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Pol len anal y sis has re vealed the pres ence of the edmundi morphotype in the Paleogene and Neo gene sed i ments of Cen tral
Eu rope. Its spe cies, char ac ter ized by dif fer ent morphologies, are mainly as signed to two fam i lies of ex tant plants – the
Araliaceae and the Mastixiaceae – and com pared to pol len of some gen era (Diplopanax and Mastixia from the Mastixiaceae, 
and Aralia, Fatsia and Schefflera from the Araliaceae). The most sig nif i cant ge nus for palaeoclimate re con struc tions is the
ex tant Diplopanax, whose seeds, sim i larly as the seeds of other rep re sen ta tives of the Mastixiaceae, ap pear in the warm
phases of the Neo gene. The type spe cies of Edmundipollis (E. edmundi) has been com pared to Diplopanax pol len. Based on 
sim i lar i ties with ex tant plants, the CA (Co ex is tence Ap proach) was de ter mined. The re sults in di cate a very warm and hu mid
sub trop i cal cli mate (Cfa–Cwa) ac cord ing to the Köppen clas si fi ca tion. 
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INTRODUCTION

Pol len grains with an un usual mor phol ogy have been en -
coun tered in ter res trial sed i ments span ning the Eocene to the
Early Plio cene. They in clude dark brown forms with a hex ag o -
nal or rhomboidal out line in equa to rial view and with me ridi on -
ally ar ranged swell ings of the exine, in which colpi with thick
bor ders are in cised. The brown col our is the ef fect of the ex cep -
tion ally thick exine. 

The morphotype was noted al ready in the first pol len stud -
ies con ducted in Paleogene and Neo gene sed i ments (Potonié,
1931) and re ferred to as Pollenites edmundi. In sub se quent re -
ports, Potonié (1951a, b) sug gested that it re sem bles pol len of
the Araliaceae fam ily and cre ated the ge nus Araliaceoi -
pollenites for such pol len grains. Later, he noted dif fer ences in
the struc ture of the es tab lished ge nus (Potonié, 1960) and dis -
tin guished two morphotypes: Aralaiceoipollenites sp. (pl. 6, fig.
107) and A. edmundi (pl. 6, fig. 108). Both types were rec og -
nized in nu mer ous pol len re ports for the Neo gene with their af -
fin i ties with ei ther the Araliaceae or the Cornaceae. In pa pers
pub lished in the 1980s or later (e.g., Thiele-Pfeif fer, 1980;
Mohr, 1984; Nagy, 1985; Ashraf and Mosburgger; 1996; Fer gu -
son et al., 1998; Hofman and Zetter, 2001), the as sump tion pre -
vailed that the edmundi morphotype is clos est re lated to the
pol len of ex tant Mastixia. 

Pres ently, Mastixia (ca. 19 spe cies) lives in sub trop i cal or
trop i cal cli mate zones. Its pol len reg u larly oc curs in the Paleo -
gene or Early Neo gene of Cen tral Eu rope, but is ex tremely rare
in the Late Mio cene ex cept in the Inden For ma tion of the Lower
Rhine Ba sin, and has not been found at all in con ti nen tal Neo -
gene pol len pro files of north ern Eu rope (Denk et al., 2011). 

When as sum ing the pres ent-day cli mate re quire ments of
Mastixia and the com mon ap pear ance of the edmundi pol len
from the Eocene to the Early Neo gene, it seems that cli mate
must have been very warm to sub trop i cal at that time. This sup -
po si tion is con firmed by carpological data (Mai, 1967, 1995,
2000; Czaja, 2003).

For de ter mi na tion of cli mate and palaeotemperatures ba -
sed on fos sil pol len, com pared with pol len of liv ing plants, a cor -
rect mor pho log i cal de scrip tion of fos sil pol len and its pre cise
com par i son with the near est liv ing rel a tives (NLRs af ter
Mosbrugger and Utescher, 1997) are in dis pens able.

The fos sil edmundi morphotype has raised our par tic u lar at -
ten tion. The morphotype in cludes forms with a vari able mor phol -
ogy. We have thus at tempted to com pare this fos sil pol len
morphotype with a most sim i lar struc ture ob served in liv ing
plants. 

METHODS

The ma te rial for study was ob tained from Neo gene de pos its 
of the Pol ish Low lands, in which the edmundi morphotype was
found (Stuchlik et al., 2014). The edmundi morphotype has
been sub di vided into morphospecies, en coun tered in two fam i -
lies: the Mastixiaceae (Cornaceae) and the Araliaceae, and
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com pared with pol len of ex tant plants (NLRs). The mod ern cli -
ma tic re quire ments of these plants are di verse. Nu mer ous pre -
vi ous pa pers have con sid ered that all the edmundi morphotype
pol len grains rep re sent the Mastixiaceae fam ily (Thiele-Pfeif fer, 
1980; Mohr, 1984; Ashraf and Mosbrugger, 1996). 

This pa per pro vides a graph i cal pre sen ta tion of the mean
an nual tem per a ture for the near est liv ing rel a tives (NLRs) of the 
edmundi morphotypes. Ac cord ing to the graph, the cli ma tic re -
quire ments of plants with pol len cor re spond ing to the edmundi
morphotype are very wide, in the range of 5–28°C re sult ing
from the wider range of tem per a tures for the Araliaceae fam ily
plants. The pres ence of Mastxiaceae pol len grains re stricts the
range to 15.5–28°C. For the NLRs of the edmundi morphotype
this range is 16.5–20.5°C. 

How ever, cor rect de ter mi na tion of the edmundi morpho -
species is es sen tial for cli mate re con struc tions. If the edmundi
morphotype from Late Mio cene sed i ments is rec og nized as the
equiv a lent of Mastixia, this would sug gest that cli mate was very
warm at that time, which is not in di cated by the other taxa. The
au thors have not used the CA method in a clas si cal way, but at -
tempted to ex tend this method onto the pos si bil ity of cli mate in -
ter pre ta tion. The bo tan i cal vari abil ity of the edmundi morpho -
type is es sen tial for con sid er ations of the Neo gene cli mate.

PREVIOUS STUDY

Mamczar (1960) was the first to state that the dif fer ences in
the struc ture of pol len grains as signed to Pollenites edmundi
Potonié re sult from the der i va tion of these grains from two dif -
fer ent plant fam i lies. There fore, she dis tin guished a num ber of
mor pho log i cal forms among this fos sil spe cies, and then ar -
ranged them in two groups: Pollenites edmundi R. Pot – cf.
Cornus L. and Pollenites edmundi R. Pot – cf. Aralia L. Com par -
a tive ma te rial from the Cornus ge nus in cluded the spe cies C.
alba L., C. amomum Mill., C. brachypoda C.A. Mey, C. san -
guinea L. and C. stolonifera Mchx. Ex tant spe cies of the Aralia
ge nus in clude A. chinensis L. and A. spinosa L. (Mamczar,
1962). Due to the very poor qual ity of the pho to graphs and in -
suf fi cient de scrip tions, the cited pa per is at pres ent only of his -
tor i cal sig nif i cance. How ever, the idea that Pollenites edmundi
grains with a hex ag o nal or rhomboidal out line in equa to rial view 
and with me ridi on ally ar ranged swell ings of the exine, in which
colpi with thick bor ders are in cised, were pro duced by plants of
two dif fer ent fam i lies – the Araliaceae and the Cornaceae – was 
in fact rev o lu tion ary (Mamczar, 1962).

Forms close to the holotype of Pollenites edmundi
and oth ers with fea tures cor re spond ing to the edmundi
morphotype but dif fer ing in mi nor mor pho log i cal fea -
tures, have been il lus trated in var i ous re ports by other
paly nolo gists (e.g., Kremp, 1949; Potonié et al., 1950;
Thomson and Pflug, 1953; Mamczar, 1960; Dokto -
rowicz -Hrebni cka, 1961; Thiele-Pfeif fer, 1980; Mohr,
1984). All of these pol len grains have been in cluded in
the spe cies Aralia ceoi pollenites edmundi (Potonié)
Potonié = Tricolporo pollenites edmundi (Potonié)
Thom son and Pflug. In or der to em pha size the mor pho -
log i cal vari abil ity of the pol len com monly as signed to the 
edmundi morphotype, Konzalová et al. (in Stuchlik et
al., 2014) cre ated the ge nus Edmundipollis. Its type
spe cies is E. edmundi, and the holotype spec i men was
il lus trated by Potonié (1931: pl. 1, fig. V53a), and re-il -
lus trated by Potonié (1951a, b). 

Konzalová et al. (in Stuchlik et al., 2014) have as -
signed grains of vari able mor phol ogy at spe cies level to

the ge nus Edmundipollis. The di ag nos tic fea tures of the spe -
cies in clude dif fer ences in the lay out of colpi and pores rel a tive
to each other, and vari able thick ness, struc ture and sur face
sculp ture of the exine. Some of the dis tin guished types have
been pre vi ously pointed out by Mamczar (1960) and
Doktorowicz -Hrebnicka (1961) as forms within the spe cies
Pollenites edmundi.

De tailed anal y sis of the sim i lar i ties be tween the fos sil pol len 
grains of the edmundi morphotype (Edmundipollis) and the pol -
len grains of liv ing plants in di cates, as men tioned ear lier by
Mamczar (1960, 1962), that they are most sim i lar to pol len of
plants from the Araliaceae and Cornaceae/Mastixiaceae fam i -
lies. Fos sil pol len grains with a hex ag o nal out line, but with a
com pletely dif fer ent struc ture of colpi and pores, were also as -
signed to the edmundi morphotype by Doktorowicz-Hrebnicka
(1961). These grains are most prob a bly re lated to the sys tem at -
i cally dis tant Anacardiaceae fam ily (Fig. 1).

RESULTS

Fol low ing the pri mary con cept of Mamczar (1962), the
edmundi morphotype was also ar ranged in two groups. The first 
in cludes forms re sem bling pol len of the widely un der stood fam -
ily Cornaceae (Fig. 2A), to which Mastixia was also as signed.
These fea tures are vis i ble in light mi cro scope (LM) as thin ning
of the exine along the colpi and lalongate pores, form ing an
H-shaped unit in the equa to rial area (Fer gu son, 1977). Ad di -
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Fig. 1. Bo tan i cal re la tion ships of the edmundi morphotype

Fig. 2A – Edmundipollis – Cornaceae type, sche matic out line of pol len
grain and the H-shaped colpi-pores ap er ture unit at the equa tor; B –
Edmundipollis – Araliaceae type, sche matic out line of pol len grain and
the dou ble fun nel-shaped colpus-pores ap er ture unit at the equa tor; C
– Tricolporopollenites mangiferoides – sche matic out line of pol len
grain



tion ally, the pol len of this fam ily has a dis tinctly de vel oped
columella layer of the exine, of equal height on the equa tor and
on the apocolpia. The exine sur face vis i ble in LM is scabrate. In
SEM im ages, me rid i o nal swell ings of the exine are vis i ble, par -
tic u larly in the equa to rial area, and the sur face is densely cov -
ered by ir reg u larly shaped scabra of un equal width. 

The sec ond group in cludes forms dis play ing fea tures of
Araliacae pol len, i.e. endo- and exopores in cised in colpi in the
equa to rial area, which are the dou ble fun nel-shaped ap er ture
unit (Fig. 2B). Ad di tion ally, the collumella layer of the exine in the
apocolpium is ev i dently higher than in the equa to rial area. The
exine sur face vis i ble in LM is re tic u late, and the lu mina size in -
creases to wards the poles. On SEM im ages, me rid i o nal swell -
ings of the exine with deeply in cised colpi are vis i ble, the exine
sur face is re tic u late, the lu mina sizes are fine and rather reg u lar,
and the muri are high and of ten wider than the lu mina size.

Apart from the clas si cal edmundi morphotype (Edmundi -
pollis), of ten yield pol len with a sim i lar mor phol ogy, were de -
scribed by Doktorowicz-Hrebnicka (1961) as Pollenites ed -
mundi forma tenuis. This type of pol len grains with a hex ag o nal
out line slightly re sem bles the edmundi morphotype, but dif fers
in the lack of me ridi on ally ar ranged exine swell ings and a com -
pletely dif fer ent de vel op ment of colpi and pores. In Stuchlik et
al. (2014), the pol len was de scribed as Tricolporopollenites
mangiferoides S³odkowska and com pared to pol len of the ex -
tant Mangifera of the Anacardiaceae fam ily (Fig. 2C).

Fea tures re sem bling those in pol len of the Araliaceae and
Cornaceae can eas ily be iden ti fied in the fos sil edmundi
morphotype. Fos sil pol len grains usu ally do not have clear
prop er ties of the pol len of ex tant plants, such as the pres ence
of me rid i o nal swell ings of the exine, a hex ag o nal or rhomboidal

out line, and a very thick exine. The ge nus Edmundipollis is a
typ i cal morphogenus, with out ref er ence in the name of the bo -
tan i cal af fin ity. Smaller units were es tab lished within it, re -
garded as morphospecies, which have been com pared to the
pol len of gen era and spe cies of ex tant plants. 

A com par a tive ta ble has been pre pared for the dis tin -
guished spe cies of Edmundipollis in or der to pres ent the mor -
pho log i cal dif fer ences be tween them (Ta ble 1).

Cornaceaepollis satzveyensis (Fig. 3A) is com pared to
the pol len of some spe cies of Mastixia (Thiele-Pfeif fer, 1980),
but does not rep re sent the edmundi morphotype and is con sid -
ered as the fos sil rep re sen ta tive of the Cornaceae, be cause it
has fea tures char ac ter is tic of this fam ily. De spite the lack of
sim i lar ity to the edmundi morphotype, it has been in cluded in
the com par a tive ta ble of the spe cies of Edmundipollis as signed
to the fam ily Mastixiaceae. 

The spe cies Edmundipollis edmundi (Fig. 4A, B) and E.
mastixioides (see Fig. 6A), which have clas si cal fea tures of the
edmundi morphotype, have been as signed to the fam ily
Mastixiaceae.

Diplopanax Hand.-Mazz. with two ex tant spe cies (D.
stachyanthus – Fig. 4C, D and D. vietnamensis) in habit the wet
trop i cal moun tains of Viet nam and south ern China. These are
broad-leaved ev er green trees with woody fruits. It was orig i nally 
de scribed as only a sin gle spe cies of D. stachyanthus in cluded
in the fam ily Araliaceae. Diplopanax was later dis cov ered to be
con ge neric with Mastixicarpum Chan dler, a ge nus known only
from fos sil seeds and in cluded in the fam ily Mastixiaceae (Eyde
and Xiang, 1990). Mastixicarpum are found in the North ern
Hemi sphere from the up per most Cre ta ceous to the Mid dle Mio -
cene (Mai, 2000), and were an in te gral com po nent of the
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T a  b l e  1  

A com par a tive ta ble for the spe cies of Cornaceaepollis satzveyensis, Edmundipollis, Araliaceoipollenites amplus 
and Tricolporopollenites mangiferoides in or der to pres ent the mor pho log i cal dif fer ences be tween them 

Spe cies
Size 

po lar/equa to rial
di am e ter

Out line and
shape by P/E Apocolpium Colpi Pores Colpi/pores 

ap er ture unit Sculp ture

Cornaceaepollis
satzveyensis (Pflug)
Ziembiñska-Tworzyd³o

43–54

/28–40 µm
oval prolate nar rowly

rounded

deep, ar cu ate, not
bent at equa tor,

lack of me rid i o nal
swell ings

lalongate 
H shaped

colpi/pores 
ap er ture unit

scabrate

Edmundipollis edmundi
(Potonié) S³odkowska
and
Ziembiñska-Tworzyd³o

40–50

/28–42 µm

hex ag o nal-
-rhomboidal
subprolate to

prolate

flat
long, deep in cised

into me rid i o nal
swell ings 

lalongate,
oval 

10/5 µm

H shaped
colpi/pores 
ap er ture unit

scabrate

E. mastixioides
S³odkowska and
Ziembiñska-Tworzyd³o

40–50

/22–47 µm

rhomboidal,
nearly cir cu lar
ob late/sphe roi -
dal to prolate
/sphe roi dal

broadly
rounded 

me rid i o nal swell -
ings with deep- 

in cised long colpi
par al lel to the 

out line

lalongate,
oval 

12/5 µm 

H shaped
colpi/pores 
ap er ture unit

scabrate

Araliaceoipollenites
amplus S³odkowska

45–60

/36–47 µm
broadly oval
subprolate

small, 
nar row

rounded

long, deep, ar cu ate, 
lack of me rid i o nal

swell ings

cir cu lar
5–10 µm in 
di am e ter 

dou ble fun -
nel-shaped 
ap er ture unit

re tic u late

E. megagranatus
(Mamczar) S³odkowska 
and
Ziembiñska-Tworzyd³o

45–58

/38–42 µm

oval –
rhomboidal

subprolate to
prolate

broadly
rounded

ar cu ate, deep 
in cised into me rid i o -

nal swell ings 

lalongate,
nearly 
cir cu lar

5–7 µm in
di am e ter

dou ble fun -
nel-shaped 
ap er ture unit

rugulate-
re tic u late

E. grossularius
(Potonié) S³odkowska
and
Ziembiñska-Tworzyd³o

35–45

/27–35 µm

hex ag o nal –
rhomboidal

subprolate to
prolate

flat to
slightly

rounded

deep in cised into
me rid i o nal 
swell ings 

nearly 
cir cu lar

 5–8 µm in 
di am e ter

dou ble fun -
nel-shaped 

ap er ture unite
re tic u late

E. vitiosus (Mamczar)
S³odkowska and
Ziembiñska-Tworzyd³o

37–44

/30–37 µm

hex ag o nal –
rhomboidal
subprolate

flat to
slightly
pointed

ar cu ate, deep 
in cised into me rid i o -

nal swell ings 

nearly cir -
cu lar up to

5 µm in 
di am e ter

dou ble fun nel -
-shaped 

ap er ture unit

microreti-
cu late

Tricolporopollenites
mangiferoides
S³odkowska

36–52

/26–32 µm

hex ag o nal –
rhomboidal
prolate to
perprolate

flat to
broadly
rounded

ar cu ate, par al lel to
out line, lack of me -
rid i o nal swell ings

lolongate,
oval  

5/12 µm

lack of spe cific
de sign of 

ap er ture unit
scabrate



Mastixia-like paratropical broad-leaved ev er green veg e ta tion,
about 65 to 15 Ma.

Diplopanax stachyanthus (see Fig. 6C) ev er green trees,
up to 25 m tall, of ten grows in warm and moist ev er green
broad-leaved for ests on moun tain slopes or in val leys
(1300–1900 m a.s.l.) in Chi nese prov inces (Hunan, Guang -
dong, Guangxi, Yunnan and Guizhou) and north ern Viet nam.
Its dis tri bu tion area is char ac ter ized by rel a tively high el e va tions 
in warm and moist cli mate.

D. vietnamensis is dis cov ered in south ern Viet nam as
co-dom i nant in wet, ev er green broad-leaved trop i cal moun tain
for est (Averyanov and Hiep, 2002).

Fos sil seeds of Diplopanax limnophilus (Unger) Czaja =
Mastixicarpum limnophilum (Ung.) Kirh. (Fig. 5) are known
from Mid dle Mio cene lo cal i ties in Eu rope, e.g. Wiesa in Ger -
many (Mai, 1967), South Bo he mia in the Czech Re pub lic
(Ševèik et al., 2007), and Turów (coll. Mu seum of the Earth
PAS) and Wieliczka (£añcucka-Œrodoniowa and Zastawniak,
1997) in Po land.

Mastixia Blume (Fig. 6B, C) is a ge nus of about 19 spe cies
of ev er green trees. Now a days of ten grows in ev er green broad -
-leaved for est. Its range ex tends from In dia through south-east
Asia and New Guinea to the Sol o mon Is lands (Kubitzki, 2004).

Mastixia arborea (Fig. 6C) is found in In dia and Sri Lanka.
Trees up to 20 m tall. Of ten grows in ev er green broad -leaved
for ests, up to 1900 m a.s.l. M. tetrandra (Fig. 6B) is en demic to
Sri Lanka. The trees form sub-can opy level in ev er green low -
land for ests (Premathilake and Nillson, 2001).

A clas si cal fos sil rep re sen ta tive of the Araliaceae fam ily that 
does not rep re sent the edmundi morphotype is Araliaceoi -
pollenites amplus (Fig. 7A) com pared with Dendropanax mor -
bifer H.Lév pol len.

Dendropanax Decne and Planch is a ge nus con sist ing of
92 spe cies of ev er green trees and shrubs. They are na tive to
Cen tral and South Amer ica, east ern Asia and the Ma lay Pen in -
sula. Dendropanax morbiferus  H.Lév. (Fig. 7B, C) – ev er green
trees up to 15 m tall, an en demic spe cies found at the sea shore 
and is lands in the south west ern re gion of South Ko rea (Eyde
and Xiango, 1990). 
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Fig. 3A – Cornaceaepollis satzveyensis fos sil pol len; B –
Mastixia sp., ex tant pol len; C – Mastixia arborea (Wight) C.B.
Clarke ex tant flow ers (http://florakarnataka.ces.iisc.ernet.in/)

Fig. 4A, B – Edmundipollis edmundi fos sil pol len (A – LM, B –
SEM); C, D – Diplopanax stachyanthus Hand.-Mazz. [C – ex tant
pol len LM (Wang et al., 1995: pl. 23, fig. 1); D – ex tant plant, twig
with fruits (http://especies.ac.cn/pages/1919#me dia-im ages];
scale bar – 10 mm

Fig. 5. Fos sil seeds of Mastixicarpum limnophilum (Ung.)
Kirh. = Diplopanax limnophilus (Ung.) Czaja 

“Turów” open pit – Mu seum of the Earth PAS col lec tion



The spe cies Edmundipollis megagranatus (Fig. 8A, B), E.
grossularius (Fig. 9A, B) and E. vitiosus (Fig. 10A, B), which
have fea tures typ i cal of the edmundi morphotype, have been
as signed to the Araliaceae fam ily.

Aralia L. is a ge nus con sist ing of 71 spe cies, shrubs and
small trees, dis trib uted in east ern and south east ern Asia and
the Amer i cas. A. elata (Fig. 8C) is an up right de cid u ous small
tree or erect large shrub grow ing up to 10 m in height on rich
well-moist ened slopes, 900–2000 m a.s.l. Na tive to far east ern
Rus sia (Sakhalin, Man chu ria and the Kuriles), East Asia –
China, Ko rea, and Ja pan (Hokkaido, Hon shu, Shiko ku, Kyushu 
– Wikipedia, the free en cy clo pe dia 11.02.2016).

Schefflera Forst. Ev er green trees, shrubs and lianas,
some times epiphytic, grow ing 1–30 m tall, a pantropical ge nus
of over 700 spe cies, widely dis trib uted in trop ics and sub trop ics
of both hemi spheres. Schefflera rhododen drifolia (Fig. 9C,
D), ev er green trees and shrubs that originate from high el e va -
tions of 2500–3200 m a.s.l., cold de cid u ous for ests of In dia, Bhu -
tan and Ne pal (http://www.eflo ras.org/flora ta xon.aspx?flo ra_id -
=2&taxon_id =250073459). 

Fatsia Dec. and Planch. – ev er green shrubs, up to 5 m in
height, or small trees. Few spe cies are na tive to the coastal for -
ests of south ern Ja pan, Tai wan and South Ko rea. Fatsia ja -
pon ica (Fig. 10C, D) ev er green shrubs up to 5 m tall, na tive to
Ja pan (Hon shu, Shikoku and Kyushu is lands).

Tricolporopollenites mangiferoides (Fig. 11A) sli ghtly re -
sem bles the edmundi morphotype with re spect to the hex ag o -
nal out line, but dif fers in all other mor pho log i cal fea tures (Fig.
2C). It is most sim i lar to pol len of Mangifera in dica from the
Anacardiaceae fam ily and this is likely its most prob a ble bo tan i -
cal af fin ity. 

Mangifera L. com prises 45 spe cies; ev er green trees dis -
trib uted in In dia and Indochina. 

Mangifera in dica L. (Fig. 11B–D) pre dom i nates in trop i -
cal low land ar eas north and south of the equa tor, in south ern
Asia, es pe cially east ern In dia, Burma and the Andaman Is -
lands (https://npgsweb.ars -grin.gov/gringlobal/taxonomy de -
ta il.aspx?23351).
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Fig. 6A – Edmundipollis mastixioides fos sil pol len; B – Mastixia 
tetrandra (Wight) Clarke ex tant pol len SEM (Premathilake and
Nillson, 2001); C – M. arborea (Wight) Clarke – ex tant plant
(http://www.biotik.org/laos/spe cies/m/maspe/maspe_en.html) 

Fig. 7A – Araliaceoipollenites amplus fos sil pol len; B, C – Dendro -
panax morbiferus H.Lév (B – ex tant pol len, C – ex tant plant, 
http://www.doopedia.co.kr/photobox/comm/com mu nity.do?)

Fig. 8A – Edmundipollis megagranatus fos sil pol len; B, C –
Aralia elata (Miq.) Seem.; B – ex tant pol len; C – ex tant plant

(Wikipedia, the free en cy clo pe dia 11.02.2016)



DISCUSSION

The pol len grains of the liv ing spe cies of Mastixia and the
spe cies of the Araliaceae, cited as com par a tive taxa, usu ally do 
not have a well-marked hex ag o nal out line, me ridi on ally ar -
ranged swell ings and a thick exine. Only the pol len of Diplo -

panax, to which Edmundipollis edmundi is com pared, has
most fea tures of the edmundi morphotype. Based on this,
their close sim i lar ity is as sumed. More over, this sim i lar ity
is em pha sized by the pres ence of fos sil seeds of
Mastixicarpum in Ce no zoic sed i ments, which are con sid -
ered as seeds of the ex tant ge nus Diplopanax (Eyde and
Xiang, 1990; Czaja, 2003). 

The study of pol len grains of the en tire Edmundipollis
ge nus is sig nif i cant due to the af fin i ties of only some of its
spe cies with Mastixia, as sug gested in this pa per.

Kirchheimer (1957), based on Mastixiaceae seeds in
the brown coal sed i ments from Sax ony, in tro duced the
term “mastixia flora” as an in di ca tor of par tic u larly warm
pe ri ods in the Neo gene. This con cept was de vel oped by
Mai (1967), who es tab lished Neo gene flo ral zones, and
con firmed them later (Mai, 1995) by in di cat ing the pres -
ence of var i ous spe cies of Mastixia seeds. Other ex tinct
gen era re lated to Mastixia, e.g. Eomastixia, Retino mas -
tixia and Tectocarya, also oc cur in the Mio cene “mastixia
flora”. The knowl edge on their pol len is in com plete and
they may be as signed to fos sil spe cies within the Corna -
ceae/Masti xiaceae. 

All these ex tinct gen era, de ter mined based on fos sil
seeds, ap pear in the warm pe ri ods of the Paleogene and
Neo gene, but not later that in the Mid dle Mio cene. Only
the seeds of Mastixia thomsonii Mai are known from the
ear li est Plio cene (Mai, 1995, 2000). The plants de scribed
on the ba sis of fos sil seeds from the Paleogene and Neo -
gene, and in clud ing both ex tinct gen era and the ex tant
Mastixia, are con sid ered to have been an in te gral com po -
nent of the Mastixia-like paratropical broad- leaved ev er -
green veg e ta tion of the North ern Hemi sphere from the lat -
est Cre ta ceous to the Plio cene (Mai, 1995).

Based on the com par i son of the Edmundipollis spe -
cies with the pol len of liv ing gen era from the Araliaceae
and Mastixiaceae fam i lies, a re la tion ship was con structed
us ing the co ex is tence ap proach (Mosbrugger and Ute -

scher, 1997; Utescher et al., 2014).
The chart (Fig. 12) was com piled us ing data from the

NECLIME da ta base on the mean an nual tem per a tures for the
gen era and spe cies of liv ing plants, to the pol len of which the
Edmundipollis was com pared (Figs. 3B, 4C, 8B, 9C, 10C, 11C). 
The bound aries of the an nual av er age tem per a ture char ac ter is -

272 Barbara S³odkowska and Maria Ziembiñska-Tworzyd³o

Fig. 9A, B – Edmundipollis grossularius fos sil pol len (A – LM, B – SEM); C, D – Schefflera rhododendrifolia (Griff.)
Frodin (C – ex tant pol len, D – ex tant plant, http://1.bp.blogspot.com/-) 

Fig. 10A, B – Edmundipollis vitiosus, fos sil pol len (A – LM, B –
SEM); C, D – Fatsia ja pon ica (Thunb.) Dec. and Planch. (C – ex tant

pol len; D – ex tant flow ers, http://1.bp.blogspot.com/-) 



tic for dis cussed plants de ter mine the range their co-ex is tence
of 16.5–20.5°C. 

Mai (1995) sug gested that the large num ber of thermo philic
ev er green taxa in the warm phases of the Neo gene in di cates a
mean an nual tem per a ture of 15–20°C. Such large amount of
thermophilic plants in Neo gene for ests is ob served un til the Mid -
dle Mio cene, whereas in the Late Mio cene and Plio cene their
num ber dis tinctly falls. Ac cord ing to the clas si cal cli mate sub di vi -
sion by de Candolle, re ferred to by Mai (1995: p. 433), this is the
mesotherm zone with a sub trop i cal and warm-tem per ate cli -
mate. Ac cord ing to con tem po rary data on cli mate zones the
mean an nual air tem per a ture in the sub trop i cal zone is within
20–24°C (http://www.neclime.de/def i ni tions.html). This range of

mean an nual tem per a ture ac cord ing to the chart by Utescher et
al. (2009: fig. 3 and sup ple men tary on line ma te ri als 3) cor re -
sponds to Cfa–Cwa cli mate types ex ist ing in Cen tral Eu rope
through out most of the time-span from the Late Eocene to Mid dle 
Mio cene, and dur ing a short-term phase in the later Tortonian in
the Lower Rhine Ba sin (Utescher et al., 2000). Pol len flora de -
scribed from the mid dle Eocene is char ac ter is tic of the Cfa–Cwa
cli mate (Grímsson et al., 2016). Ac cord ing to the cli mate sub di vi -
sion of Köppen, such val ues of the mean an nual tem per a ture are 
within C-type cli mates. This is a very warm and hu mid sub trop i cal 
cli mate of the Cfa–Cwa sub group (Kottek et al., 2006).

Chart, which in clude also the plants of lower tem per a ture re -
quire ments in com par i son to the above-men tioned ones (Fig.
12) from the Mid dle Mio cene lo cal i ties, point to a mean an nual
tem per a ture around 17.5°C and in di cate a warm-tem per a ture
group cli mate (Utescher et al., 2006). The above-pre sented dif -
fer ences be tween the mean an nual tem per a ture cal cu lated
only from the highly thermophilic com po nents of Neo gene for -
ests (Fig. 12) and all its com po nents show that, dur ing their
Neo gene wide geo graphic range reach ing Cen tral Eu rope, both 
the ex tinct gen era and the ex tant Mastixia and Diplopanax of
the Mastixiaceae could have been slightly more tol er ant to the
mean an nual tem per a ture than at pres ent. The cur rent range of
the two liv ing gen era of Mastixia and Diplopanax is a rel ict
range and does not al low con clud ing on the com mon pres ence
of very warm cli mate in the Mio cene of Cen tral Eu rope. Term of
Cen tral Eu rope is used within the mean ing the Mio cene palaeo -
geographic prov ince lo cated north of the Carpathians, where
the cli mate was warm-tem per ate with av er age an nual tem per a -
tures of 15–16°C. At the same time, south of the Carpathians,
av er age an nual tem per a tures ranged from 17 to 20°C
(Jiménez-Moreno et al., 2008). 

The oc cur rence of Edmundipollis and the dis tri bu tion of its
spe cies in di cate that the type spe cies E. edmundi (com pa ra ble
with Diplopanax) ended its range in the Mid dle Mio cene of Cen -
tral Eu rope. In Po land, its lat est oc cur rence is at the Konin site
(Mamczar, 1960), i.e. the first Mid-Pol ish lig nite seem. From the 
Mid dle Mio cene of Ger many (Wackersdorf brown coal), Thiele -
-Pfeif fer (1980) de scribed grains of Tricolporopollenites edmun -
di (pl. 12, figs. 11–15) and Tricolporopollenites satzveyensis =
Cornaceaepollis satzveyensis (pl. 12, figs. 16–21), com pa ra ble
with Mastixia pol len. From the 2. Lausitz lig nite seem, Sontag
(1966) pre sented nu mer ous pho to graphs of Tricolporo polle -
nites ex gr. edmundi, of which only four can be re ferred to the
pol len of Diplopanax (Edmundipollis edmundi – pl. 48, fig. 4c, pl. 
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Fig. 11A – Tricolporopollenites mangiferoides fos sil pol -
len; B–D – Mangifera in dica L. [B – flow ers and twig with
fruits (Bekalo et al., 1996), C – ex tant pol len, D – ex tant
plant]

Fig. 12. Mean an nual tem per a ture of NLRs of the edmundi morphotype based 
on http://www.palaeoflora.de/



49, figs. 2a, 2b, 2c), one to Mastixia (E. mastixioides – pl. 48, fig. 
4b), and the re main ing pol len grains are rep re sen ta tives of the
Araliaceae. Konzalová (1976) de ter mined E. edmundi as
Araliaceoipollenites edmundi (pl. 16, figs. 1–3) from the Lower
Mio cene of the North Bo he mian coal ba sin. Nu mer ous sites of
this type can be men tioned for Cen tral Eu rope, but none of
them is youn ger than Mid dle Mio cene. This means that pol len
of E. edmundi has its last oc cur rence in the Mid dle Mio cene in
ter res trial sed i ments of Cen tral Eu rope. Rep re sen ta tives of the
Mastixiaceae are not re corded in the Neo gene of north ern Eu -
rope (Denk et al., 2011).

CONCLUSIONS

The mor pho log i cal spe cies Edmundipollis edmundi sug -
gests a warm cli mate of sub trop i cal Cfa–Cwa type. Cor rect as -

sign ment of E. edmundi is thus of ba sic sig nif i cance for
palaeoclimate re con struc tion. In cor rect as sign ment leads to in -
ap pro pri ate cli mate con clu sions. Var i ous mor pho log i cal forms
of Tricolporopollenites edmundi, re cov ered from the Up per Mio -
cene Inden For ma tion, have been com pared to the mod ern ref -
er ence taxa Mastixia (Aralia?) (Ashraf and Mosbrugger, 1996:
p. 86, tab. 2c), and as signed to a palaeotropical el e ment oc cur -
ring be tween the Oligocene and Plio cene. All il lus trated forms
of this spe cies (Ashraf and Mosbrugger, 1996: pl. 6, figs.
14–19) can be as signed to spe cies of Edmundipollis be long ing
to the Araliaceae.

Ac knowl edge ments. The au thors thank heart ily the re -
view ers E. Worobiec and D. Ivanov for com ments and sug ges -
tions that were very help ful and im prove our work. We par tic u -
larly thank Torsten Utescher for in sight ful re view and valu able
com ments on the manu script. This study is a con tri bu tion to
NECLIME in ter na tional re search net work.

REFERENCES

Ashraf, A.R., Mosbrugger, V., 1996. Palynologie und Palyno -
stratigraphie des Neogenes der Niederrheinischen Bucht. Teil
2. Pol len. Palaeontographica B, 241: 1–98.

Averyanov, L.V., Hiep, N.T., 2002. Diplopanax vietnamensis, a new
spe cies of Nyssaceae from Viet nam – one more liv ing rep re sen -
ta tive of the Ter tiary flora of Eur asia. Novon, 12: 433–436.

Bekalo, I., Keengwe, M., Mathias, E., Mundy, P., 1996. ITDG and
IIRR. Ethnoveterinary med i cine in Kenya. A field man ual of tra -
di tional an i mal health care prac tice. In ter me di ate Tech nol ogy
De vel op ment Group and In ter na tional In sti tute of Ru ral Re con -
struc tion, Nai robi, Kenya.

Czaja, A., 2003. Paläokarpologische Untersuchungen von Tapho -
zöno sen des Unter und Mittelmiozäns aus dem Braunkohlen -
tagebau Berzdorf/Oberlausitz (Sachsen). Palaeontographica B, 
265: 1–148.

Denk, T., Grímsson, F., Zetter, R., Simonarson, L.A., 2011. Late
Caino zo ic Flo ras of Ice land. Top ics in Geobiology. Springer,
USA.

Doktorowicz-Hrebnicka, J., 1961. Palaeobotanical bases for the
cor re la tion of brown coal seams from the RogóŸno de pos its
near £ódŸ I, II) (in Pol ish with Eng lish sum mary). Biuletyn
Instytutu Geologicznego, 158: 113–303.

Eyde, R.H., Xiang, Q., 1990. Fosssil Mastixioid (Cornaceae) alive
in east ern Asia. Amer i can Jour nal of Bot any, 77: 689–692.

Fer gu son, J.K., 1977. World Pol len and Spore Flora 6. Cornaceae
Dum. The Almquist and Wiksell Pe ri od i cal Com pany, Stock -
holm.

Fer gu son, D.K., Pingen, M., Zetter, R., Hofman, CH.-CH., 1998.
Ad vances in our knowl edge of the Mio cene plant as sem blage
from Kreuzau, Ger many. Re view of Palaeobotany and Palyno -
logy, 101: 147–177.

Grímsson, F.D., Zetter, R., Labandeira, C.C., Engel, M.S.,
Wappler, T., 2016. Tax o nomic de scrip tion of in situ bee pol len
from the mid dle Eocene of Ger many. Grana, DOI:
10.1080/00173134.2015.1108997

Hofman, C.-C., Zetter, R., 2001. Palynological in ves ti ga tion from
the Kruppfeld area, Paleocene/Eocene, Carinthie (Aus tria).
Palaeontographica B, 259: 47–64.

Jiménez-Moreno, G., Fauquette, S., Suc, J-P., 2008. Veg e ta tion,
cli mate and palaeoaltitude re con struc tions of the East ern Alps
dur ing the Mio cene based on pol len re cords from Aus tria, Cen -
tral Eu rope. Jour nal of Biogeography, 35: 1638–1649.

Kirchheimer, F., 1957. Die Laubgewächse der Braunkohlenzeit.
Verlag VEB W. Knapp, Halle/Saale.

Konzalová, M., 1976. Micropalaeobotanical (palynological) re -
search of the Lower Mio cene of North ern Bo he mia. Rozpravy
�eskoslovensk¾ Akademie VÆd, 86: 1–75.

Kottek, M., Grieser, J., Beck, C., Rudolf, B., Rubel, F., 2006.
World Map of Köppen Gei ger Cli mate Clas si fi ca tion up dated.
Meteorologische Zeitschrift, 15: 259–263.

Kremp, G., 1949. Pollenanalytische Untersuchung des mioz¬nen
Braunkohlenlagers von Konin an der Warthe. Palaeonto gra -
phica B, 90: 53–93.

Kubitzki, K., 2004. “Cornaceae”. The Fam i lies and Gen era of Vas -
cu lar Plant. Vol ume 6: Flow er ing Plants: Di cot y le dons:
Celastrales, Oxidales, Rosales, Cornales, Ericales. New York,
Springer-Verlag.

£añcucka-Œrodoniowa, M., Zastawniak, E., 1997. The Mid dle
Mio cene flora of Wieliczka re vi sion of Jan Zab³ocki’s col lec tion.
Acta Palaeobotanica, 37: 17–49.

Mai, D.H., 1967. Die Florenzonen, der Florenwechsel und die
Vorstellungen über den Klimaablauf im Jungtertiär der
Deutschen Demokratischen Republik. Abhandlungen der
Zentralen Geologischen In sti tute, Berlin, 10: 55–81.

Mai, D.H., 1995. Terti¬re Vegetationsgeschichte Europas. Gustav
Fischer Verlag, Jena-Stuttgart-New York.

Mai, D.H., 2000. The Lower Mio cene flo ras of the Spremberg Folge
und dem 2. Flozhorizont der Lauzitz. T. III. Dialypetalen and
Sympetalen. Palaeontographica B, 253: 1–106. 

Mamczar, J., 1960. Stan dard sec tion of the Mid dle Mio cene from
Cen tral Po land (in Pol ish with Eng lish sum mary). Biuletyn
Instytutu Geologicznego, 157: 13–68, 193–222.

Mamczar, J., 1962. The bo tan i cal assigment of the fos sil pol len
grains of Rhooidites, Pollenites edmundi R. Pot. and Pollenites
euphori R. Pot. and their strati graphic sig nif i cance (in Pol ish
with Eng lish sum mary). Biuletyn Instytutu Geologicznego, 162:
7–54, 88–124.

Mohr, B.A.R., 1984. Die Mikroflora der obermioz¬nen bis
unterplioz¬nen Deckschichten der Rheinischen Braunkohle.
Palaeontographica B, 191: 29–133.

Mosbrugger, V., Utescher, T., 1997. The co ex is tence ap proach – a
method for quan ti ta tive re con struc tions of Ter tiary ter res trial
palaeoclimate data us ing plant fos sils. Palaeo ge ogra phy,
Palaeoclimatology, Palaeo ec ol ogy, 134: 61–96.

Nagy, E., 1985. Sporomorphs of the Neo gene in Hun gary.
Geologica Hungarica, ser. Palaeontologica, 47.

Potonié, R., 1931. Pollenformen der mioc¬nen Braunkohle. II.
Sitzung sbe richte Gesellschaft Naturforschende Freunde, 1–3:
24–29.

274 Barbara S³odkowska and Maria Ziembiñska-Tworzyd³o



Potonié, R., 1951a. Re vi sion stratigraphisch wichtiger Sporomor -
phen des mitteleurop¬ischen Terti¬rs. Palaeontographica B, 91: 
131–151.

Potonié, R., 1951b. Pol len und Sporenformen als Leitfossilien des
Tertiärs. Mikroskopie, 6: 272–283. 

Potonié, R., 1960. Syn op sis der Gattungen der Sporae dis perse. III. 
Beihefte zum Geologischen Jahrbuch, 39: 1–189.

Potonié, R., Thomson, P.W., Thiergart, F., 1950. Zur Nomenklatur
und Klassifikation der neogenen Sporomorphae (Pol len und
Sporen). Geologisches Jahrbuch, 65: 35–70.

Premathilake, R., Nillson, S., 2001. Pol len mor phol ogy of en demic
spe cies of Hor ton Plains Na tional Park, Sri Lanka. Grana, 40:
256–279.

Sontag, E., 1966. Mikrobotanische (palynologische) Untersuchun -
gen am 2. Niederlausitzer Flözhorizont. Geologie, 15: 1–141.

Stuchlik, L., Ziembiñska-Tworzyd³o, M., Kohlman-Adamska, A.,
Grabowska, I., S³odkowska, B., Worobiec, E., Durska, E.,
2014. At las of Pol len and Spores of the Pol ish Neo gene, 4 – An -
gio sperms (2). W. Szafer In sti tute of Bot any, Pol ish Acad emy of
Sci ences, Kraków.

Ševèík, J., Kvaèek, Z., Mai, D.H., 2007. A new mastixioid florula
from tek tite bear ing de pos its in South Bo he mia, Czech Re pub lic 
(Mid dle Mio cene, Vrábèe Mem ber). Bul le tin of Geosciences, 42: 
429–436.

Thiele-Pfeif fer, H., 1980. Die mioz¬ne Mikroflora aus dem Braun ko -
hlentagebau Oder bei Wackersdorf/Oberpfalz. Palaeontogra -
phica B, 174: 95–224.

Thomson, P.W., Pflug, H., 1953. Pol len und Sporen des
mitteleuropäischen Terti¬rs. Palaeontographica B, 94: 1–158.

Utescher, T., Mosbrugger, V., Ashraph, A.R., 2000. Ter res trial cli -
mate evo lu tion in North west Ger many over the last 25 mil lion
years. Palaios, 15: 430–449.

Utescher, T., S³odkowska, B., Ashraf, A.R., Mosbrugger, V.,
2006. Palaeoclimate and veg e ta tion changes dur ing the
Rupelian and the mid dle Mio cene of the Pom er a nian Lakeland
area (NW Po land). Ab stracts 7th Palaeobotany-Palynology Con -
fer ence, Prague: 147.

Utescher, T., Mosbrugger, V., Ivanov, D., Dilcher, D.L., 2009.
Pres ent-day cli ma tic equiv a lents of Eu ro pean Ce no zoic cli -
mates. Earth and Plan e tary Sci ence Let ters, 284: 544–552.

Utescher, T., Bruch, A.A., Erdei, B., François, L., Ivanov, D.,
Jacques, F.M.B., Kern, A.K., Liu, Y.-S.(C.), Mosbrugger, V.,
Spicer, R.A., 2014. The co ex is tence ap proach – the o ret i cal
back ground and prac ti cal con sid er ations of us ing plant fos sils
for cli mate quan ti fi ca tion Palaeo ge ogra phy, Palaeoclimatology,
Palaeo ec ol ogy, 410: 58–73.

Wang, F-H., Chien, N-F., Zhang, Y., Yang, H., 1995. Pol len Flora of
China. In sti tute of Bot any, Ac a de mia Sinica.

Pollen morphotype edmundi and its significance for palaeoclimate reconstructions of the Neogene 275


