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SUMMARY 

It has been shown that there were more coniferous genera to be found in 
Europe during the Tertiary than there are at the present-day. Some of the genera now 
occur only in America and the Far East. Many such genera were present in the 
Neogene of Europe and one of these, Tsuga, remained in Europe into the Late 
Pleistocene. Other genera found in Europe at the present-day had, in a number of 
cases at least, somewhat of a different distribution than now. In the present 
undertaking much use is made of results derived from pollen studies and it is 
suggested that pollen may be one of the major lines of evidence leading to a solution 
of certain phytogeographical problems. 

INTRODUCTION 

The first appearance of the conifers as a recognizable group can be traced 
back to the Late Palaeozoic. By the middle of the Mesozoic many, if not all, the 
major groups recognized within the living conifers appear to have been established 
and even a few present-day genera are recorded within the deposits of this age. 

Along with the cycadophytes and possibly a few other gymnosperms, the 
conifers must have formed the overstorey in the Mesozoic forests. One might 
expect, therefore, that on the sudden expansion of the angiosperms at the beginning 
of the Upper Cretaceous that there might have been somewhat of a diminution in 
the number of conifer taxa. The number of described taxa, however, anything but 
diminishes~in fact, it seems to increase somewhat. It is possible that the actual part 
played by the conifers in the vegetation may have been reduced although it is hard 
to make any estimates of this. Depositional factors often exerting a particular 
affect within any given area tend to distort the true picture and add to the difficulties 
caused by possible differences in ecology from one area to another. 

Tertiary rocks containing plant remains are found scattered over much of 
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Europe and all the stratigraphical units are widely distributed. This is a helpful 
situation when it comes to examining the past geographical distribution of  the 
Coniferae. 

One finds when one plots the number of different types of conifers apparently 
attributable to living genera that there is a rise in the absolute number from the 
Paleocene up to the Miocene, after which there is a drop in the number. This could 
be a reflection of the evolution of living taxa within the Tertiary or, on the other 
hand, something to do with my sampling or a combination of the two. Out of the 
454 European references consulted on this present occasion 170 (37.5~) dealt 
with floras attributed by the original authors to the Miocene, 127 (28 ~ )  to the 
Pliocene, 91 (20 ~ )  to the Oligocene, 53 (almost 12 ~)  to the Eocene and only 13 
(3 ~ )  to the Paleocene. In regard to the Pleistocene, which has been very thoroughly 
examined, the actual drop in numbers at the beginning of this period would appear 
to be a real one. 

The number of genera attributable to one particular period is somewhat open 
to question. This is the result of uncertainties as to the precise age of one or two 
of the critical localities. Such uncertainties are bound to crop up when the plant 
remains are the only fossils to be found within the particular deposit. This leads 
to the possibilities of correlating deposits of different ages simply on the basis of 
a similar flora or pollen diagram and rejecting other possible correlations simply 
because the plant remains are different. Too little account is taken of possible 
ecological or geographical factors or the fact that similar plant successions can 
occur at different times. When insect, bivalve, fish or mammalian remains are 
present, as they sometimes are, these can be used for dating in conjunction with 
the plant remains. Age determinations based on faunas and floras are none the less 
fallible and one looks forward to the day when those fossil floras occurring between 
lava flows or volcanic ash can be more accurately dated using methods based on 
known rates of radioactive decay. 

The following is a summary of some of the more significant conifer genera 
that appear to have been present in the Tertiary of Europe. 

ARAUCARIACEAE 

This family contains two recent genera. Both have been reported from the 
European Tertiary. Only Araucaria can be substantiated and the records of  
Agathis, which are mentioned in some of the older literature, appear to be mis- 
identifications. 

Araucaria 

This genus with a disjunct distribution in South America, northeastern 
Australia and some islands to the north and east of Australia can be a remarkably 

Palaeogeography, Palaeoclimat ol., Palaeoecol., 3 (1967) 73-110 



ON THE PHYTOGEOGRAPHY OF CONIFERALES 75 

difficult genus to recognize as a fossil. Although the large cones and their deciduous 
ligulate (appendage-bearing) scales generally cause no difficulty the vegetative 
organs, unless examined in great detail, could be misleading. Foliage attributed to 
Araucaria is particularly common in the Lower Tertiary, although it is found in 
the Upper Tertiary as well. It is only when one knows whether the leaves were 
arranged with their greater thickness radially or concentrically in relation to the 
axis of the shoot that one can pin down the fossil to a small number of genera 
then distinguishable on the basis of their cuticles. This requires that the fossil should 
be but little compressed, a requirement rarely fulfilled. Those twigs described from 
the Eocene of various localities in southern England by CHANDLER (1961a, pp.23- 
28) and figured by her do appear to fulfil this condition enough to enable one to 
determine that the greatest thickness of the leaf was, at least in that case figured 
on her plate 12, fig. 12, concentrically rather than radially disposed in relation to the 
axis of the shoot. This and the cuticle tend to indicate that Araucaria was still 
present in the Lower Tertiary. Cones and cone-scales show that Araucaria or a 
related form was fairly common in the European Jurassic and Cretaceous (e.g., 
SEWARD, 1919), but there is still a lack of information as to its upper limit. The 
wingless non-aperturate pollen cannot really be used with any great success as a 
guide in this and other problems concerned in its distribution. 

CUPRESSACEAE 

As isolated organs, members of the Cupressaceae are often difficult to assign 
to a particular genus. Records of certain genera e.g., Actinostrobus, Widdringtonia, 
in the European Tertiary are consequently open to question. A revision of the 
fossils assigned to this family is badly needed. 

Cupressus 

This genus has a present discontinuous range in northern Africa, the eastern 
Mediterranean and Near East, the Himalayas and China, and in North America. 
In all but the seedlings the leaves are scale-like, which makes recognition difficult 
and one is faced with the problem of  almost smooth, round, non-aperturate pollen. 
These and other characters go to make up a well-circumscribed genus, but as 
isolated organs this genus would be all but impossible to recognize were it not for 
the cone. This is an almost round body composed of a small number of scales, 
whose exterior form is polygonal. It can generally be distinguished from those of 
Chamaecyparis in being larger when mature. Such cones have been found in various 
parts of Europe throughout the whole of the Tertiary, although their true affinity 
seems to have eluded a number of authors. The cone described as Callitris brong- 
niartii by RASKY (1958, pl. 16, fig.8) appears to be a Cupressus and a re-examination 
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of some of the material ascribed to Sequoia (KR•uSEL, 1940, p.449, pl.3e; M~GDE- 
FRAU, 1956, p.308, fig.295) might well reveal that these should be attributed to 
Cupressus. Records of this genus outside its present range indicate that its distri- 
bution may, at one time, have been more or less continuous. 

Juniperus (including Arceuthos) 

This genus ranges from ca. 70°N to 20°N, being widespread in Eurasia and 
North America. The usually fleshy "fruit" distinctive enough among the conifers 
would not be distinguishable from the fruit of certain angiosperms were it found 
fossil. The pollen is of a "cupressoid" type, round and inaperturate and having a 
more or less smooth exine. Part of the genus has scale-like leaves when mature 
(section Sabina), while the other section (section Oxycedrus) has triangular leaves 
often arranges in whorls. The scale-like leaves of section Sabina make it difficult 
to recognize these species simply from its vegetative shoots and even the triangular 
leaves in whorls are not sufficient to distinguish this from other genera. Often, 
however, these leaves are attached to the axis of the shoot by a form of ball-and- 
socket joint, this being characteristic of many species of Juniperus and including 
J. drupacea (often segregated into the genus Arceuthos). Leaves of this type have 
been found in the Miocene of Bourboule near Mont Dore, in France (GLANGEAND 
and MARTY, 1936, p.21, pl.A, fig.2, 3) and at Stare Gliwice in Poland (SZAFER, 
1961, pl.8, fig.l 1-17). Other compressions with triangular leaves apparently in 
whorls and having a cuticle resembling certain species of Juniperus (and apparently 
different from that of Arceuthos) have been found in the Pliocene of Willershausen 
in Germany (STRAUS, 1952, p.31, e.g., pl.17, fig.3). 

Tetraclinis 

This genus is now restricted to the north coast of Africa, to near Carthagena in 
Spain, and to the Maltese Islands (Fig.l). It is related to Callitris, a Southern 
Hemisphere genus and it is only in recent taxonomic procedure that it has been 
separated from Callitris sensu latu, covering what are now classified as three 
distinct genera: Callitris sensu strictu, Actinostrobus and Tetraclinis. The geograph- 
ical range of these taxa was one of the arguments favouring this separation. The 
unwinged, inaperturate pollen of Tetraclinis is no help in separating this genus 
from a host of other Cupressaceae and the seed unfortunately resembles that of 
Agathis alba. The vegetative shoots with their groups of four closely appressed 
leaves do enable one to separate this genus from other genera within the Cupressa- 
ceae and Callitris and Actinostrobus in particular (both of these latter genera have 
leaves in whorls of three). The four-(rarely more) valved "fruit" adds additional 
weight to the determinations when found attached to the twigs. Remains of this 
genus found in the Tertiary of Europe show that this genus once extended to the 
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Fig.1. Tetracl inis ,  its past  and present distribution.  

P a s t  d is t r ibut ion  

1 = DE SAPORTA (1865, pp.39--40, pl.1, fig.6); 2 = BOULAY (1899, p.82); 3 = DE SAPORTA (1862, 
pp.209-210, pl.3, fig.J, 1873, p.14; 1888, pp.38-40, pl.3, fig.6-8, pl.5, fig.12); 4 ~ DE SAI'ORTA 
(1863, pp.31--33, pl.3, fig.2); 5 = SISMONDA (1865, p.403, pl.4, fig.3, 4); 6 = VON ETTINGSHAUSEN 
(1868, p.825); 7 = ENGELHARDT and KINKELIN (1911, p.190, pl.23, fig.5, e.g., 5d); 8 = VON 
ETrlNGSHAUSEN (1851, pp.34--35, pl.5, fig.7--35); 9 = PRINCIPI (1926, pp.22-24, pl.2, fig.l); 10 

BERGER (1957, p.10, pl.1, fig.9); 11 = ENGELHARDT (1902, p.259, pl.1, fig.21, 22); 12 ~ SZAFER 
(1961, p.28, pl.7, fig.7, 8); 13 --  ZABLOCKI (1928, pp.188-189, pl.8, fig.10-17a); 14 = VON ETTINGS- 
HAUSEN (1853, pp.790--791); 15 - -  GIVULESCU (1960, p.38, 1962, p.136, fig.35--36). 

P r e s e n t  d i s t r ibu t ion  

This is shown in shading (based on JAHANDIEA and MAIRE, 1931; and BORG, 1927) with those 
specimens examined by the present  au thor  in the Ed inburgh  Herba r ium shown as crosses. 

north of its present range. Whether it occurred in Africa in the past is a matter for 
speculation for few investigations appear to have been undertaken in this part of the 
world. Undoubted records range from the Eocene up to the end of the Pliocene, 
when it disappeared from Europe. It would appear that at the present-day its 
range is further diminishing for place-names like Ghar-ghar and Ghar-ghur on 
Malta in areas where Tetraclinb is no longer found would indicate its presence there 
in the none too distant past (BORG, 1927, p.94). 

Vegetative shoots bearing scale-like leaves have been assigned to a number 
of genera within the Cupressaceae, based on differences in the shape and arrange- 
ment of  these leaves. Sometimes the particular species described appears to be 
well-circumscribed, e.g., Libocedrus salicornioides, which has been found in a number 
of European localities beginning with the Eocene or earlier and ending in the Plio- 
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cene. The vegetative shoots have been assigned to Libocedrus on the particular 
arrangement of the leaves and it is generally assumed to have been related to 
Libocedrus decurrens found in western North America at the present-day. The 
fossil is noted as having considerably larger vegetative shoots, but this in itself has 
not been considered as sufficient evidence for making it the basis of  an extinct 
genus. When one comes to examining the leaves, having first soaked them in 
peroxide solution to decompress them, one finds, however, that the four leaves 
making up a group are laterally fused, almost along their entire length, whereas 
in those genera superficially resembling the fossil an inner partially fused pair of 
leaves is surrounded by a pair of imbricate leaves free to the base. On this character 
difference and that of the size of the vegetative shoots, one must, according to the 
author, follow SEWARD (1919) in placing this species in the somewhat artificial genus 
Cupressinocladus. This is purely a taxonomic change, but its affect is felt in other 
fields, one of which is historical plant geography. One can no longer say that 
Libocedrus once had a larger geographical range than it does at present and quote 
these fossils as evidence. Instead, at least as far as Libocedrus is concerned, one must 
look for other lines of evidence. 

Fig.2. The distribution o f  A b i e s  within the European Tertiary. 

A .  E o c e n e - O l i g o c e n e  

1 --  PFLUG (1959, p.162); 2 = PFLUG (1959, p.162); 3 PFLUG (1956, p.418, 1959, p.162); 4 = 
PFLUa (1959, p.162); 5 = HELAL (1958, p.427); 6 = SAMUEL and SNOPKOVA (1962, pp.73, 77); 
7 --  GROSSHEIM and GLADKOVA (1951, p l . l - -Ol igocene  or  Miocene); 8 = ABUZIAROVA (1955, 
p.127, pl.1, fig.7, 1958, p.150). 

B.  M i o c e n e  

1 -- GLAN~EAND and MARTY (1936, p.21, pl.A, fig.l); 2 = MARTY (1931, p.183, pl.9, fig.5); 
3 --  FIRTION (1958, p.276, pl.6, fig.l); 4 = ZEIDLER (1938, p.200); 5 = RUDOLPH (1936, pp.305, 
307); 6 = MAZANCOV~ (1962, p.170); 7 = SNOPKOV~, (1961, pp.220, 222); 8 = SNOPKOV,~, (1961, 
pp.218, 222); 9 - -  MmAKOVI6 (1960); 10  = WEYLANO et al. (1958, p.80); 11 = OSZAST (1960, 
p.13, pl.4, fig.4, 5); SZAFER (1961, pp.17-18, pl.4, fig.l-3,  7-8, 15); 12  = PLANDEROV~ (1963); 13 

SHC~V.KINA (1958, pp.64--65); 1 4  ~ SHCHEKINA (1956, p.45, 1957, p.37); 15 - -  SHCHEKINA (1957, 
p.37); 1 6  = SHCHEKINA (1962, fig.46). 

C.  P l i o c e n e  

1 -- PFLUG (1959, p.162); 2 = JUX (1960, pp.18, 21, pl.2, fig.8); 3 --  DINIZ (1965, p.375); 4 = 
LAURENT and MARTY (1927, pp .67~8 ,  pl.15, fig.8); 5 = FmT~ON (1946, pp.512--513); 6 = PONS 
(1964, pp.558-559); 7 = BALLESIO and MEON-VILAIN (1965, p.16); 8 = FLORSCH/3TZ and VAN 
SOMEREN (1950); 9 --  RUDOLPH (1936, p.311); LESCHIK (1956, p.34, pl.15, fig.9); 10  = M~LDLER 
(1939, pp.19-21, pl.1, fig.10-17); 11 = LONA (1962, p.90); 12 = THOMSON and PFLUG (1953, p.68, 
'~1.5, fig.6-7); 13  - -  LESCHm (1954, pl.1, fig.8); 14  - -  RUDOLPH (1936, p.267); 15 = MEYER (1956, 
p.123, table 4); 1 6  ~ WEYLAND et al. (1958, p.77); 17  - -  L6HNERT (1961, textpl.25); 18 ~ PACLTOVA 
(1963, pl.6); 19  --  SNOPKOVA. (1960, p.192, table 1); 2 0  = DOKTOROWICZ-HREBN~¢KA (1957a); 
21 ~ DOKTOROW~CZ-HREB~CKA (1957a); 2 2  = SZAFER (1954, fig.9); 2 3  = NAGY (1959, p.414); 
24  ~ GIVULESCU (1962, p.133, pl.25, e.g., fig.10); 2 5  = PAr, mr5 and N I c o u 6  (1956, p.71); 2 6  

WEYLAND and PFLUG (1957, p.100); WEYLAND et al. (1958, p.79); 2 7  - -  SHATILOVA (1962, p.897). 
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PINACEAE 

Abies (Fig. 2) 

This somewhat disjunctly distributed genus from the Northern Hemisphere 
is mainly confined to the more southern part of Europe where it occurs in moun- 
tainous regions. The fairly large seed is of the general type found within the 
Pinaceae and is, in consequence, of no value in tracing the past distribution of 
the genus. The cone, too, which may be confused with genera such as Cedrus has 
to be discounted as a valid means on which to base its past record. The leaves of the 
genus are somewhat variable in shape and some of these have a notched apex, a 
feature unfortunately found in a number of other genera as well, e.g., Tsuga and 
Pseudotsuga. What is found in some species of Abies and is confined to the genus 
is the presence of a swollen base to the leaf. It is the occurrence of such leaves that 
has been recorded on the present maps. The pollen grain is large and winged, 
differing apparently from other genera, e.g., Keteleeria in having an exine which 
reaches the thickness of 6.5-11 # proximally. Pollen resembling that of Abies has 
been found in the U.S.S.R. in the Lower Cretaceous (PoKROVSKAYA and STEL'MAK, 
1964) and the Upper Cretaceous-Lower Palaeogene transition (BRATTSEVA, 1962) 
and throughout the Tertiary there is a continuous European record of  the genus. 
The Eocene, Pliocene and Pleistocene records of pollen of  this type in Iceland 
(PFLUG, 1956, 1959; Jux, 1960) might suggest that the genus once had a complete 
range between Europe and North America. During the Pleistocene it was apparent- 
ly present in the greater part of southern Europe and in the early part of the Holo- 
cene (just after Picea had firmly established itself) it became well-represented in 
most pollen diagrams. With the increase in the numbers of dicotyledons later on 
in the Holocene its numbers tended to fall off. 

Cathaya 

At the time when this Chinese genus was first described (CHuN and KUANG, 
1958) the authors assigned to the genus a Pliocene cone formerly described as 
Keteleeria loehri (ENGELHARDT and KINKEUN, 1911). This transfer has been queried 
by FLORIN (1963, p.242). Since then two more European species have been de- 
scribed from Pliocene sediments east of the Black Sea (SVECHNIKOVA, 1964). One 
of these, Cathaya europaea, is based on a cone similar to that of the living species C. 
nanchuanensis and the other, Cathaya abchasica, on leaf fragments and cuticles. 
This latter species is compared by Svechnikova with the other living species, 
C. argyrophylla. The appearance of the leaf fragments is a poor guide as to the 
affinity of the fossil, but the cuticle with its somewhat angular stomata is similar 
to that of Cathaya. The pollen of Cathaya is fairly distinctive and should result in 
further information concerning the past distribution of the genus. 
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Cedrus 

This genus with its discontinuous distribution in the Himalayas, northern 
Africa, Turkey, Cyprus and the Lebanon is found at the present-day at altitudes 
of from 3,700-6,000 ft. and above (Fig.3). Its seed is like those of many species of 
Abies. The four-sided leaves are arranged in whorls and are obviously separable 
from other genera in a living or herbarium state. When it comes, however, to fossils 
there is a possibility of confusing it with, for example, Pseudolarix unless the fossil 
is sectioned or cuticles prepared. The pollen grains have a corpus of less than 75 # 
in breadth which should help distinguish it from Picea and differ from Pinus in 
having an internal ornamentation of the bladders which merges gradually into 
that of the corpus. Pollen resembling that of Cedrus has been found in the Jurassic 
and Cretaceous in the Urals (PAPYLOV and BRONNIKOVA, 1961, p.99; ZFIARKOVA, 

196 l) and also in other parts of the U.S.S.R. (BOLKHOVITINA, 1956; POKROVSKAYA 
and STEL'MAK, 1964) and during the Palaeogene it was to be found in Asia and 
America as well as in Europe. Cedrus pollen is found right into the Pliocene of 
Oregon (GRAY, 1964), which would indicate that its present restricted range is 
something of the comparatively recent past. It is recorded from the top of the 
Pliocene and in the First Interglacial in the Kashmir Valley of India (PURI, 1957; 
VISHNU-MITTRE et al., 1963) in an area where it still persists. It was in the Lower 
Pleistocene that its former widespread distribution throughout Europe became 
restricted to the more southern parts and is then recorded from North Africa. 
Whether it had occurred in North Africa prior to this time is uncertain for there 
appears to be little palynological literature published on the Tertiary from this part 
of the world. The same is true of Turkey and the Near East and so one cannot be 
sure if its occurrence there at the present-day is a development within the recent 
past or whether it has been in the area since the Tertiary. From the diagram publish- 
ed by LONA (1950, pl.3) it would appear that Cedrus was absent from the north 
of Italy by the end of the Gfinz Glaciation, although it is possible that it hung on 
somewhat longer in more southern latitudes. PONS (1964, p.559) considered that 
the majority of the Cedrus grains which he encountered in his study of Pliocene 
deposits just north of Valence in southern France could be referred to the species 
(or subspecies) occurring in northern Africa at the present-day, although some could 
be referred to C. brevifolia (Cyprus and S~r in the Lebanon at present) or C. libani 
(subsp. libani) now found in Turkey, Syria and the Lebanon. The author has gone 
through a number of articles illustrating the Cedrus pollen grains found in the 
Lower Pleistocene of Italy to see whether it was possible to assign the illustrations 
to one or a number of the species. The results obtained by following AYTUG 
(1961), who described the pollen of the four major taxa within the genus, were 
contradictory. Either this is the result of a poor correlation of  the characters in the 
first place resulting either from the limited sample with which Aytug worked or 
from the different techniques employed by the various authors in the preparation 
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of their pollen samples. Alternatively it may be taken as a pointer to the compara- 
tively recent differentiation of the taxa within the genus. The present restricted 
distribution of the genus in northern Africa is, it should be added, a feature of the 
none too distant past for at the beginning of the Last Interpluvial, Cedrus, along 
with a number of other genera, invaded the whole of the central Sahara (Qukz~L, 
1960, p.358). The occasional record of Cedrus pollen in the uppermost part of the 
Holocene in some parts of western Europe, e.g., Le Moura at the western end of the 
Pyrenees (OLDFIELD, 1962, p.213) would appear to be due to its subsequent re- 
introduction by man as timber, for which purpose it is still grown in some part of 

Spain. 

Keteleeria 

This is a genus found only in the Far East at the present-day. Its cones with 
their imbricate scales and its leaves, even when found attached to their parent 
shoots, may be confused with a number of other members of the Pinaceae. The 
seed too is of the general type found within the Pinaceae so that there only remains 
the pollen which may be of some use in tracing the fossil history of the genus. The 
pollen of Keteleeria is very similar to that of Abies in overall shape and size and 
appears to differ from Abies only in the proximal thickness of the exine, which in 
Keteleeria is some 3-4 # thick. In Abies, as already noted, the proximal exine 

Fig.3. The present  distribution of  Cedrus  and its distribution in the Cenozoic. 

A .  E o c e n e - M i o c e n e  

1 = PFLUG (1956, p.418); 2 -- VON DER BRELIE and WOLTERS (1958, p.475); 3 = HELAL (1958, 
p.427); 4 = KREMP (1950, p.61, pl.4, fig.23, 25-26); 5 = MAZANCOV.~ (1962, p.170); 6 = SNOPKOVA 
(1961, p.218, pl.4, fig.3); 7 = WEVLAND et al. (1958, p.81); 8 = SAMUEL and SNOI"KOVA (1962); 
9 = SHCHEI<INA (1958, pp.64--65); 10 - -  GIVULESCU (1962, p.134); 11 ~ KOZYAR (1957, p.301); 12 

--  ABUZIAROVA (1955, p.127, pl.1, fig.9, 1958, p.150); 13 ~ MACKO (1957). 

B.  P l iocene  

1 = NONN and MEDUS (1963, p .62--possibly Upper  Miocene); 2 ~ PONS (1964, p.559); 3 = 
LESCHIK (1956, p.34, pl.16, fig.10); 4 : LONA (1962, p.90); 5 = L~SCHIK (1954, pl.1, fig.13); 6 
L6r~NERT (1961, textpl.25); 7 = SNOPKOVA (1960, p.192, table 1); 8 ~ PANTI6 and BE.~LAGI~ 
(1964); 9 --  NAGY (1959, p.414); 10 : WEYLAND et al. (1958, p.79); l l  - -  W~YLAND and PFLUG 
(1957, p.100); 12 = SHATILOVA (1962, p.897). 

C.  L o w e r  P le i s tocene  

1 = BEUCrtER (1963); 2 = H. Remy (in: WOLDSTEDT, 1958); 3 = LEROr-GouRIqAN (1961, pp.245- 
246); 4 = LONA (1950, pl.3); 5 = PAOANELH (1960, p.603); 6 = FOLUERr and NAPOLEONE (1964); 
7 = RICCtARDI (1963, p.868); 8 = LOr~NERT (1961, textpl.28-29); LONA and RICCIARDI (1961a); 
9 = LOHNERT (1961, textpl.25); 10 ~ ~ERCELJ (1965, pl.1). 

D .  R e c e n t  

Data  f rom DAVIS (1965), MAIRE et al. (1952), POST and DtNSMORE (1932) and a number  of  speci- 
mens examined in the Edinburgh Herbarium. 
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ON THE PHYTOGEOGRAPHY OF CONIFERALES 85 

apparently reaches a thickness of 6.5-11 # in all cases. Should this distinction be 
found to break down when a detailed examination of the pollen of the recent species 
of these two genera is undertaken then not only will the records of Keteleeria have 
to be re-examined but also the majority of those of Abies. Keteleeria pollen has 
apparently been identified from Lower Cretaceous deposits in the U.S.S.R. 
(POKROVSKAYA and STEL'MAK 1964, pl.55, fig.6, 7) and it has even been recorded 
from the Jurassic by MURACHOVSKAYA (1956) .  Pollen attributed to the genus has 
been found in European deposits ranging from the Eocene into the Lower Pleisto- 
cene. Since various authors have had their own opinion as to the distinction 
between the pollen of Keteleeria and Abies, the present author has had to restrict 
himself to the figured references. Sometimes, as in the case of their supposed 
occurrence in the Pliocene of Willershausen (FRANTZ, 1961, p.427, pl.2, fig.2) and 
the Oligocene-Miocene boundary at Mydlovary, Czechoslovakia (PACLTOV~., 
1958), the photograph does not show the critical feature and in others the record 
needs to be reconsidered, e.g., PACLTOV.~ and ZERT (1958, p.351; Oligocene of 
Czechoslovakia); LESCHIK (1954, pl.1, fig.14; Upper Pliocene of Germany); 
PAGANELLI (1962; interglacial of Italy); STACHURSKA (1960, p.283; interglacial of 

Fig.4. The pre-Pleistocene distribution of  Picea  in Europe.  

A .  Upper Cre taceous -Ol igocene  
1 : PFLUG (1956, p.418); 2 = SIMPSON (1961, pp.427-428, pl.6, fig.l--4, pl.7, fig.l-2,  pl.8, fig.l); 
3 = VON DER BRELIE and WOLTERS (1958, p.475); 4 = HELAL (1958, p.427); TUIERGART (1958, 
p.448, pl. 1, fig. 16); HOLTZ (1962, p.27); 5 = PACLTOVA (1958, p. 125--boundary  Upper  Oligocene-  
Lower Miocene); 6 = MACKO (1963, p.10, pl . l ,  fig.l); 7 = WEYLAND et al. (1958--boundary 
Upper  Ol igocene-Lower  Miocene); 8 --  SHCHErONA (1958); 9 = KOZYAR (1957, p.301); 10 = 
GROSSHE~M and GLADKOVA (1951, p l . l - -Ol igocene  or  Miocene); 11 = ABUZXAROVA (1958, p.150). 

B. M i o c e n e  
1 = FIRTION (1958, p.276, pl.6, fig.5-6); 2 --  D. Ferguson (unpublished, 1966); 3 = MANTEN 
(1958, p.467); 4 = THOMSON and REIN (1949, p.109); 5 = RUDOLPH (1936, pp.294, 305, 307); 6 --  
MAZANCOV.~ (1962, p.169); 7 = MACKO (1959, pl.2, f ig.l-4);  8 = MACKO (1957); OSZAST (1960, 
p.15, pl.5, fig.l-2);  9 = KREMP (1950, p.61, pl.4, fig.18); 10 = WEYLAND et al. (1958, p.80); 11 = 
W~YLAND et al. (1958, p.80); 12 = SHCHEKINA (1958, pp.64-65); 13 = SHCHEKrNA (1957, p.38); 
14 SHCHEKINA (1956, p.45, 1957, p.38); 15 = SHCHEKINA (1962, fig.48). 

C. Pl iocene  
1 = Jux  (1960, pl.2, fig.7); 2 - DINIZ (1965, p.375); 3 -- FIRTION (1946, pp.512-514); 4 = 
BALLESIO and MEON-VILAIN (1965, p.16); 5 = PONS (1964, pp.560-561); 6 = ZAHWIJN (1960, 
p.63); 7 = MOLLER-STOLL (1938, pp.396-398, pl.9, fig.8, 9, pl.11, f ig .2~) ;  8 = RUDOLPH (1936, 
p.311); LESCHIK (1956, p.34, pl.16, fig.l); 9 = LESCHIK (1952, fig.4); 10 = LONA (1962, p.90); 
11 - -  THOMSON and PFLUG (1953, p.68); 12 = LESCHIK (1954, pl.1, fig.17--18); 13 = RUDOLPH 
(1936, p.267); 14 = MEYER (1956, p.123, pl.4); 15 = WEYLAND et al. (1958, p.77); 16 = PANTIt~ 
and BE~LAGI~ (1964); 17 = L6HNERT (1961, textpl.25); 18 = SNOPKOVA (1960, p.192, table 1); 
19 = DOKTOROWICZ-HREBNICKA (1957a); 20 = DOKTOROWICZ-HREBNICKA (1957a); 21 --  
SZAFER (1954, fig.9); 22 = NAGY (1959, p.414); 23 --  PANTI6 and NICOLI6 (1956, p.71); 24 = 
WEYLAND and PFLUG 1957, p.100); WEYLAND et al. (1958, p.79); 25 = GIVULESCU (1962, p.134); 
26 = SHATILOVA (1962, p.897); 27 = VRONSKII (1963, p.935). 
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Poland). All the published Tertiary records which appear to be authentic (FIRTION, 
1958, p.275, pl.6, fig.6; OSZAST, 1960, p.16, pt.6, fig.5; MAI, 1964, p.12, pl.1, 
fig. 18) are from the Miocene. The author has, however, seen what appears to be a 
good example of Keteleeria in an unpublished paper (W. Krutzsch and R. Van- 
hoorne, 1966) dealing with the Eocene of Belgium. 

Larix 

This largely North American and Asian genus has a somewhat disjunct 
distribution in Europe at the present-day. The large round inaperturate pollen 
grain is one which is unique among the recent conifers "native" to Europe. When 
one is dealing with the Tertiary, however, one has to guard against the possibility 
of similar pollen being that of Pseudotsuga. Both Larix and Pseudotsuga have been 
recorded as macrofossils from the Upper Tertiary of Europe. Wood remains 
assigned to Piceoxylon pseudotsugae are generally considered to belong to Pseudo- 
tsuga, but one cannot rule out the possibility that Such wood could be that of 
Cathaya. Leaves and cone-scales have also been assigned to Pseudotsuga (STEFA- 
NOFF, 1930; ZALEWSKA, 1961), although such records are not nearly as common as 
those of Larix. At present it is not certain whether Pseudotsuga was present in the 
European Tertiary and it is possible that much, if not all, of the pollen referred 
to as Inaperturopollenites magnus R. POTOM~ is that of Larix. Such pollen is to 
be found in the European Cretaceous and Cenozoic. 

Picea (Fig. 4) 

This is a genus found at the present-day widely distributed north of latitude 
20°N. In Europe it is common in the northeast, being only recently planted in the 
northwest and rare in those regions bordering on the Mediterranean. Although 
one may be safe enough in attributing certain Pleistocene cones with imbricated 
cone-scales to Picea there is a great danger when one is working in Tertiary deposits 
of confusing this with other genera, many of which are now restricted tq the Far 
East. The seed is of the general type found within the Pinaceae. Isolated leaves, even 
when examined for cuticles, are difficult to assign unless a cross-section shows that 
the leaf was four-sided (a feature of Picea section Eupicea), in which case one has 
only to distinguish between this and the genus Cedrus--a relatively easy task. The 
greatest asset the palaeobotanist has is the pollen. This is a large-winged grain 
(the corpus is more than 70 # in breadth) with a thin proximal exine and an internal 
ornamentation of the bladders, which merges gradually into that of the corpus. 
The bladders are hardly separated or even slightly overlapping, which feature, 
along with its size, should distinguish it from Cedrus pollen. Pollen said to be that 
of Picea has been found in the Jurassic of Srednem in the Urals (PAPYLOV and 
BRONNIKOVA, 1961, p.99) and is recorded by BOLKHOVmNA (1956) and POKROVS- 
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KAYA and STEL'MAK, (1964) from other Mesozoic deposits in the U.S.S.R. How- 
ever, one must treat such records with caution, since the pollen may well be that 

of one of the many now extinct genera. In Europe and other parts of the Northern 
Hemisphere it was widespread during the Tertiary (especially in what appear to 
have been the temperate zones) and it appears to have undergone somewhat of 
a reduction in area only within the comparatively recent past (Pleistocene and 
Holocene). During the Ice Age Picea was found in many parts of southern Europe, 
although pollen diagrams from the Pleistocene of Padul in the southeast of Spain 
indicate that it was never present in this part during that time and it only comprises 
from 0-2 ~ of the arboreal pollen in the Mindel-Riss deposit from Villaverde, 
Madrid (MENI~NDEZ AMOR and FLORSCHiJTZ, 1959). Late-Glacial and Postglacial 
deposits from many parts of Spain indicate that it continued to be absent at this 
time (Picea is not found in the greater part of the Iberian Peninsula at the present- 
day). It was present, however, in the Holocene of the Pyrenees (BARTLEY, 1962) 
where it still continues to grow. Although sporadic records of the genus are found 
before this, Picea does not appear to have been represented in large percentages 
prior to the Boreal or Atlantic in Mediterranean regions and the Atlantic or even 
Subboreal to Subatlantic further north. Although the genus appears to have main- 
tained its hold in mountainous areas one finds in the majority of pollen analyses that 
it was fighting a losing battle with deciduous trees and particularly Fagus in the 
later part of  most Postglacial sequences. 

Pinus (Fig. 5) 

This Northern Hemisphere genus is found in almost every region of Europe 
at the present-day. It appears to have been already differentiated in the Cre- 
taceous for leaf-fascicles and cones resembling Pinus are found in rocks of this 
age, e.g., GOTHAN and WEYLANO (1964, p.359). Pinus is recognized chiefly on 
the basis of cones and the characteristic arrangement of needles in a fascicle (dwarf 
shoot). Single species of Pinus growing at the present-day may have from one to 
eight needles in one of these fascicles and although there is a certain amount of 
constancy within some groups of  the genus one should not regard differences in 
number as an indication of the presence of a number of species. Specific rank is 
better based on characters of leaf width and structure, in the case of leaves. The 
actual number of species, from the European Tertiary, described on the basis of 
leaf and/or cone is in order of 140, which even allowing for many of these being 
synonymous is still a great number. Some 70 taxa are recorded from the Miocene 
and there seems to have been not only an expansion in the number of taxa but in 
actual numbers as well. On the other hand one may interpret the map as indicating 
a move to a lower altitude at this time, for this would increase the chances of 
preservation. The number of taxa described from the Pliocene (43) is not much 
fewer than that from the Miocene, although there seems to have been a genuine 
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Fig.5. The Tertiary distribution of  Pinus,  based on leaves and cones. 

A .  P a l e o c e n e - E o c e n e  

1 = CHANDLER (1961b, pp.60-61--Paleocene);  2 = CHANDLER (1961a, pp.22-23, pl.9, fig.50-- 
Eocene); 3 = CHANDLER (1961b, pp.56-58, pl.4, f ig . l -7--Paleocene);  4 = WAT~LET (1866, 
p p . l l 2  113, pl.31, fig.5, pl.32, fig.16-17--Paleocene); 5 -- STOCKMANS (1936, pp.24, 26, pl.3, 
f ig . l - -Eocene);  6 = BEYN (1940, p.406, pl.1, f ig.5--Eocene);  7 -- KNOBLOCH (1962, p.104, pl.1, 
f ig.7--Eocene);  8 -- VON ETTINGSHAUSEN (1851b, p.35, pl.6, fig.23-33--Eocene); 9 -- STAUB 
(1885, p.82, pl . l ,  f ig . l -2--Eocene) .  

B. Ol igocene  

l = DE SAPORTA (1865, pp.59-80, pl.3, fig.l--4, 6-8, pl.4, fig.l--4, 9, 11, 12, pl.5, fig.l-3); 2 
DE SAPORTA (1865, p.77, pl.4, f ig. l l) ;  3 -- BOULAY (1899, p.83, pl.1, f ig .5--Upper  Oligocene or 
Lower Miocene); 4 = DE SAPORTA (1862, pp.212--216, pl.3, fig.2--6, 1868, pp.19--20, pl.1, fig. l, 
1873, pp.15--22, pl.1, fig.17, pl.2, fig.4--6, 8--10, 1888, pp.46--56, pl.3, fig.9--11, 14--18, 20--22, pl.4, 
fig.l, 3-5, 7); 5 = VON ETrlNGSHAUSEN (1868, pp.826--827); ENGELHARDT (1911, pp.322--325, 
pl.37, fig.35 36, pl.45); 6 = VON ETTINGSHAUSEN (1868, pp.826--828); 7 = PmNCIPI (1926, p.24, 
pl.2, fig.2); 8 = FRIED~CH (1883, p.220); ENGELHARDT (1888, p.10); 9 = ENGELrtaRDT (1870, p.33); 
lO - -  VON ETTINGSHAUSEN (1853, pp.791--792); 11 = VON ETTINGSHAUSEN (1853, p.792); PALFALVV 
(1951, pp.63-64); 12 = DOROFEEV (1961, fig.7-8). 

C. M i o c e n e  

1 = TEIXEIRA (1945, p.209, citing O. Heer, 1881); 2 = MENENDEZ AMOR (1955, p.45, pl.16, fig. l); 
3 -- MARTY (1931, p.183); 4 = BOOLAY (1887, pp.237--238); 5 = SISMONDA (1865, pp.405--408, 
pl.4, fig.7, 11-13, pl.5, f ig .4~,  pl.8, fig.3); 6 = GAUDIN (1855, pp.357, 361,429); HEER (1855, p.56, 
pl.21, fig.6); 7 = SCHLOEMER-JgGER (1960, pp.222-237, pl.1, fig.7-12); 8 = KR~USEL (1938, p.20, 
pl.3, fig.3-5); 9 = HEER (1855, pp.56-57, pl.20, fig.4); 10 --  PEOLA (1899, p.46); 11 = BERGER 
(1957, pp.14--17, pl.1, fig.35--39, pl.2, fig.40--48); 12 = MESCHINELH and SQUINABOL (1892, 
pp.122, 128-129); 13 - -  MASSALONGO and SCARABELH (1859, pp.158--159, 161, pl.5, fig.12-16, 34); 
PAOLUCCr (1896, pp.l--4, pl.1, fig.l--2); 14 = MASSALONGO (1853, p.203, pl.3, fig.4); 15 = UNGER 
(1847, pl.19, fig.12); 16 = MAI (1964, p.15, pl.1, fig.3); 17 = VONETTrNGSHAUSEN (1872, pp.167- 
169, pl.1, fig.28-29, 31--34); 18 = VON ETTINGSHAUSEN (1890, pp.73-75, pl.1, fig.79, 87, 90-92); 
BERGER (1955C, p.406); 19 = UNGER (1847, pl.20, fig.4, 7); 20 = BERGER (1952a, p.96, 1953a, 
p. 18); 21 - -  VON ETTINGSHAUSEN (1851 a, p.11, pl.1, fig.11); BERGER (1952b, pp.85-86, 1853b, p.143); 
BERGER and ZABUSCH (1952, p.501, 1953, pp.231--232, fig. l); 22 = BERGER (1951, p.274, fig.l); 
23 = CZIEFERY-SzIL~GYI (1961, p.44, fig.5-8); 24 = SZAFER (1961, pp.19-20, pl.5, fig.4, 6-7, 9-11); 
25 = ZABLOCKt (1928, pp.182--187, pl.7, fig. l--7, pl.8, f ig . l -5--Ol igocene according to KmCH- 
HEIMER, 1950); 26 = KOVATS (1856, pp.18--19, pl . l ,  fig.8-10); ANDREANSZKY (1959, p.51, pl.9, 
riga 1, pl.10, fig. l);  27 = GIVULESCU (1951, p.111); GIVULESCLr and NtCORICI (1960, p.182); 28 --  

GtVULESCU (1952); 29 = GIVOLESCU (1952); 30 = BARBO (1954, pp.25-26, pl.2, fig.3-11); 31 = 

PANTI~ (1958, pl.2, fig.5b); 32 = PANTI6 (1958, pl.2, fig.7); 33 = MILAKOVI~ (1956, pp.193-194, 
pl.l ,  fig.l); 34 = UNGER (1867, pp .43~5,  pl.2, f i g . l - l l ,  13-14, 16, pl.16, fig.12); 35 = PALIBIN 
(1901, p.470); 36 = TESLENKO (1959, fig.l); 37 = KRYSHTOEOWCH (1931, p.7, pl . l ,  fig.2-3). 

D .  Pl iocene  

1 = TEIXEIRA (1945, pl.1, f ig.l-4,  pl.2, fig.l~5); 2 = LAURENT and MARTY (1905, p.95); DE 
SAPORTA (1873, p.221); 3 = DEPAPE 0922, pp.122-131, pl.2, fig.l-2); 4 = MOLLER-STOLL (1938, 
pp.398-399); 5 = GEISSERT (1962, p.39); 6 -- GEYLER and KINKELIN (1890, pp . l l -15 ,  20, pl.1, 
fig.3-10, 16-17); KIN~:ELIN (1900, pp.127--128); ENGELHARDT and KINKELIN (1911, pp.201--210, 
221, pl.24, fig.5--11); MXDLER (1939 p.35, pl.1, fig.36); KRX~JSEL (1940, p.448, pl.2 a~l) ;  7 = SQUI- 
NABOL (1891, pp.19-20, 22, p1.15, fig.l, 4, 7); 8 = GAtrDIN and STROZZI (1858, pp.27-28, pl.2, 
fig.4); 9 = SORDELLI (1873, pp.371--374, fig.7-11, 1896, p p . l l l - l l 5 ,  pl.15, fig.12-14, pl.16, 
fig.15-16); 10 = MESCHINELLI and SQUINABOL (1892, p.126); 11 - -  CAVARA (1886, pp.725--726, 
pl.1, fig.4); 12 = MESCHINELH and SQUINABOL (1892, pp.124, 126); 13 = GAUDIN (1857, p.333); 
GAUDIN and STROZZI (1858, pp.26-29, pl.1, fig.l--3, pl.2, fig.l-3, 6, 1860, pp.33-34, pl.1); 14 = 

SQUINABOL (1891, p.21, pl.15, fig.3); 15 - -  BERGER (1950, p.90, fig.3--8, 10, 1952b, pp.85-86, 
1953, p.143, 1955a, pp.74-75, 1955b, pp.85-86, fig.14-15); 16 --  CZWFERY-SZILAGYI (1964, pp.129- 
130); 17 = GIVULESCtl (1951, p. l17, 1956a, pp.578-579, 1961, pp. 329-330, 1962, pp.134-135, 
fig.17-18, 27, 32-34, 208-213); 18 = STOJANOFF and STEFANOFF (1929, pp.20--23, text fig.4, fig.5, 
pl.3, fig.4-6). 
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reduction in numbers; indeed one would expect with the approach of the Ice Age 
that these conifers would tend to be found at lower altitudes. The lowering of the 
tree limit during glaciation may well have indirectly caused a certain amount of 
hybridization between species originally more or less isolated from one another on 
higher ground. Re-establishment on higher ground during the interglacials and the 
Postglacial would then tend to conserve any hybrids formed. 

Pseudolarix 

This genus has a present distribution in China, but since FLORSCHtJTZ (1925) 

Fig.6. The distribution of  Tsuga in time and space, based on the occurrence o f  its pollen and leaves 
within sediments.  

A. Upper Cretaceous to Oligocene 
1 = MACKO (1963, pl.28, fig.7--8); 2 = HELAL (1958, p.427); 3 = KIRCnnEIM~R (1950); 4 = KmCH- 
HEIMER (1950); 5 = KmCHrmIMER (1934, pp.175--176, fig.6); 6 = MACKO (1963, p.10, pl.1, fig.6-7); 
7 = KIRCHI-IEIMER (1950---Miocene according to ZABLOCrd, 1928); 8 = SHCHEKINA (1958); 9 = 
GROSSHEIM and GLADKOVA (1951, p.807, f ig . l - -Ol igocene or Miocene). 

B. Miocene 
1 = FIRTION (1958, p.276); 2 = MANTEN (1958, p.467); 3 = THOMSON and REIN (1949, p.109); 
4 = KIRCFIHEIMER (1934, p.177, fig.8); 5 = DOKTOROWrCZ-HREBNICKA (1957b, p.170,pl.27,fig.5, 
pl.28, fig.14); 6 = MAZANCOV/~ (1962, p.170, pl.6, fig.6); 7 = SNOPKOV~, (1961, p.220); 8 = 
SNOPKOV~, (1961, p.218); 9 = MILAKOVI(~ (1961, p.46); 10 = MILAKOVI(~ (1960); 11 = KREMP 
(1950, p.62, pl.3, fig.10, 12--13); 12 = MACKO (1957, pp.33-34, pl. 7, 8, 9, f ig.l-6);  OSZAST (1960, 
p.14, pl.4, fig.7--11); SZAFER (1961, p.18, pl.5, f ig.l-2);  13 = SHCHEKINA (1957, p.37); 14 = 
SHCHEKINA (1957, p.37); 15 = SHCHEKINA (1958, pp.64-65); 16 = SHCHEIONA (1962, fig.47). 

C. Pliocene 
1 = FIRTION (1946, pp.512--513); 2 = PONS (1964, p.609, photos  25-26); 3 = BALLESIO and MEON- 
VILAIN (1965, p.16); 4 = ZAGW'[JN (1959, p.18, 1960, p.68); 5 = VAN DER BRELIE (1958, p.34); 
6 = KmCHHEIMER (1934, p.178); WOLFF (1934, p.70); RUDOLPH (1936, p.311); LESCHIK (1952, 
fig.4); LESCHIK (1956, pp.34-35, pl.16, fig.3-6); 7 = MT, DLER (1939, p.24, pl.1, fig.21-29); KR.KUSEL 
(1940, p.447, p l . ld) ;  8 = LONg (1962, p.90); 9 = LESCHIK (1954, pl.2, fig.3--7); 10 = THOMSON 
and PFLUG (1953, pp.66~57, pl.4); 11 = RUDOLPH (1936, p.267); 12 = MEYER (1956, p.123, pl.4); 
13 = WEYLAND et al. (1958, p.77); 14 = PACLTOV.~ (1963, pl.7, f ig.l-4);  15 = SNOPKOV.I, (1960, 
p.192, table 1); 16 = DOKTOROWICZ-HREBNICKA (1957a, p.156, pl.18); 17 = DOKTOROWICZ- 
HREBNICKA (1957a, p.156, p1.18); 18 = SZAFER (1954, pl.3, fig.6); 19 = NAGY (1959, p.414); 
20 = GIVULESCU(1956b, p.1234,fig.2, 1961,pp.329, 331, 1962, p.134, pl.25); 21 = STOJANOFF and 
STEFANOFF (1929, pp.15--16, pl.2, fig.7--9); 22 = PANTI6 and NICOLIC (1956, p.71); 23 = WEYLAND 
and PELUG (1957, p.100); WEYLAND et al. (1958, p.77; 1960, p.75, pl.10, fig.10); 24 = SHATILOVA 
(1962, p.897); CHOCHIEVA (1965, pl.1, fig.3); 25 = SUPRUNOVA and VRONSKII (1965, p.196). 

D. Pleistocene 
I ~ MENENDEZ AMOR and FLORSCHOTZ (1964, p.254); 2 = H. Remy (in: WOLDSTEDT, 1958); 
3 ~ DURAND and REY (1963, p.2692); 4 = ZAGWUN (1959, p.18; 1960, p.68); VANHOORNE (1963, 
pp.89--90); GREGUSS and VANHOORNE (1964, pl . l ,  fig.2-3); 5 = LEROI-GOURHAN (1961); 6 = 
FOLLIERI (1957, p.92, pl.3, fig.l--3); 7 = LONg (1950, pl.1, fig.4--9); 8 = PAGANELLI (1960, p.603); 
LONg and RICCIARDI (1961b, pl.1, fig.7); 9 = BLANC (1955); 10 = RICCIARDI (1963, p.868); 
11 = LONg and RICCIARDI (1961a); 12 = A. ~ercelj (unpublished); 13 = ~ERCEU (1961); 14 = 
~ERCELJ (1965, pl.1); 15 = SZAFER (1954, fig.9). 
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first described it as occurring in the Pliocene deposits of the Dutch-German border 
it has been recorded from a number of other localities in Europe, and also in Asia 
(e.g., KRYSrIrOFOVICH, 1956; DOROFE~V, 1961). Various attempts have been made 
to find some characters on which to separate the pollen from that of Pinus but so 
far the investigations have not been carried far enough. The leaves are arranged in 
whorls but these appear to be shed as separate entities and as such are none too easy 
to distinguish from other similar forms. The imbricate cone-scales are shed in a 
similar manner to the leaves and present difficulties, since these scales resemble 
those of a number of other genera. The seed does, however, appear to differ from 
the seeds of other members of the Pinaceae in having a wing which is gradually 
tapered into a sharp point. In Europe the genus appears to have been present only 
in the Upper Tertiary. 

Tsuga 

This genus has a present distribution in North America and the Far East; 
fossil remains (pollen grains and leaves) have been found in the Tertiary of both 
these regions. The cone, although unusually small for the Pinaceae, could be 
confused with immature cones of a number of other genera. The seeds, although 
small, are typical of those found within the Pinaceae. As far as recognizing remains 
of this genus go the small petiolate leaves of the genus and the frilled pollen grains 
are most distinctive. On the basis of these remains it is possible to say that the genus 
was present in Europe as early as the Upper Cretaceous and remained there well 
into the Pleistocene (Fig.6). 

The pollen grains and leaves are frequently found in a number of forms in 
the Tertiary and Lower Pleistocene. OSZAST (1960, p.14) described three Miocene 
species (plus one referred to Tsuga pattoniana, a possible cross between Tsuga and 
Picea) on the differences found within the pollen. One of these was referred to the 
eastern species Tsuga sieboldii but it is usually considered that the affinities of both 
leaves and pollen grains were with the present-day North American species (see 
SZAFER, 1949). Although its geographical range does not appear to have been ob- 
viously restricted at the beginning of the Pleistocene it probably no longer occurred 
in the major part of Europe after the Mindel Glaciation except, for example, in 
some parts of southern Italy where it is recorded in the Mindel-Wtirm Interglacial 
and in northern Yugoslavia where it is found regularly in deposits belonging to the 
Riss-Wurm Interglacial (A. ~ercelj, unpublished, 1966). Why it disappeared from 
Europe at all is a matter for speculation for it is a tree resistant to frost and tolerant 
of a heavy weight of snow. 
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PODOCARPACEAE 

Dacrydium 
Pollen of this genus has been described (but not illustrated) from the Miocene 

of the northern part of the Black Sea depression (KORALLOVA, 1962), but so far no 
definite records of the genus have been reported from Europe. ZAICHNSKAYA 
(1953, p.65, pl. 1, fig. 12a, b) has found pollen grains with very small bladders about 
a quarter the size of the corpus and closely resembling that of Dacrydiumfranklinii, 
a Tasmanian species, in Tertiary deposits from the Pasekov mine in the Voronezh 
district of the U.S.S.R. Similar pollen has been found in the Tertiary of Kerguelen 
Island, Australia, Tasmania, and New Zealand and it may also have been present 
in South America at that time (CouPER, 1960, pp.494--495). 

Microcachrys 

This is another Tasmanian member of the Podocarpaceae. When uncom- 
pressed its vegetative shoots are fairly easily recognized, having a square cross- 
section and differing in other respects from the other genera with this characteristic. 
Its cone too is fairly characteristic but it is the pollen, small with three bladders 
18-21 # in long dimension, that is so distinctive. Pollen of this type has been found 
in the Lower Miocene of Gliwice in Poland (MACKO, 1957, p.44, pl.35, e.g., fig.12, 
16). This brings up the whole problem of its past distribution. Besides this European 
record it only appears to have been found in the Late Mesozoic and Tertiary of 
southern Australia, Tasmania and New Zealand and in the Tertiary of Kerguelen 
Island (CoUPER, 1960, pp.496-497), a far cry from its occurrence in the Northern 
Hemisphere. 

Phyllocladus 

This largely Southern Hemisphere genus has been reported from the Lower 
Tertiary sediments near Kiev in European Russia (KRgSNOVA, 1910, p.217). The 
specimen on which Phyllocladus charkoviensis was based is a roughly triangular 
leaf with fine radiating, sometimes dicotomising, ribs. Although it might be a 
member of the genus Phyllocladus this is not the only possibility open. So far fossil 
remains of Phyllocladus have only been found in Australia and New Zealand (Cow- 
PER, 1960; FLORIN, 1963) with certainty, although pollen resembling Phyllocardus 
is found in the Tertiary of North America and the Far East. 

Podocarpus 

This is a largely Southern Hemisphere genus, but one which reaches, for 
example, latitude 38°N in Japan. The fleshy "fruit" with its enclosed seed is not 
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distinctive, being easily confused with certain angiospermous fruits. Leaves too, 
unless their cuticles are investigated, are indistinctive, which accounts for records 
of the genus being later transferred to Bambusa (e.g., MARRY, 1931), various other 
conifers and to dicotyledonous plants. The pollen grains of Podocarpus, sometimes 
coarsely sculptured or with a fine, poorly-developed, reticulum in the often huge 
bladders (in comparison with the size of the corpus) differentiate it from all but a 
few species of Dacrydium. Although FLORXN (1963, p. 198) did not believe the genus 
was ever present to the north of the Tethys, there are numerous reports based on 
palynological investigation which, if they are all to be believed, would give the genus 
a range in Europe from Triassic to Pleistocene. The author has restricted himself 
to an examination of the fgured records. Such records appear to indicate that as 
far as the Tertiary goes Podocarpus pollen may be found in Eocene rocks (MAcKo, 
1963, pl.28, fig.9), in the Oligocene (KmCHHEIMER, 1950, fig.1 a-e; THIERGART, 
1958, p.449, pl.1, fig.15), the Miocene (POTONII~ et al., 1950, p.49, pl.C, fig.6; 
MACKO, 1957, e.g., pl.9, fig.13-15, 1959, pl.2, fig.9-12; OSZAST, 1960, p.10, pl.2, 
fig.10, pl.3, fig.l), Pliocene (PFLtJG, 1959, p.152, pl.14, fig.6) and Pleistocene (GRE- 
GUSS and VANIJOORNE, 1964, pl.1, fig.l). Unfortunately none of the authors, with 
the exception of Oszast, gives anything more than a taxonomic treatment, so that 
one cannot be sure whether at least some of these records are the result of rede- 
position from older beds. What one can be sure of from these records is that 
Podocarpus did, contrary to Florin's expressed opinion, exist in Europe at one time, 
and there are similar records indicating that it occurred in Asia as well (ABuzIARO- 
"CA, 1958, p.150, pl.1, fig.6; ZAKLINSKAYA, 1953, e.g., pl.l, fig.2-4, 10). The diagrams 
in Oszast's work shows that Podocarpus pollen is found in an almost continuous 
curve, with a maximum representation of 10 70 of the total pollen. This is good 
evidence for saying that the genus must have been present in the environs of Stare 
Gliwice in Poland during the Tortonian (Miocene). The general form of most of 
the Podocarpus pollen grains found is that with two laterally placed bladders. 
One of those recorded from the Lower Tertiary of the Turgay Depression just 
north of the Aral Sea in Kazachstan is, however, of the type with three bladders. 
Such pollen is characteristic of Podocarpus section Dacrycarpus. Freak pollen 
with three bladders does occur in a number of other genera, but this does not appear 
to have been a freak for it is found to compose 2.5 7o of the total pollen present in 
the deposit. Podocarpus section Dacrycarpus is to be found at the present-day in 
Malaya, Java, Borneo, New Guinea, New Caledonia, and New Zealand, and pollen 
of it has been described from Mesozoic and Tertiary rocks of New Zealand and 
Australia (CoUVER, 1960, p.495). Another record, but one which may simply be a 
freak Abies was described and figured from the Hungarian Miocene by NACY 
(1962) as Dacryearpites hungaricus. 

The author has already mentioned how cuticles may help to identify Podo- 
carpus from leaf remains. One such case from the Pliocene of Frankfurt-am-Main 
(Germany) has been described by M.~DLER (1939) as Podocarpus kinkeli. But al- 
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thoughheinvestigatedthe cuticle of this leaf (M)~DLER, 1939, pl.2, fig.5) the fragment 
illustrated does not appear to be sufficient to distinguish it from genera such as 
Cephalotaxus and Austrotaxus, although the shape of the leaf does resemble 
Podoearpus rather than those of the afore-mentioned genera. On the other hand, 
the leaf he described as Cephalotaxus pliocaenica (M~DLER, 1939, pl.1, fig.2, 3) 
should, in my opinion, be referred to Podocarpus on the nature of its stomata and 
adjacent cells. This determination must, however, be considered tentative. 

SCIADOPITYACEAE 

Sciadopitys 

This Japanese genus can be recognized on the basis of a number of charac- 
teristics. The nature of the structurally double leaf, its cuticle and the arrangement 
of  the leaves on the shoot are very distinctive. The large cone-scales distinguish it 
from those of Sequoia and the pollen of the genus with its hemispherical projections 
are both diagnostic; only the seed cannot claim to be distinctive. There are pre- 
Tertiary records of the genus based on pollen and, on the basis of leaves and their 
cuticles FLORIN (1922) showed that this genus or at least near relatives of it has 
been in Europe since the Rhaetic. The genus appears to have been widespread in the 
Older Tertiary, being found not only in Eurasia but also in America. In the Younger 
Tertiary Sciadopitys disappeared from America and its distribution within Eurasia 
became divided into two areas, respectively Europe and the Far East. In Europe 
the genus persisted into the Early Pleistocene. 

TAXACEAE 

A mentotaxus 

This is a genus found at the present-day in Formosa, China and Vietnam. Its 
pollen is not distinctive, being round, non-aperturate and only finely ornamented 
and it is to the leaves that one turns for evidence of its past history. The leaves, 
which are large, are arranged on the shoot in two opposite ranks. The cuticle is 
unique amongst living conifers in having stomatal accessory cells arranged in a 
markedly radiate fashion. Leaves with such a cuticle have been described from the 
Miocene browncoal of Salzhausen in Germany as Amentotaxusflorini (KR.~USEL, 
1935). Since than such leaves have been found in another Miocene locality, namely 
that of  Kreuzau in Germany, and are under investigation by the present author. 
Much of  the material of  the living species which has been collected has been found 
to be sterile and LI (1952) in his revision made much use of the leaf characters in his 
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classification of the genus. A comparison of the leaf morphology of the fossil species 
with that of the living species reveals that a most striking similarity exists between 
the fossil species Amentotaxus florini and the living Amentotaxus cathayensis 
from western China. 

Taxus 

This largely Northern Hemisphere genus is at present widespread in western 
Europe, where it appears to have been present in the past as well. Although the 
wild taxa within this genus are recognized without any difficulty this genus causes 
some trouble when it comes to identifying the individual organs. The fleshy aril is 
unlikely to enter the fossil record and the seeds might well be confused with those 
of certain angiosperms. The pollen is wingless and inaperturate and could easily 
be confused with similar pollen occurring in the Cupressaceae. Taxus can, how- 
ever, be distinguished from other genera on the basis of a combination of leaf- 
shape, leaf anatomy and the cuticular characters. Investigations making use of 
cuticular characters have turned up two records of the genus in the European Ter- 
tiary: one from Kokoschiitz in Schlesien (KRXUSEL, 1918, pp.345-349, pl.17, 
e.g., fig.6, 7, pl.18, fig.l, 2) attributed to transitional beds between the Oligocene 
and Miocene and another from the Pliocene of Willershausen in Germany (STRAUS, 
1952, p.20, pl.4, fig.6, 7, pl.7, fig.28-30). In an attempt to recognize further occur- 
rences of the genus simply on the basis of their leaves and their arrangement on the 
shoots the present author undertook a special study of the living species of the 
genera Taxodium, Sequoia, Glyptostrobus, Taxus, and a number of species of Podo- 
carpus (P. andinus, P. spicatus and P. ferrugineus). Of the characters liable to show 
up in fossils he chose to measure the length and breadth of the leaves in relation to 
their position on the shoot, the angle at which the leaves arise from axis of the 
shoot, the width of the axis of the shoot at each node and the number of leaves per 
centimetre of the shoot. Living species of Taxodium and Glyptostrobus appeared 
to differ from the other genera in the narrow apex to the shoot-axis (0.2-0.3 mm as 
opposed to 0.5-0.9 mm in the other genera) and to have narrower leaves at the apex 
(0.3-0.6 mm as opposed to the other genera in which the width appeared to remain 
constantly at 0.7 mm or more). Unfortunately it was found impossible to find a 
water-tight separation between Taxus and Podocarpus or even Sequoia and until 
more work is done with cuticles one has to look upon the majority of the records of 
Taxus with suspicion. 

Torreya 

This genus now occurs in a number of  patches in eastern and western North 
America and in a more extensive region in Japan and neighbouring China and 
Burma. The fleshy "fruit" with its enclosed seed resembling that of a number of 
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angiospermous genera is not the best evidence on which to base the fossil history 
of the genus. The pollen too is very indistinctive in being round, without any 
apertures and ornamented with only small spicules. The leaves are the best clue as 
these bear a long spine at their apex. The central ridge of the leaves is wide, about 
a third of the total width. Such leaves have been found in the Pliocene of Germany 
and the south of France, determinations which have been confirmed in the case of 
the German specimens by cuticular analysis (M.~DLER, 1939, pp.13-14, pl.2, 
fig. 1-3; STRAUS, 1952, pp.20-21, pl.6, fig. 1-22, 27--31). Earlier records, for example, 
that of SCHULZE (1887) from the Upper Cretaceous have not yet been confirmed. 

TAXODIACEAE 

Athrotaxis 

This genus is the only Southern Hemisphere member of the Taxodiaceae, 
being found in Tasmania at the present-day. Fossils have been found in South 
America, Australia, and New Zealand (see FLORIN, 1963) and the genus is also 
reported from the Northern Hemisphere (e.g., ZALEWSKA, 1959; DOROFEEV and 
SVECHN~KOVA, 1963). Zalewska reported it from the Lower Miocene of Tur6w, in 
Bohemia, on the basis of scaly shoots bearing cones, with the typical broad es- 
cutcheon and spiny process. These specimens appear to be Athrotaxis or closely 
allied to it. DOROFEEV and SVECHNIKOVA (1963) have reported the same genus from 
the Lower Tertiary sediments in the Kaliningrad region. The determination was 
based on poorly preserved and consequently indeterminate cones and on fragments 
of vegetative shoots, which were examined for cuticles (DoROFEEV and SVECHNI- 
KOVA, pl. 10, fig. 1--5). In their description of the cuticle, Dorofeev and Svechnikova 
make much of the papillae present in the fossil, but such papillae are not only found 
in Athrotaxis but in other genera having similar scale-like leaves as well, e.g., 
Juniperus phoenicea L., J. sabina L., Podocarpus cupressinus R.BR., and Widdringto- 
nia whytei RENDLE. The other features of the cuticle remain an insufficient basis on 
which to make this generic assignment. 

Cryptomeria 

At the present-day this genus has a distribution in China and Japan. In the 
European Tertiary there are vegetative shoots assigned to Cryptomeria sternbergii 
but their actual affinity is less certain. These vegetative shoots have not only been 
classified under Cryptomeria but under Araucaria and Sequoia as well. In one case, 
however, such vegetative shoots have been found bearing cones (GARDNER, 1886, 
pl.21, fig. 1). This appears to be an authentic record of Cryptomeria in the Tertiary 
of Europe. Radiometric dating of the overlying basalts (MILLER and HARLAND, 
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1963) indicates that the age of the deposit in County Antrim (Northern Ireland), 
in which this fossil was found, is Paleocene, not Eocene or Miocene as various 
authors have thought. Cryptomeria has been reported from Upper Miocene sedi- 
ments east of the Black Sea (SvECHNIKOVA, 1953, pl. 1, fig. 1-4). The cuticle of this 
specimen was examined and, although from all the characters the specimen does 
appear to be a Cryptomeria, an affinity with Taxodium ascendens is not to be entirely 
ruled out. 

Cunningharnia 

A genus found in China and on the Island of Taiwan at the present-day it 
would appear that Cunninghamia had a much larger distribution in the past. The 
pollen of this genus is wingless and non-aperturate and is liable to be confused with 
a number of other genera with similar pollen. The same can be said of the cone and 
it is to the leaves with their finely serrated margin that one must turn to for infor- 
mation bearing on its past distribution. Leaves attributed to Cunninghamia have 
been described from the Cretaceous from many parts of the world, including that 
of Europe (e.g., HBER, 1869, 1871), but the illustrations do not show the typical 
serrations which distinguish this genus from Araucaria. The first valid record of the 
genus appears to be that from the Lower Tertiary of Mull, an island off the west 
coast of Scotland (Jom~soN, 1936), although the record still awaits the confirmation 
of cuticular analysis. Leaves attributed to Cunninghamia and confirmed by cuticular 
analysis have been found in the Lower Tertiary of the Kaliningrad Peninsula, beside 
the Baltic Sea (SvEcnNIKOVA and BYDANTSEV, 1959). In the Miocene twig and leaf 
remains have been found at Stare Gliwice in Poland (SzArER, 1958, 1961) and at 
Sagor near the border of Austria and Yugoslavia (VoN ETTIN6SHAUSEN, 1872, 
p.867). After the Miocene it appears to have been absent from Europe. 

Metasequoia 

This Chinese genus with its small opposite leaves can be distinguished from 
other genera with a similar leaf arrangement by the width of the axis of the dwarf 
shoot, which is less than 0.7 mm in diameter. Its laterally elongated cone-scales 
too are sufficient to distinguish it from other members of the Taxodiaceae. Neither 
pollennor seeds canbe used successfully. Fossil remains attributable to Metasequoia 
have been found in the Paleocene of Mull, an island off the mainland of Scotland 
(M. E. J. Chandler, personal communication, 1963), in the Paleocene-Eocene of 
Spitzbergen (SCHLOEMER-J.~GER, 1958) and in the Lower Tertiary of Mikines in the 
Faeroe Islands (RASMUSSEN and KocH, 1963). Metasequoia has also been reported 
from the Lower Miocene of Bohemia (ZALEWSt~A, 1959). Zalewska described a new 
species, Metasequoia europaea on the basis of seeds, vegetative shoots and cones. 
As Zalewska pointed out it is either very difficult or altogether impossible to dis- 
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tinguish the seed of Metasequoia from that of Sequoia on the basis of morphological 
characters. Tissue preparations made from the wing of the seed (pl. 13) do resemble 
those of Metasequoia rather than those of Sequoia but no attempt was made to 
compare the seed with other members of the Taxodiaceae. The determination can, 
therefore, only be considered tentative. It is not certain whether the leafy shoot 
attributed by Zalewska to Metasequoia had the leaves arranged in two opposite 
ranks. In any case the diameter of the axis of the shoot, 1-2 mm, appears to be 
too large to be assigned to Metasequoia which has an axis of only 0.4-0.7 mm in 
diameter when it is leaf-bearing. The poorly-preserved cones have cone-scales 
similar in shape to those of Metasequoia, but they are rather small and unless they 
belonged to an immature cone their assignation to Metasequoia is questionable. It is 
not altogether surprising that DOROFEEV and SVECHNIKOVA (1963) considered 
Metasequoia europaea a synonym for Athrotaxis taxiformis. SCH6NFELD (1956) 
described as Taxodioxylon metasequoianum woods resembling that of Metasequoia 
from the Miocene of Dtiren in Germany but the wood of Metasequoia is not distinct 
enough to warrant an assignation to Metasequoia (see also ZALEWSKA, 1959, 
p.119). A detailed investigation of the cones from the same quarry did not reveal 
any cones attributable to Metasequoia (SCHLOEMER-J.~GER, 1959, 1960). For  the 
present it appears that Metasequoia was only to be found in Europe during the 
Early Tertiary and was restricted to the more northerly latitudes. 

Sequoia 

An American genus and somewhat difficult to recognize in the fossil state. The 
pollen is hard to distinguish from that of Cryptomeria, the seeds are of a type 
common in the Taxodiaceae and the shoots unless investigated for cuticles may be 
confused with Taxus and some species of Podoearpus. The cuticle, if used in con- 
junction with the other features of the leaf, will identify the genus (the cuticle is 
seen to be tripartite) and the cone can also be used. This genus was almost certainly 
present in Europe from the Oligocene into the Pliocene, and may have also been 
present at earlier times. 

Taiwania 

This genus has a present disjunct distribution in China and Taiwan. Besides 
the Pliocene records of the genus from Japan macrofossils attributed to Taiwania 
have been found in the Paleocene-Eocene of Spitzbergen (SCHLOEMER-JJiGER, 
1958) and in the Eocene of the area just north of  the Black Sea (SvEc~NXKOVA, 
1963). In the latter case cuticles were prepared from the vegetative shoots but the 
cuticle is insufficient to allow one to assign the fossil to Taiwania. The record from 
Spitzbergen consists of vegetative shoots bearing cones agreeing in all respects 
with those of Taiwania. 
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Taxodium 

This genus occurs in the southern and eastern U.S.A. and Mexico at the 
present-day. In the Tertiary it appears to have occurred all over the Northern 
Hemisphere. Vegetative shoots with alternating leaves, when these are short, 
narrow and projecting distally at an angle in the order of  40 ° should establish the 
presence of the genus, but it ought to be added that the shoots of Taxodium species 
are not always of this type. The cone of Taxodium is distinct from those of  other 
genera and on the basis of  such cones and the distinctive form of the vegetative 
shoots one can establish the presence of the genus in the Lower as well as the Upper  
Tertiary. Pollen records are not always to be trusted for the small pear-shaped 
grains are of  a type found within a number of  other genera. The seed is difficult to 
identify since this is wingless. Throughout  the Tertiary Taxodium appears to have 

been widespread in Europe and did not disappear from the area until the end of the 

Pliocene. 

CONCLUSIONS 

The present paper is an attempt to outline some of the major features of 
conifer phytogeography within the European Cenozoic. One of the things which is 
apparent in such a geographical study is that one is largely confined to considering 
diminution in area rather than the converse. There seem to be two factors involved. 
The first one concerns the origins of  the taxa concerned. Such origins are apparently 
difficult to pin-point in space and time, because initially at least a taxon is barely 
differentiated and by the time it has become a distinctive entity it has already had a 
chance to become widely distributed. The second reason is that one hesitates to 
make any conclusions on the basis of  what can only be considered uneven and 
incomplete sampling. Even in those deposits which appear to have been thoroughly 
worked on in the past, new finds, often resulting from the development of  new 
techniques, are continuing to be made. Consequently the apparent absence of a 
particular taxon is not always a very sound basis on which to say that the particular 
taxon was not at one time present in the area. This is particularly true in the case of  
macrofossils and it is possible that the solutions to a number of  problems of dis- 
tribution lie more in the field of  micropalaeontology. One of the disadvantages of  
working with pollen, however, is that the actual distributional boundaries will tend 
to be unclear. This is a direct consequence of the ability of these microfossils to 
have been transported over long distances. Preferably one should use evidence from 
reliably determined macro- and micro-fossils in conjunction. I t  is necessary to 
stress that these fossils should be reliably determined if the resulting geographical 
distributions and the conclusions based on them are to have any validity. 

One of the things always to be borne in mind is that almost invariably one is 
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dealing with isolated organs and one has, consequently, to try to avoid taking 
determinations farther than the fossil warrants. Sometimes it is only possible to 
describe the fossil and leave its systematic affinity open to question. Authors, of 
which the present author is no exception, are naturally loathe to have too many 
"incertae sedes" as it seems to reflect a certain inability on their part. It may well 
be that some of the distributional patterns presented here have to be somewhat 
trimmed or even reconsidered. 
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