuliferous organs. 

(3) A detailed morphological-taxonomic 
study of two species of the genus Pseudovoltzia 
Florin 1927. 

(4) A comparison of Majonica, Dolomitia and 
Pseudovoltzia with other Late Permian coni- 
fers, determination of the degree of mutual 
relationship and classification of the genera 
concerned at a family level (Majonicaceae, 
nov. fam.). 

(5) A discussion on the implication of the 
organization of the Majonicaceae in conifer 
phylogeny. 



Localities 

Rich palaeobotanical  and paleopalynologi- 
cal collections have been made during several 
excursions to the Dolomites and the Vicenti- 
nian Alps. The material  under consideration 
originated from the Val Gardena Formation 
(German: GrSdener Schichten). Most localities 
delivered well-preserved material, both vegeta- 
tive and fertile, that  could be investigated with 
aid of cuticle analysis. 

The plant material  collected mainly consists 
of compressions, often preserved with epider- 
mal structure. With the exception of some 
shoots and cones, the remains are of rather  
fragmentary nature. The material studied ori- 
ginates from the Dolomites (localities Butter- 
loch and Taubenleck in the Bletterbach area) 
and the Vicentinian Alps (localities Scocchi, 
Ulbe and Casarotti). For a detailed survey on 
the Val Gardena Formation and the localities 
one is referred to Clement-Westerhof (1984). 

Techniques, storage and terminology 

Techniques 

Fossil-bearing fragments of siltstones were 
macerated by a t reatment  with Schulz's re- 
agent for 1-2 weeks, then washed in H20 and 
transferred to a dilute solution of NH4OH 
(bulk maceration). For fragments with a sandy 
matrix, a treatment with cold 45% HF for one 
day preceded the maceration. Selected fossil 
remains were mounted in glycerine jelly and 
sealed with paraffin. For rather  thick elements, 
ovuliferous dwarf-shoots, concave-grinded ob- 
ject  glasses were used. Larger plant fossils 
have been investigated by taking cuticle frag- 
ments and macerating these in tubes. Also 
pollen grains have been collected either by 
bulk maceration, or by treating fragments of 
polliniferous cones. 

Storage 

The collected material  and permanent slides 
are stored in the collections of the Laboratory 
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and Palaeobotany and Palynology of the State 
University of Utrecht,  The Netherlands. 

Terminology 

Since there is great variety in the descriptive 
terminology of various authors, some terms 
used in the present study are explained here. 

Terminology of elements of ovuliferous cones 
Bract: A foliar appendage of the cone axis. 
Ovuliferous dwarf-shoot: A lateral branch of 
limited growth, arising in the bract  axil. 
Scale: A foliar appendage of an ovuliferous 
dwarf-shoot; they can be divided into (a) sterile 
scales and (b) fertile scales (ovule-bearing 
foliar appendages). 
Ovule~seed: Because only cuticles are pre- 
served, it is not possible to distinguish with 
certainty in the present material between 
ovules and seeds. For practical purposes an 
ovule may be regarded as found at tached to 
ovuliferous dwarf-shoots, whereas seeds repre- 
sent specimens found dispersed. 

Another problem is the angiosperm-centred 
terminology of the seed. Terms as anatropous 
(often erroneously used for inverted) and 
atropous can not be applied. The present 
author therefore suggests the following termi- 
nology with respect to the organization of the 
gymnospermous seed: 
Seed axis: Line between abscission area, cha- 
laza and micropyle; when this line coincides 
with the longitudinal axis of the nucellus, the 
seed axis is straight, otherwise the seed axis is 
bent (e.g. in Ortiseia). The above-mentioned 
terminology refers to the ovule/seed itself. 
Related to the position of the ovule are the 
terms erect for micropyle averted from the 
cone axis and inverted for micropyle pointing 
to the cone axis. 

Terminology of cuticle structures 
A cuticle can reflect epidermal structure 

(two-dimensional) and/or shows its own struc- 
ture (idiocuticular characteristics). 
Stoma: Stomatal aperture together with the 
guard cells. 
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Subsidiary cells: Cells enclosing the stoma. 
Stomatal complex: Stoma together with subsidi- 
ary cells. 
Epidermal papillae: Papillae ornamenting the 
epidermal cells; they can be hollow (reflecting 
an epidermal structure) or solid (representing 
a cuticular structure). 

Diagnoses ,  mater ia l  and compar i sons  

The presence of Ullmannia in the Alpine 
Permian has been mainly suggested on the 
basis of vegetative material (Gfimbel, 1877, 
1879; Leonardi, 1967; Remy and Remy, 1978). 
Detailed study, however, with the aid of cuticle 
analysis, resulted in an association of "Ull- 
mannia" like vegetative material with ovulif- 
erous organs, different from the fructifications, 
generally ascribed to Ullmannia (Florin, 1944; 
Schweitzer, 1962) as well as from all other 
known coniferous ovuliferous fructifications. 
Moreover it is here considered that  within the 
material concerned two distinctive natural  
genera can be recognized (Majonica nov. gen. 
and Dolomitia nov. gen). 

With respect to the genus Pseudovoltzia it is 
demonstrated that  this genus, though never 
before described from this area is indeed 
present in the Alpine Permian; moreover two 
species can be distinguished, both represented 
by vegetative and fertile material. 

Majonica nov.  gen.  

Type-species: Majonica alpina nov. sp. 

Holotype of the type-species: Majonica alpina 
nov. sp. (Plate I, 1) 

Derivatio nominis: The genus is named after 
my family. 

Diagnosis: Conifer. Shoots bearing spirally 
arranged bifacial leaves. Heterophylly may 
occur. Shape of bracts rhomboid with acute 
apex. Ovuliferous dwarf-shoots almost freely 
arising in bract-axils, bilaterally symmetrical, 
showing two planes of symmetry, provided 
with a single or several sterile scales forming 
median part and two laterally emerging re- 
curved fertile scales forming the flanks. Fertile 
scales bearing, basally on their abaxial sur- 
face, an inverted ovule. Places of ovule attach- 
ment explicitly laterally situated. Fertile and 
sterile scales considerably connate, basal part 
of dwarf-shoot stalk-like. Rarely a third place 
of ovule at tachment  is present, centrally on the 
adaxial side of the dwarf-shoot. 

Ovule/seed bilaterally symmetrical, in cross- 
section triangular, seed axis straight. Basal 
part of integument extending into a flattened 
winglike differentiation, perpendicular on and 
in direct line with the abscission area. Micro- 
pylar area acute. Nucellus ovate, free for the 
greater part, perhaps to its base; pollen/arche- 
gonial chamber present. Megaspore membrane 
cutinized. 

Polliniferous cone simple; cone axis bearing 
numerous spirally arranged microsporophylls, 
slightly overlapping. Proximal part of micro- 
sporophyll arising at an angle of approxi- 
mately 90 °. Distal part subtriangular, basally 
rounded, apex acute, parallel to cone axis or 
slightly divergent. 

Pollen bisaccoid, bitaeniate. 
Epidermis of leaves, bracts, scales and mi- 

crosporophylls amphistomatic. Stomata ar- 
ranged in more or less irregular rows. Stomatal 

PLATE I 

Majonica alpina 
Shoots, leaves. 
1. Shoot (type 2), holotype, x 3 (prep. 755a; Taubenleck RTD). 
2. Shoot, in lower part bearing leaves with obtuse apex (type 2); in upper part bract-like leaves with acute apex and sinuate 

margins, x 5 (prep. 749; Taubenleck RTD). 
3. Leaf (type 3), basal part incomplete, x 3 (prep. 757; Taubenleck RTD2). 
4. Leaf (type 3), note long decurrent basal part, x 3 (prep. 756; Taubenleck RTD2). 
5. Shoot (type 2 3), x 5 (prep. 754a; Taubenleck RTD). 
6. Leaf (type 1) note stomatal rows, x 5 (prep. 759; Butterloch R78). 
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complexes monocyclic, provided with 5-10 
subsidiary cells. Epidermal cells ra ther  small. 

Status: Natural  genus. 

Majonica alpina nov. sp. (Plates I-V; Plate VI, 
1 5; Fig.l) 

Holotype: Prep. 755, Laboratory of Palaeobot- 
any and Palynology of the State University of 
Utrecht,  The Netherlands.,  (Plate I, 1). 

Locus typicus: Butterloch, Val Gardena, Italy. 
Stratum typicum: Val Gardena Formation. 
Derivatio nominis: The species is named after 

the area where the material  was collected. 
Diagnosis: Shoots bearing spirally arranged 

bifacial leaves. Observed width of axes up to 
5 mm; axes together  with leaves up to 30 mm. 
Leaves slightly overlapping, straight. Different 
shapes and dimensions of leaves indicating 
heterophylly: (1) Shape narrow-subtriangular  
with acute apex; observed dimensions up to 

Fig.1. Reconstruction of ovuliferous dwarf-shoot, bract 
and ovule of Majonica alpina, a. Dwarf-shoot with bract 
and ovule, adaxial view. b. Dwarf.shoot, ovule detached, 
lateral view. c. ovule, obverse view. d. ovule, obverse/obli- 
que view. br=bract, fs= fertile scale, ss= sterile scale. 

35 mm long, 6 mm wide; leaf base rhomboid, 
slightly decurrent;  this type of leaves possibly 
originating from main axes; (2) Shape ovate, 
apex obtuse, observed dimensions up to 10 mm 
long, 4 mm wide, margin sometimes sinuate; (3) 
Shape lanceolate, sometimes tapering, apex 
obtuse (to acute), observed dimensions up to 
30 mm long, 3 mm wide. Leaf bases of (2) and (3) 
decurrent  and completely covering the axes. 

Bracts up to 10 mm long, 6 mm wide, margin 
of apical part obviously sinuate. 

Ovuliferous dwarf-shoots up to 10 mm long, 
6mm wide, 3mm thick, mostly projecting 
beyond the bracts. Dwarf-shoots provided with 
1 5 sterile scales, (narrow) t r iangular  in shape 
with acuminate apex; shape of fertile scales 
ovate with obtuse apex; place of ovule-attach- 
ment lateral, diameter 1-1.5 mm. 

Ovule/seed in cross-section narrow triangu- 
lar, up to 15 mm long, 5 mm wide; length of 
wing up to 9 mm. Specimens mostly laterally 
compressed with a boomerang-like outline. 

Polliniferous cones up to 20 mm long, 10 mm 
wide. Distal part  of microsporophyll up to 
4 mm long, 4 mm wide, subpeltate with obvi- 
ously sinuate margin. 

Pollen bisaccoid, observed length 50 70/~m. 
Nexine smooth with proximal dilete mark. 
Proximal sexine differentiated into two tae- 
niae, which do not extend beyond the equator 
of the nexinal body. Taeniae characteris t ical ly 
of unequal shape, resulting in a subtr iangular  
sexine-free area. 

Basal parts of bracts, dwarf-shoots and 
proximal parts of microsporophylls non-stoma- 
tiferous. Apical and marginal stomata-free 
zones present on bracts and microsporophylls, 
up to 500 /~m long and 750 #m wide respec- 
tively. Frequency of stomata/mm 2 ranging 
from 65 on leaves of type (1) and (2) to 20 on 
leaves of type (3), measured halfway along an 
abaxial surface. On adaxial surfaces frequency 
always higher. Stomata arranged in more or 
less interrupted rows on leaves of type (1) and 
(2) and adaxial surface of leaves of type (3), on 
bracts and microsporophylls; on abaxial sur- 
faces of leaves of type (3) arrangement  in rows 
hardly recognizable. Adjacent stomatal com- 



plexes occurring rarely sharing a subsidiary 
cell. 

Diameter of stomatal complex approximately 
75 /lm sometimes slightly smaller on adaxial 
surfaces. Guard cells slightly sunken, mostly 
longitudinally orientated; 5-10 subsidiary 
cells, narrow trapezoid, bearing outwards 
pointing converging solid papillae, strongly 
developed on leaves of type (3), bracts and 
scales. Inner part  of subsidiary cells forming a 
shallow pit, sometimes widening outwards. 
Straight to convex distal walls of subsidiary 
cells sometimes overlapping epidermal cells. 
Subsidiary cells as strong as or slightly more 
cutinized than epidermal cells. Mean number 
of subsidiary cells per stomatal complex, 
measured on a single abaxial surface, ranging 
from 7.4-8, for adaxial surfaces this number is 
smaller. 

Epidermal cells larger on abaxial surfaces of 
long leaves (type 3); isodiametric, sometimes 
slightly stretched between stomatal rows, more 
stretched on leaf bases and abaxial surfaces, 
shorter on adaxial surfaces. Solid, distally 
placed epidermal papillae frequently occur- 
ring, but less developed or absent on leaves of 
type (2). Anticlinal walls of epidermal cells on 
leaves (type 1, 2) approximately 4 #m thick, 
thinner on other elements. 

Margin scarious, denticulate at bracts and 
microsporophylls. Cuticle thick, especially on 
leaves of type (1) and (2). Hypodermis present. 

Material and comparisons 

Material: The following material, collected 
in fair amounts from localities in the Dolo- 
mites and the Vicentinian Alps (except Ulbe 
and Casarotti) has been studied in detail: (1) A 
great number of shoots (Plate I, 1, 5); a single 
shoot, showing transition from obtuse leaves 
to bracts (Plate I, 2), probably a cone-bearing 
shoot; (2) Numerous leaves, representing type 1 
(Plate I, 6; Plate II, 1), type 2 (Plate II, 3-5), 
type 3 (Plate I, 3-4; Plate II, 2); numerous 
leaves with sinuate margins (Plate III, 2); (3) 
A cone fragment (originating from Scocchi, 
Vicentinian Alps), with at tached ovules 
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(Plate V, 2); numerous ovuliferous dwarf- 
shoots (Plate III, 5; Plate IV; Plate V, 1-2), 
sometimes with bracts (Plate IV, 1); dispersed 
bracts (Plate III, 1, 3, 4) and seeds (Plate V, 
3-9). It is useless to show more pictures of the 
a t tachment  of the ovules to the fertile scales, 
because in compressed material  the place of 
ovule-attachment is hidden between folds. (4) A 
polliniferous cone (originating from Seceda, 
Dolomites), some small cone fragments con- 
taining pollen (Plate VI, 4-5), numerous distal 
parts of microsporophylls (Plate VI, 1-2), 
numerous pollenclusters (Plate VI, 3). 

Comparisons: To justify the assignment of 
above-described coniferous remains to a new 
genus, a comparision with coeval coniferous 
genera from the Upper Permian of Western 
Europe is necessary. In this respect only 
genera from which both the ovuliferous fruc- 
tifications and the epidermal structure are 
known, can be taken into consideration. These 
include the Late Permian genera Ortiseia 
Florin 1964 (Clement-Westerhof, 1984), Pseudo- 
voltzia Florin 1927 (Schweitzer, 1962, 1963) and 
Ullmannia G6ppert 1850 (Florin, 1944; Schweit- 
zer, 1962, 1963; Ullrich, 1964). Also vegetative 
remains, assignable to U. bronnii, collected 
from Frankenberg W. Germany, locus typicus 
of this species, is taken into consideration, (see 
Plate X, 5-6; Plate XI, 1). 

It is obvious that  the genus Majonica differs 
in many respects from Ortiseia in organization 
of ovuliferous organs, (pre)pollen and epider- 
mal s t ructure  (Ortiseia: basal part  of dwarf- 
shoot not stalk-like but provided with 
scarcely connate  scales, a single fertile scale, 
ovule with three basal extensions and bent 
seed axis; prepollen monosaccoid; epidermis 
with dicyclic stomatal  complexes and hairs, 
see Plate XI, 5). 

Comparison of Majonica with Pseudovoltzia 
gives both differences and similarities: shape 
and a t tachment  of leaves different; organiza- 
tion of stomatal complexes shows resemblance 
but Majonica lacks the proximal thickening of 
subsidiary cells observed in Pseudovoltzia 
(Plate XI, 3-4). Both types of dwarf-shoots 
show laterally at tached fertile scales, but in 
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Majonica the ovule at tachment is explicitly 
lateral, the seed is winged and mostly laterally 
compressed. 

Comparison with Ullmannia gives some 
similarity in morphology of vegetative remains 
(especially U. bronnii: Plate X, 5). Nevertheless 
there are differences, especially in the epider- 
mal structure, such as arrangement of stomata, 
number of subsidiary cells per stomatal com- 
plex (in U. bronnii 8-14, see Plate X, 6; Plate 
XI, 1). However, comparison of the ovuliferous 
fructifications of both genera shows marked 
differences: The dwarf-shoots ascribed to Ull- 
mannia (by Florin to U. bronnii, 1944; by 
Schweitzer to U. frumentaria, 1962) consist of 
five completely adnated scales of which the 
median bears an inverted ovule. Also the ovule 
is totally different (compare Schweitzer, 1963). 

Some authors mentioned Ullmannia from 
Alpine Permian floras (e.g. Gfimbel, 1877; 
Leonardi, 1967; Jung, 1977; Remy and Remy, 
1978). It is not unlikely that  some of these 
remains represent Majonica. Very rarely the 
present author discovered leaf-remains whose 
epidermal structure matches that  of Ullmannia 
bronnii. 

Summarizing, it is here considered that: 
(1) Assignment of above-described coniferous 

remains to a new genus is justified. 
(2) The vegetative remains of Majonica show 

some resemblance to those of Ullmannia (see 
Clement-Westerhof, 1986; the remains, now 
assigned to Majonica were characterized as 
presumably assignable to Ullmannia), just as 
the epidermal structure. 

(3) The ovuliferous dwarf-shoots of Majonica 

show some resemblance to those of Pseudo- 
voltzia. 

(4) So far known the occurrence of Majonica 
is limited to the Alpine Permian where this 
genus represents an important component of 
the floras found in the Dolomites and the 
Vicentinian Alps. 

Dolomit ia  n o v .  g e n .  

Type-species: Dolomitia cittertiae nov. sp. 

Holotype of the type-species: Dolomitia cittertiae 
nov. sp. (Plate VII, 3). 

Derivatio nominis: The genus is named after 
the area where the material was collected. 

Diagnosis: Conifer. Shoots bearing spirally 
arranged bifacial leaves. Heterophylly may 
o c c u r .  

Ovuliferous dwarf-shoots more or less bila- 
terally symmetrical, provided with many ster- 
ile scales and three fertile scales of which two 
are laterally emerging and recurved and one 
median on the adaxial side, all showing basally 
on their abaxial surface a place of ovule 
attachment. Sterile and fertile scales moder- 
ately connate, basal part of dwarf-shoot stalk- 
like and relatively short, indicating partial 
fusion with bract. 

Epidermis of leaves and scales amphistoma- 
tic. Stomata arranged in more or less irregular 
rows or scattered. Stomatal complexes mono- 
cyclic, provided with 5 10 subsidiary cells. 
Epidermal cells obviously larger on abaxial 
leaf surfaces. 

Status: Natural genus. 

PLATE II 

Majonica alpina 
Leaves: epidermal  s t ructure .  
1. Leaf ( type  1), adaxial  surface,  note  a r r angemen t  of  s tomata  in d is t inct  rows, same specimen as figured on Pla te  I, 6, × 120 

(prep. 759; But te r loch  R78). 
2. Leaf  (type 2 3), abaxial  surface,  note  dis tal ly placed epidermal  papillae,  same specimen as figured on P la te  I, 5, × 120 

(prep. 754b; Taubenleck  RTD). 
3. Leaf  (type 2), x 120 (prep. 871; Taubenleck  RTD): a, abaxial  surface,  note  hypodermis;  b, adaxial  surface. 
4. Leaf  (type 2), abaxial  surface,  o r ig ina t ing  from holotype,  figured on P la te  I, 1, × 120 (prep. 755c; Taubenleck  RTD). 
5. Leaf  (type 2), abaxial  surface showing s tomata l  complexes,  × 300 (prep. 872; Taubenleck  RTB). 
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R e m a r k :  Bracts ,  ovules, pol l iniferous cones 
and pollen sofar  unknown.  

Dolomi t i a  c i t ter t iae  nov. sp. (Plate  VI, 6 8: 
P la te  VII; Pla te  VIII, 1-2; Fig.2). 

Holotype:  Prep. 752, L a b o r a t o r y  of Palaeobot-  
any and Pa lyno logy  of the  S ta te  Univers i ty  of 
Utrecht ,  The Ne the r l ands  (Plate  VII, 3). 

Locus  typicus:  But te r loch ,  Val Gardena,  
Italy. 

S t r a t u m  typ icum:  Val Gardena  Format ion .  
Der iva t io  nomin is :  The species is named af te r  

Dr. J.H.A. van  Koni jnenburg-  van Cit ter t ,  my 
ment r ix  in pa laeobotany .  

Diagnos i s :  Shoots  bear ing  spiral ly  a r r anged  
bifacial  leaves. Observed width of  axes up to 
5 mm; axes toge the r  with leaves up to 30 mm. 
Leaves  s l ight ly overlapping,  s t ra ight .  Different  
shapes and dimensions of leaves indica t ing  
he terophyl ly :  (1) Shape ovate;  observed dimen- 
sions up to 8 mm long, 4 nun wide; (2) Shape 
oblong to lanceola te ;  observed dimensions  up 
to 20 mm long, 5 mm wide. Sofar  observed leaf  
bases of  (1) and (2) decu r r en t  and comple te ly  
cover ing  the  axes and apices obtuse.  

Ovul i ferous  dwarf-shoot  up to 14 mm long, 
20 mm wide and provided with approx imate ly  
th i r t een  ster i le  scales, t r i angu l a r  in shape with 
acumina te  apex. The th ree  fer t i le  scales are  
oval with obtuse  apex, places of  ovule  a t tach-  
ment,  approximate ly  3 mm in diameter ,  on 
la tera l  scales scarcely  shif ted to adaxia l  side of 
the dwarf-shoot;  on median  scale the  place of 
ovule  a t t a c h m e n t  is dis tal ly bordered  by a 
pro tuberance .  

S tomata  on adaxial  leaf  surfaces  and scales 
a r ranged  in more  or less i r regular ,  of ten 

.fs 

,fs 

b 

Fig.2. Reconstruction of ovuliferous dwarf-shoot of Dolom- 
itia cittertiae, a. abaxial view. b. adaxial view. fs = fertile 
scale, ss = sterile scale. 

i n t e r rup ted  rows, on abaxial  leaf  surfaces  
scat tered.  Basal  par t  of dwarf-shoot  non-stoma- 
t iferous.  F requency  of s tomata /mm 2 rang ing  
from 50 (type 1) to 25 (type 2), measured  
ha l fway a long the abaxial  leaf  surfaces;  on 
adaxial  surfaces  f requency  of  s tomata  consid- 
erably  higher.  Adjacen t  s tomata l  complexes,  
somet imes shar ing  a subsidiary cell, occurr ing .  

S tomata l  complexes approx imate ly  90 pm in 
diameter ,  smal ler  on adaxial  surfaces;  guard  
cells s l ight ly  sunken,  most ly  longi tud ina l ly  
or ien ta ted ;  5-10 subsidiary cells, na r row trape- 
zoid; inner  par t  of  subsidiary cells forming a 

PLATE III 

Majonica alpina 
Leaf, bracts, ovuliferous dwarf-shoots. 
1. Bract, note sinuate margins, × 12.5 (prep. 737; Butterloch R1). 
2. Transition stage between leaf and bract, note sinuate margins and obtuse apex, × 12.5 (prep. 750; Butterloch R4). 
3. Bract with detached stalk-like basal part of ovuliferous dwarf-shoot on the left, note small fusion area, x 12.5 (prep. 745; 

Taubenleck RTD). 
4. Bract, abaxial surface, epidermal structure, x 120 (prep. 873; Taubenleck RTD3). 
5. Ovuliferous dwarf-shoot, epidermal structure, × 120 (prep. 874; Butterloch R4). 
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shal low pit and bear ing  hor izonta l  or inward  
point ing converg ing  solid papillae.  Subsidiary  
cells, especial ly on abaxial  surfaces  of ten 
s t ronger  cut inized t han  epidermal  cells, proxi- 
mal and ant ic l inal  walls th ickened,  distal  walls 
s t ra igh t  to concave,  sometimes s l ight ly  over- 
lapping epidermal  cells. Mean  number  of 
subsidiary cells per s tomata l  complex, 
measured  on a single abaxial  surface,  rang ing  
from 7 7.6, on adaxial  surfaces  this number  is 
smaller.  

Epidermal  cells isodiametr ic ,  obviously  
larger  on abaxial  leaf  surfaces,  especial ly  of 
leaves of type (2), of ten only  s t re tched  on leaf  
bases, sometimes provided with cen t ra l ly  
placed solid papillae.  Ant ic l inal  walls on 
leaves approximate ly  6 pm wide. 

Scar ious  margin;  cut ic le  thick,  especial ly on 
type (1); hypodermis  only  observed on scales 
of ovul i ferous  dwarf-shoot.  

Material and comparison 

Material: The fol lowing mater ia l ,  col lected 
from Ble t t e rbach  local i t ies  (outside this region 
Dolomitia is u n k n o w n  up to now) has  been 
studied in detail: (1) a single shoot,  5 cm long 
(Plate VI, 7); (2) several  leaves (Plate  VI, 6, 8; 
Pla te  VII, 1-2; P la te  XI, 2); (3) a single 
ovul i ferous  dwarf-shoot  (Plate  VII, 3-4; Pla te  
VIII, 1); several  f ragments  of dwarf-shoots  
(Plate  VIII, 2). 

Comparisons. To just i fy the ass ignment  of 
above-described coniferous  remains  to a new 
genus, a compar ison  with Ortiseia, Pseudo- 

voltzia, Ullmannia and Majonica is necessary.  
It  is obvious tha t  the genus Dolomitia differs in 
many  respects  from Ortiseia, but  compar i son  
with the o the r  genera  yields some in te res t ing  
resemblances.  

Th o u g h  leaves and epidermal  s t ruc tu re  dif- 
fer from Pseudovoltzia in the same respects  as 
Majonica, the ovul i ferous  dwarf-shoots  of 
Dolomitia and Pseudovoltzia (Plate  VIII, 4) 
show resemblances:  three  fert i le  scales of 
which the median  shows a pro tuberance .  As in 
Pseudovoltzia the  stalk-l ike basal  par t  of the 
dwarf-shoot  has been par t ia l ly  fused with the 
bract .  Dolomitia differs from Pseudovoltzia 
because  of the presence  of the fol lowing 
features:  a grea t  number  of steri le  scales and 
the la tera l  ovule  a t t achment .  

Compar ison with Ullmannia yields approxi- 
mate ly  the same resul ts  as the compar ison  
Majonica Ullmannia. With respect  to the mor- 
phology of the vegeta t ive  remains  and the 
epidermal  s t ruc ture ,  Dolomitia--even more 
than  Majonica--shows resemblance  to Ullman- 
nia (especial ly U. bronnii, see Pla te  X, 5 6: 
P la te  XI, 1). 

Compar ison with Majonica shows a r a the r  
s t rong affinity in morphology  of shoots  and 
epidermal  s t ruc ture .  Also compar ison  of the 
ovul i ferous  dwarf-shoots  indicates  relat ion- 
ship. Both  genera  are  charac te r ized  by la teral  
ovule  a t t achment .  Moreover ,  in Majonica 
sometimes a th i rd  place of ovule  a t t a ch m en t  
has been observed (Plate  IV, 2). Dolomitia 
differs from Majonica with regard  to the 
fol lowing features:  par t ia l  fusion of the dwarf- 

PLATE IV 

Majonica alpina 
Ovuliferous dwarf-shoots. 
1. Dwarf-shoot, provided with two sterile scales, apex of subtending bract visible, abaxial view, × 12.5 (prep. 738; 

Taubenleck RTD). 
2. Dwarf-shoot, provided with four sterile scales, note third place of ovule-attachment on adaxial side, × 12.5 (prep. 743; 

Taubenleck RTD). 
3. Dwarf-shoot, provided with a single sterile scale, place of ovule attachment visible, lateral view, x 12.5 (prep. 742; 

Taubenleck RTA). 
4. Dwarf-shoot, apical part, showing four sterile scales, × 12.5 (prep. 739; Butterloch R2). 
5. Dwarf-shoot, showing two places of ovule-attachment on both sides of stalk-like basal part, basal view, x 12.5 (prep. 740; 

Butterloch R2). 
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shoot  wi th  the bract ,  the  wel l -developed me- 
d ian  fer t i le  scale  and the g rea t  n u m b e r  of 
s ter i le  scales.  

Summar i z ing  it is here  cons idered  that :  
(1) Ass ignmen t  of  above-descr ibed  conifera-  

lean r ema ins  to a new genus  is justified. 
(2) The  vege ta t ive  r em a i ns  of Dolomitia show 

resemblance  to those  of  Ullmannia and Majon- 
ica, jus t  as the  ep idermal  s t ruc tu re .  

(3) The  ovul i fe rous  dwarf -shoots  of  Dolomitia 
show re semblance  wi th  those  of  Pseudovoltzia 
and Majonica (see Clement-Westerhof ,  1986; 
the dwarf-shoots ,  now ass igned  to Dolomi- 
tia were p r e s u m a b l y  a t t r i bu ted  to Pseudo- 
voltzia). 

(4) So far  k n o w n  the  occu r r ence  of Dolomitia 
is l imited to the  B le t t e rbach  a rea  in the  
Dolomites .  

Pseu dov o l t z i a  Florin  1927 

Flor in  es tab l i shed  the  genus  Pseudovoltzia 
on the  basis  of  shoots ,  ovul i fe rous  cones  and  
ep idermal  s t ruc ture .  Consequen t ly  Pseudovolt- 
zia can  be r ega rded  as a n a t u r a l  genus.  The 
only species  recognized  was P. liebeana (Gein- 
itz) Flor in,  the  type-species.  A second species,  
P.papillosa, es tab l i shed  by M~idler (1957) is 
genera l ly  cons idered  s y n o n y m o u s  to P. lie- 
beana. 

The presen t  a u t h o r  d i scovered  in Alpine 
P e r m i a n  deposi ts  remains ,  a ss ignab le  to Pseu- 

dovoltzia and recognized  wi th in  th is  genus  two 
species: P. liebeana and P. sjerpii, nov. sp. 

Pseudovoltzia liebeana (Geinitz) F lor in  (Pla te  
VIII ,  3 4; P la te  IX, 5; P la te  XI, 4). 

Description: Leaves  na r row- t r i angu l a r ,  apex  
acute ,  up to 30 mm long, 5 mm wide; l ea f  base  
con t r ac t ed  wi th  t endency  to l ea f  base  cushion.  

Ovul i fe rous  dwarf -shoots  b i l a t e ra l ly  sym- 
met r ica l ,  up to 1 0 m m  long, 1 2 m m  wide, 
p rovided  wi th  th ree  fer t i le  and  two s ter i le  
scales.  Fer t i le  scales  showing  basa l ly  on the i r  
abax ia l  sur face  a place  of  ovule  a t t a c h m e n t ,  on 
median  fer t i le  scale  c i rcular ,  of ten dis ta l ly  
bordered  by a p ro tube rance ,  on la te ra l  fer t i le  
scales  s l i t -shaped.  This  ind ica tes  t ha t  to ta l  
sh i f t ing  of ovules  to the  adaxia l  side of the  
dwarf -shoot  has  not  been  comple te ly  a t t a ined .  

Epidermis  of  leaves  and scales  amphi s toma-  
tic; basa l  pa r t  of  dwarf -shoot  non-s tomat i fe r -  
ous. F requency  of  s t o m a t a / m m  2 r a n g i n g  f rom 
30-45, measu red  ha l fway  a long  an abax ia l  
surface;  on adaxia l  sur faces  f requency  of 
s t o m a t a  higher .  S t o m a t a  a r r a n g e d  in s imple  
long i tud ina l  rows. Dis tance  of s t oma ta l  rows 
4--7 ep idermal  cells. 

S toma ta l  complex  sunken  a p p r o x i m a t e l y  75 
#m in d iameter ;  gua rd  cells sunken ,  longi tudi-  
na l ly  o r ien ta ted ;  4-10 t rapezoid  subs id ia ry  
cells, p rox imal  pa r t  th ickened ,  fo rming  ring; 
inner  pa r t  fo rming  a pit, bea r ing  conve rg ing  

PLATE V 

Majonica alpina 
Ovuliferous dwarf-shoots, ovules/seeds. 
1. Dwarf-shoot, provided with two nearly completely fused sterile scales, place of ovule-attachment visible at base of left 

fertile scale, abaxial view, x 12.5 (prep. 744; Butterloch R4). 
2. Dwarf-shoot, fragment with ovule (only apical part), originating from cone-fragment, adaxial view, x 12.5 (prep. 741a; 

Schocchi). 
3. Seed, small wing, lateral view, x 5 (prep. 747; Butterloch R4). 
4. Seed, showing nucellar beak on the left and abscission area on the right, note straight seed-axis, wing broken off, lateral 

view, × 12.5 (prep. 878; Butterloch R4). 
5. Seed, showing megaspore-membrane, abscission area and well-developed wing, lateral view, × 5 (prep. 746; Butterloch 

R4). 
6. Seed, obverse view, × 5 (prep. 748; Butterloch R4). 
7. Seed, showing abscission area, obverse view, × 5 (prep. 882; Butterloch R3a). 
8. Seed, showing abscission area, wing partly broken off, lateral/obverse view, x 5 (prep. 879; Butterloch R4). 
9. Seed, showing abscission area and small wing, lateral view, × 5 (prep. 880; Butterloch R4). 
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solid papillae on the rim. Distal walls of 
subsidiary cells thickened, slightly overlap- 
ping epidermal cells. Mean number of subsidi- 
ary cells per stomatal complex, measured on a 
single abaxial surface ranging from 6.4-7, on 
adaxial surfaces this number is smaller. 

Epidermal cells isodiametrical, between sto- 
matal rows rectangular.  (seldom irregular  
stretched), on adaxial surfaces shorter. Epider- 
mal cells often provided with central ly placed 
papillae (according to M~idler, 1957, the papil- 
lae in P. papiUosa are distally placed). Hypo- 
dermis often observed; cuticle thick. 

Material: The material  collected originates 
from the Butter loch area (Dolomites) and 
Scocchi (Vicentinian Alps), and consists of 
several dispersed leaves and a few dispersed 
dwarf-shoots. 

Discussion: The material  concerned has been 
compared with the material described and 
figured by Schweitzer (1962, 1963) and Ullrich 
(1964), and agrees on nearly all points. They 
did not mention in their  descriptions the 
tendency to leaf base cushions and (compare 
Schweitzer, 1963) the arrangement  of the 
fertile scales of the dwarf-shoot. According to 
Schweitzer they are arranged in one plane. 
However, the specimens figured by Schweitzer 
(1963, pl. I, 4-7), Florin (1944, pl. CLXXIX/ 
CLXXX, 14-15) and the present author  (Plate 
VIII, 4, present paper) show a longitudinal fold 
in the lateral fertile scales. This could indicate 
that  also in the material  described by Schweit- 
zer and Florin respectively, arrangement  of 
places of ovule a t tachment  in one plane has 
not been completely attained. 

Summarizing it can be stated that: 
(1) The above-described material  agrees in 

broad lines with the material, generally attrib- 
uted to P. liebeana; therefore inclusion in this 
species seems justified. 

(2) P. liebeana, well-known from the Zech- 
stein deposits, so far represents a minor 
component of the Alpine Permian floras. 

Pseudovoltzia sjerpii nov. sp. (Plate VIII, 5-8; 
Plate IX, 1-4; Plate X, 1-4; Plate XI, 3). 

Holotype: prep. 913, Laboratory of Palaeobot- 
any and Palynology of the State University of 
Utrecht,  The Netherlands (Plate X, 2). 

Locus typicus: Ulbe D, Vicentinian Alps, 
Italy. 

Stratum typicum: Val Gardena Formation. 
Derivatio nominis: The species is named in 

memory of my father Jan  Sjerp Westerhof. 
Diagnosis: Shoots bearing spirally arranged 

bifacial leaves, not or slightly overlapping, 
arising at an angle of 45 ° 90 ° , straight; shape 
ovate or (narrow) triangular,  apex obtuse 
(especially in smaller leaves) to acute. Ob- 
served length 4-12mm, width up to 4mm. 
Leave base cushions rhomboid, slightly decur- 
rent  and, so far as observed, completely cover- 
ing the axes. 

Shape and dimensions of ovuliferous cones 
unknown. Bract  rhomboid, apex acute, up to 
10mm long, 6mm wide. Ovuliferous dwarf- 
shoot flattened, approximately 7mm long, 
8 mm wide, provided with two sterile and three 
fertile scales (one median and two lateral) 
showing between middle and basal part  of their 

PLATE VI 

Majonica alpina (1-5): microsporophylls, prepollen; Dolomitia cittertiae (6-8): leaves, epidermal structure. 
1. Majoniea alpina, microsporophylls, distal parts, x 12.5 (prep. 887; Taubenleek RTA). 
2. Microsporophyll, distal part, note sinuate margins, x 12.5 (prep. 888; Taubenleek RTA). 
3. Prepollen, x 650 (prep. 884; Scocehi). 
4. Prepollen, x 650 (prep. 883; Taubenleck RTA). 
5. Prepollen, x 650 (prep. 885; Taubenleck RTA). 
6. Dolomitia cittertiae, leaf (type 2), x 5 (prep. 881: Taubenleck RTB). 
7. Two leaves (type 1), originating from a single shoot (prep. 894b; Taubenleck RTD). 
8. Leaf, epidermal structure, x 120 (prep. 893; Butterioch R4): a, adaxial surface; b, abaxial surface. 
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abaxial surface a place of ovule a t tachment  
more or less arranged in one plane and often 
distally bordered by a protuberance. Shape of 
sterile scales narrow tr iangular  with acute 
apex, shape of fertile scales obovate with 
truncate,  even concave apex. Ferti le and 
sterile scales considerably connate; basal part 
of dwarf-shoot stalk-like; short stalk indicating 
partial fusion with bract. 

Associated seeds ovate, seed axis straight, 
basal area broad, approximately 6 mm long, 
6 mm wide; micropylar area obtuse. 

Epidermis of leaves, bracts and scales am- 
phistomatic; basal part  of bract  and dwarf- 
shoot non-stomatiferous; marginal stomata- 
free zone present on bracts, approximately 
1 mm wide. Frequency of stomata/mm 2 rang- 
ing from 60-75, measured halfway along the 
abaxial leaf surfaces, on adaxial surface fre- 
quency of stomata higher. Stomata arranged in 
simple longitudinal rows; adjacent stomatal 
complexes frequent, sometimes sharing a sub- 
sidiary cell. Distance of stomatal rows 3-4 
epidermal cells. On small leaves arrangement  
in rows less obvious. 

Stomatal complex approximately 65 #m in 
diameter, monocyclic, slightly sunken. Guard 
cells sunken, longitudinally or obliquely orien- 
tated. 4-9 subsidiary cells, trapezoid, proximal 
half  thickened, forming an outwards bulging 
ring. Inner part  of subsidiary cells forming a 
moderately deep pit, bearing solid papillae on 
the rim, converging over and often completely 
covering the stomatal aperture. Subsidiary 
cells as strong as or slightly more cutinized 
than epidermal cells. Distal wall of subsidiary 
cells thickened, convex, slightly overlapping 
epidermal cells. Mean number of subsidiary 

cells per stomatal complex, measured on a 
single surface ranging from 6-6.6, on adaxial 
surfaces this number is smaller. 

Epidermal cells isodiametric-quadrangular,  
in stomata-free zones between rows sometimes 
slightly rectangular  or irregular stretched, 
shorter  on adaxial surfaces of leaves. Epider- 
mal cells rarely provided with solid papillae. 
Anticlinal walls straight, thickened in stoma- 
tal rows and approximately 5 pm thick. 

Margin slightly scarious, on bracts, scales 
and basal part  of leaves denticulate.  

Cuticle thick. Hypodermis on leaves and 
bracts weak; stronger developed on scales of 
fertile dwarf-shoots. 

Remark: Association of the seeds with the 
dwarf-shoots has been based on their  joint 
dominant presence in the deposits concerned. 

Material and comparisons 

Material: The following material, collected 
in fair amounts from the localities Ulbe and 
Casarotti  (outside these localities in the Vicen- 
t inian Alps P. sjerpii is, so far, unknown) has 
been studied in detail: (1) A few fragments of 
shoots (Plate VIII, 7); (2) numerous leaves 
(Plate VIII, 5-6; Plate IX, 1-3; Plate XI, 3); 
numerous dispersed ovuliferous dwarf-shoots 
(Plate IX, 4; Plate X, 2-4), bracts (Plate X, 1). 

Comparison: To justify the assignment of 
above-described coniferous remains to a new 
species, a comparison with P. liebeana is neces- 
sary. The comparison has been made on the 
basis of detailed descriptions of P. liebeana by 
Schweitzer (1962, 1963) and Ullrich (1964) 
together with material  from the Alpine Per- 
mian (Plate VIII, 3-4; Plate IX, 5; Plate XI, 4). 

PLATE VII 

Dolomitia cittertiae 
Leaves, ovuliferous dwarf-shoot. 
1. Leaf, epidermal structure, x 120 (prep. 892; Butterloch R2): a, adaxial surface; b, abaxial surface. 
2. Leaf, epidermal structure, abaxial surface, note irregular arrangement of stomata, same specimen as figured on Plate VI, 

6, × 120 (prep. 881; Taubenleck RTB). 
3. Ovuliferous dwarf-shoot, abaxial view, holotype, × 4 (prep. 752a; Butterloch R4). 
4. Same specimen as figured on 3, epidermal structure (prep. 752b; Butterloch R4): a, × 120; b, × 300. 
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The leaves of P. sjerpii are rather small and 
provided with a (mostly) obtuse apex. Probably 
heterophylly is not so conspicuous as in 
P. liebeana. 

With respect to the epidermal structure 
P. sjerpii shows the following differences: 
higher frequency of stomata/mm2; thickened 
ring formed by the proximal half of the 
subsidiary cells, very conspicuous; mean num- 
ber of subsidiary cells lower; epidermal cells 
rarely provided with papillae; hypodermis 
weakly developed. 

With respect to the ovuliferous dwarf-shoots, 
it can be stated that  the more or less circular 
places of ovule at tachment on the lateral 
scales in P. sjerpii indicate an arrangement of 
the fertile scales in a single plane. 

The (median) fertile scales in P. sjerpii often 
show a peculiar apex, not observed in P. lie- 
beana. Finally the dimensions of the dwarf- 
shoots in P. sjerpii are rather small, compared 
with those of P. liebeana. 

Summarizing it is here considered that: 
(1) Assignment of above-mentioned conifera- 

lean remains to a new species of Pseudovoltzia 
is justified. 

(2) The fertile scales of the ovuliferous 
dwarf-shoots are arranged in a single plane, 
which condition probably has not been com- 
pletely attained in P. liebeana. 

(3) So far observed the area of distribution is 
limited (two localities in the Vicentinian Alps). 
Where present, P. sjerpii represents a domi- 
nant component of the floras. 

A n e w  fami ly  of  Late  P e r m i a n  conifers:  
the  M a j o n i c a c e a e  

It is here considered that  Majonica, Dolomi- 
tia and Pseudovoltzia are sufficiently diagnosed 
in order to be regarded as natural  genera 
(compare Visscher et al., 1986); moreover they 
share enough characteristics to justify classifi- 
cation in the same family. The only two 
families which may be taken into consider- 
ation are the Voltziaceae (see Pilger and 
Melchior, 1954) and the Ullmanniaceae (see 
Zimmermann, 1959). 

Some authors assign Pseudovoltzia to the 
Voltziaceae (e.g. Remy and Remy, 1977). The 
Voltziaceae, however, represent in their pres- 
ent concept an unnatural  suprageneric cate- 
gory for various, mainly Triassic, coniferous 
taxa. The status of this "family" is well 
characterized by Townrow (1967) when he 
explained the classification of Voltziopsis at a 
family level: "The family Voltziaceae, an 
assembly of diverse fossils, provided a conve- 
nient resting place for the moment". Indeed, 
the type species of Voltzia (V. heterophylla 
Brongniart 1828) has been based on vegetative 
material, preserved without epidermal struc- 
ture, whereas other included taxa often are 
exclusively based on ovuliferous fructifica- 
tions. 

Zimmermann (1959) and Remy and Remy 
(1977) assigned Ullmannia to a separate family, 
the Ullmanniaceae, because of the peculiar 
organization of the ovuliferous dwarf-shoot. 

PLATE VIII 

Dolomitia cittertiae (1 2): ovuliferous dwarf-shoots; Pseudovoltzia liebeana (3 -4): leaf, dwarf-shoot; Pseudovoltzia sjerpii 
(5 8): leaves, shoot fragment, seed. 
1. Dolomitia cittertiae, ovuliferous dwarf-shoot, adaxial view, note three places of ovule a t tachment ,  same specimen as 

figured on Plate VII, 3, × 5 (prep. 752a; Butter loch R4). 
2. Dwarf-shoot, fragment showing sterile scales, abaxial view, x 12.5 (prep. 895; Taubenleck RTB). 
3. Pseudovoltzia liebeana, leaf, × 3 (prep. 896a; Butter loch R78). 
4. Ovuliferous dwarf-shoot, note slit-like places of ovule a t tachment  on lateral  fertile scales, × 5 (prep. 753a; Butter loch R4). 
5. P. sjerpii, leaves, note obtuse apex, × 5 (prep. 898; Ulbe). 
6. Leaf, note leaf-base cushion, x 12,5 (prep. 897; Ulbe). 
7. Shoot, fragment, × 5 (prep. 899; Ulbe). 
8. Seed, note place of ovule-attachment,  indicating s traight  seed axis, × 5 (prep. 911; Ulbe). 
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The epidermal structure of Ullmannia shows 
some resemblance with that  of Majonica and 
Dolomitia. However, the organization of the 
ovuliferous dwarf-shoot is totally different in 
Ullmannia. Therefore the present author  con- 
siders a classification of the three genera 
concerned in the family Ullmanniaceae (in its 
present concept) not appropriate. Since Majon- 
ica represents the most completely diagnosed 
genus (vegetative remains, ovuliferous and 
polliniferous organs) the most adequate proce- 
dure is the introduction of a new family, the 
Majonicaceae, comprising Majonica, Dolomi- 
tia and Pseudovoltzia. 

Family MAJONICACEAE nov. ram. 

T y p e - g e n u s :  Majonica n o v .  gen .  

Diagnosis: Conifers. Shoots bearing spirally 
arranged entire bifacial leaves; heterophylly 
may occur. 

Compound ovuliferous cones; cone axis bear- 
ing spirally arranged entire bracts with ovulif- 
erous dwarf-shoots freely arising in bract axils 
or partially fused with bracts. Ovuliferous 
dwarf-shoots bilaterally symmetrical, provided 
with 1-15 sterile scales and 2-3 fertile scales, 
bearing a single inverted ovule basally on their 
abaxial surface. Two fertile scales laterally 
emerging and recurved, the third, if present, 
median emerging on the adaxial side and often 
provided with a protuberance distally border- 
ing the place of ovule attachment. Places of 
ovule at tachment on lateral fertile scales 
explicitly laterally situated or more or less 
shifted to the adaxial side of the dwarf-shoot. 
Fertile and sterile scales moderately to con- 
siderably connate; basal part of dwarf-shoot 
stalk-like. 

Ovule/seed bilaterally symmetrical, seed 
axis straight. Nucellus ovate and not or 
scarcely fused with the single integument; 
pollen/archegonial chamber present; mega- 
spore membrane, so far observed, cutinized. 

Polliniferous cone simple, cone axis bearing 
spirally arranged microsporophylls, slightly 
overlapping. Pollen so far known, bisaccoid. 

Epidermis of leaves, bracts etc. amphistoma- 
tic; stomata arranged in more or less conspicu- 
ous rows or scattered. Stomatal complexes 
monocyclic, provided with many (mean num- 
ber ranging from 6-8) narrow trapezoid papil- 
late subsidiary cells. Solid papillae on epider- 
mal cells may occur. 

G e n e r a l  d i s c u s s i o n  

Composition of the Alpine Permian floras 

Vegetative remains: In combination with the 
conclusions of Clement-Westerhof (1984) the 
preceding chapters demonstrate that  the com- 
position of the Alpine Permian floras, with 
respect to the coniferous remains is different 
from what generally was assumed (Ortiseia, 
Majonica, Dolomitia, Pseudovoltzia rather 
than Walchia, Ullmannia, Voltzia). Earlier 
erroneous identifications were probably due to 
the fact that  the remains were exclusively 
studied on basis of the morphology of shoots 
and dispersed leaves. Only Florin (1964) used 
epidermal characteristics in his study on 
Ortiseia. 

It is emphasized here, that  especially with 
respect to coniferous remains, identification of 
vegetative material when only based on mor- 
phological characters is less reliable. This may 
be illustrated by the following examples: 

(1) Leaves with an obtuse apex, regarded as 

PLATE IX 

Pseudovoltzia sjerpii (1-4): Leaves, ovuliferous dwarf-shoot; Pseudovoltzia liebeana (5): Leaf. Epidermal structures. 
1. Leaf, x 120 (prep. 900; Ulbe): a, adaxial surface; b, abaxial surface. 
2. Leaf, abaxial surface, × 120 (prep. 901; Ulbe). 
3. Leaf, adjacent stomatal complexes, note thickened ring, x 500 (prep. 902; Ulbe). 
4. Ovuliferous dwarf-shoot, x 300 (prep. 909; Ulbe). 
5. Pseudovoltzia liebeana, leaf, abaxial surface, x 120 (prep. 926; Butterloch R4). 
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an important characteristic of Ullmannia 
bronnii (Plate X, 5) also occur in Ortiseia 
leonardii, O. visscheri (compare Clement-West- 
erhof, 1984, pl. II, 2; pl. XII, 2, respectively), 
Majonica, Dolomitia and Pseudovoltzia sjerpii 
(present paper, Plate I, 1; Plate VI, 7; Plate 
VIII, 6, respectively). Already Ullrich (1964) 
demonstrated that  some shoots, formerly as- 
signed to Ullmannia bronnii could be included, 
on basis of the epidermal structure, in Cul- 
mitzschia (a walchiaceous form-genus, see 
Clement-Westerhof, 1984; Visscher et al., 1986). 

(2) Heterophylly, assumed to be character- 
istic for Voltzia and Pseudovoltzia also occurs 
in Majonica and Dolomitia (present paper Plate 
I, 3; Plate VI, 6 respectively). 

The examples suggest that  vegetative re- 
mains originating from the Dolomites and 
Vicentinian Alps, formerly ascribed to Ullman- 
nia and Voltzia, could well belong to Ortiseia, 
Majonica, Dolomitia and Pseudovoltzia. 

Ovuliferous remains: Coniferous fructifications 
have been rarely described from the Alpine 
Permian deposits. When mentioned (e.g. Jung, 
1977; ovuliferous cones ascribed to Ullmannia 
and Voltzia) classification has been based on 
(badly preserved) morphological character- 
istics. 

The excellently preserved cuticles however, 
in the material studied by the present author, 
reflect not only epidermal structures, but also 
morphological features in detail. Especially 
with regard to ovuliferous fructifications this 
is of great potential, enabling both their 
association with vegetative remains and a 
detailed analysis of their organization. This 
has been demonstrated in the present study on 

the Majonicaceae. The ovuliferous fructifica- 
tions can be readily correlated with vegetative 
remains; their organization does not agree 
with the fructifications ascribed to Ullmannia 
and Voltzia. 

Recapitulating it can be stated that  ovulifer- 
ous fructifications as generally ascribed to 
UUmannia and Voltzia have not been collected 
by the present author from Alpine Permian 
deposits; the ovuliferous organs observed up to 
now may be assigned to Ortiseia and the 
Majonicaceae. 

It is interesting to note that  the organization 
of the ovuliferous dwarf-shoots of several 
Triassic conifers show a certain resemblance 
with the Majonicaceae, e.g. the fructifications, 
generally associated with Voltzia (compare 
Schweitzer, 1963). There also exists a resem- 
blance with the Late Triassic/Jurassic family 
Cheirolepidiaceae, both with respect to the 
epidermal structure and organization of the 
ovuliferous fructifications. This comparison 
will be discussed in a separate paper. 

Phylogenetic considerations 

Comparing the genera included in the Ma- 
jonicaceae in terms of primitive and derived 
characteristics it is here considered that  with 
respect to the ovuliferous fructifications Pseu- 
dovoltzia represents the most derived form: 
partial fusion of dwarf-shoot with bract, places 
of ovule at tachment on lateral fertile scales 
more or less shifted to the adaxial side of the 
dwarf-shoot. 

Majonica is primitive with respect to the 
nearly freely arising dwarf-shoots and the 
completely lateral ovule-attachment. However, 

PLATE X 

Pseudovoltzia sjerpii (1 4): bract, ovuliferous dwarf-shoots; Ullmannia bronnii (5-6): leaf, epidermal structure.  
1. Pseudovoltzia sjerpii, bract, on the left adaxial, on the r ight  abaxial surface, x 12.5 (prep. 904; Ulbe). 
2. Ovuliferous dwarf.shoot, showing three places of ovule-attachment,  holotype, × 12.5 (prep. 913; Ulbe). 
3. Ovuliferous dwarf-shoot, median fertile scale with place of ovule-attachment,  note peculiar  apex, x 12.5 (prep. 912; Ulbe). 
4. Ovuliferous dwarf-shoot, lateral  and median fertile scale, showing places of ovule.at tachment,  x 12.5 (prep. 906; Ulbe). 
5. Ullmannia bronnii, leaf, × 5 (prep. 918; Frankenberg).  
6. Leaf, epidermal structure,  note large papillae on subsidiary cells of s tomatal  complex at the top, x 120 (prep. 917; 

Frankenberg).  
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the seeds of Majonica show an unusual organi- 
zation which possibly represents a derived 
condition. 

Also Dolomitia seems to be more primitive 
than Pseudovoltzia because of the (nearly) 
lateral ovule-attachment and the large number 
of sterile scales. The short basal part of the 
dwarf-shoot indicates a partial fusion with the 
bract as in Pseudovoltzia. 

With respect to the ancestry of the Majoni- 
caceae it is here suggested that  some "Wal- 
chiostrobus" species sensu Florin (Walchiostro- 
bus has been emended to include only ovulifer- 
ous dwarf-shoots with a single fertile scale, see 
Visscher et al., 1986), especially those provided 
with many sterile scales and several fertile 
scales, may represent a possible ancestral 
form. The interpretation of Clement-Westerhof 
(1984) that  "Walchiostrobus" dwarf-shoots do 
not exhibit "stalked" ovules, but bear their 
ovules abaxially on fertile scales has been 
independently confirmed by observations of 
Meyen (1984). The suggestion that  these dwarf- 
shoots could represent an ancestral form 
would imply the assumption of a radial ar- 
rangement of fertile and sterile scales. Unfor- 
tunately, because of the compressed condition 
of the dwarf-shoots this is difficult to confirm. 

General conc lus ions  

(1) Late Permian coniferous remains from 
the Dolomites and the Vicentinian Alps can be 
assigned to the genera Majonica, Dolomitia 
and Pseudovoltzia. 

(2) These genera share enough character- 
istics to justify their inclusion in a separate 
family, the Majonicaceae. It is not appropriate 
to classify these genera in the Voltziaceae or 
Ullmanniaceae in their present concept. 

(3) The organization of the ovuliferous 
dwarf-shoots of especially Majonica and Dolo- 
mitia suggests an originally radial arrange- 
ment of fertile and sterile scales in their 
ancestral stock. 

(4) Pseudovoltzia represents the most derived 
form in the Majonicaceae with respect to the 
ovuliferous fructifications; shifting of the 
ovules to the adaxial side of the dwarf-shoot 
has been more or less attained. 

(5) The Majonicaceae could represent a 
transitional family between a group of Late 
Carboniferous/Early Permian conifers charac- 
terized by the organization of ovuliferous 
dwarf-shoots as found in species formerly as- 
signed to "Walchiostrobus" and Triassic coni- 
fers. 

(6) The composition of the Alpine Permian 
floras with respect to coniferous remains is 
different from what generally was assumed. 
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PLATE XI 

Ullmannia bronnii, Dolomitia cittertiae, Pseudovoltzia sjerpii, P. liebeana, Ortiseia leonardii, Majonica alpina: Stomatal 
complexes. 
1. Ullmannia br•nnii' n•te large papillae and great number •f subsidiary cells• same st•matal c•mp•ex as •gured •n Plate X" 

6 at the top, x 500 (prep. 917; Frankenberg). 
2. Dolomitia cittertiae, note large subsidiary cells and stout, short papillae, same specimen as figured on Plate VI, 8b, x 500 

(prep. 893; Butterloch R4). 
3. Pseudovoltzia sjerpii, note small dimensions of stomatal complex, thickened ring and papillae covering stomatal 

aperture, same species as figured on Plate IX, 3, x 500 (prep. 902; Ulbe). 
4. Pseudovoltzia liebeana, same specimen as figured on Plate IX, 5, x 500 (prep. 926; Butterloch R4). 
5. Ortiseia leonardii, two dicyclic stomatal complexes, note hair bases, x 500 (prep. 569; Butterloch R1). 
6. Majonica alpina, focus on guard cells, therefore papillae on subsidiary cells difficult to distinguish, x 500 (prep. 761; 

Butterloch R78). 
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