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Abstract 

The taxonomical treatment of the Spby Flora is continued in this work. 
The present paper is the second of 3 publications in which the flora will 
be described and the environmental and climatic conditions interpreted. 
A detailed description of leaf architecture and cuticular anatomy is given 
on the following species: Jug/ans acuminata Braun, Juglans juglandiformis 
(Sternb.) Giebel (no cuticle preserved), Alnus julianaeformis (Sternb.) Kva
cek et Holy, Castanea atavia Unger, Liquidambar europaea A. Braun, 
Ulmus pyramidalis Goeppert and Salix lavateri A. Braun sensu Hantke 
1954. 



Introduction 

In 1969 a new fossil flora was found in a clay bed at the top of the Odde
rup Formation in the SS?)by-Fasterholt area. A description of the plant 
locality has previously been given by the author (Christensen 1975, pp. 7-13). 
This paper also contained the first part of the taxonomical treatment of 
the SS?)by Flora where the following genera and species were described: 
Pinus thomasiana (Goepp.) Reichenbach , Taxodium dubium (Stemb.) Heer, 
Smilax weberi Wessel and Comptonia acutiloba Brongniart. 

The present paper is the second of 3 publications in which the SS?)by 
Flora is planned to be described. Hence this paper is descriptive and con
centrates on the taxonomy of the fossil plants. This description of the fossil 
plants community, together with the geological observations, may create 
the basis for interpretation of the environmental and climatic conditions 
shortly before the SS?)by-Fasterholt area was transgressed by the sea (Hodde 
Formation). 

In the present paper the author has modified his way of describing fossil 
leaf remains, and an attempt is made to bring the terminology in accordance 
with the descriptive terms given by Dilcher (1974) in his illustrated 
dictionary. 



Fig. I . J11 gla11s ac 11 111i11ata Braun. A- E: Leaves (leaflets) showin g variation in mor

phology, X I. 
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Systematic palaeobotany 

Family Juglandaceae 
Genus Jug/ans L. 
Juglans acuminata Braun 
(Pl. 1, figs . 1-6; pl. 2, figs. 2, 4-6; text-fig. 1, A-E; text-figs. 2 and 3). 

1845: Jug /ans (Carya?) acu111inata Braun - Braun, p. 170. 
1845: Jug/ans latifolia Braun - Braun, p. 170. 
1850: Jug/ans acuminata Braun - Unger, p. 468. 
1854: Jug /ans latifolia Braun - Unger, p. 25, pl. 6, fig. 2. 
1855: Ju g /ans pa/Iida Goepp. - Goeppert, p. 36, pl. 25, fig. 3. 
1855: Jug /ans seiboldiana Goepp. - Goeppert, p. 36, pl. 25, fig. 2. 
1859: Jug/ans vetusta Heer - Heer, p. 90, pl. 127, figs. 40- 44. 
1906: Ju g/ans acuminata Braun - Menzel, p. 26, pl. 2, fig. 5. 
1919: Jug /ans acuminata Braun - Krause! , p. 161, pl. 25, figs. 2, 6. 

Material: 67 more or less fragmentary leaflets (compressions) have been 
collected. Only 6 of these are complete . 

Description 

The leaflet. Pl. 1, figs. 1-6; text-fig. 1, A-E). The lamina is symmetrical, 
normally with an asymmetrical base. The form of the lamina is narrow 
elliptic or lanceolate. The smallest complete leaflet is 3.8 cm long, the 
largest is 11 .5 cm long, but fragmentary material indicates a length up to 
] 8 cm or more. The width is 1 .9 to 5.4 cm. The apex of the leaflet is 
acute or acuminate. The development of the bases is highly variable. They 
may be symmetrical, but normally they are asymmetrical with a variable 
degree of asymmetry. The bases appear acute, obtuse or even rounded. The 
margin of the leaflet is entire, and the leaflets are shortly petiolate. The 
venation is camptodromous. The midvein is stout, curved or straight, and 
gently tapering along length. The secondary veins are alternate or opposite, 
arising from the midvein at an angle of 45 to 70°. There is only smaller 
variation in the angle of divergence from base to apex. The secondary veins 
are curved abruptly , and the loop-forming branches are enclosed by tertiary 
vein arches. The intersecondary veins are composite. The tertiary veins 
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arise at an acute or right angle from the exmedial (lower) side of the 
secondary veins and at an acute or right angle from the admedial (upper) 
side. The tertiary veins that arise on the admedial side of the secondaries 
and curve to join the midvein are forming an acute or right angle with the 
midvein. The pattern of the tertiary veins is percurrent, the veins are forked 
and they are oblique to the midvein. The tertiary veins are predominantly 
alternate and there are 3 to 6 veins per cm secondary vein. The marginal 
ultimate venation is looped. The areoles are well developed and the arrange
ment is random. The shape of the areoles is pentagonal or irregular and 
they are small. The veinlets are simple and curved or branched. 

Epidermis. (PI. 2, figs. 2, 4-6; text-figs. 2, 3). The upper epidermis has a 
thin cuticle and is composed of 190 to 250 cells per 0.1 mm 2 • The shape 
of the cells is isodiametric or slightly elongate and they are 18 to 38 microns 
long. The arrangement of the cells is pentagonal and the anticlinal cell wall 
pattern is straight or rounded. The cell walls are 2 to 3 microns thick. 
The cells over the veins are elongate and they have square or oblique end 
walls. Surface ornamentation is absent. Trichome bases are present in the 
upper epidermis. They occur singly and are mainly confined to venation. 
The bases are widely spaced and there are about 10 to 20 per 1.0 mm 2 • 

Fig. 2. Jug/ans acuminata Braun. Upper epidermis with trichome base. 
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The trichome bases are strongly thickened and the diameter is 20 to 24 
microns. The base is surrounded by a radial arrangement of 7 to 9 associated 
cells. There has been no observation of attached hairs . 

A well developed palisade is found below the upper epidermis. The cell 
diameter is 8 to 15 microns and there are 700 to 900 cells per 0 .1 mm2

• 

The lower epidermis has a thin cuticle and is composed of approx. 300 
to 400 cells per 0.1 mm2 • The shape of the cells is isodiametric or slightly 
elongate, and they are 14 to 30 microns long. The arrangement of the cells 
is random with 3-, 4-, and 5-sided cells and the anticlinial cell wall pattern 
is rounded or undulate. The undulation is U-shaped and there are 0 to 7 
lobes per cell. The wave length is 8 to 16 microns and the wave amplitude 
is up to 6 microns. The cell walls are 0.5 to 1.0 micron thick and they have 
no special ornamentation. The cells over the veins are linear elongate and 
the end walls are square or oblique. The anticlinal cell wall pattern is 
straight and the lenght/width ratio is 1 / 1 to 5 / 1. The finest veins are not 
reflected in the cuticle. Surface ornamentation is absent. The stomata (badly 
disclosed in the Soby material) are variously orientated, slightly sunken and 
more or less equidistant. There are approx. 30 to 40 stomata per 0.1 mm 2 

(only few valid measurements) and their length is 16 to 20 microns. The 

Fig. 3. lug/ans acuminata Braun. Lower epidermis with stomata and trichome bases. 
A broken ha ir is attached to one of the bases. As shown on the figure the cuticle 
is onl y presserved over a nd near the veins. 
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accessory cells are poorly differentiated, they are similar in size to the rest 
of the epidermis cells and there are 4 to 6 {7?) in number. Further details 
in the stomata! complex is not known. Trichome bases are present in the 
lower epidermis. They occur singly and they are found both over veins 
and in areoles. The bases are strongly thickened, the diameter is 18 to 20 
microns and there are approx. 50 to 100 bases per 1.0 mm2 • A radial 
arrangement of 7 to 11 associated cells surrounds the bases. Fragments of 
hairs are sometimes found attached to the bases. These fragments are funnel
shaped, sometimes with transversal cell walls and they are all broken 15 to 
20 microns above the base. The further nature of these hairs is not disclosed 
in the fossil material. 

Discussion 

The S~by material examined is charaterized by an entire margin, the same 
type of venation and by appearing with the same texture and colour after 
the collodium-film treatment (Christensen 1975, p. 14). The colour is pale 
amber, and it differs from all other leaves in the flora. However, the shape 
and size of the leaves is highly variable. A broad variation is found in the 
leaf bases, and both symmetrical and asymmetrical specimens occur. 
By careful comparison with descriptions and figures of fossils from other 
Tertiary floras it becomes probable that the leaves should be considered as 
leaflets from the composite leaf of Juglans acuminata Braun. But as pointed 
out by Walther (1964, p. 31) the descriptions given on J. acuminata is by 
no means unambiguous. Identification of leaves with entire margins is often 
very difficult, owing to their lack of sufficient morphological characteristics. 
Besides, no fruits (nuts) of Jug/ans or leaflets attached to the rachis have 
been found in the S~by Flora. Thus a careful examination of the cutic]e 
was undertaken to clear up the problem on the generic affinity of the de
scribed leaves (leaflets). The preparation of the cuticle was very difficult, 
but even though some details are insufficiently illuminated, enough evidence 
was obtained to establish that the S~by leaflets belong to the genus Jug/ans. 
The identification of the fossil species is here based exclusively on morpho
logical characteristics as - to the author's knowledge - no description of 
the cuticle of Jug/ans acuminata Braun has previously been given. 

Comparison with recent material 

Jug/ans acuminata is normally compared with the recent Juglans regia. The 
similarity between the leaf morphology of the two species is evident. But as 
pointed out by Buzek (1971, p. 44) the leaflets of J. acuminata from North 
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Bohemia are more slender than the leaflets of J. regia. This is also the case 
with the S~by material. 

The tertiary veins in J. regia normally have a right angle of origin from the 
secondary veins, while the angle of origin more frequently appears acute in 
J. acuminata. Unbranched tertiary veins are often found in J. regia. In 
J. acuminata they arc normally branched and the smallest areoles are found 
in the fossil material. 

A comparison of the cuticle of the two species is only possible to a certain 
extent, as the cuticle of the fossil species is rather badly preserved. 

The cells in the upper epide,mis of J. regia are of the same shape and have 
the same arrangement as found in ./ . acuminata, but the cells are generally 
a little larger. The cell walls are undulate in the recent species and rarely 
straight as in ./. acuminata. The nature of the trichomc bases and the as
sociated cells has the same occurrence in the upper epidetmis of the two 
species, but the hairs are unknown in J. acuminata. 

A well developed palisade is found below the upper epidermis of both 
species, and the cells are of the same dimensions. 

The cells in the lower epidermis of the two species have the same shape, 
arrangement, size and type of undulation in the cell walls . The nature and 
occurrence of the trichomc bases is also the same. The stomata is slightly 
sunken in both species, and they have the same type of stomata! complex. 
Further comparison of the stomata is difficult because of insufficient data on 
the fossil material. The lenght of the stomata is generally smaller in./. acumi
nata (the width is not well defined and therefore not measured). But it must 
be taken into consideration that the stomata of J. regia roughly fall in two 
size groups, the large ones, about 35 microns long and the small ones, about 
25 mic,ons long, and the length of the smallest reaches the stomata! length 
in J. acuminata. Further, the number of accessory cells around the small 
stomata of J. regia is the same as in J. acuminata, while the number around 
the large stomata may even reach 11. 

Only fragments of hairs have been found attached to the trichome bases 
of the lower epidermis of J. acuminata. Some of these hair fragments contain 
more than one cell and they might represent the broken stalked capitate 
glands found in all species of Jug/ans. 

Jug/ans acuminata from the S~by Flora shows a broad and solid similarity 
to Jug/ans regia, which justifies the relationship to the genus Jug/ans. The 
differences pointed out here are clear enough to show that we are dealing 
with two distinct species. 

D.G.U. II. rk. nr . 108 11 
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Fig. 4. Jug/an s j11gla11di/on nis (Sternb. ) Gi ebel. A: T wo lea fl ets in original positio n, 
X I . B- D: Leafl ets showin g venati on, X I . E: Detail o f venation and leaf m a rgin. 
F: Leafl et from the basa l part of the lea f attached to a fragment of the rachis, X I . 
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Juglans juglandiformis (Sternb.) Giebel 
(Pl. 3, figs. 1-8, text-fig. 4, A-F). 

1825: Phy llites (Fraxnu s) jug/andijormis Sternb . - Sternberg, p. 37 , pl. 35, fig . 1. 

1849: Jug/ans bilinica Unger - Unger, p. 126, pl. 14, fig . 20. 
1850: Jug/ans hilinica Unger - Unger, p. 469. 
1852: Jug/ans jugla11dijon11is (Sternb .) Giebel - Giebel , p. 149. 
1861: Carya bilinica (Unger) Ettingshausen - Unger, p. 39, pl. 17, figs. 1- 8. 
1869: Carya bilinica (Unger) Ettingshausen - Ettingshausen, p. 46, pl. 51, figs. 6, 

13-15, pl. 52, figs. 4, 7- 11. 

1885: Ju g/ans bilinica Unger - Engelhardt, p. 361 , pl. 16, figs. 23, 28 , 29, pl. 17, figs. 
1- 3, 6, 7. 

Material: 96 more or less fragmentary leaflets (compressions) have been 
collected. Only 6 of these are complete. 

Description 

The leaflet. (Pl. 3, figs. 1-8; text-fig. 4, A-F). The lamina is symmetrical 
and the base is asymmetrical or occasionally symmetrical. The form of the 
lamina is narrow oblong, lanceolate or elliptic. The smallest complete leaflet 
is 6.5 cm long and the largest is 13.2 cm. The width is 1.6 to 4.6 cm in the 
middle part of lamina. The apex of the leaflet is acute or attenuate. The base 
is normally markedly asymmetrical, as the margin arises at an obtuse angle 
to the midvein on one side and at an acute angle on the other side of the 
leaflet. In a few leaflets the base is symmetrical and appears to be normally 
acute. The margin of the leaflet is toothed. It is serrate as the axes of the 
teeth are inclined to the tangent of the margin. The apical angle is acute 
or obtuse. The apical side of the tooth is straight or convex and the basal 
side is always convex. The sinuses between the serrations are angular and 
there are irregular intervals between the simple teeth. The teeth are extended 
on the complete margin. There are 14 to 20 teeth per 5 cm margin and the 
teeth are 0 .3 to 0.8 mm across. The leaflets with asymmmetrical base are 
shortly petiolate, while the leaflets with symmetrical base may have a very 
long extension of the midvein . The venation is camptodromous. The medvein 
is stout, curved or straight and gently tapering along length . The secondary 
veins are alternate or opposite, and they arise from the midvein at an angle 
of 55 to 75°. There is no regular variation in the angle of divergence from 
base to apex. The secondary veins are abruptly curved, and the loop-forining 
branches are enclosed by tertiary vein arches. The intersecondary veins are 
composite. The tertiary veins arise at an acute angle from both the exmedial 
(lower) and the admedial (upper) side of the secondary veins. The tertiary 
veins that arise on the admedial side of the secondaries and curve to join 
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the midvein form an acute angle to the midvein. The pattern of the tertiary 
veins is percurrent, the veins are forked and they are oblique to the midvein. 
The tertiary veins are predominantly alternate and there are 4 to 6 veins 
per cm secondary vein. The marginal ultimate venation is looped. The 
areoles are well developed and the arrangement is random. The shape of 
the areoles is quadrangular or pentagonal, and they are small to medium in 
size. The veinJets are simple or branched. 

Epidermis. The cuticle of the epidermis is very badly preserved. In a few 
cases shades of cells with straight walls, that probably belong to the upper 
epidermis, have been observed, but no details at all have been disclosed by 
the Spby material. 

Discussion 

The material examined seems to represent leaflets of a compound leaf. The 
leaflets are occasionally found in the sediment in a position corresponding 
to the arrangement of the leaflets of a compound leaf. In a few cases a 
leaflet is attached to a fragment of what is believed to be the rachis of the 
leaf. The presence of a few leaflets with a symmetrical base indicates the 
same thing as they probably represent terminal leaflets. 

The leaflets decribed here are normally known from the literature as 
Juglans bilinica Unger or more correctly as Juglans juglandiformis (Sternb.) 
Giebel; LaMotte (1944, p. 178). The determination of the Spby fossils is 
exclusively based on morphological identity with the described fossi ls and 
on a general resemblance to the recent leaves of the genus Juglans. But as 
the cuticle is extremely badly preserved it has not been possible to confirm 
the generic relationship. It is normally agreed that leaflets of the described 
type belong to the family Juglandaceae, but different generic names have 
been assigned to them. Unger (1861) uses the name Carya bilinica for these 
fossils, and as pointed out by Buzek (1971) they have a certain resemblance 
both to the genus Juglans and to the genus Carya. 

Knobloch (1969) describes similar leaves as Pterocarya paradisiaca 
(Unger) Iljinskaja, and he includes the original specimen of Juglans bilinica 
in the list of synonyms. In his discussion Knobloch (1969, p. 68) points out 
that no problem exists in separating leaflets of Pterocarya from leaflets of 
Cyclocarya. This has been pointed out by Mai (1963, p. 50). Later Knobloch 
draws attention to the morphological differences between the leaflets of 
Pterocarya and Carya, but no comments are made on how to separate 
leaflets of Pterocarya from serrate leaflets of Juglans. Walther (1964) claims 
that a determination of the leaflet of the different genera should be possible if 
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venation, margin, base and apex of the leaflets are well preserved. The 
characteristics of the genera are summarized in his fig. 3, p. 29, but 
unfortunately leaflets of Pterocarya are compared only to entire-margined 
leaflets of Juglans. 

The fossil leaflets from Spby seem to bear the largest resemblance to the 
genus Juglans. However, this indication has not been supported by evidence 
from the cuticle or from the presence in the Spby deposit of any fruits of the 
Juglandaceae. Until further evidence is provided it cannot be considered 
as proved that the Spby fossils belong to the genus Juglans and not to the 
genus Pterocarya. 

Fruits of Pterocarya have previously been reported in a large number 
from the sligthly older Fasterholt Flora of the same area (Koch et al. 1973). 
Until now these are the only fruits of the Juglandaceae found in this flora, but 
this might only reflect the different environments . 

Family Betulaceae 
Genus Alnus B. Ehrh. 
Alnus julianaeformis (Sternb.) Kvacek et Holy 
(Pl. 4, figs. 1-IO; pl. 5, figs. 2, 4-6; text-fig. 5, A-I; text-figs. 6, 7). 

1823: Plzyllites julianaefonnis Sternb. - Sternberg, p. 37, pl. 36, fig. 2. 
1847: Fagus jeroniae Ung. - Unger, p. 106, pl. 28, figs. 3, 4. 
1866: F agus feroniae Ung. - Ettingshausen, p. 126, pl. 15, figs. 12--22, pl. 16, fig. I. 
1934: A lnus feroniae (Ung.) Czeczott - Czeczott, pp. 109-116, text-figs. 29, 30. 
1954: A lnus attenuata Geopp. - Krause! et Weyland, p. 132, pl. 28, figs. 5, 6, pl. 29, 

figs. 1, 2, text-figs. 1, 13. 
1971: A lnus feroniae (Ung.) Czeczott - Kilpper, pp. 349-352, text-figs. 1-3. 
1974: Al1111s julianaeformis (Sternb.) Kvacek et Holy - Kvacek et Holy, pp. 367-372, 

pl. 1, figs. 1-7, pl. 2, figs. 1-7, pl. 3, figs . 1-6, pl. 4, fig. 1, text-fig. I. 
1975: Fagus feroniae Ung. - Mathiesen, p. 14, text-fig. 9, A-E. 

Material: 115 more or less fragmentary leaves (compressions) have been 
collected. 19 of these are complete. 6 female catkins have been found 
associated with the leaves. 

Description 

The leaf. (Pl. 4, figs. 1-8; text-fig. 5, A-1). The lamina is symmetrical and 
it normally has a symmetrical base. The form of the lamina is elliptic or 
narrow ovate (lcnght/width ratio approx. 2/ 1). The smallest complete leaf 
is 4.2 cm long and 2.0 cm wide, while the largest is 7.6 cm long and 3.9 cm 
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Fig. 5. Alnus julianaeformis (Sternb.) Kva~ek et Holy. A-I: Leaves showing morpho
logy and venation, X I. 
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wide. The leaf apex is acute or acuminate. The leaf base is somewhat 
variable. It varies from decurrent acute to normal obtuse, but the most 
common type is cuneate acute or obtuse. The leaf margin is toothed. It is 
serrate as the axes are inclined to the tangent of the margin. The teeth fall 
into two size groups. The larger, served by the secondary veins, have an 
acute apical angle. The apical side of the tooth is straight or concave and 
the basal side is acuminate. There are 1 to 3 smaller teeth per intercostal 
field and they are of the same type as the larger teeth. The sinuses between 
the serrations are angular. The teeth are extended on the whole margin. There 
are 5 to 7 larger teeth per 5.0 cm margin and they are 0.8 to 1.5 mm across. 
The smaller teeth are 0.2 to 0.6 mm across. The leaves are petiolate. The 
length of the petiole is up to 1.2 cm or even more. The venation is simple 
craspedodromous. The medvein is moderate, straight or curved and gently 
tapering along length. The secondary veins are opposite or nearly opposite 
near the base but they become alternate toward the apex. The angle of 
divergence is 30 to 55 ° and the angle gradually decreases from base to apex. 
The secondary veins are straight or gently curved and run directly into the 
larger teeth. Branching of the secondaries occasionally occurs. The tertiary 
veins arise at a right or almost right angle from both the exmedial (lower) 
and the admedial (upper) side of the secondary veins. The tertiary veins 
arising on the admedial side of the secondaries curve to form a right or 
almost right angle to the midvein. The pattern of the tertiary veins is 
percurrent, the veins are simple or forked and they are oblique to the 
midvein. The tertiary veins are predominantly alternate and there are 5 to 7 
veins per cm secondary vein. The quarternary veins are orthogonal. The 
smaller teeth in the leaf margin are served by quarternary veins arising from 
the tertiary vein running along the leaf margin. The areoles are well developed 
and the arrangement is orientated. The shape of the areoles is quadrangular 
or pentagonal. They are small and the veinlets are branched or unbranched. 

Epidermis and internal structures. (Pl. 5, figs. 2, 4-6; text-figs. 6, 7). The 
cuticle of the upper epidermis is thin and it is composed of approx . 500 cells 
per 0.1 mm2• The shape of the cells is isodiametric or slightly elongate and 
the lenght is 10 to 18 microns. The arrangement of the cells on the whole 
is pentagonal and the anticlinal cell wall pattern is rounded or straight. The 
cell walls are 1.0 to 1.5 microns thick. The cells over the veins are elongate 
and the cell walls are straight. The finer veins are reflected in the cuticle. The 
cells in the leaf margin are of the same type as the normal epidermis cells in 
the non-venous area, but the cell walls are a little thickened. The trichome ba
ses are widely spaced and they are mainly found over the veins. They normal-
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ly consist of 4 strongly cutinized cells and the diameter of the base is 19 to 
23 microns. 

Occasionally a hypodermis is observed below the upper epidermis. The 
cells are isodiametric and markedly larger than the cells of the upper 
epidermis. They are 26 to 38 microns across. 

Palisade cells are sometimes preserved in the Spby leaves. They are 
about 10 microns in diameter. 

The cuticle of the lower epidermis is very thin , often badly preserved, and 
the following description is only based on a few preparations. The epidermis 
is composed of approx. 450 cells per 0.1 mm2 • The shape of the cells is 
isodiametric and they are 15 to 23 microns long. The arrangement of the 
cells is pentagonal and the anticlinal cell wall pattern is undulate. The wave 
length is 7 to 10 microns, the wave amplitude is approx. 3 microns and there 
are up to 7 lobes per cell. The cell walls are 1.0 to 1.5 microns thick. The 
cells over the veins are elongate and the cell walls are straight. Trichorne 
bases with 4 strongly cutinized cells are found over the veins. They are 
identical with those found in the upper epidermis, but they appear more 
frequently. The stomata are variously orientated, undepressed and more 
or less equidistant. They are 19 to 24 microns long and 17 to 22 microns 
wide. The outer stomata! ledges are conspicous and in many cases only 

Fig. 6. Alnus julianaeformis (Sternb.) Kvacek et Holy. Upper epidermis with a strongly 
cutinized 4-celled trichome base over a vein. 
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these are preserved. The accessory cells are not differentiated in any way 
from the normal epidermis cells. A large number of unbranched simple 
hair~ are found in the corners where the secondaries arise from the midvein. 
They are 70 to 180 microns long and they are approx. 10 microns thick 
near the base. The hairs are found over the veins (midvein, secondary vein 
and higher order venation) in this particular area and they leave a simple 
one celled hair base 10 to 13 microns across. 

Female catkins. (Pl. 4, figs. 9, 10). The female catkins are poorly preserved 
and do not allow detailed examination. The only information to be given 
here is that the compressed catkins are 1.7 to 2.0 cm long and 1.3 to 1.6 
cm broad. 

Discussion 

Comments on the typication and the systematics of A lnus julianaeformis have 
recently been given by Kvacek and Holy (1974, pp. 368-369). They put 
forward that Sternberg's specific name should be used instead of the more 
commonly used name Alnus feroniae (Ung.) Czeczott. No description is given 
on the leaf morphology as the reader can find it in the paper of Czeczott 

Fig. 7. A/nus j11/ia11aeformis (Sternb.) Kvacek et Holy. Lower epidermis with stomata. 
Over the veins a 4-celled trichome base and a simple hair are seen. 
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(1934), but a very well illustrated destription is given on the leaf anatomy 
(Kvacek et Holy 1974, p. 369, pl. 3, figs. 1-6 and pl. 4, fig. 1). 

The morphology of the leaves from the Spby Flora corresponds fully to 
the description given by Czeczott (1934) and to the one given by Kilpper 
(1971, pp. 349- 350). Even though the cuticle of the Spby leaves is badly 
preserved, the characteristics mentioned by K vacek and Holy are present 
except the rounded shield of the glands. It is mentioned that simple thin
walled hairs, approx. 120 microns long and 10 microns thick occur densely 
over the veins in the lower epidermis. Such hairs are found in the lower 
epidermis of the Spby leaves, but they only occur densely in the comers 
between the primary and secondary veins. 

Alnus julianaeformis has previously been reported from the Neogene 
Tertiary lignites of Central Jutland by Mathiesen (1975). It is described as 
Fagus feroniae Unger (Mathiesen 1975, pp. 14-16). Only drawings are 
presented (fig. 4, A-E). The leaves are identical with A. julianaeformis 
except for the lack of the smaller teeth which are indicated in fig. 4 Conly . 
The absence of the smaller teeth must be due to the state of preservation 
as the leaves are only preserved as imprints. Alnus female catkins have also 
been reported from Moselund (Mathiesen 1975, p. 21 and p. 20, fig. 8, A, 
B). They have not allowed closer study and have not been linked to any 
of the leaves described. 

The knowledge of the female catkins of A. julianaeformis is not improved 
here as the Spby material is badly preserved and no specific characteristics 
are revealed. The female catkins are mentioned under A. julianaeformis 
because they are identified as A lnus and because they are found in the 
same bed as A. julianaeformis, which is the only known A lnus species in 
the Spby Flora. 

Comparison with recent material 

It has previously been pointed out that Alnus julianaeformis has a large 
morphological resemblance to the recent Alnus japonica Sicb. et Zucc. 
(Czeczott 1934 and Kilpper 1971). The epidermis of the Spby leaves has 
been compared to the epidermis of Alnus japonica. There seem to be several 
differences in the epidermis of the two species. The cells and the trichome 
bases of the upper epidermis are larger in A. japonica. In the lower epidermis, 
the trichome bases and the stomata are larger in the recent species and the 
cell walls are normally not undulate. The same differences have been pointed 
out by Kvacek and Holy, and they suggest Alnus trabeculosa Hand.-Mazz. 
as a possible counterpart to A. julianaeformis because of a larger similarity 
in the cuticle. 
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Family Fagaceae 
Genus Castanea L. 
Castanea atavia Unger 
(Pl. 6, figs. 1-5; pl. 7, figs. 2, 4, 6; text-fig. 8, A-E; text-figs. 9, 10). 

1851: Casta11ea atavia Ung. - Unger, p. 164, pl. 10 (31), figs. 5, 7. 
1872: Castanea atavia Ung. - Ettingshausen, p. 153. 
1888: Casta11ea atavia Ung. - Ettingshausen , p. 292. 
1906: Casta11ea a1a1·ia Ung. - Menzel , p. 58 , pl. 3, figs. 14, 15, 19, pl. 4, figs. 1- 4, 8. 
1919: Casta11ea a/avia Ung. - Reichenbach in Krause!, p. 130, pl. 11, figs. 6-8, pl. 12, 

fig. 14. 

Material: 47 fragmentary leaves (compressions) have been collected. Only 
4 of the smallest leaves are complete. 

Description 

The leaf (Pl. 6, figs. 1- 5; text-fig. 8, A-E). The whole lamina is symmetrical. 
The form of the lamina is narrow elliptic or lanceolate. The length of the 
leaves is 6 to more than 15 cm and the width is 2 to 8 cm. The apex of the 
leaf is acute and the base is acute (normal) or sometimes obtuse (normal). 
The leaf margin is toothed. It is serrate as the axes of the teeth are inclined 
to the tangent of the margin. The apical angle is acute. The apical side of the 
tooth is concave, the basal side is acuminate and the tooth normally ends 
in a mucro. The sinuses between the serrations are rounded. The simple 
teeth are all of one size and they are placed at sligthly irregular intervals. 
There is normally one tooth per secondary vein , but at the base no teeth or 
only very small ones correspond to the first two pairs of secondaries. The 
length of the teeth measured from the bottom of the sinus to the end of the 
mucro is 1 to 7 mm. The leaf is petiolate and the length of the petiole is 1 .0 
to 1.8 cm. The venation is craspedodromous. The midvein is stout, straight 
or gently curved and markedly tapering along length. The secondary veins 
are alternate or opposite and they arise from the midvein at an angle of 45 
to 60°. There is only small variation from base to apex. The secondary veins 
are straight or gently curved and they run directly into the teeth of the leaf 
margin. The secondaries are rarely branched. The number of secondary veins 
per 10 cm primary vein varies depending on the size of the leaves. The 
largest leaves have about 8 per 10 cm, the medium sized leaves have about 
12 per 10 cm and the smallest leaves have about 16 per l 0 cm. In the juvenile 
leaves the distance decreases markedly toward the apex. The tertiary veins 
arise at a right angle from both the exmedial (lower) and the admedial 
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Fig. 8. Castanea atavia Unger. A-E: Shape a nd major venation of the leaves, X I. 

E: Juvenile leaf, X I. 
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(upper) side of the secondary veins. The tertiary veins that arise on the 
admedial side of the secondaries and curve to join the midvein form a right 
angle to the midvein . The tertiary veins are predominantly alternate and 
there are 4 to 9 veins per cm secondary vein. The pattern of the tertiary veins 
is percurrent, the veins are simple or forked and they are oblique to the 
midvein. Higher order venation is unknown. 

Epidermis. (Pl. 7, figs. 2, 4, 6; text-figs. 9, 10). The upper epidermis has a 
thin cuticle and it is composed of 200 to 300 cells per 0.1 mm2 • The shape 
of the cells is isodiametric or sligthly elongate and the length is 16 to 42 
microns. The arrangement of the cells is tetragonal or pentagonal and the 
anticlinal cell wall pattern is straight or rounded . The cell walls are 1 to 3 
microns thick and they are unpitted. The cells over the veins are linear 
elongate and they have oblique or square end walls. The length/width ratio 
is 1/1 to 6/1. The finer veins are reflected in the cuticle. The cells in the leaf 
margin are of the same type as the normal epidermis cells , but the cell walls 
are a little thickened. There are no trichome bases in the upper epidermis. 

The cuticle of the lower epidermis is very thin and it is composed of 570 
to 750 cells per 0.1 mm2

• The shape of the cells in non venous areas is 
highly variable and they are 10 to 35 microns long. The arrangement of the 
cells is random. The anticlinal cell wall pattern is straight or occasionally 

Fig. 9. Castanea atavia Unger. Upper epidermis . 
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slightly undulate. The cell walls are 0.5 to 1.0 micron thick and they are 
unpitted. The cells over the veins are elongate and the length/ width ratio 
is 1/1 to 6/1. The finer veins are reflected in the cuticle. Trichome bases 
are found both over the veins and in the areoles. There are 0 to 30 trichome 
bases per 0.1 mm 2

• The bases are sligthly elevated and they consist of one 
occasionally two thickened cells, 10 to 12 microns in diameter. They are 
surrounded by 6 to 8 radially arranged associated cells. Hairs are sometimes 
attached to the bases. Simple and double hairs are the most common type, 
but up to 7 hairs, arranged in a stellate fashion, are found attached to a 
single base. The length of the hairs are 100 microns or more. The stomata 
are variously orientated, undepressed and somewhat arranged in groups. 
There are 30 to 80 stomata per 0.1 mm2 • The stomata are 17 .0 to 27 .2 
microns long and 15.3 to 23 .8 microns wide and apices are retuse. The 
stomata! slit is 30 to 50 % of the stomata! length. The accessory cells are 
poorly differentiated. There are 4 to 7 in number and they are of the same 
size as the rest of the epidermis cells. 

Fi g. 10. Castanea at a via Unger. Lower epidermis with stomata and trichome bases, 
some of them with ha irs still at tached. E longa ted cells over a vein a re seen in the upper 
left corner of the figure. 
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Discussion 

A large number of Castanea leaves resembling the Soby leaves has been 
described from Tertiary deposits of Europe. Among these Castanea atavia 
Ung., Castanea kubinyi Kov. and Castanea ungeri Heer bear the largest 
resemblance. Ettingshausen (1872) unites these species. He points out that 
the species in question are all forms of C. atavia which lie within the same 
variation as is found to day in C. vesca Gartn. ( = C. saliva L.). This opinion 
has been sharply criticized by Stur (1867, p. 157) and Heer (1875, p. 93) . 
Heer expresses the view that both C. ungeri and C. kubinyi are well established 
species, which should be maintained. Further he questions whether all leaves 
described as C. atavia belong to this species. He even questions the affinity 
to the genus Castanea. 

Menzel (1906, p. 61) mentions the inexpediency in Ettingshausen's adop
tion of Ungere epithet for his C. atavia (sensu novo) , because Unger's type 
specimens (Unger 1851, pl. 5-7) are not well defined. However, Menzel 
does not doubt the correctness in uniting the species C. ungeri, C. kubinyi 
and C. atavia. 

Reichenbach (in Krause! 1919, pp. 129-130) deals with two forms of 
Castanea leaves, the kubinyi-form and the atavia-form in the Tertiary 
deposits of Silesia. Both forms are referred to C. atavia, but he is aware 
of the fact that it has not been properly proved. 

Berger (1952, p. 92) states that only a smaller part of the leaves decribed 
as C. kubinyi by Kovats (1856) can be maintained as Castanea leaves. The 
main part of these leaves belong, according to Berger, to a fossil Quercus 
species that corresponds to the extant Quercus libani Oliv. and he changes 
the name to Quercus kubinyi (Kov.) Berger. 

Berger (1952, p. 90) holds the opinion that it is only possible in the 
fossil record to distinguish clearly between typical Castanea leaves and 
typical Quercus leaves and that a number of intermedi:>r forms will always 
remain impossible to classify. 

The morphological variation within the examined material from Soby 
ranges from typical Castanea leaves to leaves close to Quercus kubinyi. The 
typical Castanea leaves of this material have an epidermis identical with the 
epidermis of the less typical ones. This makes it clear that the Soby leaves 
belong to one and the same species. The main part of the leaves are typical 
Castanea leaves and as the epidermis is very similar to the epidermis of the 
recent Castanea sativa the fossils must belong to the genus Castanea. 

The Soby leaves are identical with Castanea atavia Ung. , but as descrip
tions of the epidermis of these fossils are scarce the determination is based 
exclusively on morphological characteristics. 
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Ferguson (1971, p. 101) describes a number of leaves of the Castanea 
type, taxon XIV (syn. Castanea atavia Ung.) . The description of both mor
phology and anatomy of the leaves shows a so high degree of similarity to 
the Si,;by species that the two taxa must be considered identical. F urther, 
the author agrees with Ferguson (1971 , p. 102) when he claims that Castan
opsis fucinervis (Rossm.) Kr. et Wld. (Krause! and Weyland 1950; Jahnischen 
1956) has an epidermis similar to the epidermis of C. atavia, but they 
can certainly not be considered identical. The most evident difference is 
the marked thickening of the dorsal walls of the guard cells in Castanopsis 
fucin ervis (Krause! and Weyland 1950, p. 45 ; Jahnischen 1956, p. 143). 

Comparison with recent material 

The fossil leaves from the Si,;by Flora have been compared to a number 
of recent species of the genera Castanea and Quercus which bear morpholog
ical resemblance to the foss ils. The leaves of Castanea sativa L. have a 
morphology and a morphological variation very simil ar to the Soby leaves, 
but also C. dentata (Marsh.) Borkh., C. crenata Sieb. et Zucc. and C. mol
lissima Blume have many features in common with the fossils. Further, 
the smallest of the Si;;by leaves are comparable to Quercus castaneifolia C. A. 
Mey. and Q. libani Oliv. 

The epidermis of the above-mentioned species have been submitted to 
careful examination which shows that the epidermis of C. ,<,iativa bears a 
remarkable resemblance to the epidermis of the fossils. This leads to the 
conclusion that as far as the leaves are concerned, C. sativa is the living 
species most closely related to C. atavia. 

Family Hamamelidaceae 
Genus Liquidambar L. 
Liquidambar europaea A. Braun 
(Pl. 8, figs. 2, 4- 6; text-fig. 11 , A-D ; text-figs. 12, 13) . 

1836: Liquidambar europaeum A . Braun - Braun in Buckland, p. 513. 
1845: Liquidambar europaeum A. Braun - Braun, p. 170. 
1847: Liquida111bar europaeum A. Braun - Unger, p. 120, pl. 35, figs. 1-5. 
1847: Acer parschlugianum Unger - Unger, p . 132, pl. 43 , fig. 5. 
1856: Liquidambar europaeum A . Braun - Heer, p . 6, pl. 5 1, figs. 2-12, pl. 52, figs. 

1-9. 
1860: Liquidambar europaeum A. Braun - Ludwig, p. 89, pl. 15, figs . 6, pl. 25 , figs . 

1- 4 . 
1903 : Liquida111bar europaeum A. Brau n - E ngelhardt , p. 277 , pl. 3, figs. 16, 17, pl. 4, 

fig. 4. 
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Fig. 11. Liquidambar europaea A. Braun. A-D: Shape and venation of the leaves, 
X I. 
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Material: 23 very fragmentary leaves (compressions) have been collected. 
Only 4 of these are nearly complete. 13 leaves are in such a state of preser
vation that it can be decided whether they are 3-lobed or 5-lobed. 9 are 
3-lobed and 4 are 5-lobed. 

Description 

The leaf. (Text-fig. 11, A-D). The leaves are palmate with 3 or 5 lobes 
(rarely 4 lobes). The length of the lamina from the base to the apex of 
the median lobe is 6 to 9 cm. The width of the leaf from one apex to the 
other of the upper pair of lateral lobes is 7 to 13 cm. The median lobe is 
triangular or parallel sided in the lower third and it may even be slightly 
contracted at its base. The upper pair of the lateral lobes is a little smaller 
than the median lobe. They are triangular, long and slender (5-lobed leaves) 
or short and broad (3-lobed leaves), but this relation of shape to number 
of lobes is not always quite clear. The lower pair of lateral lobes is , if 
present, considerably smaller than the other lobes. In rare cases only one 
of the lower lobes may be developed. The leaf base is cordate or rounded. 
The leaf margin is serrate and the teeth are all of one size. They are rounded, 
separated by angular sinuses and extended on the complete margin. The 
teeth are 0.3 to 0.8 mm across and there are about 25 teeth per 5 cm leaf 
margin. The petiole is never preserved in the S~by leaves. The venation 
is actinodrornous. There are 5 primary veins markedly tapening along length. 
The central primary vein is straight. The upper pair of lateral primary veins 
arises at an angle of 35 to 55° to the central primary vein. The angle in
creases as the lateral veins curve abaxially into the lobes. The lower pair 
of lateral primary veins arises on the baseoscopic side of the upper pair 
of lateral primary veins a few mm from the junction with central primary 
vein. These veins are considerably thinner than the normal primary veins 
and in 5-lobed leaves they run into the small lobes. In 3-lobed leaves they 
form anastomoses with the secondary veins that arise on the baseoscopic 
side of the upper lateral primary veins. The secondary venation is campto
dromous. The secondary veins are alternate or opposite and they arise at 
an angle of 40 to 55° to the primary veins. The distance between the 
secondaries is variable, but in general it gradual ly decreases toward the apex 
of the lobes. The veins are abruptly curved and the loop-forming branches 
are enclosed by tertiary vein arches. The tertiary veins normally arise at 
a right angle to the secondary veins. The pattern of tertiary veins is pcr
current, they are simple or forked and there arc 6 to 12 veins per cm 
secondary vein. Higher order venation is insufficiently preserved for descrip
tion. 
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Epidermis. (Pl. 8, figs. 2, 4-6; text-figs. 12, 13). The upper epidermis has 
a thin cuticle and it is composed of 120 to 160 cells per 0.1 mm2. The shape 
of the cel ls is isodiametric or slightly elongate and the length is 26 to 44 
microns. The arrangement of the cells is tetragonal or pentagonal and the 
anticlinal cell wall pattern is straight or rounded. The cell walls are 1.5 
to 2.0 microns thick and they are unpitted. The cells over the veins are 
elongate and they have oblique or square end walls. The length/width 
ratio is 2/1 to 4/1. The finer veins are not reflected in the cuticle. The 
cells in the leaf margin have the same shape as the normal cells in the 
upper epidermis, but generally they are smaller and the cell walls are 
thickened. The highest number of cells is found in the teeth where there 
are about 300 cells per 0.1 mm2 • 

The cuticle of the lower epidermis is thin and it is composed of 250 to 
350 cells per 0.1 mm 2 • The shape of the cells in non venous areas is iso
diametric or slightly elongate and the length is 16 to 34 microns. The ar
rangement of the cells is random. The anticlinal cell wall pattern is markedly 
undulate and there are 4 to 8 lobes per cell. The wave length is 6 to 
10 microns and the wave amplitude is up to 8 microns. The cell walls are 
1.0 to 1.5 microns thick and they are unpitted. The cells over the veins 
are elongate and the length/width ratio is 2/ 1 to 5 / 1. The cell walls are 

Fig. 12. Liquidambar europaea A. Braun. Upper epidermis . 
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straight. The finer veins are reflected in the cuticle. The stomata are vari
ously orientated, undepressed and more or less equidistant. There are approx. 
15 stomata per 0.1 mm2 • The stomata are 16 to 22 microns long and 9 
to 13 microns wide. The stomata! slit is approx. 50 % of the stomata\ 
length . The stomata! complex is of the brachyparacytic type with the ac
cessory cells not completely enclosing the guard cells. The accessory cells 
are elongated parallel to the axis of the guard cells and they are of the same 
size or a little smaller than the rest of the epidermis cells. The cells in the 
leaf margin are linear elongate and they are arranged in 6 to 8 rows parallel 
to the leaf margin. The cell walls are straight. 

Discussion 

The S~by leaves are referred to the very common Liquidambar europaea A. 
Braun, as all the morphological characteristics are identical with this fossil 
species. 

Buzek (1971, p. 55) points out that specimens from several European 
localities show that during the Tertiary the mutual relationship of the 3-
and 5-lobed leaves gradually changed. In the Lower Miocene 3-lobed leaves 
distinctly predominate and 5-lobed leaves are represented only negligibly. 

Fig. 13. Liquidambar europaea A. Braun. Lower epidermis with stomata in non venous 
area. 
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The latter become more abundant only in the Upper Miocene, predomi
nating absolutely in the Pliocene. Even if well preserved Soby material is 
very limited it is interesting to note that 9 specimens are 3-lobed and 4 are 
5-lobed. 

Ferguson (1971, p. 168) describes a species of the genus Liquidambar 
(taxon XXX, syn. Liquidambar europaea A. Braun). These leaves are mor
phologically identical with the Soby levaes. The description of the ~pidermis 
is very similar to the description here given on L. europaea and it cannot 
be doubted that the two species are identical. 

Leaves of L. europaea have previously been reported from the Neogene 
Tertiary Lignites of Central Jutland (locality Moselund) by Mathiesen (1975, 
p. 41, fig. 23, A, B). Both 3- and 5-lobed leaves are illustrated. 

Comparison with recent material 

The fossil material from Soby has been compared to 3 living species of 
the genus Liquidambar. The leaves of L. formosana Hance are normally 
3-lobed. They may bear a certain resemblance to the 3-lobed leaves from 
Soby, but the epidermis has a different appearence. The most pronounced 
difference is the markedly pitted cell walls in L. formosana. The leaves of 
L. styraciflua L. and L. orientalis Mill. have a very similar shape and vena
tion. They both have 5-lobed and occasionally 3-lobed leaves. L. orientalis 
has in general smaller leaves than L. styraciflua, but both species are mor
phologically closely comparable to L. europaea. The epidermis of L. orien

tali~1 has very broad stomata and the concentration of the stomata is much 
higher than in the epidermis of L. europaea. Besides, the upper epidermis 
of L. orientalis has markedly undulate cell walls. A comparison of the epi
dermis of L. europaea and L. styraciflua shows a very high degree of simi
larity in the general appearence. Only smaller differences exist. The upper 
epidermis of L. styraciflua has sometimes slightly undulate cell walls and the 
concentration and the size of the stomata is slightly larger. 

This comparison shows that the leaves of L. europaea and L. styraciflua 
both in morphology and in anatomy are very similar and that we are dealing 
with two closely related but distinct species. 
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Fig. 14. Ulmus pyramidalis Goeppert. A-J: Shape and venation of the leaves, X 1. 
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Family Ulmaceae 
Genus Vlmus L. 
Ulmus pyramidalis Goeppert 
(Pl. 9, figs . 1-10; pl. 10, figs. 2, 4-6 ; text-fig. 14, A-J; text-figs. 15, 16) . 

1845: Ulmus bronni Unger - U nger, pp. 100- 101, pl. 26, fig . I. 
1845: U/11111s longifolia Unger - Unger, p. IOI, pl. 26, fig. 5. 
1855: Ulmus pyra111idalis Goepp. - Goeppert, p. 28, pl. 13, figs. 10- 12. 
1866: Ulmus bronni U nger - Ett ingshausen, p. 62, pl. 17, f igs. 9, 10. 
1866: U l11111s longifolia Unger - Ettingshausen, p. 62, pl. 18, figs. 7, 9- 11. 
1866: Ulmus p/11ri11ervia Unger - Ett in gshausen, p. 63 , pl. 18, figs. 12, 13. 
1866: U/11111 s minu/.a Goepp. - Ettingshausen , p. 63 , pl. 18, figs. 21 , 22. 
1866: U/11111 s bra1111i Heer - Ett ingshausen , p. 64, pl. 18, figs. 23- 25, 27. 
1866: Planera 1111geri Ett. - Ettingshausen , p. 65, pl. 18, figs . 14- 16. 
19 19: Ulm us /ongifolia Unger - Reimann in Krause!, pp. 80- 83 , pl. 6, figs. 9, 10, 

12, 14, pl. 7, figs. 1- 4, 6- 9, 11, 12, pl. 9, figs. 8- 10. 
1939: U/111 11s longifolia Unger - Madler, pp. 86-88, pl. 8, fig. I. 
1954: Ulmus longifolia U nger sensu novo - Hantke, pp. 59-62, pl. 6, figs. 5- 19, pl. 7. 
1963: U/11111.1· longifolia Unger - Jun g, pp. 137-138, pl. 36, figs. 37-42. 
1969: Ulmus pyramidalis Goepp. - Knobloch , pp. 103-105, pl. 35, fig . 10, pl. 50, 

figs. I, 4, 5, 9-11, pl. 51, figs. 1, 7, pl. 52, figs. 1, 6, 7, 9, pl. 53 , figs. 1, 6, 11, 
pl. 73, fig. 8, pl. 77, fig . 9. 

1971: U/111 11s pyramidalis Goepp. - Buzek, pp. 56- 57, pl. 19, figs. 1-18, pl. 20, figs. 
1- 17, pl. 2 1, figs. 1- 8. 

Material: 102 more or less fragmentary leaves (compressions) have been 
collected. 14 of these are almost complete. This material is characterized 
by not being transparent when treated after the Collodium-film method. 

Description 

The leaf. (Pl. 9, figs. 1-10; text-fig. 14, A-J). The whole lamina is asym
metrical or occasionally nearly symmetrical. The form of the lamina is 
narrow ovate to ovate or sometimes elliptic. The variation of the leaves is 
wide. It ranges from very slender leaves to rather broad ones within the 
above-mentioned forms. The length of the lamina is 2.1 to a little more 
th an 8 cm. The width is 1.3 to 4.6 cm. The apex of the leaf is aeuminate 
to attenuate. The base is always asymmetrical and it is norm ally chordate 
or rounded. The leaf margin is toothed. It is serrate as the axes are inclined 
to the tangent of the margin. The apical angle is acute or obtuse. The apical 
side of the tooth is concave and the basal side is convex or acuminate. The 
sinuses between the serrations are angular. The teeth are compound. The 
major teeth are followed by 1 to 2 smaller teeth . Simple teeth are found 
in the apical part of some of the leaves . The teeth are extended on the 
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complete margin and the major teeth are placed at almost regular intervals. 
The major teeth are 0.4 to 1.6 mm across. The leaf is petiolate and the 
petiole is up to 1.0 cm long. The venation is craspedodromus. It is simple 
as all the secondary veins and their branches terminate at the margin. The 
midvein is moderate, straight or slightly curved and gently tapering along 
length. The secondary veins are alternate and they arise from the midvein 
at an angle of 30 to 60°. The highest values are found near the base and 
the smallest are found near the apex. In the middle and major part of 
the leaf the angle of divergence is rather constant, approx. 45 °. The se
condary veins are straight or gently curved. They may be recurved near 
the base. The secondary veins run directly into the major teeth. Occasionally 
they branch and both branches enter the major teeth. The branching may 
occur at any distance from the midvein. There are 8 to 11 secondary veins 
per 5 cm primary vein. The tertiary veins arise at a right angle from both the 
exmedial (lower) and the admedial (upper) side of the secondary veins. The 
tertiary veins that arise on the admedial side of the secondaries and curve to 
join the midvein form a right angle to the midvein. The tertiary veins are pre
dominantly alternate. and there are 6 to 8 veins per cm secondary vein. 
The pattern of the tertiary veins is percurrent, the veins are simple or forked 
and they are oblique to the midvein. The tertiary veins that arise on the 

Fig. 15. Ulmus pyramidalis Goeppert. Upper epidermis. 
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exmedial side of the secondaries near the leaf margin enter the minute 
teeth. Higher order venation is occasionally preserved. The areoles are well 
developed. The arrangement is orientated, and the shape of the areoles 
is quadrangular, pentagonal or polygonal. The size of the areoles is medium 
to small. The veinJets are simple or branched. 

Epidermis. (PI. 10, figs. 2, 4-6; text-figs. 15, 16). The cuticle of the upper 
epidermis is thin and it is composed of 50 to 140 cells per 0.1 mm 2 • 

The number of cells per unit area is rather constant within the same leaf, 
but it varies considerably from one leaf to another (probably depending on 
whether the leaf grew in sunlight or in shade). The shape of the cells is 
isodiametric or slightly elongate. The assumed shade leaves have cells 35 
to 75 microns long while the assumed sunlight leaves have cells 18 to 40 
microns long. The arrangement of the cells is on the whole pentagonal and 
the anticlinal cell wall pattern is straight or rounded. The cell walls are 2.0 
to 2.5 microns thick. The cells over the veins are elongate and they have 
square or oblique end walls. Surface ornamentation is absent. Trichome 
bases are occasionally found near or over the veins. They consist of one 
simple unthickened cell 12 to 18 microns across. The bases are surrounded 
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Fig. 16. Ulmus pyramida/is Goeppert. Lower epidermis with trichome base and partly 
preserved sunken stomata. In the lower left corner of the figure elongated cells over 
a vein are seen. 
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by 6 to 8 radially arranged associated cells. The bases are widely spaced 
and there has been no observation of attached hairs. 

A well developed palisade is found below the upper epidermis. The dia
meter of the palisade cells is 9 to 20 microns and there are 500 to 600 
cells per 0.1 mm 2 • 

The cuticle of the lower epidermis is thin and it is composed of 180 
to 250 cells per 0.1 mm 2 • The shape of the cells is isodiametric or slightly 
elongate and they are 20 to 40 microns long. The arrangement of the cells 
is random and the anticlinal cell wall pattern is rounded or weakly undulate. 
The cell walls arc 1.5 to 2.0 microns thick and they have no special orna
mentation. The cells over the veins are linear elongate and the end walls 
are square or oblique. The anticlinal cell wall pattern is straight and the 
lenght/ width ratio is 2/ 1 to 8/ 1. The finest veins are reflected in the 
cuticle. Surface ornamentation is absent in the entire lower epidermis. The 
stomatal complex is only partly preserved in the S\?lby material. The guard 
cells are never preserved but exceptionally the stomatal aperture and its 
nearest surroundings are faintly seen. The arrangement of the accessory 
cells shows that the stomata are variously orientated, sunken and more or 
Jess equidistant. There are approx. 16 to 26 stomata per 0.1 mm 2 • The size 
of the stomata is not known. The opening between the accessory cells over 
the sunken stomata is 26 to 30 microns long and 10 to 16 microns wide. 
The accessory cells are not differentiated in any way from the normal epi
dermal cells. They are 5 to 8 in number. Trichome bases are also present 
in the lower epidermis. They occur singly and are mainly confined to vena
tion. The unthickened base is 10 to 14 microns across and it is surrounded 
by 6 to 7 radial ly arranged associated cells. At rare intervals hairs are 
found attached to the bases. They are simple unicellular hairs approx. 75 
microns long. 

In some of the leaves a residue of spongy mesophyll is found between 
the palisade and the lower epidermis. 

Discussion 

Leaves of this type are well known from Tertiary deposits of Europe and 
they have previously been described as Ulmus longifolia Unger. Knobloch 
(1969, p. 104) and Buzek (1971 , p. 57) have pointed out that this name is 
the younger homonym of the recent V. longifolia Rafinesque (1836) and that 
the name V. pyramidalis Goeppert (1855) must be given priority. For further 
discussion of the nomenclature see Knobloch (I 969). 

The variation of the Sl?lby leaves is very large. It ranges from long ovate 
leaves to small and broad leaves. The extremely slender leaves as illustrated 
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by Hantke (1954, pl. 6, fig. 10) have never been found in the Soby Flora. 
A classification of such material based exclusively on morphology is ob
viously very difficult. 

In his work on the Ulmus species from the Tertiary of Silecia Reimann 
(in Krause[ 1919, p. 76-89) comes to the conclusion that two form-groups 
exist, V. longifolia and V. carpinoides. But no exact criteria arc mentioned 
on how to separate the two species. 

Hantke (1954) describes U. longifolia Unger scnsu novo and includes 
the smaller and broader leaves in this species. He sincerely doubts Reimann's 
division of the Silecian Ulmus leaves into two species and points out that 
the Schrotzburger material only contains one Ulmus species and that both 
large and slender leaves and smaller and broad leaves are found on the same 
twigs in the deposit. 

Jung (1963, p. 137) presents the variation of V. longifolia by giving the 
frequency of 4 forms within the species (form "longifolia": 25 % , form: 
"pyramidalis": 52 % , form: "carpinoides": 20 % and form "minuta": 3 % ). 
Roughly estimated the fragmentary Soby material has the same variation 
as given by Jung, but the number of the form "longifolia" seems to be 
smaller. Jung is of the opinion that the material described ought to be 
considered as one species, unless evidence from the cuticle may justify a 
separation, or more that one fruit type with definitive relation to the leaves 
is found. 

In order to clarify whether one or more species is present in the Soby 
material , the cuticles of all the different leaf types were examined. 11 leaves 
representing the total variation within the material were investigated and 56 
cuticle preparates were made. The variation of the investigated cuticular 
material lies within the description here given on the epidermis and no basis 
was found for a division of the material. Thus it must be concluded that 
only one Vlmus species is present in the Soby Flora. 

Fossil leaves of Ulmus longifolia Unger from Bilin (topotypical specimens) 
have been submitted to a short study by Kvacek (personal communication, 
1975). He gives a short description of the cuticle and concludes : "In general 
the structure (of the cuticle) of the specimens from Bilin corresponds to 
yours (Soby leaves)". This information, combined with evidence from the 
leaf variation, forms the basis for determining the Soby leaves as Ulmus 
pyramidalis Goeppert. 

The epidermis of fossil Vlmus leaves has been described by Ferguson 
(1971, p. 105), taxon XV, syn. Vlmus carpinoides Goeppert. This epidermis 
differs from the epidermis of the Soby leaves. The upper epidermis has 
markedly undulate cell walls, and no trichome bases are reported. In the 
lower epidermis the cell walls are undulate, with an amplitude up to 9 
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microns. In the Si;;by leaves the cell walls of the lower epidermis are rounded 
or weakly undulate. The stomata! complex in Ferguson's taxon XV is quite 
different from that of the Si;;by leaves, thus the guard cells are well pre
served, they are not sunken and they are surrounded by 4 to 5 symmetrically 
arranged accessory cells; besides, no trichome bases have been observed 
in the lower epidermis. 

This marked difference in the cuticle of the two Miocene Ulmus species, 

U. pyramidalis and taxon XV (syn. U. carpinoides), is highly interesting 
in relation to the problem whether U. pyramidalis and U. carpinoides should 
be kept apart or not. Unfortunately Ferguson does not illustrate the mor
phology of the leaf (No. 4147) that has provided the cuticle material shown 
in plate 12, figs. D, E, but if Ferguson's leaves are true Ulmus and even 
V. carpinoides the problem might approach a solution. However, far more 
material is needed for drawing such conclusions. Unfortunately, a cuticular 
revision of the genus Ulmus is not within the framework of this paper. 

Hantke (1954) describes the upper epidermis of Vlmus longifolia Unger 
sensu novo. This epidermis is similar to, but not quite identical with the 
upper epidermis of the Si;;by leaves, but Kvacek (personal communication) 
considers it to fall within the natural range of this species. No details are 
known on the lower epidermis. 

Comparison with recent material 

The fossil leaves of Ulmus pyramidalis from the Si;;by Flora have been 
compared morphologically to 18 species of recent Ulmus available to the 
author. A reference of the fossils to any particular of these species has not 
been poss.iple. Only a general morphological resemblance to a number of 
the species has been found. The epidermis of 12 of the recent species have 
been examined and compared with the epidermis of the fossil. The highest 
degree of similarity with the epidermis of the fossil is found in Vlmus alata 
Michx. But as the epidermis of V. pyramidalis is not known in all details, 
conclusions on the specific relationship is considered premature. 

Family Salicaceae 
Genus Salix L. 
Salix lavateri A. Braun sensu Hantke 1954 
(Pl. 11, figs. 1-12; pl. 12, figs. 1-6; text-fig. 17, A-I; text-figs. 18, 19). 

1851: Sa/ix la vateri A. Braun - Braun in Stizenberger, p. 78. 
1856: Sa/ix lavareri A. Braun - Heer, p. 28, pl. 66, figs. 1-12. 
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Fig. 17. Salix /avateri A. Braun sensu Hantke 1954. A-1: Fragmentary leaves showing 
venation and variation in morphology, X 1. 
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1856: Sa/ix acutissima Goepp. - Heer, p. 29 , pl. 66, fig. 14. 
I 856: Sa/ix denticulata H eer - Heer, p. 30, pl. 68 , figs. 1-4. 
I 856: Sa/ix longa A. Braun - Heer, p. 3 1, pl. 69, figs. I 2- 14. 
1856: Sa/ix m edia Heer - Heer, p. 32, pl. 68, figs. 14- 19. 
I 856: Sa/ix tenera A. Braun - Heer, p. 32, pl. 68, fi gs. 7- 13 . 
1856: Sa/ix integra Goepp. - Heer, p. 32, pl. 68, figs. 20- 22. 

Material: 114 more or less fragmentary leaves (compressions) have been 
collected. Only 10 of these are complete. 

Description 

The leaf. (Pl. 11 , figs. 1-12; text-fig. 17, A-I). The lamina is symmetrical 
with a symmetrical base. The form of the lamina is linear or narrowly 
lanceolate. The smallest complete leaf is 6.0 cm long and 0.8 cm wide, 
the largest is 11.0 cm long and 1.1 cm wide, but fragmentary mate rial indi
cates the presence of both larger and smaller leaves (width up to 2.2 cm) . 
The width of the lamina gradually decreases and the leaf ends in an acute 
or attenuate apex. The base is acute, cuneate or decurrent, but in some of 
the large and broad leaves the base may almost be rounded. The leaf margin 
is serrate. The teeth are small, 0.2 to 0.5 mm across, and the axes are 
inclined to the tangent of the margin. The apex of the teeth is rounded 
and the sinuses between the serrations are angular. The teeth are placed 
at irregular intervals. They are of one size group, widely spaced and there 
are 4 to 10 teeth per 5 cm leaf margin. In the basal part of the leaf the 
teeth are very small or totally missing. The leaf is petiolate and the petiole 
is up to 1.6 cm long. The venation is camptodromous. The midvein is 
massive, normally curved and gently tapering along length. The secondary 
veins are alternate and they arise from the midvein at an angle of 30 to 
60°. The secondary veins are uniformly curved and near the leaf margin 
they are interconnected by fine extensions of secondary or tertiary veins. 
There are 5 to 10 secondary veins per 5 cm mid vein. The intersecondary 
veins are composite. They arise at a slightly greater angle to the midvein 
than the secondaries and there are 1 to 3 per intercostal area. The tertiary 
veins arise at a right angle from the admedial (upper) side of the secondaries 
and at a right or acute angle from the exmedial (lower) side. The tertiary 
veins that arise on the admedial side of the secondaries and curve to join 
the midvein normally form an acute angle to the midvein. The tertiary veins 
are predominantly alternate and there are 8 to 10 veins per cm secondary 
vein. The pattern of the tertiary veins is percurrent, the veins are simple 
or forked and they are oblique to the midvein. The small teeth are served 
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by tertiary veins. The areoles are well developed, they are small and the 
arrangement is random. Further details are unknown. 

Epidermis. (Pl. 12, figs. 1-6; text-figs . 18, 19). The upper epidermis has 
a thin cuticle and it is composed of 150 to 200 cells per 0.1 mm2

• The 
shape of the cells is isodiametric or slightly elongate and the length is 22 
to 32 microns. The arrangement of the cells on the whole is pentagonal 
or hexagonal and the anticlinal cell wall pattern is straight or rounded. The 
cell walls are 1 to 3 microns thick and they are pitted. The surface of the 
cells is striate and the striation is in general parallel to the major venation. 
The cells over the veins are elongate and they have square or oblique end 
walls. The cuticle over the veins is coarsely striate. The cells in the leaf 
margin are elongate, but not arranged in distinct rows. The cell walls are 
somewhat thickened and the cell surface is coarsely striate. The trichome 
bases are widely spaced. There are 0 to 10 bases per 0.1 mm2, and they 
are found both over the veins and in the areoles. The base consists of one 
thickened cell 12 to 15 microns across. It is surrounded by 5 to 8 radially 
arranged associated cells of the same size as the rest of the epidermis cells. 
In the areas around the trichome base the surface striation is directed ra
dially toward the base. The nature of the hairs is unknown. 

Fig. I 8. Sa/ix lavateri A. Braun sensu Hantke 1954. Upper epidermis with striation 
radiating toward a trichome base. 
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A well developed palisade is found below the upper epidermis. The dia
meter of the palisade cells is 10.5 to 18.5 microns and there are approx. 
300 to 450 cells per 0.1 mm2• 

The cuticle of the lower epidermis is very thin, and it is composed of 
130 to 200 cells per 0.1 mm2• The shape of the cells is isodiametric or 
slightly elongate and they are 25 to 50 microns long. The arrangement of 
the cells is pentagonal, and the anticlinal cell wall pattern is straight. The 
cell walls are 2 to 3 microns thick and they are pitted. There is no special 
surface ornamentation in the non venous areas of the lower epidermis. 
The cells over the veins are linear elongate and the end walls are square, 
oblique or spindle-shaped. The anticlinal cell wall pattern is straight and 
the walls are unpitted or pitted. The length / width ratio is 1/ 1 to 4/ 1 and 
the surface of the cells is very finely striate. Trichome bases are present in 
the lower epidermis. They are found both over the veins and between the 
stomata. They consist of one thickened cell 10 to 13 microns across. The 
base is surrounded by 6 to 8 radially arranged associated cells. The nature 
of the hairs is unknown. The cells in the leaf margin are elongate, but not 
arranged in distinct rows. The cell walls are somewhat thickened and the 
cell surface is very finely striate. The stomata are variously orientated, un-

Fig. 19. Sa/ix lavateri A .. Braun sensu Hantke 1954. Lower epidermis with stomata 
and trichome base. Parallel to the lower edge of the diagram the striation of the leaf 
margin is seen. 
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depressed and more or less equidistant. There are approx. 15 to 30 stomata 
per 0.1 mm2• They are 21 to 34 microns long, 15 to 22 microns wide and 
the apices are non-retuse. The stomata! slit is 58 to 72 % of the stomata! 
length. The stomata! complex is of the brachyparacytic type with the 
accessory cells not completely enclosing the guard cells. The accessory cells 
are slightly elongated parallel to the long axis of the guard cells and they 
are of the same size as the rest of the epidermis cells. 

Discussion 

The description on the morphology of Sa/ix lavateri A. Braun sensu Hantke 
corresponds in all details to the morphology of the Spby leaves. Unfortunate
ly Hantke has not been able to describe the cuticle of his material, so the 
identification of the Spby leaves is not consolidated by cuticular evidence. 

Sa/ix varians Goepp. has long been considered as closely related to S. 
lavateri (Heer 1856, p. 28). But in his work on the Tertiary flora of Silecia, 
Krause! (1920, p. 381) includes S. lavateri in S. varians because the diffe
rence between the species mentioned by Heer (1859, p. 28) is considered 
worthless. 

The cuticle of S. varians has been described by among others Krause! and 
Weyland 1954, Buzek 1971 and Ferguson 1971. The epidermis of S. varians 
show a high degree of similarity to the epidermis of the Spby leaves, but a 
marked difference between the species exists in the size of the stomata. The 
length of the stomata in S. varians is given as 13 to 17 microns (Krause! et 
Weyland 1954, p. 125), average 20 microns (Buzek 1971, p. 68) and 10.8 
to 19.8 microns (Ferguson 1971 , p. 88). The width given by Ferguson is 5.4 
to 10.8. The length of the stomata in the Spby leaves is 21 to 34 microns and 
the width is 15 to 22 microns. 

11 fragmentary leaves with a particular morphological resemblance to 
S. varians have been selected for a special examination. They are broader 
than the normal slender type of Sa/ix from the Spby Flora and they have an 
almost rounded base. 24 cuticle preparations were made on 6 of these 
specimens. The examination showed no difference from the normal material 
and the length of the stomata was measured to 24 to 33 microns. 

This leads to the conclusion that the Spby Flora only contains one Sa/ix 
species and that this species has a variation ranging from slender leaves 
with a decurrent base to broad leaves with an almost rounded base . Further, 
the Spby species has an epidermis very similar to the epidermis of S. varians, 
but the stomata are much larger. Thus Sa/ix lavateri and S. varians must 
be considered as closely related, but different species. 
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Comparison with recent material 

A detailed investigation on the epidermis of the numerous and polymorphic 
species of recent Salix which frequently hybridize, is considered to be far 
beyond the level of this work. 
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Dansk sarnrnendrag 

Spby Floraen: Fossile planter fra de mellem mioc~ne delta 
aflejringer i Spby-Fasterholt omradet, Midtjylland, Danmark 

lndledning 

En ny dansk fossil flora blev i 1969 fundet i et lerlag i toppen af Odderup 
Formationen (Christensen 1975). I det foreliggende arbejde videref0res den 
taxonomiske behandling af S0by Floraen med henblik pa at fa indhentet 
oplysninger om det fossile plantesamfund, saledes at der bliver skabt 
grundlag for en tolkning af aflejringsmilj\1 og palreoklima. Forfatteren har i 
dette arbejde s0gt at bringe den anvendte terminologi i overensstemmelse 
med det standardiserede termsret, der anbefales af Dilcher (1974). 

Systematisk pa!teobotanik 

Et stort materiale af Juglandacee smablade af bade helrandet og tandet type 
beskrives . De helrandede smablade henf0res til Juglans acuminata Braun. 
Slregtsbestemmelsen hviler pa en grundig unders\ljgelse af de fossile blades 
kutikula og en sammenligning med den recente nrertstaende artluglans regia 
L. Bestemmelsen af den fossile art bygger udelukkende pa morfologiske 
karakterer. De tandede smablade henf0res til den fossile art Jug/ans juglandi
formis (Sternb.) Giebel, alene pa grundlag af de morfologiske karakterer, 
idet fossilernes kutikul a ikke er bevaret. Slregtsbestemmelsen er baseret pa 
sammenligninger med recent Juglans, men det kan dog ikke helt udelukkes 
at S0by fossilerne tilh0rer slregten Pterocarya. Der er ikke fundet J uglandacee
frugter i S0by Floraen. 

Et stort antal velbevarede blade tilh0rende slregten A lnus beskrives bade 
morfologisk og anatomisk og bestemmes til Alnus julianaeformis (Stemb.) 
Kvacek et Holy. Der findes et begrrenset antal hunrakler i S0by Floraen, 
der ligeledes bestemmes til slregten Alnus, men pa grund af den darlige 
bevaringstilstand er en artsbestemmelse ikke mulig. De fossile blade er mor
fologisk sammenlignelige med den recente A lnus japonica Sieb. et Zucc., 
men der forekommer flere forskelle i epidermisbygningen hos de to arter. 
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Der findes en de! Castanea blade i Spby Floraen. Disse blade varierer 
morfologisk fra typiske Castanea blade til blade rued lighed rued Quercus 
kubinyi (Kov.) Berger. En underspgelse af de fossile blades kutikula viser 
imidlertid, at der kun er tale om en art, og denne art pavises at sta meget 
mer den recente Castanea sativa L. 

Et mindre antal handfligede blade beskrives morfologisk og anatomisk og 
henfpres til Liquidambar europaea A. Braun. Bladene, der bade kan vrere 
3- og 5-fligede, sammenlignes med de recente Liquidambar arter, og det 
pavises, at fossilerne fra Spby Floraen bar meget stor lighed med Liqui
dambar styracif lua L. bade morfologisk og anatomisk. 

Et stort antal morfologisk forskelligartede elmeblade beskrives. En detal
jeret underspgelse af de fossile blades kutikula viser, at der pa trods af 
formvariationen kun kan vrere tale om en art. 

Denne art bestemmes til Vlmus pyramidalis Goeppert. Den beskrevne 
epidermisbygning hos V. pyramidalis sammenJignes rued en epidermis be
skrevet af Ferguson (1971), taxon XV, syn. Ulmus carpinoides Goeppert, og 
der papeges flere forskelle i de to fossilers epidermis. Denne konstatering 
peger i retning af en lpsning pa det klassiske problem om, hvorvidt V. 
pyramidalis og V . carpinoides skal adskilles eller ikke. Den endelige afklaring 
bpr dog bygge pa en underspgelse af et langt stprre materiale. De fossile 
elmblade viser en generel morfologisk lighed med en lang rrekke recente 
elmearter, mens de anatomisk synes at have stprst lighed med Ulmus alata 
Michx. 

Til slut beskrives et stprre antal slanke pileblade med tandet rand. Disse 
bestemmes pa basis af bladenes morfologi til Salix lavateri A. Braun sensu 
Hantke 1954. Da denne art lrenge bar vreret regnet for at sta meget mcr 
eller at vrere identisk med Salix varians Goeppert, sammenlignes de to fossile 
arters epidermis, og der pavises en markant forskel pa stprrelsen af de to 
arters spalteabninger. Et mindre antal pileblade, der adskiller sig fra Spby 
Floraens normale slanke blade, er pa basis af epidermisbygningen bestemt 
til at vrere en bredbladet variant af Salix lavateri. 
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Plate I 

Juglans acurninata Braun 
Figs. 1- 6. Leaves (leaflets) , a ll prepa red after the collodium-film method, X I. 

Photo: J. Sommer 
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Plate 2 

Jug/ans acuminata Braun 
Fig. 2 Upper epidermis with trichome base in the upper left comer . 
Fig. 4. Lower epidermis, the stomata are not visible. 
Fig. 5. Lower epidermis with a stomata in the upper part of the photograph and a 

trichome base in the lower part. 
Fig. 6. Lower epidermis showing trichome bases with attached hair fragments over a 

vein . 

Jug/ans regia L. 
Fig. 1. Upper epidermis. 
Fig. 3. Lower epidermis with stomata . 

All pictures photographed with differential-interference cont rast after Nomarski (Photo
microscope H, Zeiss). 
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Plate 3 

Jug/ans juglandiformis (Sternb.) Giebel 
Figs. 1-8. Leaflets, all prepared after the co-llodium-film method. X I. 

Photo: J. Sommer 
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Plate 4 

Alnus julianaeformis (Sternb.) Kvacek et Holy 
Figs. 1-8 . Leaves, all prepared after the collodium-film method, X I. 
Figs. 9-10. Female catkins, X 1. 

Photo: J. Sommer 
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Plate 5 

Alnus julianaeformis (Sternb.) Kvacek et Holy 
Fig. 2. Upper epidermis with a (dark) 4-celled trichome base over vein. 
Fig. 4. Lower epidermis with a stomata in the centre of the picture. 
Fig. 5. Simple hair in the lower epidermis. 
Fig. 6. Lower epidermis with a large number of si mple hairs in a corner between the 

midvein and a secondary vein. 

Alnus japonica Sieb. et Zucc. 
Fig. I. Upper epidermis with a 4-celled trichome base. Palisade cells are seen to the 

left. 
Fig. 3. Lower epidermis with stomata and a 4-celled trichome base. 

All pictures photographed with differential-interference contrast after Nomarski. 
(Photomicroscope n, Zeiss). 
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Plate 6 

Castanea atavia Unger 
Figs. 1- 5. Unprepared leaves showing variation in morphology, X 1. 

Fig. 5. Juvenile leaf, X 1. 

Photo: J. Sommer 
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Plate 7 

Castanea atavia Unger 
Fig. 2. Upper epidermis. 
F ig. 4. Lower epidermis with stomata and trichome bases. 
Fig. 6. Lower epidermis with si mp le and branched hairs. A vein is seen parallel to 

the lower edge of the picture. 

Castanea sativa L. 
Fig. 1. Upper epidermis. 
Fig. 3. Lower epidermis with stomata and trichome bases. 
Fig. 5. S. E. M. picture showing simple and branched hairs in the lower epidermis. 

S. E. M. photo S. R. Jacobsen. All other pictures photographed with differential-inter
ference contrast afte r Nomarski (Photom icroscope II, Zeiss). 
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Plate 8 

Liquidambar europaea A. Braun 
Fig. 2. Upper epidermis. 
Fig. 4. Lower epidermis with stomata. 
Fig. 5. Upper epidermis in leaf margin. 
Fig. 6. Lower epidermis in leaf margin. 

Liquidambar styracif Lua L. 
Fig. I. Upper epidermis. 
Fig. 3. Lower epidermis with stomata. 

All pictures photographed with differential-interference contrast after Nomarski (Photo
microscope H , Zeiss). 
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Plate 9 

Ulmus pyramidalis Goeppert 
Figs. 1- 10. Leaves showing the broad morphological variation, X I. 
Fig. I. Larger leaf with atypical base, X I. 
Figs. 2, 3. The normal and most abundant leaf type, X 1. 
Fig. 4. Branching of the secondary veins, X 1. 
Fig. 5. Well developed leaf apex, X 1. 
Fig. 6. Smaller leaf showing simple teeth near leaf apex, X I. 
Figs. 7-9. The broad leaf type, not as common as the leaves in figs . 2 ang 3, X I. 
Fig. 10. Minute leaf, very rare, X 1. 

Photo: J. Sommer 
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Plate 10 

Ulmus pyramidalis Goeppert 
Fig. 2. Upper epidermis in non venous area. 
Fig. 4. Lower epidermis showing the openings between the accessory cells where the 

stomata have been placed. In the lower right corner of the picture a trichome 
base is seen. 

Fig. 5. Simple hairs in the lower epidermis. 
Fig. 6. Palisade cells below the upper epidermis. 

Ulmus alata Michx. 
Fig. I. Upper epidermis. 
Fig. 3. Lower epidermis showing stomata and trichome base over a vein. 

All pictures photographed with differential-interference contrast after Nomarski (Photo
microscope IT, Zeiss). 
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Pla te 11 

Sa/ix lavateri A. Braun sensu Hantke 1954. 
F ig. 1- 12. Fragmentary leaves showing va ria tio n in morphology, X I. 
F ig. 11 , 12. Fragments of large leaves with a lmost rounded bases, X I . 

A ll the leaves a re prepared afte r the collodium -film method. 

P hoto: J. Sommer 
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Plate 12 

Salix lavateri A. Braun sensu Hantke 1954 
Fig. l. Upper epidermis . 
Fig. 2. Lower epidermis with stomata and trichome base. Cell walls are clearly pitted. 
Fig. 3. Pa lisade cells below upper epidermis. 
Fig. 4. Arrangement of stomata. 
Fig. 5. Upper epidermis over midvein . 
Fig. 6. Lower epidermis with trichome bases over midvein . 

All pictLn-es photographed with differential-interference contrast after Nomarski (Photo
microscope II, Zeiss). 
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