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I N T R O D U C T I O N

Situ a ted  in th e  sou theastern  ou tsk irts  of th e  tow n o f Eger, the  clay p it of 
th e  W ind brickw orks is a v ast exposure well visible even  from  a distance 
o f several kilom etres. T he general dip of its  sed im en tary  series is sou th- 
sou theasterly ; hence, th e  oldest s tra ta  are exposed in  th e  n o rthern  corner 
o f th e  p it a n d  th e  younger ones tow ards th e  south . M any layers contain  
p lan t rem ains which m ay, p articu la rly  in th e  younger layers, locally a tta in  
so g rea t an  abundance th a t  th e  individual fossils canno t even be sep ara ted  
from  one ano ther. This circum stance renders th e ir s tu d y  fairly  difficult 
on occasion.

So far, th is  site  has yielded several thousands o f m ore or less well-pre­
served p lan t fossils, no t all of which, however, have been thorough ly  exam in­
ed as yet. E ven  th e  presen t study , in tended  as a f irs t de ta iled  p resen tation  
o f th e  m ateria l, m ust be restric ted  to  the  analysis o f  th e  p lan t rem ains o f 
th e  lower groups of s tra ta ;  i t  should  be no ted, however, th a t  th is analysis 
does no t b y  fa r cover all th e  im prin ts furnished b y  th o se  tw o groups. As 
to  th e  vegetal ensemble o f th e  upperm ost g roup  of s tra ta ,  its  s tu d y  has no t 
y e t progressed so far as to  ju stify  a  m onographic tre a tm e n t.

The re la tive  ages of th e  ind iv idual layers a re  unequivocally  fixed by  th e  
circum stance o f th e ir continuous an d  conform able deposition. This not only  
offers a  basis for dating  th e  individual levels b u t also perm its to  decipher 
from  th e  succession of s tra ta  a h isto ry  o f th e  flo ra  a n d  of th e  clim ate.

M ention should be m ade as early  as th is o f th e  difficulties and  u n ce rta in ­
ties th e  a u th o r  had  to  face when outlining th e  evolution o f flo ra an d  clim ate. 
T he s tu d y  of th e  W ind B rickyard  flora strik ing ly  illu stra te s  th e  basis con­
flic t which underlies th e  flo ra l h isto ry  of th e  en tire  H ungarian  T ertia ry : 
th e  struggle of th e  so-called P o ltav ian  flora, o f a tro p ica l colour, a  rem nant 
from  th e  early  T ertia ry  or before, w ith th e  so-called T u rg ay an  flora which, 
in  tu rn , rep resen ted  a m ore tem p era te  clim ate a n d  was th en  g radually  
gaining ground  in the  area. Of these  two, th e  P o ltav ian  flo ra still p redom i­
n a ted  in th e  period we a re  concerned with, b u t h ad  lost its suprem acy b y  
th e  tim e th e  upperm ost s tra ta  cam e to  exist. H ow ever, th e  process of its  
replacem ent was far from  m onotonous: th e  waves o f th e  T urgayan  invasion



w ere in te rru p te d  b y  phases o f re tre a t. Consequently, th e  abundance ratios 
o f  th e  tw o  elem ents canno t, ex cep t w ith  certain  reservations, be regarded 
as a  m easure of flo ra l evolu tion . This is one of th e  difficulties. M oreover, 
one  a n d  th e  sam e associa tion  o f T u rg ay an  elem ents m ay  have  recurred  in 
sev e ra l subsequent waves. P la n t  species appeared  a n d  spread , th en  grew 
sca rce  o r becam e ex tin c t, on ly  to  reap p ea r an d  th riv e  in  abundance in 
som e la te r  phase.

T his flu c tu a tio n  o f th e  P o lta v ia n  an d  T urgayan  species m ay  have 
b een  due to  clim atic as well as phyto-sociological factors. In  consequence, 
th e  presence or absence o f a species, r a th e r  th an  possessing a  s tra tig raph ic  
v a lu e , carries a t  least a n  ecologic im plication. Hence, in  th e  case o f the  
W in d  B rickyard  flo ra, th e  gu ideline fo r establishing tren d s  o f floral evolu­
t io n  is th e  order o f succession o f th e  s tra ta ;  th e  floral changes, on th e  o ther 
h an d , provide a fa irly  ac cu ra te  p ic tu re  o f the  changes o f th e  environm ent 
from  one layer to  th e  nex t.

A n o th e r difficulty  in h eren t in  th e  s tu d y  of th e  flo ra u n d er discussion 
is t h a t  i t  contains m any  ty p es  whose n ex t living relations, if  any , now th riv e  
in  fa raw a y  countries. M oreover, a  given leaf form  an d  venation  m ay  be 
ch a rac te ris tic  of several d iffe ren t genera no t necessarily belonging to  the  
sam e fam ily. Hence, firs tly , th e  d e term ina tion  o f a  genus is o ften  uncerta in  
an d , secondly, no reliable basis exists fo r establishing te rr ito r ia l affinities. 
T hese problem s m ight be so lved  b y  cuticle exam ination . U nfo rtunate ly , 
th e  fossils found in  th e  W ind B rickyard  p it are alm ost exclusively im prin ts 
lack in g  an y  leaf tissue, an d  th e  rests  o f  organic m aterial, i f  any , have lost 
th e ir  s tru c tu re , owing to  an  uncom m only  thorough carbonization . Pollen 
an a ly s is  is ano ther possible au x ilia ry  technique. As fa r as th e  Oligocene 
a n d  th e  Low er Miocene are  concerned, however, pollen analysis has not 
y e t reach ed  th e  stage a t  w hich i t  m ay  safely correlate pollen form s w ith  the  
rem a in s  o f o ther p lan t organs. H ence, m ost pollen forms ex ist independently  
o f p la n t  species an d  genera. N evertheless, a ttem p ts  a t  a  correlation  are 
co n s ta n tly  being und ertak en , in  p a r tic u la r  also concerning th e  W ind B rick­
y a rd  flora.

A t a n y  event, th e  resu lts p resen ted  in  th is volum e a re  liable to  some 
degree o f error in  sp ite  o f th e  a u th o r’s efforts a t  exam ining th e  im prin ts 
th o ro u g h ly  in  all possible respects an d  a t  com paring th em  w ith  specimens 
o f  liv ing  p lan ts in th e  accessible herbaria .
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T E R T I A R Y  F L O R A S  O F  T H E  E N V I R O N S  O F  E G E R

O r all th e  regions o f H ungary , th e  environs o f Eger are th e  rich est in  
T e rtia ry  floras. This circum stance suggests th a t  conditions ex trem ely  
favourab le to  fossilization frequently  p revailed  here. In  addition, th e  region 
used to  be a  litto ra l or coastal strip  fo r p ro tra c te d  periods. R iv er deltas, 
repeated ly  developed in  th e  area, accu m u la ted  v ast am ounts o f vegetal 
m a tte r  p rone to  fossilization.

In  th e  environs o f Eger, th e  oldest T e r tia ry  p la n t rem ains a re  th o se  found  
in  th e  shale of K iseged H ill. These s t r a ta  are considered of Low er Oligocene 
age. On K iseged Hill, th e  Eocene also crops o u t, bu t it  contains an im al 
fossils only. T he “ B uda m arl” also p resen t, a lread y  exhibits som e p lan t 
fossils. (The te rm  B uda m arl represents a  facies ra th e r th an  a s tra tig ra p h ic  
u n it an d  is n o t necessarily Eocene.) As its vegeta l fossils do n o t d iffer in  
an y  w ay from  th e  p lan ts  o f th e  overlying L ow er Oligocene shale, th e  B uda 
m arl is considered Lower Oligocene in  th is  region. I t  is overlain  b y  shale 
s tra ta  con tain ing  th e  richest and m ost v aried  Lower Oligocene flo ra  of 
H ungary . The em bedding rock is fine-grained, ind icative of deposition  in  a 
sea of some dep th . As th e  leaf fossils o f these  beds a re  sm oo th  an d  
undam aged, th e  fine g ra in  suggests a slow sed im en tation  ra th e r th a n  a  long 
tra n sp o r t, an d  a deposition  fa r offshore.

The overlying layers o f sou theasterly  dip co n stitu te  a succession con­
form able w ith th e  s tra ta  o f th e  W ind B rick y ard , which la tte r  lies ap p ro x i­
m ately  sou th  o f K iseged H ill. Between th e  tw o  sites, there are b u t  a  few 
localities w ith  sparse vegetal fossils, such  as th e  clay p it of th e  brickw orks 
in  th e  Vécsey-Valley n ea r Eger, or, s till fa rth e r, on th e  N agyim ány, near 
N oszvaj. The p lan ts  of these  occurrences will be discussed la ter. Locally , 
th e  fossils occur in  th e  “ Kiscell c lay” , th e  colour of which is m o stly  grey. 
S tra ta  bearing a  no tew orthy  assem blage of vegeta l fossils have been disclosed 
a t  th e  n o rth ern  corner o f th e  clay p it  o f th e  W ind  B rickyard. T hese lower 
s tra ta  o f th e  p it  a re  designated X.,. P roceeding  southw ards in  th e  c lay  p it, 
one soon reaches an o th er group of s t ra ta  w hich has also p ro d u ced  p lan t 
fossils. This is th e  m iddle group of s t r a ta  designated  W2. The p lan ts  em bed­
ded in  th e  so-called “stone  loaves” a re  considered to  belong equally  to  th e
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f lo ra  o f th e  middle s tra ta .  T he “stone loaves” , h a rd  silicified concretions 
ly ing  in  th e  barren  horizon  betw een th e  m iddle a n d  upper s tra ta , a re  u sually  
exposed  b y  th e  clay  m ining operations. D oub tlessly  older th a n  th e  s tra ta  
w hich  include them , th e y  con ta in  a vegetal m ate ria l o f th e  sam e ap p ro x im ­
a te  age as th e  m iddle fossiliferous s tra ta  m ark ed  W2.

D is tin c t as it  is from  th e  flo ra  of th e  low er s tra ta ,  th e  middle flo ra  differs 
m u ch  less from  its  predecessor th an  th e  flo ra  o f th e  upper s t ra ta  differs 
from  b o th . This la tte r , sep a ra ted  from  th e  W2 g roup  b y  several b a rren  layers, 
will b e  called “ u p p er f lo ra ” in  th e  following. The two lower g roups o f 
s t r a ta  con tain  lim ited  qu an titie s  of vegeta l fossils; th e  im p rin ts  a re  
gen era lly  sca tte red  one b y  one, w ith th e  excep tion  of th e  “ stone loaves” 
in  w hich th ey  are m ore ab u n d a n t. In  th e  u p p er s tra ta  th e  im prin ts te n d  to  
o ccu r en masse.

T he layers contain ing  th e  upper W ind B rick y ard  flora a re  ind ica tive  
o f  changed  conditions o f sed im entation . T he fossils are m ostly  em bedded  
in  a  v e ry  fine-grained clay, m ostly  greyish , b u t  yellow near th e  surface 
w here its  iron  con ten t is oxidized. In  places th e  s tra ta  are  coarser, sandier.

T h ere  a re  also san d s tu rn e d  into san d sto n es by  a  siliceous cem ent. 
P o o rly  preserved  p lan t rem ains em bedded in  sandstone  occur, am ong o th er 
s ites, also n o rth  o f th e  village A n dornak tálya , som e kilom etres so u th  of 
E g er, as well as w ith in  th e  bounds of th e  com m u n ity  Demjén. U n fo rtu n a te ly , 
th e  p la n t fossils te n d  to  be poorly p reserved  in  all these coarse-grained 
deposits. M oreover, th e  leaves are  stacked  u p  in  large num bers, w hich cir­
cum stance  renders th em  fa ir ly  difficult to  s tu d y .

T he age o f th e  W ind  B rick y ard  series is a  m uch-discussed problem . The 
p re sen t au th o r does n o t wish to  m ake a n y  essen tial con tribu tion  to  th is  
d iscussion  as long as th e  full evaluation  o f th e  m ateria l is still pending. H e 
o n ly  wishes to  s ta te  fo r th e  presen t th a t  he considers th e  lower a n d  m iddle 
flo ras  Oligocene in  a n y  case, on  account o f th e ir  obvious connexions w ith 
th e  L ow er Oligocene flo ra  o f K iseged H ill. T he upper flora m ay  ra th e r  
a rb itra r i ly  be lo ca ted  som ew here a ro u n d  th e  Oligocene-Miocene lim it, 
t h a t  is, in  th e  highest C h a ttia n  or lowest A q u itan ian . I t  does n o t ag ree  w ith 
a n y  o f  th e  floras regarded  as typ ically  A q u itan ian  (e.g. th a t  o f  th e  Zsil 
V alley) to  such an  e x te n t as would ju stify  th e  assum ption  of th e ir  abso lu te  
con tem poraneity .

In  th e  present s tu d y  th e  au th o r does n o t wish to  proceed beyond 
c o rrec tly  establishing th e  age of th e  W ind  B rickyard  flo ra a t  least 
in  its  re la tion  to  th e  o th e r flo ras of th e  region o f Eger. For th is purpose, a 
so u n d  basis is p rov ided  b y  th e  succession o f th e  sedim entary  layers. Con­
seq u en tly , th e  results here presen ted  m ay  be considered definitive, all th e
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m ore so since identical results were o b ta in ed  along the safe p a th  o f flo ra l 
evolution.

Above th e  upperm ost flora-bearing s t ra ta  o f th e  W ind B rick y ard , th e  
co n tin u ity  of desposition is broken, an d  th e  above-described deposits are 
unconform ably  overlain by  H elv e tian  (perhaps Burdigalian) tu ffs  whose 
con tin u atio n  m ay  be traced  tow ards th e  so u th  to  the village o f A ndornak- 
tá ly a .

A round  T iham ér village these  s t ra ta  locally  contain in terbedd ings 
o f diatom aceous ea rth . T uff an d  d iatom aceous ea rth  bo th  include in  m any  
places H elvetian  p lan t fossils (e.g. a t  E ger-T iham ér, in  several sites a t 
A ndornak tálya). Since however th e re  a re  no vegetal fossils in  th e  rhyolite  
tu f f  d irectly  overlying th e  W ind B rick y ard  s tra ta , it is u n ce rta in  w hether 
th is  tu f f  was due to  th e  same paroxysm  o f erup tion  as th e  tu f f  contain ing  
th e  vegetal fossils.

P la n t  rem ains have been found also in  th e  H elvetian  s t r a ta  a t  F e r tő ­
völgy, s itu a ted  southw est of Eger (U dv arh ázy  1938; A n d reán szk y —N ovák 
1957). L ately , th ese  s tra ta  have no t y ielded  fu rther im p rin ts  a n d  can 
be considered as exhausted.

T he relative ages of th e  H elve tian  flo ras o f th e  Eger region (E ger -T ih a ­
m ér; A n d o rn ak tá ly a—R ákóczi-S treet; A n d o rn ak tá ly a—Pincevölgy; Savós- 
völgy, Fertővölgy) have n o t yet been cleared up. The floras from  th e  various 
sites  differ considerably, and  it could n o t be established so fa r  w hether 
th is  is due to  age differences or to  th e  p reservation  of d ifferent p lan t com ­
m unities of th e  sam e flora in th e  ind iv idual sites.

T he T orton ian , which succeeds th e  H elv e tian , is not rep resen ted  in  th e  
environs of E ger b y  flora-bearing s tra ta ;  n e ith e r is th e  low est S arm atian . 
F ro m  th e  m iddle of th e  lower S arm atian , onw ards, however, sandstones 
v e ry  rich in  vegetal fossils are know n a t  som e distance from  E ger, in  a  region 
higher u p coun try  (Egerszólát, Egerbocs, M ikófalva, D édestapolcsány, B án ­
fa lva  an d  Sály); silicified wood tru n k s  o f th is  sam e age are sc a tte red  as far 
dow n as Eger, th e  centre of th e ir  sp read  being Mikófalva. V egetal fossils 
from  th e  upper p a r t  o f th e  lower S a rm atian  are  only found fa r th e r  no rth , 
especially in th e  neighbourhood of B án h o rv á ti. This so-called “ B án h o rv á ti” 
flo ra  group ex tends westw ards to  U p p o n y  an d  Sajómercse, sou thw ards 
to  D édestapolcsány and  th e  H arica  Valley, eastw ards to  D iósgyőr a n d  n o r th ­
w ards to  Sajókaza an d  Vadna.

An early  U pper S arm atian  s ite  ex trem ely  rich in fossils is th a t  o f Felső- 
tá rk á n y  quite n ea r to  Eger, a t  th e  foot o f th e  B ükk m ountains. T he flo ra ­
bearing  s tra ta  o f F első tárkány  ex ten d  from  th ere  to  th e  n o r th  an d  n o r th ­
w est o f Eger, being, however, m uch poorer in  fossils everyw here else.
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T he site  which has y ie ld ed  th e  S arm atian  flo ra  richest in species o f th e  
e n tire  region is s itu a ted  a t  a  d istance of ab o u t 25 kilom etres n o rth  o f E ger 
in  th e  bound of th e  v illage B alaton. The flo ra , em bedded  in rhyo lite  tu ff, 
belongs to  th e  upper p a r t  o f  th e  U pper S arm atian . T he rhyo lite-tu ff flo ra 
o f th e  Szelecsi Valley is considered as being o f th e  sam e age.

T h e  ra re  Pliocene s ites  o f th e  region are  also v e ry  poor. Of these th a t  of 
K erecsend, southw est o f  E ger, is w orth m entioning.
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A S U R V E Y  O F  P R E V I O U S  W O R K  O N  T H E  U P P E R  
O L I G O C E N E  F L O R A S  O F  H U N G A R Y

T he  abu n d a n t  flo ra  o f th e  s tra ta  exposed in  th e  W ind B rick y ard  has been 
know n to  science for m ore th a n  h u ndred  years. N evertheless, little  
a tten tio n  was pa id  to  th e  exp lo itation  o f th is  ex trem ely  rich m a te r ia l; only 
accidental collections o f m inor im portance were stud ied  in  detail. In  older 
tim es, an y  such w ork was perform ed alm ost exclusively b y  foreign 
au tho rs.

I t  was th e  m erit o f th e  la te  F. Legányi, research fellow o f th e  “ Dobó 
Is tv á n ” M useum o f Eger, to  have co n stan tly  followed for several decades 
th e  fates of th is  site . As th e  exp lo itation  of th e  clay progressed, he saved 
an  immense m ateria l during this period. In  th e  beginning, he d id  so en tire ly  
on his own, having only  la te r received a  commission from  th e  M useum  of 
Eger. So it  would be u n fit to  say th a t  system atic  collection has b u t qu ite  
recently  been com m enced, since L egány i’s system atic  a c tiv ity  goes back  to  
several decades. Still, a  more or less thorough  s tu d y  of th e  flo ra  did  no t 
s ta r t  un til 1948 when th e  In s titu te  o f Taxonom ical B o tan y  o f B udapest 
U niversity  assum ed a k ind  of custod iansh ip  over th e  site a n d  to o k  the  
in itia tive  o f exam ining in detail th e  collected m aterial. The focal po in t 
o f th is la tte r  a c tiv ity  was transferred  subsequen tly  to  th e  B o tan ical D e p a rt­
m ent of th e  M useum  of N ational H isto ry , B udapest. The m a jo rity  o f th e  
collected m ateria l is k ep t a t  the  In s ti tu te  of Taxonom ical B o tan y  o f B u d a­
pest U niversity , a t  th e  B otanical D e p artm en t of th e  M useum o f N a tu ra l 
H istory , an d  a t  th e  “ D obó Is tv á n ” M useum  of Eger. A fa irly  im p o rtan t 
m ateria l collected b y  various persons is preserved a t  th e  S ta te  Geological 
In s titu te .

A fter a few sporad ic early  com m unications th e  presen t a u th o r  published 
some details ab o u t th e  W ind B rickyard  flo ra (A ndreánszky 1949a, 1949b, 
1955, 1956 an d  1962) lim iting him self to  th e  description o f ce rta in  fossil 
rem ains. P álfa lvy  (1951) also com m ented on som e s tra tig rap h ic  a n d  o ther 
features of th e  flo ra . The above-m entioned papers covered on ly  a sm all 
fraction  of th e  flo ra , m ostly  dealing w ith  species selected a t  random , a l­
though  an  a tte m p t was m ade to  t r e a t  in  detail th e  M yrica  species (A ndre­
ánszky 1955). To illu stra te  th e  enorm ous g row th  of th e  collection since
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t h a t  tim e, as well as th e  scan tiness o f th e  m ate ria l th en  available, le t us 
n o te  th a t ,  no t la te r  th a n  in  1962, a fu r th e r M yrica  species cam e to  be 
described , and  in  th e  p re sen t s tu d y  th e  a u th o r  proposes to  estab lish  tw o 
m ore, likewise from  th e  W ind  B rickyard  flo ra.

Also, th e  d a ta  p rev io u sly  recorded are  o ften  in  w an t of a revision. The 
a u th o r  wishes to  re ly  also  in  th e  presen t s tu d y  upon  th e  d a ta  which are  to  
be considered tru s tw o rth y , b u t  does no t in ten d  to  ca rry  o u t a  revision o f th e  
u n ce rta in  d a ta  p rio r to  th e  m onographic tre a tm e n t o f th e  en tire  collected 
m ateria l.

U n til  now 2 horse ta ils , 5 ferns, 4 conifers, 43 dicotyledons an d  3 palm  
species have been p u b lish ed  (not counting u n ce rta in  species). E ttin g s- 
h au se n ’s p lan ts (1854) a re  n o t included in  th ese  figures. F irs t o f all, he 
en u m era ted  genera o n ly  an d , secondly, ava ilab le  evidence is insufficient 
to  id en tify  those of his fossils which were derived from  th e  clay p it of th e  
W in d  B rickyard, as E ttin g sh au sen  only  s ta te d  th em  to  have come from  
th e  region of Eger. I n  H ungary , few floras a re  considered m ore o r less 
contem poraneous w ith  th e  W ind  B rickyard  flo ra . T he flora of Csörög near 
V ác (V itális—Zilahy) m ig h t be one o f these. H ow ever, th e  flo ra  o f K ígyó 
H ill n ea r Csörög show s so few identical featu res w ith  th e  W ind B rickyard  
f lo ra  th a t  it  is fu tile  even  to  a tte m p t a detailed  com parison. One o f th e  m ost 
freq u en t rem ains a t  Csörög is th e  sam ara of Engelhardtia, a  fossil very  ra re  
in  th e  W ind B rick y ard  flo ra . I t  is in teresting  to  no te  th a t  Asplenium  
matrense A ndreánszky has been  found b o th  a t  Csörög an d  M átraderecske. 
T h e  tw o  fossils a re  p re su m ab ly  o f th e  sam e age. This fern has no t so fa r 
tu rn e d  up  a t  th e  W ind  B rickyard .

T h e  W ind B rickyard  s t r a ta  m ust be considered positively  contem porane­
ous w ith  th e  a lread y  m en tioned  sandstone layers o f th e  region o f Eger, 
som e o f which crop o u t in  th e  bounds of A n d o rn ak tá lv a  on th e  one hand, 
a n d  o f  Dem jén on th e  o th er. These layers a re  charac terized  b y  th e  e x tra ­
o rd in a ry  abundance o f  Cinnamomum  leaves. A beau tifu l leaf of Sassafras 
(to  b e  discussed la te r) also cropped up; otherw ise th e  flo ra is rem arkable 
fo r th e  sm all num ber o f  its  species.

T h e  relations b etw een  th e  rem ains know n from  th e  W ind B rickyard  an d  
from  th e  neighbourhood o f S algó tarján  are fa r from  clear. Some of th e  fossils 
fro m  th e  environs o f S a lg ó ta rján  an d  K isterenye m ight be B urdigalian, b u t 
i t  is b y  no means im possible th a t  th ey  are  closer in  age to  th e  W ind B rick­
y a rd  flo ra . From  K iste ren y e , too, we know Quercus gigantum  E t t . ,  a species 
fa ir ly  frequen t in  th e  low er a n d  middle W ind B rick y ard  floras; there , too, 
rem ain s of Cinnamomum  abo u n d ; still, no closer re la tion  to  th e  W ind 
B rick y a rd  flora could  be  estab lished  as yet.
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T he flora o f Ip o ly ta rn ó c , also very  rich, presen ts a  som ew hat sim ilar 
situation . I  consider i t  B urdigalian on accoun t o f its  decidedly younger 
overall aspect; nevertheless, I  wish to  reserve judgm ent u n til i t  will become 
know n in detail. H ow ever, even in recen t lite ra tu re , one finds b u t a fairly  
sh o rt description o f th e  Ip o ly tarnóc  flo ra  (R ásky  1959).
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N E W  C O N T R I B U T I O N S  T O  T H E  K N O W L E D G E  
O F  T H E  W I N D  B R I C K Y A R D  F L O R A

I n  t h e  following, th e  a u th o r  proposes, on th e  one hand , to  enum erate  
th e  species recently  identified  an d , on  th e  other, to  m ake some com m ents 
concern ing  certain  species a lre ad y  known. However, in  order to  provide 
a  co m p le te  im age of th e  flo ra , th e  taxonom ic enum eration  below shall 
include all th e  species h ith e rto  know n from  th e  W ind B rickyard  flora, as 
well a s  th e  d a ta  relative to  th e ir  publication.

P T E  R ID O PH Y T A

E Q U IS E T IN A E

Equisetum  braunii Ung. ex  H eer, FI. te r t .  Helv. 1.44, 175, t .  XIY. 8 , t .  
CX LV . 28, 29 — A ndreánszkv 1955, 37, P l. I. 1.

Equisetum  cf. maximum L .—A ndreánszkv  1955, 37, P l. I . 2.

F IL IC IN A E

Hymenophyllaceae
Trichom anes radicans L .—A ndreánszky  1949a, 3, P l. IX . 1.
Osmundaceae
Osmunda lignitum  Gieb. — P á lfa lv y  1951, 61, Pl. I. 5.
Osmunda parschlugiana (U ng.) A ndreánszky—P álfa lvy  1951, 62, P l. 

I. 2, su b  E teris parschlugiana U ng .
Polypodiaceae
Blechnum braunii E t t .  — A ndreánszky , 1952, 399. Pl. X X I/6 .
Lastraea  cf. oeningensis (A. B r.) H eer, FI. té r t .  Helv. I. 1855, 32, t .  VI. 3. =  

G oniop teris oeningensis A. B r. in  S tizenb . Verz. der B ad. V erst. 72. (Fig. 1.)
T h e  fe rn  which I  propose to  describe here in  detail h ad  been m entioned 

in  th e  li te ra tu re  concerning th e  W in d  B rickyard  flo ra under th e  nam e 
L. oeningensis A. B r. (Pálfa lvy  1951, 62). P álfa lvy  justifies its  descrip tion 
u n d e r t h a t  nam e [ra ther th a n  u n d e r th e  nam e L. stiriaca  (Ung.) H eer] on 
th e  g ro u n d s  th a t  its  p innae a re  b ro ad er an d  th a t  th e re  a re  su b s tan tia l 
differences also in venation ; nam ely , according to  H eer’s draw ings, th e
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p innae o f L. stiriaca (Ung.) H eer a re  a t  m ost 1-5 cm wide, whereas those  
o f th e  W ind B rickyard  fern  v a ry  betw een 2-5 an d  3 cm. On th e  W ind 
B rick y ard  fern, th e  low est te r t ia ry  veins anastom ose a t  an  angle w ith  th e  
ram ifications of th e  neighbouring secondary vein  an d  form  a  com m on vein

which thence proceeds u p  to  th e  m argin of th e  p inna; th e  o ther te r t ia ry  
veins anastom ose w ith  th is  com m on vein. T he te r t ia ry  veins of L. stiriaca  
(Ung.) H eer curve fo rw ard  an d  only  converge near th e  m argin of th e  p inna.

W ith  th e  exceptions o f its  ap ical region, how ever, th e  p inna of th e  W ind 
B rick y ard  fern  differs su b s tan tia lly  from th a t  of L. oeningensis (A. B r.) 
H eer. F irs t o f all, i t  is considerab ly  broader th a n  even th e  la tte r. Secondly,

*M E signifies th e  co llec tion  of th e  “ D obó T stván” M useum  o f E ger w hile N R  t h a t  
o f  th e  In s t i tu te  fo r T ax o n o m ica l B o tany , B u d ap est U n iv e rs ity , in  th e  c a p tio n s  to  
th e  f ig u res  th ro u g h o u t th e  book .

2 Studia Biologica 5. 17



its  te r t ia ry  veins, like th o se  of L. stiriaca  (U ng.) Heer, num ber 7 o r 8 on 
b o th  sides, whereas th e  p in n a  of L. oeningensis (A. Br.) H eer on ly  bears 
3 to  5 on each side. I n  ad d itio n , th e  secondary  vein of th e  W ind B rickyard  
fe rn  is relatively  s tro n g , whereas on th e  p in n u la  o f L. oeningensis (A. Br.) 
H eer i t  is no t s tro n g er th a n  th e  te r t ia ry  veins. T rue, on th e  W ind B rickyard  
fe rn  th e re  are few er veins arising from  th e  secondary  veins, in  th e  neigh­
bourhood  of th e  ap ex , w here th e  p inna tap e rs , an d  th e  secondary  veins 
them selves are  also th in n e r  there . In  th is  resp ec t th e  W ind B rick y ard  fern 
corresponds to  th e  d esc rip tio n  an d  draw ing o f L. oeningensis (A. B r.) Heer. 
One m ight, th e n , su p p o se  th a t  all th e  specim ens of L. oeningensis (A. Br.) 
H eer which fo rm ed  th e  basis o f descrip tion were consistently  tip s  o f pinnae. 
T his is, however, co n tra d ic ted  by  th e  fac t th a t  L. oeningensis has th e  same 
n u m b er of te r t ia ry  v e in s  along th e  whole len g th  o f th e  p inna as Dryopteris 
vivipara  (Raddi) C. C hr. which, a lthough  usually  referred to  L. stiriaca 
(U ng.) Heer, s tan d s in  fa c t nearest to  L. oeningensis (A. Br.) H eer. The 
n u m b er of te r t ia ry  veins is sm all all over th e  p inna. I  subm it there fo re  th a t 
th e  W ind B rickyard  fe rn  is a species d is tin c t from  L. oeningensis (A. Br.) 
Heer.

O n account o f its  rem ark ab le  sim ilarity  to  Dryopteris vivipara  (R addi) 
C. Chr., a trop ica l fe rn  o f Brazil, L. oeningensis (A. Br.) H eer is to  be 
assig n ed  to  th e  real genus Dryopteris.

T he fronds o f th e  W in d  B rickyard  “ Lastraea” were p resum ably  quite 
large ; th e  pinnae a t ta in e d  a  length  of 20 cm. T he w ay th e  frond  is com posed 
o f th e  pinnae is visib le on  several specim ens; we have th u s  a fa irly  good idea 
o f th e  hab it of th e  p la n t  as a  whole. A t a n y  even t, th is  is th e  fern species 
m ost ab u n d an tly  rep resen ted  in  th e  W ind  B rickyard  flora. The p innae 
a re  ra th e r  varied. S om etim es th e  m argin is nearly  in tac t, som etim es it is 
lo b a te  to  a dep th  o f  one  fo u rth  of th e  h a lf  b lade. The m ore deeply lobate 
p in n ae  are very  s im ila r to  those of Osmunda lignitum  Ung. This la t te r  fern 
also  occurs in  th e  W in d  B rickyard  flo ra ; its  p innae are in  m ost cases even 
m ore deeply cleft. T h e  tw o  cannot, how ever, be confused because the  
te r t ia r y  veins of Osmunda  a re  furcate w hereas those of L. cf. oeningensis 
a re  consistently  s im p le ; fu rtherm ore, th e  veins o f Osmunda do no t a n a s to ­
m ose a t  all. In  th e  W in d  B rickyard  flo ra, O. lignitum  is ra re  as com pared 
to  Lastraea.

Asplenium egedense A ndreánszky, in  Index H orti Bot. Univ. B udap. 7. 
(1949) 106, t. X. 5. (F ig . 2 ).T h isis  th e  p in n a  o f a fern, com plete w ith  sori, 
d iffering only inasm uch  from  th e  one described under th e  sam e nam e from 
th e  Lower Oligocene o f  K iseged Hill as i t  is som ew hat longer in  re la tion  
to  its  b read th . I t  was fo u n d  in  th e  lowest s t r a ta  ( X2) o f th e  W ind B rickyard .
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H aving  a  length  o f 9 cm and  a  b read th  o f 2-3 cm near its base, i t  is o f  a  strong­
ly  asym m etric linear-lanceolate shape; being, un fo rtu n a te ly , dam aged  a t 
th e  base. On th e  underside o f th e  p in n a  th ere  a re  5 sligh tly  curved , linear 
sori on b o th  sides. T he venation  is com pletely  effaced.

F ig . 2. A sp le n iu m  egedense A n d reán szk y , low er s t r a ta  3192 M E

The narrow ness o f th e  p inna an d  th e  sm aller num ber o f its  sori distinguish 
to  some ex ten t th e  W ind B rickyard  specim en from those o f K iseged Hill. 
B u t for th is, no specific difference can  be observed which w ould ju stify  the 
establishing of a  tax o n  d istinct from  A.  egedense A ndreánszky. F urtherm ore 
th e  fossil was found  in  th e  lowest s tra ta ,  an d  th u s  the  age difference cannot 
be im p o rtan t, either. All I  propose to  do is, th en , to  rep o rt th e  species from 
a  new site, w ith  th e  rem ark  th a t  th e re  is a slight difference in  th e  form of 
th e  p inna. The fossil is k ep t in  th e  M useum o f Eger, u n d er H o. 3197.
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GYMJSTOSPERMAE
C O N IF E R A E

T h e  genus Pinus is re p re se n te d  by  needle clusters a n d  pine-cones. F rom  
th e  s t r a ta  of the W ind B ric k y a rd , only Pinus taedaeformis (Ung.) H eer has 
so  f a r  been m entioned in  t h e  lite ra tu re  (Pál fa Ivy 1951, 63).

Fig. 3. P in u s  s p . cone, m iddle s t r a ta  7290 M E

P in us taedaeformis (Ung). H eer

O u r  collection contains fo u r  clusters of th ree needles each  from th e  upper 
la y e r s  a n d  one cluster fro m  th e  m iddle layers, all frag m en ts  whose original 
le n g th  cannot be estab lished . I t  is th e  thinness o f th e  needles which suggests 
t h e i r  belonging to th e  a b o v e  in d ica ted  species. B y  no m eans can  th ey  
re p re s e n t  P. tuzsoni N ovák , described  from K iseged H ill, as th e  needles 
o f  t h e  la t te r  are thicker.
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Pinus pálaeostróbus E t t .

We have only a  single five-needle cluster from  th e  m iddle s tra ta .  The 
im p rin t is th a t  of a sm all fragm ent, so th a t  i t  is im possible to  estab lish  
th e  length  of the  needles. All one can  say is th a t  th ey  a re  very  th in  and  
m ay  therefore belong to  th e  form -group of P . strobus L.

F ig . 4. P in u s  sp. cone, m iddle s t r a ta  W  2573 M E

All ra th e r worn, th e  cones reveal a long tra n sp o r t before deposition. For 
th is  sam e reason, neither th e  um bo, nor th e  apophysis can  be seen on any  
o f th e  specimens, so th a t  no taxonom ic position  can be assigned to  them . 
T here are two sharp ly  d is tin c t types. The one is re la tively  long a n d  th in , 
cylindrical, having in  its  p resen t w orn s ta te  a  leng th  of 12 cm an d  a  d iam eter 
o f 2 cm. I t  presum ably  was a dependent cone belonging to  th e  form -group 
o f P. strobus L. The scales were ap p a ren tly  th in  even a t  th e ir  t ip  (Fig. 3).

T he other ty p e  o f cone is sq u a tte r, conical, abou t 7 or 8 cm long, w ith  a 
d iam eter of 2-5 to  3 cm a t  th e  base. The scales are n o tab ly  th ick e r th a n
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o n  th e  other type, b u t  th e  um bo is no t preserved, either, on an y  o f  them . 
(F ig . 4).

T he lower and  m id d le  s t r a ta  have been found  to  yield considerably  more 
cones th an  the u p p er s t r a ta .

Sequoia langsdorfii (B rgt.) H eer (Fig. 5)

T he only specim en fu rn ish e d  so far b y  th e  W ind B rickyard  s tra ta ,  the 
im p rin t of a shoot, h as  com e from  the  lower s tra ta .  I t  is registered u n d er No. 
W  2502 in the M useum  o f  E ger. The needles s ta n d  a lte rn a te ly , so th a t  there

F ig . 5. Sequoia langsdorfii (B rg t .)  H eer, F ig . 6. Sequo ia  couttsiae  H eer, cone,
low er s tra ta W  2 502  M E  lo w er s t r a ta  12677 N R

ca n  be no question o f M etasequoia. They are  linear-lanceolate , fa irly  large; 
one  is 2-7 cm long a n d  2-8 m m  th ick  in th e  m iddle.

Sequoia couttsiae H eer (Fig. 6)

T h is  species was a lre a d y  re p o rted  by  P álfa lv y  from  th e  W ind B rickyard  
s t r a t a  (1951, 64) on th e  basis o f cone rem ains. These cones belong to  the  
m o s t abundan t fossils in  a ll th ree  groups of s tra ta .  T hey  agree com pletely 
w ith  H eer’s original d esc rip tio n , as well as w ith th e  fossils known from  the
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Lower Oligocene, am ong o thers from  Kiseged Hill. F rom  th is  la tte r  site 
we have im prin ts o f cones a tta c h ed  to  th e  scale-leaved boughs; these boughs 
also agree w ith H eer’s figures. However, th e  W ind B rickyard  s tra ta  have 
no t u n til now yielded scale-leaved shoots whose leaves would diverge from 
th e  shoot a t  all, to  proceed in  a needle-like tip , as is th e  case w ith  S. couttsiae 
Heer. T he shoots which are supposed to  belong to  th e  cones know n by  
th e  nam e S. couttsiae H eer are th in , th e ir  scales qu ite  sh o rt; th e  tip s  of th e  
scales hug th e  shoot, an d  do no t s tan d  o u t a t  all. These shoots m uch re ­
sem ble those of Glyptostrobus, p articu la rly  those  o f G. ungeri H eer; for th is 
reason th ey  have been referred  to  th is  species (A ndreánszky 1959b, 5).

However, since even th e  m ost painstak ing  exam ination  o f th e  W ind 
B rickyard  flora failed to  yield a Glyptostrobus cone, or a  ty p ica l shoot of 
Sequoia couttsiae Heer, one is a fte r all obliged to  conclude th a t  th e  cones 
belong to  th e  scale-leaved boughs. I f  th is  is th e  case, however, th e  species 
is no t identical w ith  S. couttsiae Heer, a lthough  th e  cones of th e  tw o cannot 
be d istinguished from  each other. This problem  will th u s  have to  rem ain  
unsolved for the  presen t.

The fam ily Cupressaceae is for th e  tim e being represen ted  by  th e  sole 
species Callitrites brongniarti Endl. (A ndreánszky 1955, 37).

A NG IOSPERM AE

I )IC O T Y L E D O N E A E

Magnolic-eae

We have so fa r four leaf types which presum ably  belong to  th e  genus 
Magnolia. They a re  all assigned to  living species, as it has been im possible 
to  refer them  satisfac to rily  to  fossil ones. In  view o f th e ir  poor preservation, 
it does no t seem proper to  describe th em  as new species.

Magnolia cf. grandiflora L. L eaf No. W  1311 from  th e  upper s tra ta  is 
assigned to  th is species. I t  is th e  m iddle p a r t  o f a fairly  large, fragm entary , 
lanceolate leaf having  an  entire m argin. I ts  venation  is com pletely  identical 
w ith th a t  of th e  living species. Still, neither th e  base nor th e  tip  o f th e  leaf 
being available, i t  is w ith  some reserve th a t  I  am  referring it to  th e  genus 
Magnolia, an d  to  its  above-m entioned living species.

Magnolia cf. acuminata L. (Fig. 7). L eaf No. W  2707 from  th e  middle 
s tra ta . I ts  belonging to  th e  genus Magnolia is v irtu a lly  certain . I t  is an  ovoid- 
lanceolate leaf w ith  an  en tire  m argin; only its  apical p a r t,  which probab ly  
was o f a g radually  tap erin g  form, is missing. I ts  base is rounded  an d  shortly  
decurren t. The com plete blade m ay  have been approx im ate ly  15 or 16 cm
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long  and , in  th e  lower tw o  fifth s o f its  length , 7 to  7-5 cm wide. The la tera l 
veins s ta r t  a t  a fa irly  large  angle — 60 to  65° — an d  are  cam ptodrom e in  a 
loop. Considering th e  le a f  ty p e  o f th e  living p lan t, th e  fossil u nder dis­
cussion presum ably  was a  deciduous tree  species. This is ind icated  also by

F ig. 7. M a g n o lia  cf. acu m in a ta  L ., m idd le  s t r a ta  W  2707 M E

th e  im p rin t. M. acuminata L . is a  denizen o f A tlan tic  N orth-A m erica. In  th e  
W in d  B rickyard  flo ra i t  p ro b ab ly  represents a  m icrotherm ic elem ent.

M agnolia  cf. dealbata Zucc. (Fig. 8). This is th e  fragm en tary  im p rin t o f a 
large , p resum ably  ellip tical b lade. The base is missing, b u t th e  fac t th a t  th e  
low er p rim ary  la te ra l veins, a f te r  arising a t  an  acu te  angle strong ly  curve 
b ack w ard s, until becom ing perpendicu lar to  th e  m idrib, suggests a co rdate  
base . T he rest of th e  la te ra l veins also s ta r t  a t  fa irly  acu te  angles, b u t,
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dev iating  considerably, end up a t  angles of 75 to  85° to  th e  m idrib . T he 
leng th  of th e  lam ina was probably  ab o u t 20 cm , its b read th  9 to  10 cm. 
Our specim en u ndoub ted ly  deciduous shows th e  greatest affin ity  to  th e  
Jap an ese  M . dealbata Zucc. The im prin t cam e from  the  middle s t r a ta  a n d  
bears th e  num ber W  2661.

F ig . 8. M ag n o lia  cf. dealbata Z ucc., m id d le  s t r a ta  W  2661 M E

Magnolia cf. punduana  W all. (Fig. 9)

I t  is an  elliptical lea f o f m edium  size. I t  is broadly  cuneiform  a t  th e  
base, sho rtly  acu m in a te  a t  the  apex, h av in g  a  length of 14 cm  a n d  a 
b re ad th  of 5-7 cm a t  th e  middle. T he m idrib is very  strong; th ere  a re  a b o u t 
10 pairs of strong  la te ra l veins, n o t eq u id is tan t; between them , w eaker la te ­
ra l veins a t  an  angle o f 60 to  65°. N ear th e  m arg in  of the  leaf, th e  s tro n g e r 
la te ra l veins a re  cam ptodrom e in wide loops. The im print, m a rk e d  No.
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3152, is preserved  to g e th e r  with its co u n ter-im p rin t. I t  was u n d o u b ted ly  an  
evergreen p lan t, ju s t  like M. punduana W all. F o r purposes of com parison 
M . delavayi F ra n c h . m ay  also enter in to  consideration , b u t th e  a p e x  o f th e  
la tte r  is obtuse o r ro u n d e d  and not acu m in a te . The im print o rig inates from  
th e  lower s tra ta .

F ig . 9. M a g n o lia  cf. punduana  W a ll., lo w e r s t r a ta  3152 ME 

Anonaceae
Talauma egerensis Andreánszky, 1955, 38, Taf. L. 5.

Lauraceae

Sassafras lobata Sap. in Annál. Sci. N a t. 5е sér. 7. 1867, 8a pl, 
Y IN . 5 — 6 sub Daphnogene (Sassafras?) lobata (Figs. 10, 11).
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Several specim ens have been collected; som e o f th em  do not belong to  th e  
W ind  B rickyard  flo ra proper, b u t to  th e  flo ra o f th e  san d sto n e-stra ta  of 
K is tá ly a  which, I  th ink , a re  contem poraneous w ith  th e  upper s tra ta  o f th e  
W ind  Brickyard. The specimens from th e  W ind B rickyard  come p a r tly  
from  th e  m iddle, p a r tly  from  th e  upper s tra ta .

F ig . 10. Sassa fras lobata Sap., m iddle 
s t r a ta  6531 M E

F ig . 11. Sassa fras lobata S ap ., 
fro m  K is tá ly a , 19777 N R

Sam ple No. 6531 from  th e  m iddle s t ra ta  o f th e  W ind B rick y ard  is th e  
largest Sassafras leaf found un til now in  th e  H ungarian  T ertia ry . I t  has 
th ree  lobes, only  tw o o f which are preserved; one la tera l lobe is missing. 
T he strong  vein, however, se tting  ou t to w ard s th e  missing lobe is well 
visible. This proves th a t  th e  leaf orig inally  h ad  th ree  lobes. This is a fact
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to  be  noted, because th e  leaves are o ften  b ilobate. The length  o f th e  b lade 
is 15 cm, the  lobes a re  linear-lanceolate , th e  m axim um  b read th  o f th e  m iddle 
lo b e  does not exceed 1-9 cm. I t  is in an y  cases la rger an d  has b ro ad er lobes 
th a n  S. tenuilobatum A ndreánszky , m any  specim ens of which were collected 
o n  K iseged Hill. A le a f  o f  coriaceous consistency, i t  agrees m ost closely w ith  
th e  lea f type described b y  S ap o rta  under th e  nam e Daphnogene (Sassafras?)  
lobata; I  shall there fo re  ad h e re  to  th is nam e, w ith  th e  observation  th a t  in  
m y  opinion the  leaf u n d e r consideration is doubtlessly  a  Sassafras leaf.

L e a f  No. 19816 from  K is tá ly a  is a fragm en t having  only  tw o lobes an d  
asym m etrica l in consequence. The m ain lobe is 2-4 cm wide; th e  la te ra l one 
is v e ry  narrow  an d  curved .

Specim en No. 19777, s im ilarly  from  K istá ly a , is an  entire, und iv ided  
leaf. T he upper courses o f  th e  tw o strong  la te ra l veins a re  curved  to w ard s 
th e  apex . A small p a r t  o f  th e  base is m issing; th e  leaf is obovoid-lanceo­
la te ;  when com pleted, i t  is 7-5 cm long. B ase acu te , apex  rounded .

I  do not in tend to  em b a rk  here upon a deta iled  description o f th e  Cinna­
m om um  species o f th e  W in d  B rickyard ; th e ir  enum eration  is given in  Table 
I I . ,  p p  106 — 111. T he n u m b er o f specim ens is uncom m only high, w ithou t 
d isp lay in g  much v a riab ility .

To determ ine generically  th e  rest of th e  leaves belonging to  th e  fam ily  
Lauraceae is, in th e  p re sen t s ta te  of our knowledge, p ractically  im possible 
in  som e cases and  h ig h ly  u n ce rta in  in  o thers. I t  is n o t less difficult to  iden­
t i f y  th e m  with th e  fossil species heretofore described. The generic differences 
do n o t show on th e  le a v e s ; th e  sam e charac te ristic  m ay repeat itse lf  on  th e  
leav es o f several genera. T he fossil species have been variously ascribed  to  
sev e ra l leaf types; also, th e  nam es have som etim es been incorrectly  applied. 
I n  th is  s ituation  I  th o u g h t i t  best in m ost cases n o t to  give nam es to  leaf 
ty p e s  even if th ey  m ay  read ily  be d istinguished  from  th e  o thers, b u t to  
re fe r  th em  to those liv ing  species to  which th e y  seem  m ost closely re la ted . 
T h is essentially  m eans t h a t  I  have subdivided our m ateria l into form  groups. 
I t  is to  be noted, how ever, th a t  only  th e  Lauraceae of th e  lower a n d  m iddle 
s t r a t a  will be tre a ted  here, a n d  am ong th em  only  those which can precisely 
be  delim ited  and  re la te d  to  liv ing species. In  th is  way, m any  leaves have 
b een  le ft out pending a  m ore accu ra te  de term ination .

L itsea euryphylla A ndreánszky , 1962, 219, Pl. I ., P l. II. 2.

L itsea  cf. term  (L.) M err. (Figs 12, 13).

L arg e , narrow ly lan ceo la te  leaves, w idest a t  th e  m iddle or som ew hat 
below . The specimen chosen  as th e  ty p e  is very  well-preserved; a lth o u g h
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th e  base is dam aged, th e  venation  is qu ite  d istinc t. I t  orig inates from  the  
m iddle s tra ta . The blade is 18-8 cm long an d , in  th e  second f if th  from  the  
base 4-6 cm wide. T he base is obtuse, th e  apex , tapering for som e length,

F ig . 12. L itsea  cf. terza  (L .) M err., m idd le  
s t r a ta  7394

F ig . 13. L itsea  cf. terza  (L .) Men-., 
low er s t r a ta  6658 M E

gen tly  acum inate. M argin entire, petiole missing. Midrib s tro n g , s tra igh t; 
la te ra l veins (about 12 pairs) a lte rn a te , arising  a t  an  angle o f a b o u t 45°. 
This angle rem ains th e  sam e alm ost up  to  th e  apex of th e  lam ina. I t  is 
perhaps slightly  less near th e  apex. L a te ra l veins slightly  cu rv ed  forward, 
proceeding for som e distance along th e  m arg in  of the leaf a n d  anastom osing
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in  sm all loops. T e r tia ry  ven a tio n  more or less parallel and  w ide-spaced, 
approxim ately  p e rp en d icu la r  to  the  prim ary  la te ra l  veins. Im prin t reg istered  
u n d e r  No. 7394. S pecim en  No. 7206, likewise from  th e  middle s tra ta , is 
closely related to  th is  ty p e .

F ig . Iá . L itsea  cf. la e ta  (W all.)  B enth . e t H ook , f., m id d le  s t r a ta  7191 M E

Som e leaves from  th e  low er s tra ta  (6419, 6657, 6730, 6658, 6810) a re  
som ew hat smaller, b e in g  w idest around th e  m idd le  an d  tapering  th en ce  
un ifo rm ly  towards b o th  ends. T he num ber of th e  la te ra l veins is som ew hat 
g re a te r  (about 15 p a irs); th e se  arise a t a s lig h tly  g rea te r angle, a re  m ore 
u n ifo rm  and follow th e  m arg in  of the  leaf for a  sh o rte r  distance, before 
anastom osing. Sam ple N o. 6657 is 15-5 cm long a n d  4 cm  wide a t  th e  m iddle. 
A lth o u g h  the belonging o f  th e se  leaves to  one a n d  th e  sam e taxon  is u n cer­
ta in , th e  differences a re  to o  sm all to  w arran t a specific distinction.
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T here a re  two fu r th e r leaves th a t  cannot be assigned to  th is  ta x o n  except 
u n d er reserve (Nos 6357 from  th e  lower an d  6732 from  th e  m iddle stra ta ). 
T hey  are even sm aller; th e  f irs t one is 13-5 cm long an d  2-6 cm  wide a t  th e  
m iddle. Of the  second, only  th e  u pper p a r t  is left, which is som ewhat 
b ro ad er (2-8 cm). B o th  are  sh o rtly  acum inate.

Litsea terza (L.) M err. is indigeneous in th e  M alay A rchipelago. The 
leaves of a herbarium  specim en from  th e  Philippines (collected  b y  Elm er, 
No. 8147) recall th e  second ty p e , ta lly ing  alm ost com pletely w ith  our im print 
No. 6658. As regards th e  re st o f th e  im prints, o ther Litsea species m ay  enter 
in to  com parison, such as L. quercoides Elm.

Litsea cf. laeta (W all.) Benth. et Hook. f. (Fig. 14)

The leaf is lanceloate w ith  a sh o rt petiole (8 to  11 mm), n arro w ed  a t  the 
base, or shortly  decurren t, 11 to  13 cm long, p robab ly  acum ina te . The 
la te ra l veins, abou t 7 pairs, issue a t  a large angle, curv ing  forw ard and 
running  fa r up along th e  m argin  o f th e  leaf. The upper ones b reak  slightly  
inw ards in  th e  neighbourhood of th e  m argin, an d  disappear. All these features 
a re  found also on th e  leaf of th e  living plant. The secondary  v en a tio n  of the  
leaf shows a m arked s im ilarity  to  th e  venation of certain  Neolitsea species 
(e.g. N . intermedia E lm ., N . vidalii Merr.), b u t th e  te r t ia ry  v en a tio n  of the  
la tte r  is close-spaced, parallel, whereas on our leaves an d  on  those  of Litsea 
laeta (W all.) Benth. e t H ook f. th e  fine venation  divides th e  blade into 
t in y  angu lar areas. T he best preserved specimen is sam ple No. 7191 from 
th e  m iddle s tra ta . Also Nos 6031 an d  6661 found in th e  low er s tra ta  belong 
to  th is species. Less ty p ica l are  tw o sm aller leaves (Nos 7409 an d  6272, 
b o th  from  the  m iddle s tra ta ) , b o th  abou t 6 cm long an d  1-7 cm  wide.

Litsea cf. lancifolia (R oxb.) B enth . e t Hook. f. (Fig. 15)

R a th e r small, narro w  leaves, ab o u t 8 cm long a n d  2 — 2-1 cm wide, 
narrow ing  ab ru p tly  a t  th e  base which is b road ly  w edge-shaped or alm ost 
rounded. The leaf, g rad u ally  tapering  a t  th e  apex, has a  co n stan t b read th  
in  th e  middle; th a t  is, i t  is o f a  linear-lanceolate shape. T he re la tive ly  short 
la te ra l veins, num bering  ab o u t 10 pairs, arise a t  a  large  angle, the 
upper ones alm ost a t  righ t ang les; th ey  curve forw ards fa r th e r  off th e  m id­
rib . T he finer v en a tio n  divides th e  in tervals betw een th e  veins into tin y  
rec tan g u lar areas. T he previously  described ty p e  [Litsea cf. laeta (Wall.) 
B en th  e t Hook, f .]  differs from  th is  one m ainly  in  th a t  th e  la tte r  has a 
larger num ber of veins which are sho rter an d  do n o t follow th e  m argin of 
th e  leaf for so long. I  coun t here th e  specimens Nos. 7266 a n d  W  2540 which 
come both  from th e  lower s tra ta .
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Neolitsea  cf. intermedia M err. (Fig. 16)

M edium-sized, narrow , ob lanceo late  leaves from  th e  lower s tra ta  (3064, 
6869, 6922, 6723). Petio le a b o u t  P 5  cm long, m edium  th ick ; lam ina 1 0 - 12 
cm  long, 1-6—2-5 cm  w ide, base  acute, apex m issing. M oderately close­
sp aced , the  lower la te ra l ve ins arise  a t  a very  sh arp  angle (25 to  30°), the  
u p p e r  ones a t a som ew hat g re a te r  one (35 to  45°).

F i g . 15. L itsea  cf. lancifolia  (R o x b .)  B e n th . 
e t  H o o k , f., m iddle s t r a ta  7266 M E

F ig . 16. N eo litsea  cf. interm edia  
M err., lo w er s t r a ta  6723, M E

L aurus primigenia U ng. F oss. FI. v. Sotzka, in  D enkschr. A kad. Wise. 
W ien , m ath.-naturw T. K l. 2. 1850, 168, Taf. XL. 2 -4 . (Figs 17, 18).

S m all, lanceolate leaves. P e tio le  abou t 1-5 cm long, m edium  strong, 
b ase  narrow ly  acute, ap e x  ta p e r in g  and  acum inate ; lam ina  9 to  10 cm 
long , 1-4 to  1-5 cm wide below  th e  middle. V enation unequal; th e  lower 
v e in s  a re  strong and  arise  a t  a n  ang le  of abou t 45—50°; th e  u pper ones are 
s h o r te r  an d  th inner a n d  th e ir  angle to  th e  m idrib is som ew hat greater. 
T h e  leav es agree com pletely w ith  U nger’s original descrip tion , succinct as it 
is, a n d  w ith  his figures. S ince U n g e r’s description, o th e r types o f leaves 
h a v e  a lso  been described u n d e r  th is  nam e, b u t th e  leaves presen ted  here fit
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th e  original description an d  figure. Specim en No. 6426 from th e  m iddle 
s t ra ta  is preserved com plete w ith  petiole, only  its  apex is missing; specim en 
No. 7349, sim ilarly from  th e  m iddle s tra ta , is very  long; specim ens Nos 
6741 and  6885 are  som ew hat narrow er an d  less well preserved.

F ig . 17. L a u ru s  p rim ig en ia  U ng., m id d le  s t r a ta  6420 M E 

Persea cf. indica  (L.) Spreng. (Fig. 19)

Som ewhat sm aller, lanceolate leaves w ith  dense venation. T he petio le 
o f im prin t No. 6579 from  th e  middle s tra ta  is th in , 0-8 — 1 mm in  d iam eter; 
its  lam ina is 8 cm long (the length  of o th er specim ens a tta in s  9 to  9-5 cm) 
a n d  2-4 cm wide in  th e  m iddle. Base acu te , apex  slightly  acum inate , acu te  
o r obtuse. M idrib m edium -strong; th ere  a re  12 to  14 pairs of fine la te ra l 
veins diverging a t  angles of 50 to  55°; on ce rta in  specimens th e  angle o f th e  
lowest pair of la te ra l veins is more acute. This la tte r  is no t a  significant 
featu re, because on th e  living species th e  sam e branch  m ay carry  a  v a r ie ty
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o f leaves exh ib iting  th is  k ind  of v en a tio n  as well as others. T he la te ra l 
veins have a  sligh tly  zigzag course; th e y  a re  cam ptodrom e, curving forw ard, 
tap erin g  off an d  to  som e ex ten t ram ify ing  n ea r th e  m argin o f th e  leaf. 

P. indica  (L.) Spreng, lives on th e  M acaronesian  Islands.

F ig . 18. L a u ru s  p r im ig e n ia  U ng  , F ig . 19. Persea  cf. ind ica  (L .)
m idd le  s t r a ta  M E  Spreng ., m iddle  s t r a ta  6579 M E

T he following specim ens are  assigned to  th is  species: Nos 6579, 6655, W 
2532 from  th e  m iddle a n d  3154, 6915 from  th e  lower s tra ta .

Oreodaphne cf. foetens (Ait.) Nees. (Fig. 20)

T he m ost com plete specim en is No. 3164, found  in  th e  lower s tra ta . Only 
th e  ap ical p a r t  is m issing. T he petiole is th ick , w ith  a  d iam eter of 1-2 m m ; 
i t  is preserved in a len g th  o f  5 mm. The lam ina has an  acu te base; th e  m arg in  
is en tire ; its  shape is e llip tic  and, com pleted, 9-5 cm long, 3-8 cm in th e
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m iddle. On o th er specim ens th e  apex  is also preserved: it  is a c u m in a te  and  
poin ted . Specim en No. 7401 is 10-5 cm long an d  4 cm wide; N o. 6686 is 4-5 
cm wide. The m idrib is very  th ick , s tro n g ly  pro truding on th e  underside; 
th e  la tera l veins also p ro trude. There a re  7 to  8 pairs o f th ese  la tte r ;  the

F ig . 20. Oreodaphne  cf. foetens (A it.) F ig . 21. L o m a tite s  aquensis  Sap.,
N ees, low er s t r a ta  3164 M E  u p p e r s t r a t a  2604 /a  N R

lowest p a ir which diverges a few m m  above the  base is n e a r ly  opposite; 
i t  s ta r ts  a t  a re la tive ly  sm all angle (45 — 50°) running h igher th a n  one th ird  
o f th e  leaf. B etw een th e  th ick er la te ra l veins there are  th in n e r  ones which 
soon b ranch  o u t in to  te r t ia ry  veins. The other la te ra l ve ins diverge 
a t  an  angle o f 60 — 65° an d  b ifu rca te  in  th e  n e ighbourhood  of the 
m argin. T he specim en tak en  as an  exam ple is la rg e ly  conform able 
in size, form an d  venation  to  the  leaves of the  living species. There is 
a  g rea t s im ilarity  also to  Oreodaphne heeri Gaud., b u t i t  is uncertain
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w h eth e r this sim ilarity  a m o u n ts  to  an  iden tity ; fo r th is  reason, I  am  re la ting  
o u r  specimen to  th e  species liv ing to-day.

*

T he Lauraceae o f th e  W in d  B rickyard are  m o stly  re la ted  to  S ou th- 
A sia tic  species. Sassafras , a  genus living also in  N orth-A m erica to -d ay  a n d  
th e  M acaronesian species Persea  cf. indica (L.) S preng , a n d  Oreodaphne cf. 
foetens (Ait.) Nees a re  th e  exceptions. In  th e  o rig in a l description, Laurus 
prim igenia  Ung. is n o t re fe rre d  to  any  living species. This species can  by  
no m eans belong to  th e  g en u s  L aurus. I f  we connected  i t  w ith  Ocotea wrightii 
(Meisse) Mez, to  w hich i t  seem s m ost similar, t h a t  w ould  suggest a  C entral 
A m erican  affinity.

Proteaceae

Lomatites aquensis S ap . in  A nnál. Sci. N at. 4,me sér. 17, 253, pl. VII. 10. 
(F ig . 21)

Tw o im prints were fo u n d  in  th e  upper s tra ta  (2604a an d  12355), b o th  
b e ing , unfortunate ly , frag m en ts . Margin an d  v e n a tio n  o f the  leaf, b o th  
h ig h ly  typical, are, how ever, read ily  visible. In  th is  respect, as well as in  
fo rm  an d  size, our spec im ens agree com pletely w ith  th o se  known from  th e  
S a rm a tia n  of H ungary, a s  well as with S aporta’s d esc rip tio n  and  drawings. 
T h e y  also m atch th e  leav es o f  living Lomatia longifolia  R . Br.

Lomatites aquensis S ap . — i f  i t  is the  same species th roughout — was 
v e ry  long-lived indeed. I t  w as described by S ap o rta  from  th e  lower Oligo- 
cene a t  Aix. We have i t  am o n g  th e  U pper Oligocene p la n t  fossils of th e  W ind 
B rick y a rd , and, as m en tio n ed , i t  was also found in  tw o  S arm atian  sites o f 
H u n g a ry , Erdőbénye a n d  B á n h o rv á ti (A ndreánszky 1959a, 68, 228). D a ta  
p u b lish ed  in H ungary m e n tio n  b u t  very few specim ens. This southern p lan t- 
ty p e  could not possibly h a v e  been  abundant in  th is  co u n try ; nevertheless, 
i t  is probable th a t th ese  s o u th e rn  types, even if sp o rad ic , were fairly  wide­
s p re a d  for p ro tracted  p e rio d s  in  th e  northern  hem isphere . Evidence th u s  
te n d s  to  refute the op in ion  w hich  denies the presence o f  th e  fam ily Proteaceae 
in  th e  northern  hem isphere d u rin g  the T ertiary . M rs. L. Nagy has found 
Proteacea-pollen in th e  c la y  w orked in the b r ick y a rd s  o f Eger (verbal 
com m unication).

Betulaceae

A lnu s oligocaenica A n d reán szk y , in Acta Bot. Acad. Hung. 8, 1962, 
220 F ig . 1.

A ln u s  cf. nepalensis D o n  (F igs 22 — 24)
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This is a  species o f alder represented b y  a  large num ber o f fossils, 
of which more th a n  20 are th e  im prin ts o f leaves. These resem ble each 
o ther so m uch th a t ,  th ey  doubtlessly belong to  th e  sam e species a n d  
perm it an  ac cu ra te  determ ination  of all th e  fea tu res  o f th e  leaf. A t th e

F ig . 22. A in u s  cf. nepa lensis  D on, u p p e r  s t r a ta  2421 ME

sam e tim e one m ay  derive a fairly  good idea o f th e  variab ility  o f th e  
species. The w id th  o f th e  leaf is m ore v ariab le  th a n  its length. A pex, 
base, m arg in  an d  venation  of th e  leaves a re  uniform . The leaf im p rin ts  
have been collected a t  different dates, so th a t  th e ir  com m on origin (from  
th e  sam e ind iv idual or from  trees of th e  sam e population) is highly unlikely. 
Their m ajo rity  has come from  th e  upper s tra ta ,  w ith  one specim en on ly  
furnished b y  th e  m iddle s tra ta .

The leaf is alm ost exactly  elliptic, being ne ith e r ovoid nor obovoid. T he 
base in narrow ly  rounded  here, a  certain  asy m m etry  is observed in  som e

37



cases, th e  apex  is sh o rtly  acu m in a te  a n d  obtuse. The petiole was a t  least 
2 cm  long a n d  ra th e r  th in . The leng th  o f  th e  blade varies betw een  8 a n d  10 
cm ; its  b re a d th  shows a  g rea te r v ariab ility , from  3-5 to  5-5 cm. T he m argin 
o f  th e  leaf is unevenly  an d  finely  se rra te ; th e  sm all tee th , h a rd ly  h a lf  a

F ig . 23. A in u s  cf. nepa lensis  D o n , u p p e r  s t r a ta  2444 M E

m m  high, a re  spaced  a t  in tervals o f 2 to  5 mm. On some leaves th e  m argin  
is s e r ra te  n early  as fa r down as th e  base. T he la te ra l veins, num bering  10 
to  12 pa irs , issue a t  a  constan t angle a n d  ru n  parallel to  each o ther. The 
av e rag e  o f th e  angles is 50°, som ew hat less on  narrow  leaves a n d  sligh tly  
m ore o n  b ro ad er ones. The veins a re  g en tly  curved; some o f th em  b ifu rca te  
n e a r  th e  m argin  o f th e  leaf, ra re ly  also betw een  th e  m idrib an d  th e  m iddle 
o f  th e  half-lam ina. The veins generally  en te r  th e  tin y  tee th , a lthough  th e ir  
course is som ew hat u ncerta in  near th e  edge of th e  blade where th e y  te n d  
to  g e t in d is tin c t. The lowest ones u sually  ta p e r  off before reaching th e  m arg in  
o f th e  leaf, b u t in  ce rta in  cases th e y  a re  cam ptodrom e in  a curve.
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Of th e  fossil species A . kefersteinii Ung., m entioned also from  th e  Oligo- 
cene, cannot be re la ted  to  our leaves, because i t  is obovoid a n d  in  m ost 
cases biserrate, even alm ost lobate; also, th e  num ber o f its la te ra l veins is 
sm aller. A. sporadum  U ng. is obtuse a t  th e  apex  an d  not acum inate , an d

F ig. 24. A in u s  cf. nepalensis  D on , u p p e r  s t r a ta  0202 M E

th e  num ber of its  la te ra l veins which arise  a t  a g reater angle, is 7 pairs. 
The lateral veins of A . sporadum  Ung. var. phocaeensis Sap. equal in  num ber 
th e  la teral veins o f ou r leaves, bu t th e  form er diverge a t  a  g re a te r  angle 
an d  trace  a pronounced  forw ard curve. A . feroniae (Ung.) C zeczott (Fagus 
feroniae Ung.) is ovoid, its  la teral veins a re  fewer (8 to  10 pairs), n o t cam pt- 
odrom e a t  all, an d  te n d  to  end in  th e  larger tee th . A. nostratum  U ng. is also 
ovoid. A . antiquorum  Sap., described from  Aix, an d  re la ted  b y  its  au tho r 
sim ilarly to  A . nepalensis Don, does n o t m atch  th e  leaves from  th e  W ind 
Brickyard, either, because its  venation is com pletely cam ptodrom e.
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T h e  leaves we a re  co n cern ed  with here m ost resem ble those described 
a n d  illustra ted  from  th e  S a rm a tian  under th e  n am e A. cf. nepalensis D on 
(A ndreánszky 1959a 84, A bb. 55, Taf. X IX . 1). F orm  an d  m argin  o f th e  
leaf, num ber and tra c e  o f  th e  la teral veins agree com pletely.

I t  is very probable t h a t  th e  leaf form  discussed here was determ ined  
a lso  under some o f th e  above-m entioned  nam es, from  sources o th e r th a n  
th e  S arm atian  of H u n g a ry . In  th is  case th e  de term ination , as we have seen 
i t ,  is incorrect; our le a f  c a n n o t be identical w ith  a n y  of th e  nam ed species. 
N o tw ithstand ing  th e  p e rfe c t congru ity  betw een  th e  S arm atian  an d  W ind 
B rick y a rd  leaves, I  do n o t  sh are  th e  opinion th a t  we have to  do necessarily  
w ith  th e  same taxon ; b u t ,  th e n , th is  is no t excluded  either. In  an y  case th e  
ag e  difference betw een th e  W ind  B rickyard  lea f an d  th e  living p la n t is 
v e ry  great. In  th is s i tu a t io n  I  do not in tend, o f course, to  a ttr ib u te  to  our 
spec ies the  ecology o f th e  p la n t  living in our days.

T h e  leaves of A. nepalensis D on  show a g rea te r v ariab ility  th a n  th e  fossil 
rem a in s. They correspond r a th e r  to  our larger leaves. The venation  o f som e 
o f  th e  leaves is p ra c tic a lly  com pletely cam ptodrom e (as is th e  case w ith  
A . antiquorum  Sap.), w hereas in  some others th e  la te ra l veins consequentially  
e n d  in  th e  tiny  tee th . T h e re  a re  leaves whose m arg in  is en tire; th e  lea f form  
is som etim es obovoid a n d  n o t perfectly  elliptic, som e leaves have an  acu te  
b ase , a  rounded base is ra re .

F ro m  the European T e r tia ry , species o f A lnus  have been described all 
th e  w ay  since the Eocene. As regards H ungary , th e  o ldest fossils know n so 
f a r  a r e  th e  cones an d  leav es fo u n d  on K iseged H ill. T he leaves from  K iseged 
H ill do  no t agree w ith  th o se  o f th e  W ind B rick y ard , and  th e ir  taxonom ic 
p o s itio n  has not yet b een  decided. The W ind B rick y ard  leaves belong to  
th e  sec tion  Clethropsis S p ach . Besides these, one single leaf is know n from  
S zarvaskő , from the  L o w er o r Middle Miocene; i t  corresponds in  a  general 
w a y  to  A. cf. nepalensis D on , in  spite of its  ac u te  base. In  th e  C entral- 
E u ro p e a n  Lower and  M iddle Miocene th e  a lder species do no t show e ither 
a  w ide spread or a co n sid erab le  variab ility ; accord ing  to  H eer (FI. te r t .  
H e lv . I I .  38) they  do n o t ev en  occur in th e  u pper Miocene flo ra of Oeningen. 
O n th e  o ther hand, th e  la te  S arm atian  flo ra o f H u n g ary  is invaded  b y  a 
n u m b e r of Alnus species, a l th o u g h  th e  abundance o f th e  individuals ra re ly  
p laces  them  among th e  lead in g  floral elem ents.

A ln u s  cf. sporadum U ng . v a r . phocaeensis Sap. in  A nnál. Sci. N at. 5érae sér. 
9, 21, pl. II. 1 - 5 .  (Fig. 25)

I  assign  to  this ty p e  a  le a f  w hich had  u n fo rtu n a te ly  been considerab ly  
d a m a g e d  during fossiliza tion ; I  do not, however, id en tify  it  w ith S ap o rta ’s 
v a r ie ty . The leaf is m edium -sized , abou t 7 cm long, b road ly  elliptical, w ith
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12 p a irs  of la tera l veins. Apex rounded, base an d  petiole missing. T he m argin  
of th e  leaf is hard ly  d en ta te ; in  this respect it  agrees quite well w ith S ap o rta ’s 
description. The specim en was found in  th e  m iddle s tra ta  an d  bears th e  
num ber 6762.

F ig . 25. A in u s  cf. sporadum  U ng. v a r . phocaeensis  Sap., m idd le  s t r a ta  6762 M E  

Alnus sp. (Fig. 26)

O f a fu rth e r alder leaf, only th e  lower p a r t  is preserved (W  1543/a). The 
lea f is re la tive ly  small, its  petiole 1 cm long, lam ina 24 mm wide ab o u t th e  
m iddle, oblong, cut o ff a t  th e  base an d  densely, m inutely d en ta te , b u t no t 
serra te . V enation sligh tly  asym m etric. T he angle of th e  la te ra l veins is 
ab o u t 60°, th e  veins th e n  curve forw ard  a n d  proceed along th e  m arg in  o f th e  
lea f for some distance, resem bling in  th is  respect th e  leaves o f th e  willow. 
U nfo rtunate ly , it cannot be observed w hether th ey  anastom ose o r no t. 
This could, nam ely, suggest th e  genus Rhamnus. On th e  preserved frag m en t 
5 la te ra l veins ap p ear on th e  one side an d  6 on th e  o ther; on th e  en tire  leaf 
th e re  were p resum ably  tw ice as m any. As long as no m ore fu lly  preserved  
specim en will tu rn  up, I  shall assign th e  one in  point to  th e  genus Alnus.
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Alder cones (Fig. 27)

The s tra ta  o f th e  W in d  B rickyard  h av e  so fa r yielded th e  im prin ts  o f tw o 
kinds of a lder cones, one specim en o f each. Im p rin t No. 11484 found  in  th e  
u p p er s tra ta , is v e ry  sm all, only 11 m m  long, w ith  a  diam eter o f 6 m m . The

delicate  woody b rac ts  a re  fa irly  close-packed. T he cones of Alnus nepalensis 
D on  are  likewise very  sm all, 12 to  15 mm long, w ith  a d iam eter of 8 m m , an d  
also possess m any  b ra c ts . L eaf im prints o f A . cf. nepalensis D on being 
ab u n d a n tly  rep resen ted  in  th e  W ind B rick y ard  flora, it seems ju stified  to  
conclude th a t  th e  cones also belong to  th is  species, b u t there is no d irec t 
p ro o f for th is assum ption .

T he o ther cone is som ew hat larger; un like th e  f irs t one, it is rou n d ish  
ra th e r  th a n  cylindrical, 15 to  16 mm long a n d  13 m m  wide. Also, it  has fewer 
b rac ts . The difference consists, then , n o t o n ly  in  size b u t also in th e  form  
a n d  in  th e  num ber o f b ra c ts , proving th a t  th is  cone belongs to  a d ifferen t 
species o f alder.

Carpinus grandis U ng. Syn. p lan t, foss. (1845) 220; Iconogr. p lan t, foss. 
(1852) 39, t. X X . 2 — 5. (Figs 2 8 -3 0 )
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H ornbeam  leaves abound  in  th e  m iddle s tra ta ;  in the  u p p er s tra ta ,  a few 
iso lated  ones occur here a n d  there . T he 60-odd leaves found  so fa r  exhibit 
a  considerable variab ility , b u t as th e y  form  a series of u n in te rru p te d  tran s i­
tions, i t  is un justified  to  delim it d is tin c t species. This is t ru e  also of the

F ig . 28. C a rp in u s  grandis  U ng ., m iddle  s t ra ta  6580 M E

living species; one m ay estab lish  s ta tis tica l differences betw een  th e ir  leaves, 
bu t in  m ost cases one can  tell a p a r t  th e  species only in  possession of their 
cupulae, because certa in  leaf form s m ay  belong to  several species.

On th e  W ind B rickyard  leaves, th e  num ber of la tera l veins does no t show 
such a  wide varia tion  as could n o t occur w ithin one an d  th e  sam e species. 
Cupulae, providing a  m uch sounder basis for distinguishing species, are not 
know n for th e  tim e being am ong th e  W ind B rickyard  fossils. Accordingly, I 
in tend  to  un ite  all hornbeam  leaves u nder th e  name C arpinus grandis Ung., 
although  th e  narrow  form s agree b e tte r  w ith the  draw ings o f  C. pyram idalis

43



G oepp .; still, the  sc ru tin y  o f  a  large num ber of specim ens convinced me th a t  
ev en  th e  very narrow  fo rm s a re  no t d istinct from  th e  o thers. Moreover, i t  is 
d o u b tfu l whether th e  leaves know n under th e  nam  e C . pyram idalis Goepp.can 
b e  distinguished a t all fro m  C . grandis Ung. This m eans th a t ,  in the  conception

F ig. 29. C a rp in u s  g ra n d is  U ng., m iddle  s t r a ta  6592 M E

o f pa laeobo tany , th e  C arpinus  leaves are grouped in  a rtific ia l species which 
do n o t  correspond to  an y  n a tu ra l  un it. N atural species can n o t be established 
ex cep t on  th e  basis of cupu lae . I  hav e  tried  to  classify th e  leaves on th e  basis 
o f  th e  differences observed in  th e  finer venation; nam ely  on  som e fossil leaves 
all th e  veins in a field b e tw een  tw o prim ary la te ra l veins are uniform ly 
fine, w hereas on others, p a ra lle l te rtia ry  veins connecting  the  p rim ary  
la te ra l  veins are ap p a ren t; th e se  te r t ia ry  veins a re  connected  by  very  fine 
a n d  un ifo rm  veinules w hich d iv id e  th e  fields betw een th e  veins into tin y
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areas. I t  was, however, estabished th a t  b o th  ty p es of v en a tio n  m ay  occur 
in  th e  same living species, so th a t th is  criterion fails as a  specific difference.

The hornbeam  leaves o f th e  W ind B rickyard  are  m ostly large an d  narrow, 
th e ir  length  a tta in in g  as m uch as 12 cm. T heir serration  is ra re ly  deep and

F ig . 30. C arp inus g rand is  U ng., m idd le  s t r a ta  M E

by far no t so sh a rp  as th a t  of the  living species. Among o u r leaves, the  speci­
m en w ith th e  sm allest relative b re ad th  is 9-5 cm long a n d  2-8 cm wide; th e  
one having th e  g rea tes t relative b read th , 6-2 cm long a n d  3 cm  wide. A nother 
leaf is 10 cm long an d  4-2 cm wide. The petiole is u su a lly  1-5 cm long. 
The base is ra re ly  acu te , more freq u en tly  rounded, som etim es slightly 
asym m etrical. Apex in  most cases sh o rtly  acum inate. L eaves w ith an  apex 
tapering  as g en tly  as those of C. pyram idalis Goepp. on  H eer’s drawings 
have n o t been encountered. The la te ra l veins num ber 15 —18 — 21 pairs,
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th e i r  an g le  varies betw een 35 a n d  50°. F u rca te  veins a re  v ery  rare. F orm  of th e  
b lad e , narrow  ovoid or, v e ry  seldom , narrow  obovoid, ellip tic , or oblanceolate.

A u th o rs  sometimes co n n ect C . grandis Ung. w ith  C. betulus L. T he large 
n u m b e r  o f veins ra th e r suggests , in  m y opinion, C. japonica  Bl. which has 
m o re  th a n  20 pairs of veins.

T h e  genus Carpinus in c lu d es deciduous trees o f th e  tem p era te  zone, 
w h ich  in  Central Am erica sp re a d  also south  of th e  tro p ic  (C. caroliniana 
W illd . var.). A lthough it  w ou ld  be far-fetched to  re la te  our species of th e  
W in d  B rickyard  flora to  th is  l a t te r  ra th e r th a n  to  a n  E a s t A siatic species, 
i ts  h e a t  requirem ents m ay  h a v e  been greater th a n  th o se  o f th e  m ajo rity  
o f  liv in g  Carpinus species. N evertheless, it is to  be considered m icrotherm ic 
as co m p ared  to  the  p lan t assem blage o f th a t  period.

A lth o u g h  in H ungary i t  is h e re  th a t  hornbeam  leaves f irs t crop up  in  a 
g re a te r  num ber, several lea f im p rin ts  provide evidence th a t  th e  genus lived 
h ere  as ea rly  as the Low er Oligocene, perhaps even th e  Eocene. In  F rance, 
C arp in u s  species are re p o rte d  from  T ertia ry  deposits considerably older 
th a n  th e  W ind B rickyard s t r a ta .  Still, even in younger ages, Carpinus leaves 
a re  ra re ly  encountered in  ab u n d a n ce . In  our experience, Ostrya leaves ten d  
to  b e  m ore frequent an d  C arpin u s  leaves more spo rad ic  in  th e  younger 
M iocene. I t  seems, then , t h a t  th e re  never existed a  deciduous forest in  
w hich  th e  hornbeam w ould h av e  been the dom inan t species. The wave 
w hich  s trew ed  the  m iddle s t r a t a  o f th e  W ind B rick y a rd  w ith hornbeam  
leaves m ig h t well have been th e  m ost im portan t even t in  th e  h isto ry  of th e  
genus in  th e  H ungarian T e r tia ry .

T h e  leaves of Carpinus b e in g  h ighly  uniform, i t  is im possible to  dis­
tin g u ish  betw een old an d  y o u n g e r species; consequently , one has no con­
clusive evidence as to  th e  o rig in  o f  th e  living ones, either. I  th in k  th a t  th e  
reaso n  fo r  th e  hornbeam  being  a p p a re n tly  always rep resen ted  by  th e  sam e 
species in  floras of different c lim ates  (which, a fte r all, is r a th e r  im probable) 
is t h a t  th e  individual species o f th e  genus were fairly  m odest in  their requ ire­
m en ts  ev en  in  those tim es a n d  o f te n  to o k  the place o f o th e r  species o f trees 
in  d e te r io ra tin g  associations. I n  o th e r  words, th ey  p lay ed  th e  sam e role in 
th e  v e g e ta l cover of those p erio d s as does the  hornbeam  in  our forests of 
to -d ay .

T H E  F O R M  G R O U P  O F T H E  O A K  

In  c o lla b o ra tio n  w ith  M rs. E . K o v ács

In  th e  description of th e  o ak  species o f th e  W ind B rick y ard  flora we have 
a d o p te d  th e  system  of A. C am us (1936 —1954) and  ad h ere  to  th e  sequence 
fo llow ed in  th a t  system . In  a d d itio n  to  th e  genus Quercus we could es tab ­
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lish th e  rem ains o f th e  genera Gastanopsis a n d  Lithocarpus, m oreover, 
if  Cyclobalanopsis, which figures in  Cam us’s system  as a sub-genus o f 
Quercus, is regarded  as an independen t genus, as i t  is b y  several au thors, 
th e n  we have it for a  fo u rth  genus.

The genus Gastanopsis

Castanopsis callicomaefolia Andreánszky, in  Acta Bot. Acad. Scient. Hung. 
8, 1962, 221, pl. II. 2 4, pi. III. 1.

A species of highly variable leaves, it essentially  differs from  C . furcinervis 
(Rossm.) K r. e t W ld., so frequen t in  th e  Low er Oligocene, in  th a t  its p rim ­
a ry  la te ra l veins do not b ifu rcate  before reaching  th e  to o th , and  in th a t  its  
leaves are consisten tly  sm aller. Of all the species belonging to  th e  form group  
o f th e  oak, th e  rem ains of th is  species are m ost ab u n d a n t in  th e  W ind B rick ­
y a rd  series (p articu larly  in  th e  lower s tra ta , an d  m uch less so in  th e  m iddle 
s tra ta ) . In  th e  upper s tra ta  th is  species could no t be dem onstra ted  as y e t.

? Castanopsis furcinervis (Rossm .) K r. e t W ld.
In d ica ted  by  a  fragm ent w ith  b ifurcating la te ra l veins, th e  conservation 

o f which is, however, no t so good as to  prove conclusively th e  presence o f 
th e  species in  th e  W ind B rickyard  flora. F ro m  a  deposit considerably 
younger th a n  th e  W ind B rickyard  s tra ta , i.e. from  th e  H elvetian  of A ndor- 
n ak tá ly a , we possess an  im prin t identical beyond d o u b t w ith C. furcinervis 
(Rossm .) K r. e t W ld. This proves th a t, in  H ungary , th is  species su rv ived  
th e  Oligocene. The W ind B rickyard  fragm ent cam e from  th e  lower s tra ta . 
I t  p resum ably  was b roadly  lanceolate. T he la te ra l veins arise a t  an  angle 
o f ab o u t 45°. The w id th  of th e  lam ina is 2-6 cm.

Castanopsis sp. I. (Fig. 31)
T he conservation of th e  leaf is too poor to  p erm it a new species to  be 

established. So m uch is certain , however, th a t  i t  differs from  th e  rest o f th e  
Castanopsis fossils. Some features, as e.g. th e  ram ification  of th e  la te ra l 
veins before reaching th e  lobes, relate i t  to  C. furcinervis (Rossm.) K r. e t 
W ld., b u t th e  la te ra l venation  is considerably denser. In  th is respect it  
recalls C . callicomaefolia A ndreánszky, b u t th e  la t te r  has simple la te ra l 
veins a n d  th e  leaf form s do not agree either. T he apex  of th e  im p rin t is 
dam aged. The leng th  of th e  leaf p robab ly  was 15 cm. Only a very  sm all 
p a r t  of th e  petiole is ex tan t. The lam ina is linear-lanceolate having a b re ad th  
o f 3-2 cm a t th e  m iddle. T he m idrib is strong , s tra ig h t, b u t th e  petio le 
seems to  be re la tive ly  th in . The m argin o f th e  leaf is uniform ly serra te . 
T he la te ra l veins, alm ost com pletely s tra ig h t, num ber 21 to  22 pairs, an d  
arise a t  an  angle o f 50 to  55°. In  th e  num ber o f la te ra l veins th e  leaf corre-
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sponds to  an  im p rin t from  th e  L ow er Oligocene of Csillaghegy n ea r B u d a­
p est, which, a lth o u g h  fairly  d ifferen t from  th e  others, in  m y opinion does 
belong  to  C . callicomaefolia A ndreánszky . The Csillaghegy specim en is, 
how ever, linear ra th e r  th a n  lanceolate . T he W ind B rick y ard  im p rin t was 
fo u n d  in  th e  u p p er s tra ta  an d  bears No. 56.1342 in th e  M useum  o f Eger.

F ig . 31. C astanopsis  sp. I ,  
u p p e r  s t r a ta  56.1342, M E

F ig . 32. L ithocarpus debilinervis  
A n d r. e t  K ov ., m idd le  s t r a ta  

6525 M E , h o lo ty p e

The genus Lithocarpus

B o th  th e  sub-genera Cyclobalanus a n d  Pasania  are represented. 
Subgen. Cyclobalanus?
Lithocarpus debilinervis A ndr. e t K ov . n. sp. (Big. 32)
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Several fossils from  th e  m iddle s t ra ta  (6525, 7342, 3230) a n d  one from 
th e  lower s tra ta  (3072) are grouped  here. All these specimens belong to  the  
collection of th e  Museum o f Eger.

Folium  petio latum , petiolo ten u i e t brevi (8 mm). L am in a  lineari-lan- 
ceolata, in  am bis ex trem ita tibus p lus m inusve aequaliter a n g u s ta ta , basi 
cu n eata  vel parum  in petio lum  an g u sta ta , 11-5 cm longa, in  m edio 3-5 cm 
la ta , in tegerrim a. Nervus principalis validus, nervi secundarii debillim i, in 
angulo  ca. 70° orti, fere recti, sed irregulares. Nervi secundarii ca. 15 pares, 
in te r  eos nervi debiliores e t breviores. N ervi secundarii longiores jam  an te  
m arginem  lam inae arcum  form antes e t anastom osantes.

H oloptypus in collectione Musei Agriensis de Stephano D obó nom inati 
sub. No. 6225. In  s tra tis  mediis fabricae la te rarum  W ind d ic tae , olig. 
super.

This venation  differs from  th a t  o f m ost living species of th e  genus Litho­
carpus, th e  venation  of which is s trong  an d  regular. N evertheless, som e spe­
cies o f th e  genus have th in  p rim ary  la te ra l veins ju st as irreg u la r as those 
o f our species. An exam ple in  po in t is L. spicata  (Sm.) R . e t W . v a r. yunna- 
nensis Schky. T h at species has, however, a broad lanceo late  leaf with 
la te ra l veins running far forw ard  ra th e r  th a n  anastom osing in  reg u la r sem i­
circular arches, as in th e  case w ith  our specimens. As regards th e  shape of 
o u r leaves, th e y  ra th e r resem ble L. colchica K olak., to  be m en tioned  below 
u nder th e  subgenus Pasania, b u t th e y  are sm aller and th e ir  p rim a ry  lateral 
veins are by  fa r not so regular, no r so strong.

The rem ains in our possession represen t in  our opinion a  coriaceous­
leaved evergreen species undo u b ted ly  belonging to  th e  genus Lithocarpus; 
however, th ey  do not conform  w ith  an y  of th e  living species to  such an 
ex ten t as would suggest a  d irec t re lationship . I t  is a question as y e t unsolved 
w hether th ey  belong to  th e  subgenus Cyclobalanus or Pasania.

Lithocarpus sp. I. cf. L. leiostachya A. Camus (Fig. 33)

This ty p e  is represented by  a single specim en which, a lth o u g h  fragm en­
ta ry , is well enough preserved; th e  la te ra l veins are read ily  seen. I t  bears 
th e  num ber 3222 in th e  M useum o f Eger. The fossil cam e from  th e  middle 
s tra ta ;  i t  occurs on a h an d  specim en of rock  which also bears a n  im print 
of Carpinus grandis Ung.

I t  is th e  basal p a r t o f th e  leaf which is preserved, com plete w ith  a petiole 
8 m m  long. The lam ina is ovate-lanceolate , base slightly  d ecu rren t, acute; 
th e  m argin seems to  be entire , a lth o u g h  it  m ight have been  d e n ta te  in its 
apical region. Completed, th e  leaf is 8 cm long and  3-8 cm wide a t  th e  middle 
or slightly  above it. The m idrib is pronounced, the  la te ra l veins a re  also
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fa ir ly  well developed, n e a r ly  opposite; th e ir  n u m b er m ay  have been 8 or 
10 pairs. S traight in  th e i r  low er course, th ey  d iverge a t  a  large angle (about 
70°), then  curve s tro n g ly  fo rw ard  and  anastom ose o n ly  quite far up. The 
fin e r venation is n e tw o rk -lik e . The leaf 
resem bles L. (subgen. Cyclohalanus) 
leiostachya A. C am us; fu rth e rm o re , it 
v ague ly  recalls one h e rb a riu m  specimen 
o f  th e  already m en tio n ed  L. spicata 
(Sm .) R. et W. var. yunnanensis  Schky.
L. leiostachya A. C am us lives in  Annam, 
a t  an  altitude of a b o u t  800 m above 
sea-level. The o th e r species lives in 
C hina (Yunnan).

F ig. 33. L ithocarpus  sp . I ,  
lower s t r a ta  3222 M E

F ig . 34. L ithocarpue colchica 
K o lak ., m id d le  s t r a ta  7292 M E

Subgen. Pasania

Lithocarpus colchica K o lak . in  Trud. Suchum sk. B o t. Sad, 12 (1959) 232 
ta b .  V III. 3 — 4. (Fig. 34)

Im p rin t No. 7297 (M useum  o f Eger) is a  v e ry  large  leaf of m arkedly  
cam ptodrom e lateral v e n a tio n . The diverging ang le  o f th e  veins is large, 
a n d  uniform . The apex  is s h o r tly  acum inate. T he im p rin t agrees very  well
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w ith  K olakow sky’s draw ing which on ly  shows th e  upper p a r t  o f th e  leaf, 
th e  lower p a r t  being a reconstruction . O ur leaf is more com plete , only its 
base is dam aged; com pleted, it  is 17 cm long, being som ew hat sh o rte r and 
a t  th e  sam e tim e narrow er (5-2 cm) th a n  th e  ty p e ; th e  ap ex  is sligh tly  less 
acum inate. Issu ing  alm ost a t  righ t angles in  th e  basal p a r t  o f th e  leaf, and 
a t  an  angle o f ab o u t 70° higher up, th e  veins anastom ose in  h igh ly  regular 
arches.

A nother specim en (6515), sim ilarly  from  th e  m iddle s tra ta ,  m ay  have been 
s lig h tly  sm aller, 15 to  16 cm long a n d  3-5 cm wide; it was m ore elongatelv 
acum ina te  and , in  th is  respect, conform  to  type.

According to  K olakow sky, th e  species is re la ted  am ong th e  living ones 
to  L. (Pasania)  pseudo-molucca R ehd.

Lithocarpus sp. II . cf. L. falconeri (K urz) R ehd. (Fig. 35)

We refer to  th is  u n it specim en No. 2394 from  the  u p p e r s tra ta .  I t  is a 
fa irly  large leaf, w ith  th e  apical p a r t  m issing and  th e  base s lig h tly  damaged. 
The re la tive ly  th ick  petiole, p reserved  in a length  of a b o u t 8 mm, was 
certain ly  longer originally. L am ina p robab ly  ob lanceolate, base acute, 
apex unknow n. L a te ra l venation  regu la r an d  parallel, ex cep t for some 
veins which arise a t  angles d ifferent from  th e  others. T he ab e rra n t lateral 
veins p ro b ab ly  resu lt from  some irreg u la rity  of d eve lopm en t. The lam ina 
m ay have been 15 to  16 cm long, a n d  4-6 cm wide above th e  m iddle. Margin 
entire, a lthough  it m ight have been d en ta te  in th e  apical region.

As regards th e  living species, i t  closely resembles L. falconeri (Kurz) 
Rehd. an d  L. fordiana Chun, although  th e  la tte r  is som ew hat b roader with 
a  slightly  closer-spaced venation  a n d  serra te  in its u p p er th ird . L. falconeri 
(Kurz) R ehd. lives on th e  M alay P eninsula, in B urm a an d  in  Siam.

The taxonom ic position of th e  fossil species here described  is not yet 
fully established, as in th e  subgenus Cyclobalanopsis of Quercus there  occur 
fairly  sim ilar leaf form s such as th e  leaf of Q. semiserrata R oxb . Still, the  
la te ra l ven a tio n  o f th e  la tte r  is w ider-spaced.

Q. tenuipetiolata A ndreánszky — to  be enum erated  am o n g  th e  species of 
th e  genus Quercus — m ight conceivably also belong to  th e  subgenus Pasania 
of Lithocarpus. As a conform able living species, L. echinocarpa A. Camus, 
from  A nnam , an d  L. buddii A. Cam us, from  th e  Philipp ines, m ay be m en­
tioned.

The genus Quercus

Two subgenera o f th e  genus Quercus are represen ted  in  th e  W ind Brick­
y ard  flo ra , nam ely  subgen. Cyclobalanopsis an d  subgen. Euquercus.
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Subgenus Cyclobalanopsis
Quercus tenuipetiolata A n d reán szk y , in  Acta B ot. A cad . Scient. Hung. 8? 

1962, 222, Fig. 2.
T h e  species is rep resen ted  b y  a  single pair of im p rin t a n d  coun terim prin t. 

I t  is a  sm all leaf with v e ry  re g u la r, sem i-cam ptodrom e venation . As a lready  
m en tio n ed , its belonging to  th e  genus Quercus is open  to  some doubt.

F ig . 35 . Lithocarpus sp. I I ,  F ig . 36. Quercus legányii 
u p p e r  s t r a ta  2394 N R  A n d r . e t  K ov ., m iddle

s t r a t a  6717 M E, syn type

F ig . 37. Quercus legányii 
A n d r. e t  K ov ., m iddle 
s t r a ta ,  6830 M E, sy n ty p e

Quercus legányii Andr. e t K o v . n. sp. (Figs 36 an d  37).
F o r  th e  m om ent we possess tw o  leaves which ce rta in ly  belong here and  

one fo r  w hich this is p ro b ab le ; a ll th ree  have been fo u n d  in  th e  middle 
s t r a ta .
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Folium  oblanceolatum , petiolus m ediocre validus, 1-5 mm diam . 1-5 cm 
longus vel longior. L am ina longe in  petio lum  angusta ta , apice ignoto, 
m argine sa t crebre m inute den ticu lata , d en tibus in num ero nervos la te r­
ales aequan tibus, usque a d  1-5 mm a ltis  p a ru m  prorsum  arcuatis. L am ina 
to ta  ca. 5-5 cm longa, in  p a r te  1/3superiore 2-1 cm la ta . Characteres enum era ti 
specim inis 6717. Specim en alterum , 6830, longius, in p a r te  2/5 superiore 
2-7 cm latum . N ervi la tera les in  specim inibus am bis 18 pares, p aru m  asym - 
m etrici, in angulo ap erto  (60 — 80°) o r ti  e t valde  prorsum  arcuati, in  d en ti­
bus te rm in an tes. N ervatio  in  ambis specim inibus identica. P etio lus speci­
m inis 6830 p aru m  longior e t tenuior. Specim inis 7352 solum pars m edia 
conservata , nervatio  inconspicua, den tes m inusculi. Pars conservata  5 cm 
longa e t 2-1 cm la ta .

In  s tra tis  mediis fabricae la terarum  W ind d ic tae  olig. super. S y n ty p i in  
collectione Musei Agriensis de S tephano D obó nom inati sub N ris 6717 e t 
6830.

The leaf, evergreen, differs significantly  from  th e  Cyclobalanopsis species 
h ith e rto  know n; m oreover, i t  does n o t seem re la ted  to  an y  o f them . I t  
s tan d s p robab ly  nearest to  Q. lobbii E ttin g h . The la tte r  has an  oval or 
oboval, som etim es oval-lanceolate leaf, its  base is slightly  obtuse o r acu te ; 
leng th  5 to  10 cm, w idth  3 to  3-5 cm ; its  13 o r 14 lateral veins, paralle l to  
each o th er b ran ch  off a t  equal distances, b u t th e ir  s ta rtin g  angle is m uch 
sharper, ab o u t 40°. I t  is especially th is  la t te r  featu re which distinguishes 
Q. lobbii from  our fossil leaves.

Quercus agriensis A ndreánszky, in  A cta B ot. Acad. Scient. Hung. 8. 
1962, 224, pi. Ш . 2.

R ecently  a fu r th e r fragm entary  specim en has been added  to  o u r collec­
tion . This species th u s appears m ore ab u n d a n t th an  originally  believed. 
I t  differs considerably from  our o th er leaves classified under th e  subgenus 
Cyclobalanopsis; nevertheless, its belonging to  th a t un it is n o t open to  
doub t.

A species a lready  know n from th e  H u n g arian  T ertiary , Cyclobalanopsis 
palaeoacuta K ólák. (Andreánszky, in  A cta B ot. Acad. Scient. H ung. 5. pi. 
I. Fig. 2) several specim ens of which have  been found in the  Low er Oligocene 
shale o f K iseged Hill, also differs in m an y  respects from all th e  o th e r Cyclo­
balanopsis species here enum erated. I t  is th u s  necessary to  em phasize th a t  
th e  four species h ith erto  known from  th e  H ungarian  T ertia ry  [Q. (Cyclo­
balanopsis) tenuipetiolata A ndreánszky, Q. legányii Andr. e t K ov., Q. 
agriensis A ndreánszky a n d  C. palaeoacuta K olak.] all su b s tan tia lly  differ 
from  each o th er an d  require  to be assigned to  different groups o f species. 
I t  is to  be hoped, however, th a t  fu r th e r  im p rin ts  of each one of th ese  types
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will tu rn  up; it will th e n  be easier to  f it  th em  in to  th e  system  o f th e  living 
species. As a lready  m entioned , it is no t im possible th a t  th e  species rep o rted  
u n d er th e  nam e Lithocarpus sp. II. also belongs to  th is  subgenus. I f  th is  
ra th e r  im probable case were to  prove tru e , th a t  species would h av e  to  be 
re ferred  to  a sep a ra te  f if th  group o f species.

T he species of th e  subgenus Cyclobalanopsis ju s t as those of th e  genera 
Lithocarpus an d  Castanopsis, live — except for one species each w hich are  
ty p ic a l denizens o f P acific  N o rth  Am erica, — in  Southeast Asia, a n d  th e ir 
ecology is fa irly  uniform . A t m ost, Q. legányii A ndr. e t Kov. differs in  th a t  
i t  is som ew hat m ore d rough t-resistan t. This being th e  case, th e ir te rr ito r ia l 
affin ities an d  clim atic im plications can be estab lished  even in lack  o f an  
ac cu ra te  an d  defin itive taxonom ic determ ination .

Quercus tenerrima W eb. in  P aläon togr. 2. 1852, 172, t. X V III. 15, 4. 
132, t .  X X I. 6 — 7. (Figs 38 an d  39).

A sm all leaf from  th e  m iddle s tra ta , bearing  No. 3250 in the  collection 
o f th e  M useum o f E ger. P etio le  3-5 mm long, m edium  strong, lam ina asy m ­
m etric , curved, linear-ellip tic, base acu te ; one o f  th e  half-lam inae reaches 
deeper dow n on th e  petio le  th a n  th e  o ther; apex  m issing; th e  m argin bears 
tin y , sharp , forw ard-leaning te e th  spaced a t  in te rv a ls  of abou t 5 m m . The

Subgenus Euquercus

F ig . 38. Quercus tenerrim a  W eb., 
m idd le  s t r a ta  3250 M E

F ig . 39. Quercus tenerrima W eb ., 
fro m  E ger-T iham ér, 7411 M E
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com plete lam ina m ay have been 4-2 to  4-5 cm long, 1-1 cm wide a t th e  m iddle. 
V enation asym m etric , p rim ary  la tera l veins very  fine, hard ly  perceptib le, 
arising a t  a  re la tive ly  large angle (55 to  60°) a n d  reaching th e  te e th  in  an  
arch. There were p robab ly  8 or 9 pairs o f  p rim ary  la te ra l veins. The m orpho­
logical featu res o f th e  leaf indicate a very  h a rd  consistency. This fa c t is 
highly suggestive of th e  ecologic conditions th e n  prevailing a t  th e  W ind  
B rickyard  site.

Collecting a c tiv ity  la te ly  produced from  th e  H elvetian  diatom aceous 
e a rth  of E ger-T iham ér a fossil leaf (7411) w hich can also be assigned to  
th is  species. This leaf is likewise small, sligh tly  b ro ad er th an  th e  above one; 
its  venation  is b e tte r  visible because th e  em bedding rock is finer-grained. 
The petiole is som ew hat longer.

B oth  leaves agree w ith  Q. tenerrima W eb. described from  and  freq u en t 
in  th e  U p p er Oligocene of R o t t ; a slight difference consists in th a t  th e  la te ra l 
veins of th e  la tte r  a re  b e tte r  visible, a t  least on  th e  photograph. Q. tenerrima 
W eb. is u sually  com pared w ith  th e  M exican Q. lancifolia Schlecht, e t Cham , 
an d  w ith Q. xalapensis H um b., respectively. In  our opinion, th is  fossil is 
closely re la ted  to  th e  species of th e  section  P ro tobalanus, p a rticu la rly  to  
Q. chrysolepis Liebm . According to  A. Cam us, th e  species of th is  section , 
shrubs or m odera te ly  ta ll trees in  the  so u th ern  p a r t  o f Pacific N orth  A m erica 
an d  in C entral Am erica, have hard  leaves of th e  Ilex ty p e ; th e ir m arg in  is 
entire, o r se rra te  w ith th ick , spiny te e th . T heir wood is hard. The Proto­
balanus section  is connected w ith th e  section Lepidobalanus th ro u g h  th e  
subsection Virentes, an d  w ith th e  section Erythrobalanus th rough  th e  su b ­
sections Agrifoliae an d  Durifoliae. T he leaves of Q. chrysolepis L iebm ., 
th a t  persist on th e  tree  for 3 to  4 years a re  oval, oval-elliptic, or lanceolate, 
2-5 to  5 cm long an d  1 to  4 cm wide; m arg in  en tire , ra re ly  serra te  or s inuate- 
dentate , w ith  4 to  10 short, spiny te e th  on b o th  sides. Midrib th in , th e re  
a re  6 to  10 pairs o f la te ra l veins, th e  m iddle ones diverging a t  an  angle o f 45 
to  50°; som etim es th e y  b ifurcate  before reaching th e  m argin; th e  finer veins, 
ra re ly  visible, form  an  irregular netw ork. P etio le  th in , 2 to  5 mm long. The 
species lives to g e th er w ith  th e  trees Quercus californica, Q. agrifolia, Pseudo­
tsuga macrocarpa, Pinus ponderosa, Libocedrus decurrens, a t  a ltitudes rang ing  
from  450 to  2700 m etres above sea level, in  th e  southw estern  p a r t  o f th e  
Sierra N evada a n d  over m ost of th e  Coast R ange; it  constitu tes a ch ap arra l 
w ith th e  trees Q. wislizeni an d  Q. Icelloggii, w hereas Q. breweri tends to  form  
im penetrab le th icke ts . In  th e  U nited  S ta tes  i t  ex tends from  S outh  C ali­
fornia as fa r up  as southern  Oregon, an d  th e  s ta te  of W ashington.
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Sect. Erythrobalanus 

Subsect. Mexicanae

Quercus palaeofournieri Andr. e t K ov . n. sp. cf. Q. fournieri Trel. vel 
Q. copeyensis M üller (sect. M acrobalanus); (Figs 40, 41)

T here  a re  in  o u r possession th ree  leaves from  th e  lower an d  m iddle s tra ta , 
respectively , w hich seem  to  belong to  one a n d  th e  sam e species a n d  s tan d

F ig . 40. Q uercus palaeofour- F ig . 41. Quercus palaeo-
n ie r i  A n d r. e t  K o v ., low er fourn ieri A nd r. e t  K o v .,
s t r a ta  3126 M E , ho lo type  m idd le  s t ra ta  7376 M E

n ea r to  th e  above-m entioned tw o living species, no tw ithstand ing  th e  fact 
th a t  th e  la t te r  belong to  two different sections. Q. fournieri Trel. lives in  
Mexico, on th e  ea s te rn  side of th e  S ierra M adre; evergreen Q. copeyensis 
M üller lives u nder a  cool clim ate in  C ostarica an d  Panam a.

T he descrip tion  refers to  specimen No. 3126 from  th e  lower s tra ta . 
L am in a  oblongo-lanceolata, apice b re v ite r  triangularis, basi ro tu n d a ta  

e t p a ru m  em arg inata , 7 cm longa, 2-2 cm  la ta , in tegra sed parum  u n d u la ta . 
N ervus principalis validus, parum  arcu a tu s . N ervi laterales in  uno la te re  
in  num ero  7, in  a lte ro  in  num ero 8 ad su n t, in  angulo ca. 50° o rti, m ox valde 
a rc u a ti e t in  v ic in ita te  m arginis in areo la to  anastom osantes, cam ptodrom i. 
In te r  nervos latera les prim i ordinis nerv i debiliores et breviores in  angulo  
fere recto  o rti. A rea in te r  nervos secundarios a  nervillis in areolas poly- 
gonas laxas irregulares divisa.
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In  s tra tis  inferioribus fabricae W ind nom inatae, ólig. super. H o lo typus 
in  collectione Musei Agriensis de S tephano  D obó nom inati sub  N o. 3126.

The m idrib was p robab ly  s tra ig h t o rig inally ; its cu rvatu re  m ay  be due 
to  fossilization.

Specimen No. 7376 from  th e  m iddle s tra ta  is som ewhat sm aller; i ts  apex  
a n d  base are m issing; com pleted, it m ay  have been 6-5 cm long a n d  1-9 cm

F ig . 42. Quercus sa lic ina  S ap ., u p p e r  s t ra ta  4496 N R

wide; venation h ard ly  distinguishable, b u t th e  la teral veins, likew ise cam p- 
todrom e, seem to  em erge a t  a som ew hat la rger angle. Specim en N o. 3081 
from  th e  lower s tra ta  is even sm aller an d  m ore fragm entary.

On th e  basis o f th e  g reatest p robab ility , we classify our leaves u n d e r th e  
section Erythrobalanus. This section com prises m any hard-leaved  Quercus 
species of the  New W orld; th is  im plies th a t  our species h ad  been  h a rd ­
leaved, too.

Quercus salicina Sap. Ex. anal. p. 29 e t in  Annál. Sci. N a t. 4,-me sér. 17, 
1862, 237, pl. VI. 6. (Figs 4 2 -4 4 ) .
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Besides Quercus cf. bourgaei Oerst. th is is th e  on ly  oak  species represen ted  
in  th e  upper s tra ta . O ak  leaves of a sim ilar g en e ra l form  an d  venation  were 
described under sev e ra l nam es by Saporta. O f th ese , th e  description and  
d raw ing  of Q. salicina  S ap . agree best w ith o u r leaves.

A pex and petiole o f  le a f  No. 4496 are m issing a n d  th e  base is dam aged, 
o therw ise it is fa ir ly  w ell preserved. Lam ina n a rro w  oblanceolate, tap erin g

m ore gently tow ards th e  base th a n  tow ards th e  ap ex . In  a com pleted s ta te  
i t  is 9 cm long and, s lig h tly  above the middle, 2 cm  wide; m argin entire , base 
d ecu rren t for som e len g th , apex  probably o b tu se . M idrib slightly curved, 
s tro n g . L ateral veins, a b o u t  16 pairs th in  b u t well visible; emerging a t  large 
b u t  n o t quite equal ang les, th e y  are non-parallel a n d  slightly  asym m etric  
o n  th e  two sides o f th e  leaf. T he lower ones a rise  a lm o st a t  right angles on 
b o th  sides, the  u p p er ones n early  so on one side, a t  ab o u t 60 to  70° on th e  
o th e r  side. F arth er o ff  th e  m idrib the  veins cu rv e  forw ard and  ram ify , 
being  cam ptodrom e in  la rg e  loops. Leaf No. 4535 is shorter, abou t 7-8 cm 
long, b u t com paratively  b ro ad er, as it has th e  sam e b re ad th  (2 cm) as th e  
ab o v e  specimen; th e re  a re  14 pairs of la te ra l veins, likewise asym m etric, 
a lth o u g h  som ewhat m o re  regu la r and parallel th a n  on  th e  previous leaf.

Fig. 43. Q uercus sa lic in a  
Sap., u p p er s t r a ta  4496 N R

F ig . 44. Q uercus salicina  
S ap ., u p p e r  s t r a ta  4535 N R
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A th ird  leaf is m ore fragm en tary  an d  th e  num ber of its la te ra l veins seems 
to  be sm aller.

T he leaves undoub ted ly  belong to  one a n d  th e  same species. T h eir clas­
sification in th e  subsection Mexicanae is uncerta in , because th e  tw o  species 
to  which th ey  m ay  be re la ted  belong to  tw o  different subsections. One is 
Q. mexicana H unb. et Bonpl. (sect. Erythrobalanus subsect. Mexicanae) 
from  Mexico; th is  is, however, a  deciduous tree , although  its  leaves are 
ra th e r  coriaceous. I t  grows, p lan ted , in Berlin. The o ther species, Q. salicina 
Née (sect. Erythrobalanus subsect. Salicifoliae) very sim ilar a n d  likewise 
deciduous, also lives in Mexico. Accordingly, our species p ro b ab ly  was also 
deciduous and  com paratively  m icrotherm ic.

Subsect. Lanceolatae

Quercus cf. bourgaei O erst. (Fig. 45)
A narrow  lanceolate lea f, tapering  ju st a li tt le  more gently  to w ard s  th e  base 

th a n  tow ards th e  apex. A lthough a very  sm all p a r t of th e  base is missing, it 
m ust obviously have been acute. T he apex, missing, p robably  was also  acute. 
M argin entire. M idrib m arked, curved, perh arp s as a result 
of fossilization. L ength  o f th e  com pleted lam ina is 7 cm, 
its  b read th  2 cm. P rim ary  la tera l veins particu larly  
th in , hard ly  perceptible, course un ce rta in ; there  are 
ab o u t 9 pairs. The veins form  an  asym m etric  p a tte rn : 
on th e  one side th ey  arise  a t  nearly  rig h t angles, except 
for th e  upper ones which do so a t  a sharper angle; 
on th e  o ther side even th e  lower ones arise  a t  an  angle 
of 60 to  70°. The veins th e n  arch  fo rw ard  considerably, 
anastom osing w ith  th e  o thers an d  form ing a som ewhat 
zigzag m arginal vein. This la tte r  runs a t  a d istance of 2 
to  3 mm from  th e  m argin  of th e  leaf a n d  is ju st as 
s tro n g  as are th e  la te ra l p rim ary  veins them selves. The 
enclosed space an d  also th e  border ou tside th e  m arginal 
vein are d ivided by  finer veins into m inuscule areas 
which, although irregular, are more o r less rectangu lar F ig . 45. Quercus 
in  shape. B etw een tw o p rim ary  la te ra l veins a th in n er c f.bourgae i 

vein usually  arises from  th e  m idrib an d  joins th e  border strata ^  1524PNR 
vein  w ithout change of direction.

The leaf m ay be re la ted  to  th e  deciduous Q. bourgaei O erst. o f Mexico, 
a lthough  our leaf ra th e r seems to  be evergreen. The living species th rives 
a t  a ltitudes from  2400 to  3000 m. Our lea f coming from  th e  u p p er s tra ta  
bears No. 11524 in th e  collection.
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Subsect. Pagodaefoliae

Quercus gigantum E t t .  Foss. FI. v. Tokav (1953) t .  III. 4. (Figs 46 — 49) 
In  th e  middle, an d  p a r tic u la r ly  in the  lower s t r a ta  o f th e  W ind B rickyard  

a  la rg e  num ber of re la tiv e ly  large, deeply lobed o ak  leaves have been found. 
U n fo rtu n a te ly  none o f  th e  la rger leaves is fu lly  preserved , bu t, tak en  to -

F ir . 46. Q ve  'c u s  g igan tum  E t t .  low er s t r a ta  3280 M E

g e th e r , th e  leaves p ro v id e  a  fa irly  good basis fo r th e  reconstruction o f th e  
le a f  form . In  addition , we h av e  some very  w ell-preserved and  com plete 
sm a ll leaves. The leaves ag ree  perfectly  w ith th e  fragm en t shown on th e  
o rig in a l drawing of Q. gigantum  E t t .  Thus, n o tw ith stan d in g  th e  age difference 
(U p p e r Oligocene—L ow er S arm atian ) it would be u n w arran ted  to  sep a ra te  
th e  W ind Brickyard leav es from  th is species. M oreover, Pálfalvy  a lread y
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published th is  species from  th e  W ind B rickyard  (1951, 17, t. II . 2.). A n 
im prin t yielded by  th e  Lower Miocene deposits o f  K isterenye (Czár -Jo z sa , 
ex A ndreánszky —K ovács, 1955, 14) proves th a t  th is  species had  a tendency  
to  d isappear an d  tu rn  up again repeated ly  during  its  long life-time.

F ig . 47. Quercus g igantum  E t t . ,  low er s t r a ta  6410 ME

I t  is th e  m ost com plete of th e  large leaves from  th e  W ind B rickyard  
which we a re  going to  describe here. The petio le is sho rt, 1-3 cm, an d  fa irly  
strong. T he lam ina, decurren t an d  superficially  lobed in  its lower p a r t,  is 
deeply cleft higher up, form ing a lto g e th er 5 pa irs  of lobes. On o ther leaves 
th ere  are on ly  4 pairs of lobes, even fewer on th e  sm all leaves. The lowest 
lobes have th e  shape of short, sq u a t triangles, th e  upper ones have ab o u t 
th e  sam e w id th  (1*5 cm) a t  th e ir base, b u t th e ir  g rea te r length  m akes th em
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a p p e a r  linear-lanceolate. The low er lobes arise a t  righ t angles, whereas 
th e  u p p er ones form  an  angle o f a b o u t 70° w ith  th e  m idrib. T he lobes ta p e r  
in to  a  b ris tle  a t  th e  tip , which, m issing from  m ost of th e  fossils, is 2 m m  
long w here it  exists. The lobe is n e ith e r rounded  nor tru n ca ted  where th e

F ig . 48. Quercus g ig a n tu m  E t t . ,  low er s t r a ta  M E

b ris tle  em erges: th is  fac t distinguishes th ese  leaves from  those o f m an y  living 
N o rth  A m erican oak  species. T he lea f is 16 cm long and  10 cm wide betw een 
th e  tip s  o f th e  tw o u pper lobes. On th e  u p p er p a r t  i t  is cleft to  th ree  fou rths 
o f th e  lam ina; betw een two lobes o f 5 cm length  each th e  uncleft p a r t  is 
o n ly  3 cm  wide.

T h e  m idrib  a n d  th e  la te ra l veins ru n n in g  in to  th e  lobes a re  v ery  strong . 
T he la t te r  continue in to  th e  b ristle , w hereas those la te ra l veins which do 
n o t e n te r  th e  lobes a re  cam ptodrom e an d , anastom osing w ith  th e  ram ifica-
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tions of th e  la te ra l veins of th e  lobes, co n stitu te  a m arginal vein along th e  
sides an d  u p  to  th e  tips of th e  lobes.

Am ong th e  oaks living to -day , sim ilar leaf form s are exclusively found 
in A tlan tic  N o rth  America. However, m ost o f th em  differ from  th e  W ind

F ig . 49. Quercus g igantum  E t t . ,  low er s t r a ta  3112 M E

B rickyard  species in th a t  on th e ir leaves th e  lobes are tru n ca ted  under 
th e  bristle. In  addition, th e  lobes o f m ost show a secondary lobation  
an d  th e  m arginal vein is absent. I t  is th e  leaf of 0 . pagodaefolia (Ashe) 
E lliott which m ost resem bles ours, a lthough  even th e  lobes o f th is  species 
show som e contraction  before reaching th e  bristle. On th e  living species, 
th e  b ristle  is no thing b u t a  p rim ary  la te ra l vein prolonged beyond th e  tip  
o f a rounded  o r tru n ca ted  lobe or to o th . F rom  th e  po in t of view o f affin ity , 
only O. pagodaefolia (Ashe) E llio tt can  come in to  question, an d  from  th e  
po in t o f  view o f environm ent, w arm er A tlan tic  N orth  America. In  th e  W ind 
B rickyard  flo ra  th is species was a  m icrotherm ic elem ent. As th e  oak  leaves 
in question are of a fairly peculiar shape, it is m ost probable th a t  th e  various 
fossils o f d ifferent ages belong to  th e  sam e species. This species m ust, then , 
have been very  long-lived. The leaves do n o t show an y  considerable v a r i­
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ab ility , except th a t  th e  prim ordial leaves a re  sm aller an d  less deeply  divided, 
som etim es even en tire , while th e  leaves developing on th e  upper p a r t  o f th e  
sh o o t a re  large, deep ly  divided an d  well-developed. The leaves in  our pos­
session constitu te  a  full range o f form s from  th e  en tire  leaf to  th e  largest, 
deep ly  divided ty p e , b u t th e ir venation  an d  o th er characteristics a re  fully  
iden tical.

T he W ind B rick y a rd  species is suggested  b y  its  living re la tionsh ip  to  
h av e  been deciduous. This is th e  only  oak  species in  th e  W ind B rickyard  
f lo ra  which m ight conceivably  have been a  T u rg ay an  element.

I n  th e  H ungarian  T e rtia ry  th is  is th e  on ly  oak  species w ith deeply  cleft 
leaves whose lobes end  in  a  bristle. I t  is a n  anc ien t ty p e  of oak w hich did  
n o t sp lit up in to  several species, except in  A tlan tic  N o rth  Am erica. 
Q. alexejevii Foi&rk. was u n til now assigned to  th is  form  group, b u t it does 
n o t really  belong th e re , as has been explained  elsewhere (A ndreánszky 
1959a, 116).

Incertae sedis

Quercus crassipetiolata A ndr. e t K ov. n. sp. (Figs 50 — 53)
F o liu m  petio la tum , petiolus 3 cm longus, pervalidus, 1-8 m m  crassus, 

re c tu s ; lam ina oblongo-linearis, basi ro tu n d ato -cu n eata , apice ignoto, 
verisim iliter ca. 7 cm longa (pars conservata  ty p i 4-7 cm longa) e t 2 cm 
la ta ,  m argine u n d u la to -d en ta ta , dentibus in  num ero u trinque 7, parum  
prom inulis, dorso ro tu n d a tis , solum  in p a r te  superiore m inute acum inatis. 
N ervus principalis validus, rectus, nervatio  secundaria  parum  asym m etrica, 
n erv i la terales in  uno la te ra le  in  angulo 50 — 55°, in  altero  angulo 40 — 45° 
in  sp a tiis  inaequalibus exeuntes, verisim iliter 7 vel 8 pares (5 pares ad su n t), 
lev ite r  arcuati, craspedodrom i, in  p rox im ita te  m arginis infracti e t b ifu rcati. 
N e rv a tio  te rtia r ia  a d  nervos secundarios perpendicularis, subparallela, 
sinuosa. N ervi subtiles conspicui, lam inam  in  areolas m inutas irregulares 
d iv iden tes.

In  s tra tis  mediis fab ricae  W ind n o m inatae  ad  oppidum  Eger, H ung, 
sep t. H olo typus in  collectione Musei Agriensis de S tephano Dobó nom inati 
sub  No. 6875. Specim ina a lte ra  6835, 6835/a, 7269, 7304 (specim ina duo 
u ltim a  in  s tra tis  inferioribus collecta).

A lthough  none o f th e  leaves is com plete, an d  th e  upper p a r t of each one 
is m issing, th e  form, v en a tio n  and  serra tio n  of th e  leaf a re  excellently visible 
a n d  a re  sufficiently  ty p ica l to  serve as specific features. W e consider th e  
le a f to  belong to  a  species of oak, w ithou t being able for th e  m om ent to  
e s tab lish  its taxonom ic position. I t  som ew hat resem bles certain  M yrica  
species, b u t th e  p rim ary  la te ra l veins, some o f which end in th e  tee th ,
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ind icate  th e  genus Quercus. One b ran ch  of each lateral vein ru n s  d irec tly  
in to  th e  teeth , while th e  o th e r proceeds forw ard, parallel w ith  th e  m argin 
o f th e  leaf and  th en  disappears. In  th is  resp ec t our leaves ag ree  with 
Castanopsis furcinervis (Rossm .) K r. e t  W ld. H ow ever there  is a n o th e r  oak

F ig . 50. Quercus crassipetiolata  A ndr. 
e t  K ov ., m id d le  s t ra ta  6875 M E

F ig. 51. Quercus crassipetio ­
lata  A ndr. e t  K o v ., m idd le  

s t ra ta  6875 M E , h o lo ty p e

species which exhibits a sim ilar la te ra l venation  (Q. pseudofurcinervis 
É . K ovács an d  P álfa lvy  in K ovács, É ., 1962, 293, Abb. 5); a p a r t  from 
th is, th e  th ick  petiole distinguishes our species sharp ly  from  Castanopsis.

In itia lly , Q. pseudofurcinervis É . K ovács an d  P álfalvy figured  u nder the 
nam e of Q. cf. muehlenbergii Engelm . (A ndreánszky 1959a, 115, T af. X X X . 
4 ,5 ).The species known from  th eS a rm a tian  seemed to  be m ost closely related  
to  th is  living species. L ate ly , É. K ovács (1. c.) thoroughly  rev ised  th e  ta x o ­
nom y of th is oak  leaf a n d  came to  th e  conclusion th a t  a lth o u g h  it  stands 
indeed nearest to  th e  above-m entioned  species, a closer affin ity  is im probable.

I t  is u n fo rtu n a te  th a t  th e  im prin ts from  Balaton-Déllő, considered  to 
be specimens o f Q. pseudofurcinervis E . K ovács and  P álfalvy, a re  leaf frag-

o Studia Biologica 5. 65



m ents th a t show n e ith e r  base nor petiole. T hese features can, however, 
be observed on a n  im p r in t from  F üzérrad v án y , which, according to  É. 
K ovács, belongs to  th e  sam e species. T hat leaf, how ever, has a th in  petiole. 
I t  is consequently h ig h ly  im probable th a t th e  W in d  B rickyard  leaves should  
belong to  Q. pseudofurcinervis although, in  leaf fo rm  an d  den tation  as well 
as venation, th e ir s im ila r ity  to  some sam ples fro m  Balaton-D éllő is qu ite

F ig . 52. Quercus crassi- 
petiolata  A ndr. e t  K o v .,  
m iddle  s tra ta  6835 M E

F ig . 53. Quercus crassi- 
p e tio la ta  A ndr. e t K ov ., 
m id d le  s t r a ta  6845 M E

obvious. They m ay, how ever, belong to  th e  sam e form -group and  a defin ite  
re la tionsh ip  m ay ex ist b e tw een  them . Still, as th e  taxonom ic position  of 
Q. pseudofurcinervis E . K o v ács  a n d  Pálfalvy is n o t know n either, this assum ed 
re la tionsh ip  fails to  b rin g  us a n y  nearer to  estab lish ing  th e  position o f our 
species. I t  seems to  us t h a t  we a re  confronted w ith  a  new  group of species, 
p resum ab ly  extinct, in c lu d in g  for the  m om ent tw o  species, Q. pseudofurci­
nervis É . Kovács e t P á lfa lv y  a n d  Q. crassipetiolata A ndr. e t Kov.

W e do not know w h e th e r  o u r species was evergreen  or deciduous. Since 
m o st o f th e  im prints d e r iv e  from  th e  middle s t ra ta ,  th e  flo ra of which com ­
prises a  fair percentage o f  deciduous species in d ica tiv e  of a tem p era te  
c lim ate  (Carpinus grandis  U ng., Quercus gigantum  E t t .  etc.), i t  m ay  be 
supposed  th a t our species was also deciduous a n d  h ad , furtherm ore, ra th e r  
m odest heat requ irem ents.

W e in tend  to  fac ilita te  in s ig h t into the  taxonom ic  relationships, regional 
affin ities  and  foliage ty p e s  o f th e  enum erated species by  presenting th em  
in  ta b u la te d  form (T able I).
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The d istribu tion  o f th e  species over th e  stra tig rap h ic  succession is as 
follows. Of th e  Castanopsis species, C. callicomaefolia A ndreánszky  and  
C. furcinervis (R ossm .) K r. e t Wld. a re  m ost ab u n d an t in  th e  lower, less so 
in  th e  m iddle s tra ta ;  from  th e  upper group of s tra ta , on ly  Castanopsis sp. 
I. is known. Of th e  species belonging to  th e  genus Lithocarpus only Litho- 
carpus sp. II. cam e from  th e  upper s tra ta . Most o f the  specim ens have been 
yielded by th e  m iddle, an d  to  a sm aller ex ten t b y  th e  low er s tra ta . So far, 
subgenus Cyclobalanopsis o f th e  genus Quercus and  sec tion  Protobalanus 
o f th e  subgenus Euquercus has m ostly  been encountered in  th e  m iddle and  
to  a  sm aller ex te n t in  th e  lower s tra ta . F rom  th e  upper s t ra ta  we have no 
fossils belonging to  these taxonom ic un its. F rom  am ong th e  species of the 
section Erythrobalanus, Q. palaeofournieri A ndr. e t K ov. a n d  Q. gigantum 
E tt. have occurred  in  bo th  th e  lower an d  m iddle s tra ta , Q. salicina Sap. 
an d  Q. cf. bourgaei Oerst. in  the  u pper s tra ta  only. T he m ajo rity  of the 
rem ains of Q. crassipetiolata Andr. e t K ov. — of unknow n taxonom ic place -  
was found in  th e  m iddle s tra ta , an d  th e  rest in  th e  lower s tra ta .

I t  follows from  th e  aforesaid th a t ,  in  th e  W ind B rick y ard  s tra ta , the 
Quercus group firs t shows an  increase in  th e  num ber o f species, with the  
g reatest num ber encountered in th e  m iddle s tra ta ;  th is  num b er suddenly 
decreases a fte rw ards, an d  from th e  rich  upper s tra ta  on ly  4 o f th e  enum er­
a ted  16 species a re  known. On th e  o th e r hand, in th e  m iddle s tra ta , very 
poor even if  all p lan t species are considered, th e  Quercus g roup  is represented 
b y  10 species. As regards th e  num ber o f individual specim ens, th e  lower 
s tra ta  are th e  m ost favoured because m ost o f th e  rem ains o f Castanopsis 
callicomae folia A ndreánszky  — m ost ab u n d an t of all species — have been 
found in th e  low er s tra ta . The species from  th e  u pper s t r a ta  are, on the  
contrary , very  scarce also as regards th e  num ber of ind iv idua l fossils.

From  th e  p o in t o f view of te rrito ria l affinities, th e  genera Castanopsis 
an d  Lithocarpus an d  th e  subgenus Cyclobalanopsis of Quercus a re  represented 
by  species re la ted  w ithout exception to  S outheast A siatic  forms, whereas 
th e  species o f th e  subgenus Euquercus nearly  alw ays reveal New-World 
affinities. W estern  E u rasian  as well as M editerranean affin ities are com­
pletely  absen t. The la t te r  are seen to  evolve rap id ly  in  th e  la te  T ertiary . 
Also, an y  re la tionsh ip  w ith E aste rn  A siatic Euquercus species is lacking. 
As to  th e  species having  New-W orld affinities, th e  co u n te rp arts  of some 
live in A tlan tic , b u t m ost of them  in  Pacific N orth  A m erica.

From  th e  p o in t of view of foliage, th e  d is trib u tio n is  as follows. The genera 
Castanopsis a n d  Lithocarpus, as well as th e  subgenus Cyclobalanopsis of th e  
genus Quercus, as we have seen, show a consequential Southeast Asiatic 
affinity , an d  a re  consequentially evergreen, possessing a laurel-type foliage,
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T A B L E  I . T a x o n o m y , r e g io n a l  a f f in i ty  a n d  fo lia g e  t y p e  o f the fo rm  g ro u p

Species Subgenus Sectio

C astanopsis callicomaefolia A ndreánszky 
C astanopsis ? furcinervis (Rossm.) K r. e t  Wld.
Castanopszs sp. I.
Lithocarpus debilinervis Andr. e t. K ov. Cyclobalanus
L ithocarpus  sp. I. Cyclobalanus

Lzthocarpus colchica Kolak. Pasania
Lzthocarpus sp. II . Pasanza
Quercus tenuipetiolata Andreánszky Cyclobalanopsis

Quercus legányii Andr. e t K ov. Cyclobalanopszs
Quercus agriensis Andreánszky Cyclobalanopszs

Quercus tenerrima Web. Euquercus Protobalanus
Quercus palaeofournieri Andr. e t K ov. Euquercus Erythrobalanus
Quercus salicina  Sap. Euquercus Erythrobalanus
Quercus cf. bourgaei Oerst. Euquercus Erythrobalanus
Quercus gigantum  E tt. Euquercus Erythrobalanus

Quercus crassipetiolata Andr. e t K ov. incertae sedis

a lth o u g h  Q. tenuipetiolata A n d reán szk y  and  Q. agriensis A ndreánszky  show 
c e r ta in  xerophilous featu res w hich  bring  them  closer to  th e  hard-leaved 
tree s . T h e  Euquercus species a re  d iv ided  between th e  hard-leaved  a n d  th e  
d ec iduous trees. Q. tenerrima W eb. belongs undoubted ly , Q. palaeofournieri 
A n d r. e t  K ov . probably, to  th e  form er. Q. gigantum  E t t .  were certain ly , 
Q. sa lic in a  Sap., Q. crassipetiolata A ndr. e t Kov. p robab ly , Q. cf. bourgaei 
O erst. possib ly  deciduous.

I n  th e  vegeta tion  rep resen ted  b y  th e  W ind B rickyard  flo ra , only Casta­
n opsis callicomaefolia A n d reán szk y  p lay ed  an  im p o rtan t role, as on ly  th is 
species is really  abundan t in  th e  s t r a ta .  Of all the  o th e r we have b u t a few 
sp ec im en s; consequently, th o se  cou ld  only have been accessory elem ents 
in  th e  a n c ie n t forest. This is a ll th e  m ore rem arkable since Q. tenerrima Web. 
is v e ry  freq u en t in the  R o tt  f lo ra .

T h e  m id d le  s tra ta  of th e  W in d  B rick y ard  are th e  youngest in H ungary  
to  b e a r  th e  rem ains of a Castanopsis  species in  an  im p o rta n t q u an tity . This 
suggest a  fo rest whose ecology ag reed  w ith  th a t of th e  Castanopsis species. 
C astanopsis callicomaefolia A n d reán szk y  already ex isted  in  th e  Lower Oli- 
gocene, to o , b u t a t th a t  tim e i t  w as considerably scarcer th a n  C. furcinervis 
(R ossm .) K r . e t Wld. which p lay ed  a  leading role a t  th a t  tim e. The genus 
itse lf  p e rs is te d  in Hungary, as we h av e  seen it, un til th e  H e lv e tian  a t  least,
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o f the o a k  in  the U p p e r  O ligocen e  flo ra  o f  th e  W in d  B r ic k y a r d

Subsectio Regional affinity I Foliage type

Southeast Asia laurineous evergreen
Southeast Asia laurineous evergreen
Southeast Asia laurineous evergreen
Southeast Asia laurineous evergreen
Southeast Asia laurineous evergreen

Southeast Asia laurineous evergreen
Southeast Asia laurineous evergreen
Southeast Asia hard-leaved or laurineous

evergreen
Southeast Asia laurineous evergreen
Southeast Asia laurineous evergreen

Pacific N orth America hard-leaved evergreen
Mexicanae Mexico hard-leaved evergreen
?Mexicanae Southern N orth  America deciduous
Lanceolatae Mexico ? deciduous
Pagodaefoliae W armer A tlantic N orth America deciduous

?Atlantic N orth  America deciduous

b u t did n o t a tta in  m uch im portance a f te r  th e  period of th e  W ind B rickyard  
flora.

A ccording to  our presen t knowledge, i t  is here th a t th e  genus Lithocarpus 
appears in  H ungary  for th e  last tim e , b u t th is  m ay be due to  insufficient 
research and, in  our opinion, th e  genus is likely  to  crop up  from  o u r Lower 
an d  M iddle Miocene, too. F urtherm ore , th e  subgenus Cyclobalanopsis of 
th e  genus Quercus p resum ably  persisted  even longer; we hope th a t  th is 
assum ption  will also prove tru e  in  th e  ligh t o f fu rth e r investigations.

T he com plete absence of oaks o f M editerranean  hard-leaved  ty p e  from  
th e  W ind B rickyard, as well as from  o ther H ungarian  floras o f th e  sam e age, 
is rem arkable, if  we ta k e  into accoun t th a t  Q. mediterranea U ng. was en­
countered  in  W estern  Europe also in  m uch older s tra ta . C onsequently , we 
should  n o t consider th e ir  absence from  th e  H ungarian  floras as defin itively  
established.

J  uglandaceae
Engelhardtia brongniarti Sap.

Only one fru it im prin t is know n from  th e  upper s tra ta . T his is ra th e r 
unexpected  inasm uch as this fru it  is one o f th e  most ab u n d a n t fossils in  the  
U pper Oligocene flo ra  of Csörög, which is m uch poorer otherw ise, a n d  fa irly
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freq u en t also in  o th e r  Oligocene sites. Besides th e  fru it we possess from  th e  
u p p er W ind B rick y a rd  flo ra  th e  im prin t o f a leafle t which probably  belongs 
to  th is  genus, b u t its  p o o r preservation precludes a  definite determ ination .

Pterocarya denticulata  (О. Weh.) H eer

Several leaflets a re  in  v ery  good agreem ent w ith  th e  nam ed species. The 
ven a tio n  is very  dense in  general. N evertheless, as such P te rocarya leaves 
a re  know n n o t on ly  fro m  m any  T ertia ry  sites, b u t also am ong th e  living 
species, th is  canno t be  ta k e n  as a d istinctive fea tu re . Of course, one cannot 
determ ine th e  Pterocarya  species on th e  basis o f  leaflet im prints alone: it 
w ould be necessary to  possess th e  sam ara, too . F o r th e  m om ent, however, 
no such fossil is k n o w n  from  th e  W ind B rick y a rd  flora.

Juglans cf. regia L.

F ro m  each g roup  o f  s t ra ta  we possess several im prin ts of leaflets which 
agree w ith living J . regia L. P álfalvy re p o rted  J . ungeri H eer from  th e  
W ind  B rickyard  s t r a ta  (1951, 65, Tab. I. 6.). I t  is doubtfu l w hether our 
leaflets really  belong to  th is  species, as th e  ag reem ent w ith th e  original 
d raw ing  seems to  be som ew hat vague.

Juglans cf. cinerea L. (Fig. 54)

This is a sm allish, m ark ed ly  asym m etric lanceolate , leaflet, base a sy m ­
m etrica lly  rounded, a p e x  missing. M argin m in u te ly  serrate. L atera l v en a ­
tio n  m edium -dense, loca lly  bifurcating an d  cam ptodrom e. The leaflet agrees 
well w ith  those o f J . cinerea L. The im prin t, p reserved  together w ith  th e  
coun ter-im prin t, com es from  th e  middle s tra ta  a n d  bears No. 7366.

Carya falcata A ndreánszky , 1956, 221, Taf. I I .  3, 4.

Myricaceae

M yrica  (Com ptonia) acutiloba B rgt. — A ndreánszky , 1955, 41.
M yrica onocleaefolia A ndreánszky, 1955, 49, Taf. II . 7.
M yrica  cf. aethiopica L . — A ndreánszky, 1955, 41.
M yrica lignitum  (U ng.) Sap. — A ndreánszky, 1955, 40, Taf. II. 6.
M yrica vindobonensis (E tt .)  H eer — A ndreánszky , 1955, 41.
M yrica  cf. longifolia T eysm . e t Binn. (non U ng .); (Fig. 55)
W e possess several frag m en ts  to  be classed here. However, as th e  base 

a n d  apex  are no t p rese rv ed  on an y  of th e  specim ens, i t  seems hard ly  ju s t i­
fiab le  to  establish  a  new  species. Our leaves d iffer from  all th e  described

70



fossil species, b u t agree w ith  th e  above-m entioned living species so m uch 
th a t  a  close relationship betw een  th e  tw o is highly probable.

I t  can  be established th a t  th e  leaves were large, lanceolate. O ur m ost 
com plete fragm ent is 10 cm  long b u t o rig inally  it m ay  have h ad  a  length

F ig . 54. Ju g la n s  cf. cinerea  L ., m idd le  F ig . 55. M yr ica  ef. longifo lia  T eysm .
s t r a ta  7366 M E  e t B inn ., u p p e r  s t r a ta  12030 N R

of 15 to  16 cm. I ts  w id th  is ab o u t 3 cm where it is broadest. I ts  m arg in  is 
alm ost entire, w ith  a few sh arp  te e th  visible here an d  there . I t  is to  be no ted  
though, th a t  on some specim ens th e  te e th  s ta n d  fairly  close-spaced. W e shall 
discuss th is po in t la te r  on. The m idrib is very  strong. Spaced v ery  irregu­
larly , th e  p rim ary  la te ra l veins arise a t  unequal bu t generally  fa irly  large 
angles, curving forw ard before reaching th e  m argin o f th e  leaf a n d  b ifu rca t­
ing a t  th e  sam e tim e; th e  branches anastom ose a fte r hav ing  for som e small 
d istance run  parallel w ith  th e  m argin for th e  leaf. On one o f th e  leaves (No. 
12030 in th e  collection o f th e  In s titu te  o f Taxonom ical B otany) th e  lateral 
veins display a  pronounced asym m etry . The finer venation  is also very
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irregular. This species o f  ours shows a certa in  sim ilarity  to  M . salicina U ng., 
b u t  th e  leaf of th e  l a t te r  is never longer th a n  10 cm ; its  shape is ra th e r  ob- 
ovoid , and its  m arg in  en tire .

T he fossils re ferred  to  th is  group are k ep t u n d er Nos 2399, 12030 and  
12110 in the collection o f  th e  In s titu te  of T axonom ical B otany , an d  under 
Nos. 6301 and  W  2128 in  th e  collection of th e  M useum  o f Eger, respectively.

A fu rther M yrica  leaf, sim ilar to  some e x te n t to  th e  above-m entioned 
ones an d  kept a t  th e  M useum  of E ger u nder No. 9908, differs — as a lready  
m entioned — from  th e  fo rm er ones in  th a t  its  m arg in  is m ore regularly  and  
densely  serrate an d  th e  course of its la te ra l veins m ore regular. In  th e  case 
o f  th is  specimen th e  fo rm  g roup  o f M. lignitum  (Ung.) Sap. m ay also en ter 
in to  consideration. M . lignitum  (Ung.) Sap. is, however, considerably sm aller 
a n d  narrower, as th e  la rg e s t o f  our leaves ap p ro x im ates  a  length of 20 cm 
a n d  exceeds a b re a d th  o f  3 cm.

M yrica angustissima W a t. — A ndreánszky 1955, 40, Taf. II . 9.
M yrica  macrodonta A n d reán szk y  1962, 225, F ig . 3.
M yrica  cf. javanica  B l. A ndreánszky 1955, 41. Abb. 2.
M yrica  matheronii S ap . in  Annál. Sci. Nat. 5éme sér. 18, 1873, 30, pl. VI. 
3, 4, 6. (Fig. 56)

A relatively b road  M yrica leaf, pronouncedly a n d  sharp ly  serrate. F rom  
th e  W ind B rickyard, one  fragm en t only is av a ilab le  from  th e  upper s tra ta  
(No. 3135 in  th e  co llection  o f th e  Museum o f Eger). I t  is th e  upper p a r t  o f a 
leaf, whose apex, how ever, is missing. The lea f was b roadly  lanceolate, 
a b o u t 9 to  10 cm long, a n d  h ad  a b read th  o f 3 cm  or sligh tly  more. The tip  
p ro b a b ly  was acu m in a te . (Since th e  apex is m issing on all th e  drawings 
o f  S aporta , too, it is im possib le to  m ake a  com parison in  th is respect.) 
T h e  venation is poorly  v isib le  on th e  im prin t, i t  was probab ly  very fine, 
because  the  contours o f  th e  lea f are  well-defined. Som e p rim ary  veins ru n  in to  
th e  te e th , some in to  th e  b ay s betw een th e  te e th ; th e  la tte r  ram ify before 
reach ing  the  margin. O u r im p rin t best agrees in b read th  w ith S ap o rta ’s 
b ro a d es t specimen, o f  w hich , however, only  th e  basal p a r t  is ex tan t. On 
S a p o r ta ’s drawings, th e  te e th  are som ew hat w ider-spaced th a n  on our 
im p r in t ; otherwise th e  ag reem en t is excellent in  all respects.

M . zachariensis Sap. v a r . crassifolia Sap. (in Annál. Sci. Nat. 4éme sér. 19, 
17, pl. V. 1A) is also v e ry  broad-leaved, b u t its  la te ra l veins anastom ose in 
b ea u tifu l loops which c a n n o t be  observed on o u r specim ens.

M . matheronii Sap. sh o u ld  n o t be confused w ith  M . (Comptonia) mathe- 
roniana  Sap. (in Annál. S ci N at. 5éme sér. 4. 93, pl. V. 7) also described b y  
S a p o rta , which belongs to  th e  subgenus Comptonia.
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M yrica hakeaefolia (Ung.) Sap. — A ndreánszky 1955, 41, Taf. II . 10.
The genus M yrica  as represented in  th e  W ind  B rickyard  flora will requ ire  

fu rth e r deta iled  work a lthough  on a  previous occasion I  a lready  tr ied  to  
so rt o u t th e  form s (A ndreánszky 1955, 39 — 42) a n d  succeeded in  d em o n s tra t­
ing m any  M yrica  species. Those considerations still hold good, except th a t  
M. (Comptonia) grandifolia A ndre­
ánszky canno t be re ta in ed  as a valid  
denom ination, because th e  nam e Com- 
ptonia grandifolia U ng. has a lready  
been a ttr ib u te d  to  a d ifferent species 
(Unger: Fossile F lo ra  von Sotzka,
1850, Denkschr. Akad. Wien, M ath.
N aturw . K l. 2, 161, Pl. X X IX . 1.).

F ig . 56. M y r ic a  m atheronii Sap., 
u p p e r  s t r a ta  3133 ME

F ig . 57. S a lix  lavateri H eer, low er 
s t r a ta  6585 M E

A ccordingly, a new nam e had  to  be given: i t  is M. (Com ptonia) grandis 
A ndreánszky, nom en novum . Since then , a  g rea t deal of recently  collected 
m ateria l ad d ed  several new species to  th e  o ld  ones. In  th is  s itu a tio n  I  in ten d  
to  elucidate in  th e  near fu tu re th e  role o f th is  genus in th e  W ind B rick y ard  
flora by  a new m onograph.
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Salicaceae

Salix  lavateri H eer, FI. té r t .  Helv. II . 1856, 28, T. LX V I. 1 — 12. (Fig. 57) 
T he lower a n d  m iddle s tra ta  have so fa r  yielded th ree  d istinc t ty p es  of 

willow leaf, each o f th em  serrate . One o f th ese  types (Nos 3139, 6585 and  
W  2501 from  th e  low er a n d  6550 from  th e  m iddle s tra ta )  differs from  the  
o th e rs  by  its  narro w  outline. This agrees w ith  th e  description an d  draw ings 
o f  S. lavateri H eer. According to  Heer, th e  b re ad th  of th e  leaf is 1/9 o f its 
len g th . A lthough th is  criterion  cannot be a d m itte d  as a specific difference,
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th e  above-m entioned  leaves are su b s tan tia lly  d ifferen t from  th e  o th e rs  in  
th e ir  narrow ness; i t  seem s therefore, ju stified  to  re fer th em  to  a sep a ra te  
species.

S a lix  arcinervia O. W eb. in  Paläontogr. 2. 1852, 177, Taf. X IX . 96. 
(F ig . 58)

F ig . 59. S a lix  varians  G oepp ., low er s t r a ta  F ig . 60. U lm u s, ty p e  I . ,  u p p e r  s t r a ta  
3169 M E W  1513 M E

This is th e  m ost frequen t willow-leaf form  in th e  low er an d  m iddle s t r a ta  
o f th e  W ind B rickyard . I t  is ty p ica lly  b roadest in  its  lower p a r t;  base 
b ro ad ly  acu te ; th e  la te ra l veins, arising generally  a t  a large angle, a re  sh o rt 
a n d  do no t ru n  high. T he petiole is strong . On one of th e  specim ens i t  is 
p reserved in  its  en tire ty : i t  is 2-4 cm long an d  2 m m  thick. Im p rin ts  Nos 
7399, 7400, etc. from  th e  lower, an d  Nos 6758, etc. from  th e  m iddle s tra ta  
belong to  th is  species.
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S a lix  varians Goepp. Foss. F l. v. Schossnitz, 26, T. X X . 1, 2. (Fig. 59) 
T his is a narrow ly  lanceolate  b u t n o t linear leaf (No. 3169 from  th e  lower 

s t r a ta ) ;  b roadest in  its  lower tw o fifths; very  finely se rra te ; th e  la te ra l veins, 
a ris in g  a t  a sharper angle th a n  on th e  previously described species, ru n  fa rth e r

F ig . 62. U lm u s, ty p e  I I . ,  u p p e r  
s t r a ta  W  1366 M E

F ig . 61. U lm us, ty p e  I . ,  u p p e r  s t r a ta  
W  1725 M E

u p  a lo n g  th e  margin. I t  agrees well w ith  one o f H eer’s figures (FI. te r t .  H elv. 
II . P l. LX V . 14), a lth o u g h  it  is som ew hat sm aller.

Ulmaceae 

T he genus Ulmus

T h e  m onographic tre a tm e n t o f th e  T e rtia ry  Ulmus species o f H u n g ary  
is b e in g  carried  ou t b y  G. Sz. Cziffery. F o r th e  m om ent, th e  W ind B rick y ard  
species a re  classified according to  ty p es presum ably  represen ting  independ-
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en t taxons whose precise taxonom ic d e term ina tion  and  d is tin c tio n  will, 
however, require fu r th e r careful studies.

T ype No. I. (Figs 60, 61). M arkedly asym m etric , large ovoid leaves, w ith 
se rra te  or b iserrate  m argin. L ength  o f th e  leaf 10 to  14 cm, w id th  4 to  6*4

F ig . 63. U lm us  ty p e  I I .  u p p e r  s t r a ta  F ig . 64. U lm us, ty p e  I I I . ,  u p p e r  s t r a ta  
W  1659 M E  ' W  641 M E

cm. The la tera l veins, num bering 12 to  16 pairs, strongly  curve forw ard. 
U. drepanodonta G rub, o f the  fossil species an d  U. amerimna  o f th e  living 
s tan d  nearest to  th is form .

Type No. II . (Figs 62, 63). Long, narrow  leaves, most o f th e m  sim ply, 
coarsely serrate; base b u t slightly asym m etric . L ength of th e  lea f 8 to  12 
cm, w idth  1-5 to  4 cm ; 12 to  20 pairs o f veins. They do n o t agree w ith 
J7. longifolia Ung. inasm uch as th ey  a re  larger, narrow ly lanceolate  an d  not 
oblong-lanceolate. T he ty p e  does no t seem rela ted  to  an y  living species.
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Type No. П1. (F igs 64, 65). Long, m edium -w ide an d  likewise ra th e r  large 
leaves. Margin in  m o s t cases sim ply serra te ; lam in a  m arkedly  asym m etric, 
8 to  11 cm long a n d  4 to  5 cm  wide. I t  bears som e resem blance to  U. bronni 
U ng ., but it has a  sm a lle r  b read th , or, in  o th e r words, a g rea ter re la tive  
length .

F ig . 65. U lm us  ty p e  I I I . ,  u p p e r  s tra ta  
W  1723 M E

F ig . 66. U lm u s, ty p e  IV ., u p p e r 
s t r a ta  W  1650 MB

T y p e No. IV. (Figs 66, 67). Small leaves, b ro a d  especially a t  th e  base; 
s im p ly , coarsely se r ra te ; in  all these respects th e y  s tan d  near to  Zelkova, 
f ro m  which, however, th e y  differ in th e ir a sy m m etry . Lam ina 3-5 to  5 cm 
lo n g  an d  1-8 to  2-5 cm w ide. T here are 10 to  12 p a irs  o f la te ra l veins, 6 to  7 
p a irs  on smaller specim ens. I t  is especially th ese  la t te r  which resem ble Zel­
kova. A detailed s c ru tin y  has, however, convinced m e th a t  th e  leaves in 
h a n d  do not belong to  a n y  Zelkova species a n d  th a t ,  in  consequence, th e
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genus Zelkova is no t rep resen ted  in  th e  ensemble o f m acrofossils, although, 
according to  an  o ra l com m unication  by  Mrs. L . Nagy, po llen  analysis has 
succeeded in  d em o n stra tin g  th e  genus Zelkova.

T ype No. V. (Figs 68, 69). These m edium -sized and  fa ir ly  broad  Ulmus 
leaves s ta n d  nearest to  living U . levis Pall. M argin b iserra te , la teral veins

F ig . 67. U lm us, ty p e  ГУ., u p p e r  s t r a ta  Fig. 68. U lm u s , ty p e  V., m iddle  s t r a ta  
56.1250 M E  ' 6689 M E

dense, s tra igh t, m odera te ly  curved. The leaves found  in  th e  middle s tra ta  
all belong to  th is  ty p e . The rest a re  known from  th e  u p p er flora only.

M or acme

Ficus latsonoides n. sp. (Figs. 70 — 72)
Folium  in m agn itude valde variabile, o v a to -ro tu n d a tu m , vel ro tundato - 

reniform e, m axim um  in te r  specim ina verisim iliter 13 cm  longum et 16 cm
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la tu m , m inora 12 cm longa e t  10 cm la ta , minima 6 cm longa et 5-8 cm lata, 
a p ic e  ro tu n d a ta , basi re c te  abscissa vel leviter em arg inata , om nia longe 
(5 em  vel u ltra) petio lata , p e tio lo  ca. 3 mm crasso, m arg ine undulato-in te- 
g e rrim a . N ervatio p a lm a ta , n e rv i basales (3) 5. M edius validus, rectus

F ig . 69 . U lm u s, type  V.. u p p e r  s t r a t a  F ig . 70. F icus latsonoides  A n d reánszky , 
56.1099 M E m iddle s t r a ta  6350 ME

u sq u e  a d  apicem  folii conspicuus in  p a r te  inferiore sim plex, a m edio vel 
in  specim in ibus alteris solum  s u p ra  m edium  ramosus, ram is suboppositis vel 
a lte rn is , in  angulo ca. 50° o r tis , p a ru m  arcuatis, ad  m arg inem  lam inae 
arcos la to s  form antibus, cam ptodrom is. N ervi basales la te ra les  cum medio 
a n g u lu m  50 — 60° form antes, so lum  ex tus ramosi. N erv i basales infim i 
b rev iss im i, simplices, m arg inem  inferiorem  lam inae sequentes. N ervatio  
te r t ia r ia  indistincta .
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In  s tra tis  inferioribus e t mediis fabricae la terarum  W ind n o m in atae  
ad  oppidum  Eger. S yn typ i in  collectione Musei Agriensis de S tephano  D obó 
nom inati sub Nris 6350, 3204 et 3607.

F ro m  th e  p o in t o f view o f placing th is  fossil in  th e  system , several genera 
can en ter in to  consideration, such as Grewia, Buettneria, Dombeya an d

F ig . 71. F icu s  latsonoides An<Ireáns/.ky , low er s t r a ta  3204 M E

Cercis. A com parison w ith some living species o f these genera led  m e to  th e  
conclusion th a t  our leaves most resem ble those of the  genus Ficus, and , 
m ore p articu la rly  th e  leaves of F . latsoni E lm . living in  th e  Philipp ines. 
B u t th e  W ind B rickyard leaves also differ from  th e  la tte r  in  th a t  th e y  are 
b ro ad er an d  less m arkedly  co rda te  th a n  even the  broadest leaves of 
F. latsoni E lm .

M any circular, broad  leaves o f fossil Ficus have been described, b u t our 
leaves do n o t agree sufficiently w ith  a n y  o f them ; of all, F. grandifolia
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F ig . 72. F ic u s  latsonoides  A nd reánszky , lo w er s t r a ta  3074 M E

U ng. seems to  s ta n d  n ea res t. I t  differs from  th e  W ind B rickyard specim ens 
in  th a t  th e  lower p rin c ip a l veins of th e  la t te r  do n o t ru n  as far up to w ard s 
th e  apex. There is also a  su b stan tia l age difference, as th is species was firs t 
described by U nger fro m  th e  Sarm atian. I  am  presen ting  th is new  species 
w ith  a  certain  reserve because, owing to  th e  g re a t v a riab ility  of Ficus leaves
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it m ay easily have passed  unnoticed u n d er som e o ther nam e. T h is species 
has no t been found y e t in  th e  upper s tra ta .

Ficus adhatodaeformis A ndr. e t Nov. 
Hung. n. ser. 8 , 1957, 45, t .  П . 2. (Fig 

This species, described from  th e  
Lower Oligocene flo ra  o f K iseged Hill 
an d  h itherto  know n exclusively from  
th a t  site, has cropped up also in  th e  
lower and  m iddle s tra ta  of the  W ind 
B rickyard , in ab o u t a  dozen specimens, 
which shows th a t  i t  could hard ly  have 
been rare. An excellent specim en is 
No. 3220 in th e  M useum o f Eger. The 
fossil is alm ost com plete, only th e  
apex is missing. These leaves, together 
w ith those o f K iseged Hill, clearly

in Annál. Hist. N at. M us. Nat. 
73)

\  ■■ 

V : . v

F ig . 73. F icu s  adhatodaeform is  A ndr. 
e t  N ov., low er s t r a ta  6228 M E

F ig . 74. D iospyros brachysepala  A. 
B r., u p p e r s t r a ta  3205 M E

exhibit th e  d istinc tive  features and  to  a ce rta in  ex ten t also th e  v ariab ility  
oi th e  type. The petio le is preserved on  one sam ple only, in  a  len g th  o f 3 mm. 
I t  need no t have been longer th an  th a t .  B ase acute, m argin  s tra ig h t. Con­
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fro n ta tio n  with th e  o rig in a l description shows th a t  th e  species m ay be re la ted  
to  several species liv in g  in  th e  tropics. In  a n y  case i t  shows palaeo-trop ical 
affin ities.

F icus agriensis A n d re án szk y  1962, 226, F ig . 4.

A s against the  re la tiv e ly  num erous Ficus species from  Kiseged Hill, th e  
u p p e r  s tra ta  of th e  W in d  B rickyard, richest in  fossils otherw ise, h a rd ly  
c o n ta in  any specim ens o f  Ficus. In  con trast, th e  low er an d  m iddle s t ra ta  
s t i ll  show signs of its  ab u n d a n c e  in  th e  previous flo ras. This fact also shows 
th e  close relationship b e tw een  the floras o f th e  W ind  B rickyard  a n d  o f 
K iseged  Hill. O therw ise, th e  course of floral ev o lu tio n  in  th e  Oligocene was 
charac terized  by  a  d ec reasin g  abundance of F icus  species. I t  is in te restin g  
to  n o te  th a t from  th e  U p p e r  Oligocene flo ra o f  R o tt  no Ficus species is 
m en tioned  a t all.

Ebenaceae

Diospyros brachysepala A . B r. in Bronn, J a h rb . M iner. 1845, 170; H eer, 
FI. te r . Helv. III. 1859, T af. C II. 1 -1 4 . (Fig. 74).

O ne fru it im print fro m  th e  upper s tra ta  a n d  sev era l leaf im prin ts from  
a ll th re e  groups belong to  th is  species. The fru it  im p rin t includes th e  fru it, 
o f  a  d iam eter of 9 m m , a n d  p a r t  of th e  calyx. I t  agrees well w ith  H eer’s 
F ig . No. 13 as well as w ith  th e  fruits of D. lotus L .

T h e  leaf im prints also  ag ree  w ith those o f D. lotus L.

Diospyros cf. atra M err. (F ig . 75)

L arg e  leaves, one o f  w h ich  (No. 6408 from  th e  low er s tra ta )  is fa irly  well 
p reserv ed ; the petiole, 3 m m  th ick , is ex tan t in  a  len g th  of 1-3 cm; i t  was 
p ro b a b ly  hardly longer t h a n  th a t .  Lam ina ellip tic , base obtuse; th e  ap ical 
p a r t  is missing. C om pleted , th e  leaf m ay have been  13 to  14 cm long an d  
6-5 cm  wide; its m arg in  is en tire . Lam ina q u ite  sh o rtly  decurrent. M idrib 
v e ry  strong; there m ay  h a v e  been 10 to  11 p a irs  o f  p rim ary  la tera l veins; 
8 p a irs  are visible, w ith  so m e shorter veins b etw een  them . The veins arise 
a t  angles of 75 to  80°, th e  angles being som ew hat sm aller on a sm aller 
spec im en  (No. 6760). T h e  la te ra l  veins anastom ose in  a  wide loop a t  a d istance 
o f  a b o u t 5 mm from th e  m arg in . Tha m arked likeness o f our leaves to  those 
o f  D . atra Merr. (B orneo) suggests a close a f f in ity  w ith  th e  la tte r . The 
f in e r  venation is o n ly  v is ib le  here and  th e re , ow ing to  a not too  good 
p reserva tion , h u t it  ag rees , where visible, w ith  th e  finer venation o f th e  
liv in g  species.
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Two fu rth e r specim ens, fragm ents of very  large leaves, are  to  be referred  
here. B oth th e ir  bases an d  apices are m issing; th e y  were perhaps 18 to  20 
cm long and  8 to  9 cm wide. This is m ore or less th e  size o f th e  leaves o f th e  
living species. (Im p rin ts  No. 3100 from  th e  low er a n d  No. 6340 from  th e  
m iddle s tra ta .)

Styracaceae

Styrax cf. japonica  Sieb, et Zucc. (Fig. 76)
A smaller, slig h tly  oblanceolate leaf from  th e  u pper s tra ta . Petio le sho rt, 

3 mm; a f te r  co rrec tion  for a  very  sm all m issing p a r t  o f the  apex, th e  lam ina 
is 6 cm long a n d  2 cm wide in the upper tw o fifth s ; base acu te; th e  apex  m ay  
have been sh o rtly  acum inate . On th e  m argin  o f th e  leaf, spaced a t  in te rv a ls  
of abou t 2 to  4 mm, th e re  are very  fine, sharp , p ro trud ing  tee th . M idrib 
strong, 7 la te ra l veins on th e  one side, 8 on th e  o ther. The lower ones arise  
a t  angles of a b o u t 45 to  50° and, curving forw a rd , ru n  fa r up  along th e  m argin. 
The upper ones em erge a t  a larger angle, a n d  curve forw ard  fa rth e r from  th e
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m id rib . E ach vein anastom oses w ith  a  b ranch  of th e  la te ra l vein above. 
T h e  fine  venation is v e ry  well p reserved  on  th e  im prin t an d  divides th e  blade 
in to  t in y  irregular q u ad ran g u la r spaces. O ur specimen fully  agrees with 
S . japon ica  Sieb, e t Zucc. as regards its  ven a tio n  and  th e  fine d en ta tio n  of 
i ts  m arg in . On th e  o th e r h an d , th e  leaves of th e  living species a re  b ro ad er a t 
th e  m iddle and  tap e r m ore g rad u a lly  a t  b o th  ends, a lthough  th e re  ex is t also 
leav es  exactly  like th o se  from  th e  W ind  B rickyard . S. hookeri C larke is a 
f u r th e r  possibility, b u t  its  leaves a re  larger an d  its venation  is also differ­
e n t. T here is a fa ir s im ila r ity  also to  New -W orld 8. camporum  P oh l. The 
le a f  m u st have belonged to  a  deciduous tree . In  th e  collection it bears th e  
m a rk  W /a.

Cunoniaceae

Cunonia oligocaenica A ndr. e t Nov. In  Annál. H ist. Nat. Mus. Hung. n. 
ser. 8 , 1957, 47, t. П . 5. (Fig. 77)

F ig . 77. C unonia  oligocaenica  A n d r. e t  N ov ., low er s t r a ta  3065 M E
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T he leaves o f th is  species have been encoun tered  in fa irly  large num bers 
in th e  lower s tra ta  an d  sporadically  even in  th e  m iddle s tra ta  of th e  W ind 
B rickyard . F o r th e  tim e being, these fossils seem to  be th e  youngest re p re ­
sen tatives o f th is  species in  th e  T ertia ry  flora o f H ungary . The leaves agree

F ig . 78. Callicom a  sp ., m id d le  s t r a ta  W  2675 ME

quite well w ith  those from  Kiseged H ill, b u t th e  form er are larger on th e  
average. One leaflet is 13 cm long a n d  4 cm wide. The asym m etry  o f th e  
venation , so typ ical o f th e  leaflets from  K iseged Hill, is clearly visible.

Since even th e  m ost painstak ing  search  failed  to  u n ea rth  th is  ty p e  o f leaf 
from  th e  u pper s tra ta , one m ay a t ta c h  som e stra tig raph ic  im portance to  
th is species, besides its im plications as to  ecology an d  floral evolution.

Callicoma sp. (C. egedensis Andr. e t Nov. in  Annál. H ist. N at. M us. N at. 
Hung. n. ser. 8., 1957, 46, t. II. 3. (Fig. 78)
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F ro m  th e  low er an d  middle s tra ta  o f th e  W ind B rickyard  we possess a 
few  ra th e r  f rag m en ta ry  im prints, m ost o f  which belong to  th e  genus Cal- 
licoma a n d  agree w ith  th e  species described  under th e  nam e C . egedensis 
A ndr. e t Nov. V ery  careful fu r th e r  exam inations proved th e  nam e to  be 
invalid , as it  covers tw o d istinc t leaf ty p es. One of them  is in fac t a  Catti- 
coma, w ith  a th ic k  petiole, d en ta te  ra th e r  th a n  serra te ; th e  o th e r ty p e  is

id en tica l w ith  Castanopsis callicomae- 
folia A ndreánszky, a  species described 
since ju s t from  th e  lower s t ra ta  o f 
th e  W ind  B rickyard. I t  is reg re ttab le  
th a t  th e  specim en figuring as th e  
ho lo type of C. egedensis, th e  petio le o f 
w hich is missing, gives th e  im pression 
o f being a Castanopsis ra th e r  th a n  a  
Callicoma. As long as th is  question is 
n o t se ttled  w ith regard  to  th e  flo ra  o f 
K iseged Hill, I  propose to  g roup  th e  
fossils belonging here under th e  nam e 
Callicoma sp. w ithout an y  a tte m p t a t  
a  specific determ ination. One o f th e  
m ost com plete specimens (W 2675 from  
th e  m iddle s tra ta ) , th e  ap ical p a r t  
o f w hich is missing, has a petio le ex­
ta n t  in  a  leng th  of 1-1 cm, th ick ish , of 
a d iam e te r o f 1 •5 mm. The leaf is linear- 
lanceo late; i t  m ay have been 10 cm 
long orig inally ; i t  is 2-5 cm wide ab o u t 
th e  m iddle; it had  perhaps 18 o r 20 

p a irs  o f la te ra l veins; on  th e  ex tan t p a r t,  14 p a irs  a re  visible. M argin coarsely 
se rra te , w ith  tr ia n g u la r  te e th  stand ing  out.

A close re la tionsh ip  m ay  be supposed to  ex ist between th is species and  
C. serratifolia A ndrz., living in A ustra lia  to d ay .

Rosaceae
P iru s  sp. (Fig. 79)
L ea f ovoid-oblong, 5-2 cm long an d  3 cm  wide below th e  m iddle; petio le 

th in , b u t a  sh o rt frac tio n  only is e x ta n t; its  th inness suggests th a t  it  was 
fa irly  long originally. M idrib th in , well m arked ; p rim ary  la te ra l veins very  
th in , 6 on  th e  one side a n d  7 on th e  o ther; th e y  em erge a t  an  angle of ab o u t 
60° a n d  th e n  curve fo rw ard ; th e  upper ones ru n  for some length  parallel

F ig . 79. P iru s  sp ., m id d le  s t ra ta  
6680 M E
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to  th e  m argin of th e  leaf before anastom osing. The m argin is ap p a ren tly  
en tire  b u t, considering th e  coarseness of th e  em bedding rock, i t  m ay  ju s t 
as well have been finely serra te . The specim en bears th e  num ber 6680 an d  
comes from  th e  m iddle s tra ta . I t  is preserved  to g eth er w ith  th e  im p rin t of 
a  Symplocos leaf on a han d  specim en of rock.

Leguminosae

T he W ind B rickyard  flo ra has yielded so fa r 5 types of pods o f Legumi­
nosae m entioned in  the  lite ra tu re  under th e  collective nam e Leguminocarpon 
(Pálfa lvy  1951, A ndreánszky  1962). Of these, only tw o are re ferred  to  a 
real genus. Considering th a t  even these connections are very  loose a n d  give 
no reliable ind ication  e ither concerning th e  regional affinities or th e  ecology 
o f th e  respective species, I  have n o t en tered  th e  la tte r  in  Table II .

Combretaceae 

The genus Term inalia

Of th e  th ree  im prin ts grouped  here, one, No. 6436, orig inates from  th e  
lower, th e  second (No. 7229) from  th e  m iddle and  th e  th ird  (No. 2519) from  
th e  upper s tra ta .

Type I. (Fig. 80). L eaf No. 6436 is v e ry  narrow ; a t  th e  base, i t  seems 
to  tap e r very  g radually  in to  th e  petiole, b u t th e  base of th e  leaf is u n fo rtu n ­
a te ly  missing; i t  is b roadest near th e  apex, b u t even th e re  it  does n o t exceed 
2-4 cm, whereas its  com plem ent length  is 8 cm. The apex  is ap icu la te  an d  
culm inates in  a short, narrow  dripping p o in t. Midrib strong; 6 pa irs  o f la te ra l 
veins emerge a t  angles o f abou t 70 to  80°, th en  curve forw ard  a n d  ru n  up 
along th e  m argin. The ra th e r  sparse la te ra l venation, th e  narrow  shape and  
th e  drip tip  rem ind of T. calamansanay Rolfe, b u t our leaf is even narrow er 
th a n  th a t.

Type II. (Fig. 81). Im p rin t No. 7229 is com plete, narrow  obovoid, apex 
ap iculate; th e  base tap e rs  very  g radually  into th e  petiole; lam ina 7-5 cm 
long, 2-7 cm wide a t  th e  upper p a r t. This ty p e  also rem inds o f T . calaman­
sanay Rolfe, except for th e  absence o f th e  dripping po in t. I t  seems, then , 
to  be re la ted  ra th e r  to  T. nitens Presl, from  which it differs in  its  slightly  
denser venation  an d  in  th e  fac t th a t  its  base tap ers even m ore gradually  
in to  th e  petiole. T . nitens Presl is a species of th e  M alay A rchipelago.

Type II I . (Fig. 82). On leaf No. 2519, sm all p a r ts  of bo th  th e  apex and  
th e  base a re  missing. L am ina obovoid-lanceolate; originally  i t  was perhaps 
10 cm long an d  4-3 cm wide; it  g rad u ally  tapers in to  th e  petiole. V enation
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considerably denser th a n  on th e  previous leaves; th e re  a re  14 pairs of 
veins which follow, how ever, th e  p a tte rn  usual on Term inalia  leaves. A com ­
parison  w ith th e  fossil species shows th a t  th e  leaves ju s t described do not 
agree w ith T. radobojensis U ng., because th e y  are  sm aller and  narrow er

F ig . 80. T erm ina lia , ty p e  I . ,  lo w er s t r a ta  F ig . 81. T e rm in a lia , ty p e  I I .,  m id d le  
6436 M E  s t r a ta  7229 M E

a n d  th e ir  venation  is denser. T he la te ra l veins o f T . elegans H eer are sho rt, 
cam ptodrom e in an  arch , a n d  do no t ru n  up along th e  m argin o f th e  leaf. 
T he description does n o t m ention  th e  venation  o f T . fenzliana Ung., nor is 
i t  show n in th e  figure; we canno t, consequently , collate it  w ith th e  above 
ty p e . The venation  o f th e  liv ing species is w ider-spaced in general.

Myrtaceae

Callistemon  of. lanceolatus Sweet (Fig. 83)
A narrow -lanceolate, re la tiv e ly  sh o rt leaf (No. 6667) from  th e  middle 

s tra ta ,  o f very  h ard  consistency  an d  en tire  m argin, agrees well w ith th e
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characteristics o f th is  species. The la te ra l veins are in d is tin c tly  visible, 
owing to  the  hardness of th e  leaf; th e y  em erge a t  sharp  angles a n d  th e ir 
course is uncertain . T he blade is 4-6 cm long an d  1-3 cm wide a t  th e  m iddle.

A nother very  sim ilar leaf (No. 6754. Fig. 84) from  th e  m iddle s tra ta  is 
longer and  re la tive ly  narrow er, being 10 cm long and  T4 cm wide. T he lam ina

F ig. 82. T e rm in a lia , ty p e  I I I . ,  u p p e r  s t r a ta  F ig . 83. C allistem on  cf. lanceolatus
2512 M E  Sw eet, m id d le  s t r a ta  0667 ME

would agree w ith  th e  above-nam ed species, b u t it has a  petiole ex tan t in a 
length of 6 m m . Now, th e  leaves of th e  living species a re  decurren t b u t sessile. 
So our fossils e ith e r belong to  a different species of Callistemon  or to  a  differ­
en t genus o f th e  fam ily Myrtaceae. There are  num erous fossil Callistemon 
species, b u t th e y  have been described on th e  basis of a  v e ry  few charac­
teristics, so it  is fa irly  difficult to  d istinguish  them  by  relying on th e  de­
scriptions o r figures. On these hard  leaves, th e  la te ra l veins offer no point 
of support, e ither; th e  form of th e  lam ina is uniform ; consequently , th e  
determ ination  as to  species is highly uncertain .
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M  alpighiaceae
Banisteriaecarpum p a p ilio  A ndreánszky 1955, 43, Abb. 4.

A  nacardiaceae

Rhus succedanoides A ndreánszky , 1962, 229, Fig. 6.
R yu s  of. glabra L. (F ig. 85)

F ig . 84. Callistemon  sp ., m id d le  s t r a ta  F ig . 85. R h u s  cf. glabra L ,,
6754 M E  u p p e r  s t r a ta  6444 N R

Tw o fragm ents agree so m u ch  w ith  th e  leaflets of R. glabra L. th a t  a close 
re la tio n sh ip  seems certain . O ne o f  th e  leaflets is preserved  in  its  g rea ter 
p a r t ; th e  missing fractions a re  a  v e ry  sm all p a r t  of th e  base an d  th e  apical 
q u a r te r  o f  th e  leaflet (No. 6444). T he base is asym m etric  an d  th is  proves 
th a t  we rea lly  have a leaflet here. T he m argin is se rra te ; from  th is  poin t of 
view , to o , o u r specimens co m p le te ly  agree w ith th e  leafle t of R. glabra L.
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T he venation  shows th e  typ ical Rhus p a tte rn , w ith  th e  la tera l veins b ifu rc a t­
ing close to  th e ir end points an d  th e  branches anastom osing w ith  th e  b ranches 
o f th e  neighbouring veins. The venation  is c learly  visible on th e  fossil. The 
leafle t m ay have been 6 cm long and , near its  base, T 4 cm wide. T he o th er 
leafle t (No. 6445) is sm aller and  its p reserva tion  is less good.

In  view of th e  incom pleteness o f th e  above-described specim ens, I  do n o t 
in ten d  to  a tta c h  a  nam e to  th is fossil species. U nder th e  nam e Rhus cf. 
glabra L., a leaf ty p e  has already  been described from  th e  S arm atian  of 
H u n g a ry  (A ndreánszky 1959, 152); i t  does n o t, however, agree w ith  th e  
W ind  B rickyard  leaflet because its  la te ra l veins, although ram ify ing , 
m ostly  reach th e  m argin  w ithout anastom osing. On th e  living species, 
how ever, anastom osis is th e  rule ra th e r  th a n  th e  exception. As we have only  
a  single fragm en tary  leaflet from  th e  S arm atian , it is for th e  tim e  being 
im possible to  decide th e  point.

Meliaceae

Cedrela macrophylla A ndreánszky, 1955, 44, Abb. 5.

Sapindaceae

Dodonaea salicoides A ndreánszky in  Acta Bot. Acad. Sei. Hung. 5, 1959, 
13, Fig. 6, pl. II . 8. (Fig. 86)

T he occurrence o f th is  species in  th e  W ind  B rickyard  flo ra is a  fu r th e r  
connecting link tow ards the  flo ra o f K iseged Hill. F rom  th e  lower an d  
m iddle s tra ta  we have 4 im prints in all. O f these, sam ple No. W  2724 from  
th e  middle s tra ta  is well-developed, 12 cm long, 2-5 cm wide, w ith  15 pairs 
o f la tera l veins. I t  agrees in every  respect w ith  th e  description, as well as 
w ith  th e  features, of th e  living species to  which it is referred (D. viscosa L . 
o f C entral Am erica an d  D. salicifolia DC. o f New Guinea).

In  the  W ind B rickyard  flora, an d  m ore particu la rly  in  all its  groups of 
s tra ta , th e  fam ily Sapindaceae p lays an  im p o rtan t role, a lth o u g h  none 
o f th e  leaf types belonging to  it  is exceedingly abundan t. The m onographic 
tre a tm e n t of th e  fam ily  is under way, b u t has no t yet progressed to  a s tage 
which would ju stify  a  detailed discussion here.

Aceraceae

Acer hungaricum  A ndreánszky, in  Annál. Inst. Geol. Publ. Hung. 44, 
1. 1955, 81, 200, tab . X X II. 1, 2.

Acer trilobatum  (S trnb). A. Br. — P álfa lvy , 1951, 71, tab . II , 1, 5/b
Acer agriense A ndreánszky, 1961, 230, F ig. 7, pi. III . 3.
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Elaeocarpaceae

Elaeocarpus palaeolanceolatus K ólák, in  T rud . Suchum sk. Bot. Sad, 10, 
1957, 257, tab . X X II . 2. (Fig. 87)

T he presence o f th is  species is p roved  b y  a  well-preserved im p rin t from  
th e  m iddle s tra ta  (No. 6692). As to  form , m arg in  an d  venation, th e  leaf

F ig . 86. Dodonaea sa lico ides  A n d reánszky , F ig . 87. E laeocarpus palaeolanceo-
m idd le  s t r a ta  62 .667 M E  la tu s  K o la k . u p p e r  s t r a ta  11431 N R

agrees com pletely b o th  w ith  th e  figure g iven b y  K olakovsky an d  w ith  
liv ing  E. lanceolatus Bl. This increases b y  one th e  num ber of species w hich 
th r iv e d  in  th e  Oligocene in  H ungary  an d  p ers is ted  u p  to  th e  Pliocene so u th  
o f  th e  Caucasus.

Elaeocarpus europaeus E t t .  Foss. FI. v. B ilin, I I I .  17, tab . X L IH , F ig. 
6 10. (Fig. 88)
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T he leaf, com plete w ith  coun ter-im prin t, is fairly  well preserved. I t  
comes from  th e  lower s tra ta .  B lade elliptic, tap erin g  equally  a t  b o th  ends, 
base acu te , apex  obtuse, m arg in  crenate. P etio le  missing, b lade 7-3 cm long 
an d  3-7 cm wide a t  th e  m iddle; th e  lower p rim ary  la te ra l veins arise  a t

F ig . 88. E laeocarpus europaeus  E t t . ,  F ig . 89. R h a m n u s  cf. p u rsh ia n a  D C., u p p e r 
low er s t r a ta  6914 M E  s t r a ta  W  1150 M E

sharp  angles (45 to  50°), th e  upper ones a t  m ore obtuse angles. T here a re  7 
p rim ary  la te ra l veins on  each side, some of th em  sh o rte r an d  th in n e r th a n  
th e  rest. The leaf agrees w ith  th a t  of th e  living species E . cum ingii Turcz., 
to  which i t  is usual to  re la te  th e  fossil species. O ther E laeocarpus species, 
however, m ay also e n te r  into consideration, e.g. E . lanceaefolius R oxb. 
A palaeotropical a ffin ity  is in an y  case doubtless.

Rhamnaceae

In  th e  following I  shall endeavour to  give a  concise rep o rt on all leaf 
types o f th e  genus R ham nus, encountered so fa r in  th e  W ind B rickyard  s tra ta . 

Rham nus cf. pu rsh ian a  DC. (Fig. 89)
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L ength  of th e  le a f 7-8 cm, b read th  4-3 cm; elliptic, base rounded , very 
sligh tly  cordate; pe tio le  p robab ly  short, apex  sh o rtly  acum inate. L ea f com ­
p lete  and  well p reserved , fine venation  clearly  visible. M argin alm ost entire, 
w ith  some very  t in y  te e th  here and  th e re . The num erous subparallel p rim ­
a ry  la tera l veins (13 p a irs ) a re  gently  curved, m ostly  sim ple; m ore seldom, 
th e y  send off a sh o rt la te ra l vein righ t below th e ir  end point. A rching 
backw ards, th e y  an asto m o se  quite close to  th e  m arg in  o f th e  leaf; near 
th e  base th ey  arise  p ra c tic a lly  a t  righ t angles, b u t tow ards th e  apex  th e  
angles are g rad u ally  dim inishing. The te r t ia ry  veins a re  parallel an d  dense.

M any living Rham nus species have sim ilar leaves, e.g. R. fallax, R. lati­
folia etc., b u t a  com parison  w ith  herbarium  sam ples revealed  our leaves to  be 
m ost closely re la ted  to  th o se  o f R. purshiana  DC, a  tre e  or ta ll sh rub  living in 
P acific N orth  A m erica, m o stly  in th e  sh rub  level o f coniferous forests. The 
sh ru b  level in  question  is ex trem ely  rich in  species, som e of them  evergreen.

The sam ple described  here is preserved in  th e  collection of th e  Museum 
o f E ger under No. W  1150.

As the  shrub in q uestion  is no t a trop ica l, b u t a t  m ost a sub trop ical 
ty p e , our fossil species could  no t have been m acrotherm ic, e ither. I t  is 
rem arkab le th a t  a lth o u g h  m icrotherm ic species generally  ten d  to  abound  
in  th e  W ind B rick y ard  flo ra , th ere  is only  one leaf which belongs beyond 
d o u b t to  th is species; th is  is th e  case also w ith  th e  sim ilarly  m icrotherm ic 
Cornus büchii H eer.

T he specimen com es fro m  th e  upper flora.

Rhamnus deletus H eer, F l. té r t .  Helv. III . 1859, t. C X X III. 19 — 23. (Fig. 90)
Two leaves from  th e  u p p e r s tra ta  of th e  W ind  B rick y ard  agree precisely 

w ith  H eer’s descrip tion  a n d  w ith his F igures 20 an d  21. The re st o f his 
figures, m atching n e ith e r th e  features o f our leaves nor th e  above-m entioned 
tw o  figures of his, do n o t represen t th e  sam e species. Our leaves a re  4 cm 
long, 2-2 cm wide, s lig h tly  cordate , m argin en tire  in  th e  lower p a r t,  se rra te  
w ith  a  few sm all o b tu se  te e th  in  th e  upper p a r t.  T here a re  8 or 9 pairs o f 
la te ra l veins, m arked ly  cu rved , some of th em  dividing n ea r th e  m argin o f th e  
leaf. T he te r tia ry  veins cross th e  p rim ary  la te ra l veins, as was a lready  n o ted  
b y  H eer, who re la ted  his species to  R. confluens Boiss. from  K u rd is tan . 
One o f our leaves is reg is te red  a t  th e  In s ti tu te  o f Taxonom ical B o tan y  (No. 
4154) and  th e  o ther a t  th e  M useum  of E ger (No. 6293).

Rhamnus cf. deletus H ee r (Fig. 91)
Sm all, elliptic-ovoid le a f (No. W 1715 in  th e  M useum  o f Eger) th e  base 

o f  w hich is obtuse a n d  g e n tly  em arginate. T he apex , missing, was p robab ly  
acu te . M argin o f th e  le a f fine ly  incised, w ith ob tuse  te e th . There a re  8 pairs
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o f la te ra l veins, th e  lower ones arising a t  an  angle o f 60°, th e  u p p er ones 
a t  angles of 45 to  50°; th e y  are  n o t quite parallel an d  no t q u ite  regular 
inasm uch  as on bo th  sides th e re  is a  sh o rt la te ra l vein no t reaching th e  m argin 
betw een  each p a ir of longer veins (the sho rt veins are included in  th e  8 pairs). 
T he lower veins a re  m arkedly  curved, th e  u p p er ones ap p ro x im ate ly  s tra ig h t, 
bending  ab ru p tly  forw ard  before reaching th e  m argin o f th e  leaf an d

anastom osing. This is fa irly  unusual, because th e  la te ra l veins o f th e  Rham­
nus species generally  te n d  to  form  ro u n d  loops ra th e r  th a n  a b ru p t angles 
n ea r th e  m argin. I t  is in  th is  po in t th a t  our leaf differs from  R. deletus 
H eer which is otherw ise highly sim ilar in  general outline, size and  form 
o f th e  base; a fu rth e r difference consists in  th a t  on H eer’s species th e  la tera l 
veins arise a t  a sharper angle an d  are less curved. Insufficiency o f th e  m a­
te ria l in han d  forbids, however, to  estab lish  a  species d istinc t from  R. deletus 
Heer.

Rhamnus marthae H eer, in F öldt.Int. É vk .2 . 1872,33, t. V. 2 - 3 , t .V I .3  —5.
This species has a lread y  been reported  from  th e  W ind B rick y ard  m aterial 

(Pálfalvy 1951, 74, t .  II . 6). The fossils from  E ger agree w ith  b o th  H eer’s 
an d  S tau b ’s descrip tion a n d  figures. N otw ithstand ing , th e  question  w hether 
th is  fossil species can  be d istinguished from  R. gaudini H eer is still open.

F ig . 90. R h a m n u s dele tus  H eer, 
u p p e r  s t r a ta  4514 N R

F ig . 91. R h a m n u s  of. deletus  H eer, 
u p p e r s t r a ta  W  1715/a M E
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Rham nus an gustifron s A ndreánszky, 1962, 233, F ig. 9.
Rham nus sp. I. (F ig . 92)
This w ell-preserved frag m en t o f a  leaf shows th e  B erchem ia-type vena­

tio n  typ ical of m an y  R ham n u s species, a lthough  th e  fine veins are som ew hat 
w ider-spaced. T he fossil orig inating  from  th e  u p p er group o f s tra ta  bears 
th e  num ber W 178. I t s  incom plete  preservation  does n o t ju stify  its descrip­

tio n  as a  new species; on th e  o th er hand , 
it  does n o t resem ble a n y  o f th e  species 
a lready  estab lished  so m uch as to  w ar­
ra n t an  iden tification . As regards living 
species, i t  agrees w ith  R . prin o ides  
L ’H érit. in  th e  spiny, se rra te  m arg in  of 
th e  leaf, b u t differs from  it considerably  
in  its  finer vena tion . The leaf is 2 '5 cm 
wide an d  5 or 6 cm  long, elliptical; base 
an d  apex  are m issing. T he reconstruction  
of th e  apex  is n o t possible, b u t th e  base  
was presum ably  acu te  as in  R . p rin o ides  
L ’H érit. The s tro n g ly  m arked  m arg in  
suggests i t  to  h av e  been an  evergreen 
p lan t. There a re  7 or 8 pairs of p rim ary  
la te ra l veins, arising  a t  a re la tively  large 
angle (about 70° for th e  lower veins, 
60° for th e  u p p er ones). The veins ben d  
forw ard in  a ra th e r  sh arp  curve, runn ing  
along th e  m arg in  for som e distance a n d  

issu ing  sho rt branches in to  th e  tee th , and  finally  tap e rin g  off. The fine v en a ­
t io n  is perpendicular to  th e  m idrib in  th e  m iddle o f th e  blade; fa r th e r  
o u t, n ea r th e  m argin  o f  th e  leaf, it curves dow nw ard. I t  connects th e  
la te ra l  veins in a som ew hat u n du la ting  p a tte rn  of sub-parallel tra jecto ries.

Berchem ia cuneata A ndreánszky , 1962, 232, F ig. 8.
Z izyp h u s zizyphoides (U ng.) W ld.
T he upper s tra ta  of th e  W in d  B rickyard  have yielded th ree  im prin ts which 

agree qu ite  well w ith  th e  specim ens known from  th e  Low er Oligocene o f 
H u n g a ry  (Region o f B u d a , K iseged Hill). On sam ple No. 12502 th e  th in  
petio le , 13 mm long, is also  ex tan t.

F ro m  th e  lower an d  m id d le  s tra ta  we possess in  all 5 im prin ts o f Z izyph us  
leaves which agree q u ite  well am ong each o th er b u t differ slightly  from  
th e  rem ains found in  th e  u p p e r s tra ta , as well as from  th e  o ther know n 
leaves o f Z. zizyphoides (U ng.) W ld. The leaves a re  la rger and , in particu la r,

F ig . 92. R ham nus  sp . I ,  u p p e r  
s t r a ta  W  178 M E
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wider. On specim en No. 3096, from th e  lower s t r a ta ,  th e  petiole is missing, 
th e  base dam aged, b u t  th e  apex com plete. B lade slightly  asym m etrical, 
rhom boido-elliptic, tap e rin g  tow ards b o th  ends a t  a nearly  equal ra te , 
apex running in to  a  sh o rt dripping p o in t; leng th  9-2 cm, g reatest b re ad th  
4 cm; m argin ra th e r  regu larly  bu t superficially  serra te . I t  shows a  m arked  
sim ilarity  to  th e  leaves o f Z. paradisiacus (U ng.), b u t is larger th a n  those 
an d  more regu larly  serra te .

Size and  shape o f th e  leaves seem to  ind ica te  a  m esophytic tree  or sh rub ; 
th ey  do not reveal th e  sam e degree of d rough t-resistance as th e  leaves found 
in th e  Lower Oligocene o f Kiseged H ill. T he o th e r four leaves a re  even 
broader th a n  th e  one ju s t described.

On account o f th e  overall sim ilarity  o f th e  Z izyp h u s  leaves, coupled w ith  
a substan tia l v a r ia b ility  o f the  leaf form  w ith in  one an d  th e  sam e species, 
it  is impossible to  sep a ra te  our leaves from  Z. zizyph oides (Ung.) W ld. Still, 
th e  fact th a t  th e  leaves coming from  th e  low er an d  m iddle s tra ta  agree 
am ong each o th e r b u t differ from those y ielded  b y  th e  upper s tra ta  sug­
gests an  independen t ta x o n  which I  propose to  nam e for th e  tim e being Z. 
cf. zizyphoides (U ng.) W ld. (Fig. 93).

V i/aceae

Tetrastigm ophyllum  hungaricum  Á ndreánszky, 1955, 47, Taf. Ш. 14. Abb. 6

Apocynaceae

A pocynophyllum  sp. I. cf. A lston ia  m acrophylla  Wall.
We possess th e  im p rin t and  co u n terim p rin t (Nos. 6485, 6488) o f a leaf 

fragm ent from  th e  m iddle s tra ta  w ith  th e  m iddle an d  upper p a r ts  e x ta n t 
an d  th e  apex  m issing. The length  canno t be established; th e  m axim um  
b read th  is 5-2 cm. The leaf was b road ly  oblanceolate, its m argin entire . 
The p rim ary  la te ra l veins are spaced  a t  in te rv a ls  o f 1 cm, b u t betw een 
them  th ere  a re  sh o rte r  veins which do n o t reach  th e  m argin o f th e  leaf. 
The venation  fu lly  agrees with th a t  observed  on herbarium  sam ples o f th e  
species.

A pocynophyllum  sp. II. (Fig. 94)
A very  large leaf, length 29 cm, b re ad th  sligh tly  above th e  m iddle 6-4 cm, 

oblanceolate, sclerophyllous. I t  is d ecu rren t for a  considerable length , 
tapering  m ore a b ru p tly  a t  the  apex, which is acu te  with th e  po in t rounded  
off. M idrib v ery  strong ; lateral veins, th in n e r  th a n  those o f th e  aforem en­
tioned species, arise  a t  a more acu te  angle (60 to  70°, ra th e r th a n  alm ost 
90°, as on th e  o th e r species); closer-spaced, th e  veins firs t ru n  s tra ig h t,
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th en , curving forw ard, tu rn  cam ptodrom e. W hile th e  ty p e  o f Apocynophyl- 
lum  I  agrees well w ith  A lstonia macrophylla W all., th is one differs from  it  
in  th e  features enum erated .

Symplocaceae 

T he genus Symplocos

I n  th e  lower s tra ta  no Symplocos fossil has been found u n til now. This 
does no t, of course, m ean  th a t  th is  genus did  n o t yet live in  H u n g a ry  a t

F ig . 93. Z izyp h u s  cf. zizypho ides  (U ng.) F ig . 94. A pocynophyllum  sp . I I ,  u p p e r  
W ld ., low er s t r a ta  3096 M E  s t r a ta  1560/a N R
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th a t  tim e, because even th e  Low er Oligocene flora of K iseged H ill has 
yielded some sporadic leaves o f Symplocos. F ro m  the  middle s t r a ta  we have 
som e specim ens which m ay be d ivided into tw o  types, to  be described  in  th e  
following. B o th  ty p es are  know n to  occur in  th e  upper s tra ta , too , to g e th er

F ig . 95. Sym plocos  cf. phanerophlebia  M err, u pper s t r a ta  2297 N R

w ith several o th er species, som e o f which were enorm ously ab u n d a n t. These 
species have not, however, been system atica lly  trea ted  so far.

Symplocos cf. phanerophlebia Merr. (Fig. 95)
O blong-lanceolate leaves, w ith  sparse p rim ary  lateral veins w hich — afte r 

em erging a t  a  ra th e r  large angle — curve forw ard and  ru n  u p  a t  a  certain  
d istance from  th e  m argin o f th e  leaf, anastom osing w ith  th e  vein  above. 
M argin finely serra te  o r p rac tica lly  en tire .
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Symptoms cf. rtibiginosa  W all. (Fig. 96)

B roader, e llip tical leaves of acute apex ; m arg in  entire, with a  denser 
v en a tio n  running u p  to  th e  m argin of th e  le a f a n d  curving forw ard there ,

F ig . 96. Sym plocos cf. ru b ig in o m  W all., m iddle 
s t r a ta  3229 M B

F ig . 97. Cornus büchii H e e r , 
u p p e r  s t r a ta  12152 N R

th e n , a f te r  a sho rt d is tan ce  anastom osing in  sm all arches with the  vein  
above . The finer v en a tio n  is parallel and  p rac tica lly  perpendicular to  th e  
m id rib . B lade 11 to  12 cm  long an d  5 cm wide; p e tio le  12 mm long.
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Sym plocicarpum  sp.

W e possess a single fossil fru it belonging to  th is  genus; th e  peduncle 
is e x ta n t in a length  o f 4 mm. The fru it itse lf is roundish-oval, 7 mm long 
an d  6 m m  wide, p o in ted  a t  the  apex. I t  was found  in  th e  u pper s tra ta  an d  
is reg istered  under N o. 2563.

Cornaceae

Cornus büchii H eer, F l. té rt. Helv. III . 1859, 26, t. СУ. 6 9. (Fig. 97)
This is a sm all leaf, alm ost com plete; len g th  4-5 cm, b read th  2-3 cm; 

elliptic-lanceolate, b ase  rounded, apex  g rad u ally  tapering , acu te . M argin 
rep an d ; on the  one side th ere  are  6, on th e  o th er, 7 pairs of la te ra l veins 
arising  a t  angles m ark ed ly  decreasing to w ard s th e  apex; th is is highly 
characteristic  of th e  Cornus species. T e rtia ry  venation  dense an d  parallel. 
T he description g iv en  b y  H eer is m ost laconic, th e  published draw ings do 
n o t show th e  finer v en a tio n  a t  all. H eer rep o rted  th e  species from  Oeningen, 
th a t  is, from considerab ly  younger s tra ta . S ince th en  it  was rep o rted  from  
fa raw ay  sites of m u ch  older age (e.g. th e  E ocene flora of A laska a n d  quite 
recen tly  the  sim ilarly  Eocene M orm on Creek flo ra  from  the  S ta te  o f Mon­
ta n a  [(H. Becker 1960, 118, pi. 25., Figs 2 5, pi. 34, Figs 8 11]). T he figures
agree fairly  well w ith  our leaf. On th e  draw ing given b y  Becker th e  te r t ia ry  
ven a tio n  is also show n; it also resem bles th a t  of our specimen. T he dif­
ference consists a t  m ost in th a t, on  all these draw ings, th e  num ber o f la tera l 
veins is som ew hat sm aller, b u t th is  canno t be precisely established owing 
to  th e  incom pleteness o f the  leaves. The flo ras of A laska an d  M ontana p re­
sum ably  th riv ed  u n d e r a re la tively  cool clim ate; th e  m ajo rity  o f th e  species 
shows an  ecology corresponding to  th a t  of o u r T urgayan  elem ent, com parable 
w ith  th a t  of th e  f lo ra  o f Oeningen, b u t no t w ith  th a t  o f th e  W ind B rickyard  
flo ra . (We have seen it  already  in  several cases th a t  our flora is rich in 
elem ents of m o d era te  heat requirem ents.) O ur leaf comes from  th e  upper 
s tra ta  and  is reg is te red  under No. 12152 in  th e  collection of th e  In s titu te  
o f Taxonom ical B o tany .

Ericaceae

Arbutus praeunedo  A ndreánszky, 1962, 235, fig. 10.

Clethraceae

Clethra cf. barbinervis Sieb, e t Zucc. (Fig. 98)
Lanceolate leaf, g radually  tap erin g  a t  th e  a p e x ; acu m in a te ; base unknow n, 

i t  m ay have b een  10 to  12 cm long a n d  3-6 cm wide; m argin serra te  with
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p o in ted  teeth . O rig inally  th e re  were p ro b ab ly  13 or 14 pairs of la te ra l veins. 
On th e  one side, 10 veins a re  visible, arising a t  an  angle o f 45°, g en tly  arched  
a n d  ramifying near th e  m arg in  of th e  leaf. T he th in  veins form ed in  th is  way 
a re  seen to  anastom ose. I n  th is  respect o u r leaf differs m ark ed ly  from

G. helvetica Heer (FI. té r t .  H e lv . H I. 1859, 9, t . C lf. 36), th e  p rim ary  la te ra l 
veins o f  which anastom ose in  w ide loops before reaching th e  m argin  o f th e  
leaf. O n th e  o ther hand, i t  ag rees well w ith th e  leaves o f living C. barbinervis 
Sieb, e t  Zucc., although it  is som ew hat narrow er th a n  th e  un ique specim en
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k ep t in th e  H erbarium  of th e  H u n g arian  N ational Museum. Besides, on the  
fossil leaf, th e  serration  is less reg u la r an d  th e  tee th  are less acu te . The 
species is deciduous.

M A N O C O T Y L E D O N E A E

P alm ae

T u zson ia  hungarica Andreánszky, 1949b, 31, Figs 1—3, Taf. I —III .
Phoenicites legányii Andreánszky, 1955, 48, Taf. III. 15.
Phoenicites sp. — Andreánszky, 1955, 49, Taf. III . 16, 17.

Sm ilacaceae

S m ilax  grandifolia  (Ung.) H eer
V ery ra re  in  th e  W ind B rickyard  flo ra.
S m ilax  cf. china L. (Fig. 99)
There is a  single im prin t of a th ree -v e in ed  leaf, oval, rounded  a t  th e  base; 

in  ad d itio n  to  th e  th ree principal veins, a  th in  m arginal vein  is co n stitu ted  
b y  th e  la te ra l branches of each o f th e  tw o outside veins, th ese  m arginal 
veins ru n n in g  up  as far as 2/3 of th e  len g th  of th e  leaf. B lade 5-5 cm long and, 
a t  th e  m iddle, 3-4 cm wide; m argin en tire . I t  resembles S. hyperhorea Ung., 
b u t th e  age difference is considerable.

*

The an n ex ed  Table shows th e  species reported  un til now  w ith  th e ir 
nearest re la tions and  foliage ty p es, ind icating  th e  associations in  which 
th e y  th riv ed . The num erous gaps illu s tra te  th e  difficulties we a re  confronted 
with.
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Group _
of strata Species Living equivalent

U  Equisetum braunii Ung. Equisetum  sp.
U  Equisetum  cf. m axim um  L. E . maxim um  L.
U  Trichomanes radicans L . T . radicans L.

U  Osmund a lignitum  Gieb. 0 . japonica
U  Osmunda parschlugiana (Ung.) A ndreánszky О. regalis L.

U  Blechnum braunii E t t .  B . brasiliense Desv.
L  Asplenium  egedense A ndreánszky ?
U  Lastraea cf. oeningensis (A. Br.) Heer D ry opteris vivipara (Raddi)

C. Chr.
U  P inus taedaeformis (Ung.) H eer P . taeda L.
M U  P inus palaeostrobus E t t .  P . strobus L.

L  Sequoia langsdor/ii (Brgt.) H eer S . sempervirens (Lamb.) E ndl.
LM U  Sequoia couttsiae H eer ?

U  Callitrites brongniarti E ndl. Tetraelinis articulata Mast.
U  Magnolia cf. grandi flor a  L. M . grandiflora L.

M Magnolia cf. acum inata  L. M , acuminata L.

M Magnolia cf. dealbata Sieb, e t Zucc. M . dealbata Sieb, e t Zucc.
L j Magnolia cf. punduana  W all. M . punduana  Wall.
U  j Talauma egerensis A ndreánszky T . pubescens Merr.
M U I Sassafras lobata Sap. S . albida (Nutt.) Nees

U  Litsea euryphylla A ndreánszky L. latifolia Bl.

LM Litsea  cf. terza (L.) Merr. L. terza Merr.
LM Litsea  cf. laeta (Wall.) B enth . e t Hook. f. L . laeta (Wall.) Benth. e t

H ook f.
L  Litsea cf. lancifolia (R oxb.) B enth. e t Hook. f. L . lancifolia (Roxb.) B enth.

e t Hook. f.
L  Neolitsea cf. intermedia M err. N . intermedia Merr.
M Laurus primigenia Ung. Ocoteawrightii (Meissn.) Mez

LM Persea cf. indica (L.) Spreng. P . indica  (L.) Spreng.
LM Oreodaphne cf. foetens (Ait.) Nees O. foetens (Ait.) Nees

LM U Cinnamomum lanceolatum  (Ung.) Heer C. pedunculatum  Nees
LM U  Cinnamomum scheuchzeri H eer C. pedunculatum  Nees

U  Lomatites aquensis S ap . Lom atia longifolia R . B r.

U  A ln u s  oligocaenica A ndreánszky ?
MIT A ln u s  cf. nepalensis Don A . nepalensis Don
M A ln u s  cf. sporadum  U ng. var. phocaeensis Sap. A . subcordata C. A. Mey.
U  A ln u s  sp. ?
M U Carpinus grandis U ng. C. japonica  Bl.

LM Castanopsis callicomaefolia A ndreánszky Castanopsis indica L.
L  Castanopsis furcinervis (Rossm.) K r. e t Wld. Castanopsis sp.
U  Castanopsis sp. I. Castanopsis sp.
LM Lithocarpus debilinervis A ndr. e t  Kov. Lithocarpus sp.
M Lithocarpus sp. I. L . leiostachya A. Camus

T A B L E  I I .  L is t  o f the sp e c ie s  h ith e r to
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Distribution of the living
equivalent Life form Vegetation type

cosm opolitan rhizome helophyte Vegetation Type river-bank
northern  circumpolar rhizome helophyte tem perate riparian forest
wide-spread under saxicolous fern tem perate riparian forest

oceanic climate laurineous forest
Pacific Asia terricolous fern Cedrela-Symplocos forest
cosm opolitan cryptogam ous helophyte Myrica swamp

?tropical South America terricolous fern Cedrela-Symplocos forest
‘/tropics saxicolous fern Castanopsis-Lauraceae forest
‘/tropical South America terricolous fern Cedrela-Symplocos forest
subtropical A tlantic needle-leaved ta ll Conifer laurineous forest

N orth  America
tem perate  N orth America needle-leaved ta ll Conifer laurineous forest

California needle-leaved gian t Conifer Castanopsis-Lauraceae forest
? scale-leaved g ian t Conifer in various associations

south-w estern Mediterr. scale-leaved ta ll shrub palm  savannah
subtropical A tlantic laurineous evergreen laurineous forest

N orth  America
A tlantic North America deciduous tree laurineous forest

Jap an  deciduous tree  laurineous forest
tropical Asia tropical evergreen tree Castanopsis-Lauraceae forest
tropical Asia ta ll tropical evergreen Cedrela-Symplocos forest
A tlantic North America ta ll deciduous tree laurineous forest
China
tropical Asia laurineous ta ll shrub laurineous forest

Malaysia laurineous tree laurineous forest
tropical Asia laurineous tree Castanopsis-Lauraceae forest

tropical Asia laurineous tree Castanopsis-Lauraceae forest

Malaysia laurineous tree  Castanopsis-Lauraceae forest
Central America laurineous tree  Castanopsis-Lauraceae forest

Macaronesia laurineous tree  Castanopsis-Lauraceae forest
Macaronesia laurineous tree  Castanopsis-Lauraceae forest
Southern Japan  laurineous tree laurineous forest
Southern Japan  laurineous tree  laurineous forest
A ustralia southern type hard-leaved shrub palm  savannah

? deciduous shrub tem perate riparian forest
H im alaya deciduous ta ll shrub stream -bank grove forest
?E astern  M editerranean deciduous sm all tree stream -bank grove forest

? /deciduous tree stream -bank grove forest
Jap an  deciduous tree  Castanopsis-Lauraceae forest

Southeastern Asia laurineous tree Castanopsis-Lauraceae forest
Southeastern Asia laurineous tree Castanopsis-Lauraceae forest
Southeastern Asia laurineous tree laurel forest
Southeastern Asia laurineous tree Castanopsis-Lauraceae forest
Southeastern Asia laurineous tree Castanopsis-Lauraceae forest

k n o w n  fro m  the W in d  B r ic k y a r d  f lo ra
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T A B L E  II .

Group _ T . . . . .of strata Species Living equivalent

LM I Lithocarpus colchica Kolak. L. pseudomolucca R ehd.
U  I Lithocarpus sp. I I .  L. falconeri (Kurz) Rehd.
M Quercus tenuipetiolata  Andreánszky Q. augustini Skan
LM í Quercus legányii A ndr. e t Kov. ?
L  Quercus agriensis Andreánszky Q. crassilamellata A. Camus
M Quercus tenerrima W eb. Q. chrysolepis Liebm.
LM Quercus palaeofournieri Andr. e t Kov. Q. fournieri Trel.
U  Quercus salicina  Sap. Q. mexicana H um b. e t  Bonpl.
U  I Quercus cf. bourgaei Oerst. Q. bourgaei Oerst.
LM 1 Quercus gigantum  E t t .  Q. pagodaefolia (Asbe) E lliott

LM Quercus crassipetiolata Andr. e t Kov. ?
U  Engelhardtia brongniarti Sap. Engelhardtia sp.

LM U  Pterocarya denticulata  (O. Web.) H eer P . fraxinifolia  (Lam.) Spach
LM U i Juglans cf. regia L. J . regia L.

M i Juglans cf. cinerea L . J . cinerea L.
U  i Gary a falcata A ndreánszky C. olivaeformis N u tt.

U  Myrica (Comptonia) acutiloba Brgt. Comptonia asplenifolia (L.)
Spreng.

U  1 Myrica (Comptonia) grandis Andreánszky ?
U  j Myrica onocleaefolia Andreánszky ?

LM U  i Myrica longifolia U ng. ?
U  j M yrica  cf. aethiopica L. ! M . aethiopica L.
M U Myrica lignitum  (Ung.) Sap. i ?
U  Myrica vindobonensis (E tt.) Heer ?
U  Myrica cf. longifolia Teysm. e t Binn. M . longifolia Teysm. e t Binn.

M U Myrica angustissim a  W at. ?
U  ! Myrica macrodonta Andreánszky ?
U  Myrica cf. javanica  Bl. M . javanica  Bl.

U  Myrica matheronii Sap. ?
U  Myrica hakeaefolia (Ung.) Sap. ?
LM Salix lavateri H eer S . russeliana Sm.
LM Salix arcinervia O. W eb. Sa lix  sp.
LM  j Salix varians Goepp. S . fragilis L.
U  i Ulmus sp. Type I .  U. americana L.
U  I Ulmus sp. Type I I .  ?
U  i Ulmus sp. type  I I I .  ?
U  Ulmus sp. Type IV . ?
M U t Ulmus sp. T ype V. U. levis Pali.
LM I Ficus latsonoides A ndreánszky F. latsoni Elm .
LM j Ficus adhatodaeformis Andr. e t Nov. F. adhatodaefolia Schott
L  ] Ficus agriensis A ndreánszky ?
U  I Diospyros brachysepala A. Br. D. lotus L.
LM j Diospyros cf. atra M err. D. atra Merr.
U  Styrax cf. japonica  Sieb, e t  Zucc. S . Japonica Sieb, e t Zucc.I

I
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(  c o n t in u e d )

Distribution of the living . |
equivalent Life form \  egetation type

Southeastern Asia laurineous tree  Castanopsis-Lauraceae forest
Southeastern Asia laurineous tree  laurineous forest
Southeastern Asia laurineous or hard-leaved tree  dry scrub forest

? laurineous tree  or shrub Castanopsis-Lauraceae forest
Southeastern Asia laurineous or hard-leaved tree  dry scrub forest
Pacific N orth  America hard-leaved shrub  dry scrub forest
Mexico hard-leaved tree  dry scrub forest
Southern N orth  America deciduous tree  Cedrela-Symplocos forest
Mexico deciduous tree  or shrub Cedrela-Symplocos forest
warmer A tlantic N orth  ta ll deciduous tree  Castanopsis-Lauraceae forest

America
? deciduous tree  Castanopsis-Lauraceae forest

subtropical South Asia deciduous tree  of tropical tem perate riparian  forest
m ountains

N ear E ast deciduous tree  tem perate riparian  forest
S. Europe, N ear E ast deciduous tree  tem perate riparian  forest
A tlantic N orth  America deciduous tree  Castanopsis-Lauraceae forest
tem perate and subtropical deciduous g ian t tree  tem perate riparian  forest

N orth  America
A tlantic N orth  America deciduous shrub  palm savannah

? ? ?
? ? ?
? ' ? ?

tropical Africa j hard-leaved shrub  palm savannah
? hard-leaved shrub Myrica swamp
? I shrub ?

E ast Indonesian Archipel- laurineous ta ll shrub laurineous forest
ago

? ? ?
? ? ?

E ast Indonesian Archipel- laurineous ta ll shrub laurineous forest
ago

? ? ?
? ? ?

Europe deciduous tree  or shrub tem perate riparian  forest
? deciduous tree  or shrub tem perate riparian  forest

Europe deciduous tree  or shrub tem perate riparian  forest
A tlantic N orth  America deciduous g ian t tree  Cedrela-Symplocos forest

? deciduous tree  Cedrela-Symplocos forest
? deciduous tree  Cedrela-Symplocos forest
? deciduous tree  Cedrela-Symplocos forest

E urasia deciduous tree  Cedrela-Symplocos forest
Malaysia tropical evergreen tree gallery forest
tropical Asia tropical evergreen liana gallery forest

? tropical evergreen gallery forest
S. Europe, Asia deciduous tree  Cedrela-Symplocos forest
M alaysia tropical evergreen gallery forest
Jap an  deciduous tree  or shrub Cedrela-Symplocos forest
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T A B L E  I I

of^strata Species Living equivalent

LM I Cunonia oligocaenica Andr. e t Nov. ! C. capensis L.
LM Calli coma sp. C. serratijolia Andrz.

------------ ------------------------------------------------------------- T.-----------------------------------M Pirus sp. P irus  sp.

L j Terminalia sp. T ype I . T . calamansanay Bl.

M I Terminalia sp. T ype I I .  I T . nitens Presl
!

U  ! Terminalia sp. T ype I I I .  j  ?

M I Callistemon cf. lanceolatus Sweet I C. lanceolatus Sweet
U  Banisteriaecarpum papilio  Andreánszky Malpighiaceae sp.
U  J Rhus succedanoides Andreánszky j  R . succedanea Sieb, e t Zucc.
U  j Rhus cf. glabra L . | R . glabra L.
U  I Gedrela macrophylla Andreánszky ?Cedrela saxatilis R oxb.
LM j Dodonaea salicoides Andreánszky D. viscosa L.

I D. salicifolia DC.
U  j Acer hungaricum  A ndreánszky A . pennsylvanicum  L.
U  j  Acer trilobatum  (S trnbg.) A. Br. i A . rubrum  L.
U  i Acer agriense A ndreánszky | ?
MU i Elaeocarpus palaeolanceolatus Kolak. i E . lanceolatus Bl.
L  I Elaeocarpus europaeus E tt .  E . cumingii Turcz.
U  Rhamnus cf. purshiana  DC. R> purshiana DC.
U  Rhamnus deletus H eer R . confluens Boiss.
U  Rhamnus cf. deletus H eer ?
U  j Rhamnus warthae H eer | R . grandifolia Fisch, e t Mey.
U  , Rhamnus angustifrons Andreánszky R • prinoides L’H érit.
U  I Rhamnus sp. I. I ?
L 1 Berchemia cuneata Andreánszky 1 В . volubilis DC.

U  Zizyphus zizyphoides (Ung.) Wld. 1 Zizyphus spp.

LM Zizyphus cf. zizyphoides (Ung.) Wld. I Zizyphus spp.
U  Tetrastigmophyllum hungaricum  A ndreánszky Tetrastigma papillosum  (Bl.)

Planch.
M Apocynophyllum  sp. I. I Alstonia macrophylla Wall.
U  Apocynophyllum  sp. I I . I Alstonia  sp.
M U Symplocos cf. phanerophlebia Merr. S . phanerophlebia Merr.
MU Symplocos cf. rubiginosa Wall. S . rubiginosa Wall.
U  Sym plodcarpum  sp. Symplocos sp.
U  Cornus biXchii H eer j  Cornus paniculata L ’H érit.
M Arbutus praeunedo A ndreánszky | A . unedo L.

U  Clethra cf. barbinervis Sieb, e t Zucc. j  C. barbinervis Sieb, e t  Zucc.
U  Tuzsonia hungarica Andreánszky j ?
U  Phoenicites legányii Andreánszky I ?
MU Phoenicites sp. ?
U  Sm ilax grandifolia (Ung.) Heer S . aspera L.
U  Sm ilax  cf. china L . \ S . china L.

L  =  low er, M =  m id d le , U  =  u p p e r  group  o f  s t r a ta
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Distribution of the living Vegetation type
equivalent шгш

Cape colony hard-leaved small tree i d ry  scrub forest
A ustralia hard-leaved ta ll shrub dry scrub forest
northern  extratropical deciduous tree i ?

region
tropical Asia tropical evergreen i gallery forest

(?monsoon tree)
Malaysia tropical evergreen i gallery forest

(monsoon tree)
? I tropical evergreen Cedre la-Symplocos forest

I (monsoon tree)
A ustralia , hard-leaved shrub dry scrub forest

? ? ?
Japan  I deciduous ta ll shrub Cedrela-Symplocos forest
A tlantic N orth Am erica I deciduous ta ll shrub palm savannah
tropical Asia i tropical evergreen giant tree  Cedrela-Symplocos forest
Neotropics hard-leaved ta ll shrub dry scrub forest
New Guinea |
A tlantic N orth A merica 1 deciduous small tree Cedrela-Symplocos forest
A tlantic North A merica deciduous g ian t tree tem perate riparian forest

? I deciduous tree ?
tropical Asia j tropical evergreen shrub Cedrela-Symplocos forest
tropical Asia j tropical evergreen shrub j Castanopsis-Lauraceae forest
Pacific N orth America I deciduous tall shrub Cedrela-Symplocos forest
K urdistan  1 deciduous shrub palm  savannah

? ? ! palm  savannah
Caucasus deciduous tall shrub Cedrela-Symplocos forest
Cape Colony i hard-leaved shrub 1 palm  savannah

? ? ? 
warmer A tlantic N orth  i deciduous liana gallery forest

America
Southeastern Asia or Cape | deciduous tree or shrub 1 Cedrela-Symplocos forest

colony
Southeastern Asia deciduous tree or shrub I Castanopsis-Lauraceae forest
tropical Asia I liana I gallery forest

---------------------------------------------------------------------- -----------------------------------
tropical Asia tropical evergreen tree i Castanopsis-Lauraceae forest
tropical Asia tropical evergreen tree I Cedrela-Symplocos forest
Malaysia tropical evergreen tree I Cedrela-Symplocos forest
tropical Asia tropical evergreen tree | Cedrela-Symplocos forest
tropical Asia tropical evergreen tree Cedrela-Symplocos forest
A tlantic North Am erica j deciduous shrub I Cedrela-Symplocos forest
M editerranean region ; laurineous or hard-leaved 1 dry  scrub forest

shrub
Japan  deciduous ta ll tree | laurineous forest

? tu f t tree (“Schopfbaum” ) i palm  savannah
? tu f t tree (“Schopfbaum” ) , palm  savannah
? tu f t tree (“Schopfbaum” ) palm  savannah

M editerranean region j evergreen liana d ry  forest
China, Japan  j liana | d ry  forest

(  c o n tin u e d  )
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F L O R A L  C H A N G E

I n  the brief stra tig rap h ic  p re sen ta tio n  of th e  W ind B rick y ard  s ite  I  have 
s ta te d  th a t  th e  s tra ta  con tain ing  th e  p lan t fossils m ay  be divided 
in to  th ree  larger groups, th e  lower, m iddle and  u p p er group . I  have 
m entioned  fu r th e r th a t  th e  flo ras o f the  lower and  m iddle groups are 
fa ir ly  closely related , whereas t h a t  of th e  upper g roup  s tan d s  ra th e r  
fa r  a p a r t .

A lthough in  absence o f a  d e ta iled  exam ination  we can n o t y e t offer an  
ad eq u a te  survey  of th e  enorm ously ab u n d a n t an d  highly v aried  p lan t fossils 
o f  th e  upper s tra ta , so m uch is c e rta in  th a t, as fa r as th e  d is trib u tio n  of th e  
categories am ong th e  groups of s t r a ta  is concerned, tw o kinds o f behav iour 
m ay  be distinguished. C ertain  species, genera, families even, a re  represen ted  
w ith  nearly  th e  sam e weight th ro u g h o u t th e  entire series; in  o th e r words, 
these  were perm anen t m em bers o f th e  W ind  B rickyard  flo ra , whereas 
o th e r species ten d  to  occur in  g rea te r abundance or exclusively in  one group 
o f s tra ta  only, com pletely absen t from , or, a t  best, sporad ically  represen ted  
in , b o th  or a t  least one o f th e  o th e r tw o.

Two genera occur in  considerable abundance th roughou t: C innam om um  
a n d  M yrica , although th e  la tte r  genus shows a  m uch g rea te r v a r ie ty  in  th e  
u pper flo ra th a n  in th e  m iddle o r low er one. T he following are  represen ted  
in  all th ree  groups in  ab o u t equal abundance, b u t in less im p o rta n t num bers: 
Sequoia couttsiae Heer, Lauraceae (w ith  the  exception o f th e  genus C in n a­
m om um ), Juglandaceae, th e  genus S a lix , Ebenales, M yrtaceae, Legum inosae 
a n d  Sapindaceae.

T he following occur e ither largely  o r exclusively in th e  low er a n d  middle 
s tra ta  only: th e  genus C arpinus (a lm ost exclusively in  th e  m iddle s tra ta ) , 
a n d  th e  fam ily Fagaceae (of w hich only th e  form group  o f th e  oak  is 
represen ted , as th e  genus F agus seem s to  be com pletely ab sen t). T he m ost 
a b u n d a n t species, C astanopsis callicomaefolia A ndreánszky, is a  speciality  
o f th e  lower s tra ta ;  i t  is scarcer in  th e  middle s tra ta , an d  ab sen t from  th e  
u p p er s tra ta . The F icus species a n d  th e  genera C upania  a n d  Dodonaea of 
th e  Sapindaceae family, have tu rn e d  up  in  th e  lower an d  p a r tly  also in  th e  
m iddle s tra ta . F u rth e r  specialities o f  th e  lower s tra ta  a re  A sp len iu m  ege-
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dense Andreánszky an d  Berchem ia cuneata A ndreánszky while A rbutus  
praeu n edo  A ndreánszky is peculiar to the  middle s tra ta .

I t  is obvious from  th e  ab o v e  th a t  species a n d  g enera  ty p ica l of th e  lower 
a n d  m iddle s tra ta  b u t ab se n t from  or scarce in  th e  u p p er s tra ta  are few and 
fa r  betw een. The low er a n d  m iddle s tra ta  differ ab o v e  all in  th e  absence of 
m an y  elem ents p re sen t in  th e  upper s tra ta .

Species an d  genera ty p ic a l o f and  ab u n d a n t in  th e  upper s tra ta  are: 
O sm unda lignitum  G ieb., Lastraea  cf. oeningensis (A. B r.) Heer, Blechnum  
h raunii E tt .,  th e  genera A ln u s  a n d  Ulmus, Cedrela m acrophylla  Andreánszky, 
th e  genus Acer an d  th e  fam ily  Symplocaceae, p ro b ab ly  represen ted  b y  the 
single genus Sym plocos. I t  will be recalled th a t  th e  M yrica  species a t ta in  the 
g re a te s t num ber in  th e  u p p er s tra ta  (about 10 species as against th e  4 
species in  th e  lower a n d  m iddle stra ta ) . Sim ilarly, m an y  o ther genera, e.g. 
R ham nus an d  C ornus, ap p e a r either exclusively in  th e  u pper s tra ta , or a t 
le a s t in  a g rea te r ab u n d a n ce  th a n  in  th e  lower an d  m iddle s tra ta .

T he d istrib u tio n  o f th e  conifers is as follows. In  th e  m ateria l from  the  
low er s tra ta , Sequoia langsdorfii (Brngt.) H eer figures for th e  m om ent with 
one im p rin t only. C a llitr ite s  brogniarti E ndl. only  occurs in  th e  upper s tra ta  
in  a n y  abundance, a lth o u g h  even there it  is co m p ara tiv e ly  scarce. Fossil 
pines ten d  to  be ra re  in  general. N evertheless, m an y  P in u s  cones have 
la te ly  been found in  th e  lower, and  p articu la rly  in  th e  m iddle s tra ta . U n­
fo r tu n a te ly  these do n o t lend  them selves to  a m ore precise determ ination. 
A n a ly tica l d a ta  o f pollens also indicate th e  m iddle s tra ta  to  have been 
rich est in pines.

T he above-nam ed ty p e s , tran s ien t elem ents in  th e  W ind  B rickyard  flora, 
p ro v id e  in  them selves a  fa ir basis for th e  sy stem atic  subdivision o f the  
flo ra . In  addition , th ese  d is tin c tiv e  types represen t a t  th e  sam e tim e different 
ecologies an d  differen t te rr ito r ia l affinities. T he defin ite ly  tropical types 
te n d  to  occur in  th e  u p p e r s tra ta ;  now th e  tro p ica l ferns also abound  in  the  
u p p e r s tra ta  only. T he few  pronouncedly tro p ica l ty p e s  to  be found in  the  
low er an d  m iddle s tra ta ,  p a rticu la rly  th e  F icus species an d  some others, 
p ro b ab ly  lived in  tro p ica l rip a rian  forests. The tro p ica l species of th e  upper 
s t r a ta ,  above all th e  Sym plocos species, T alaum a egerensis A ndreánszky and 
C edrela m acrophylla A ndreánszky , im ply a  m esophytic  forest. O thers, such 
as th e  palm s a n d  th e  x ero p h y tic  M yricaceae m ost o f all, suggest a d ry  forest, 
som e k ind  o f m onsoon fo rest o r savannah. T he m esophytic  forest included 
som e tem p era te  deciduous species th roughout, b u t d ifferen t ones in  each 
g ro u p  of s tra ta :  Quercus gigantum  E tt. in th e  lower, C arpin u s an d  species 
o f  M agnolia  in  th e  m iddle, species of A lnu s, U lm us a n d  Acer in  th e  upper 
s t ra ta .  The m esophytic  fo rest as a whole p ro b ab ly  was less changeful, as
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shown by  th e  a lm o st invariab le abundance o f  C innam om um  an d  Lauraceae. 
However, th e  d ry  forest underw ent a  m arked  change, as in  th e  lower a n d  
m iddle s tra ta  i t  consisted of subtropical ra th e r  th a n  trop ica l elem ents 
(considerable num bers of Cunoniaceae, A rbutus, species o f Quercus), whereas 
in  th e  upper s tra ta ,  included, as a lread y  m entioned, pronouncedly  tro p ica l 
elem ents (palm s, etc.). In  th e  m esophytic fo rest th e  m ost rem arkable change 
ap p a ren tly  was th a t  o f th e  laurineous ty p es, C astanopsis an d  Lithocarpus 
tu rn ed  up in  th e  lower and  to  a ce rta in  ex te n t also in  th e  m iddle s tra ta . In  
th e  upper s t r a ta  th e ir  place is tak en  by  tro p ica l evergreens.

The g reat d ifference betw een th e  floras o f th e  lower, m iddle and  u pper 
s tra ta  is also m anifest in  leaf form . The m a jo rity  o f th e  leaf im prin ts 
em bedded in th e  tw o lower groups o f s tra ta  a re  narrow , largely  lanceolate 
(m ain lyLauraceae, Quercus species,C astanopsis etc.), an d  in m ost cases entire . 
The forms o f th e  leaves lying in  th e  upper s tra ta  a re  m uch more varied .

The g rea test difference is ap p a ren t in  th e  rip arian  associations. T he 
riparian  associa tion  o f th e  lower an d  to  som e ex ten t of th e  m iddle s tra ta , 
a gallery forest w ith  trop ica l evergreens, h a d  disappeared  w ithout traces 
by  th e  tim e th e  u p p er s tra ta  came to  exist, to  be replaced b y  a stream b an k  
forest of tem p e ra te  affinities. On th e  o ther hand , th e  hygrophilous sh rub  
m ay have rem ained  th e  sam e an d  was p ro b ab ly  popu lated  above all b y  
M yrica  species.

As regards te rr ito r ia l affinities, th e  g rea tes t difference is th a t  th e  d ry  
forest of th e  low er s tra ta  consisted of ex tra tro p ica l species o f th e  sou thern  
hem isphere (C u n on ia , C allistem on), whereas th a t  o f th e  upper s tra ta  
included tro p ica l (presum ably  largely  palaeo tropical) elem ents.

I t  m ay be in ferred  from  all th a t  has been sa id  above th a t  th e  subdivision 
in to  th ree  phases is justified  no t only  on th e  basis of floristics, b u t on ecologic 
an d  phytosociologic grounds as well, an d  alw ays leads to  unequivocal 
results.

The changes which separate  th e  phases w ere b rough t b y  tw o kinds of 
fac to rs : clim atic changes an d  floral ev o lu tio n ; th e  la tte r  essentially  b rough t 
ab o u t th e  w ithd raw al of th e  sou thern  elem ents an d  th e  invasion of new 
species from  th e  n o rth . R a th e r th a n  to  discuss in  detail these questions 
here I  in tend  to  ta k e  up th e  po int m ore fully  in  th e  following chapters.

The s tu d y  o f th e  floras s itu a ted  nearest to  th e  W ind B rickyard  an d  con­
sidered of th e  sam e age (A ndornaktálya, D em jén  etc.) led to  th e  conclusion 
th a t  these flo ras a re  re la ted  to  an d  contem poraneous w ith th e  upper W ind 
B rickyard  flo ra .

Table III . p resen ted  here is given in  order to  correlate  th e  facts th a t  have 
served as a basis for th e  proposed subdivision.
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T A B L E  I I I . C h ro n o lo g ica l s u b d iv is io n  o f  the

GrouP Characteristic families, genera, species Regional affinity
of strata

Lastraea cf. oeningensis ferns of neotropical affinity
Blechnum braunii Dicotyledons of palaeotropical affinity
Talauma egerensis genus Ulmus: northern  ex tratrop ical
a  great variety  of M yrica  species affinity

U pper genus Ulmus Acer species of N orth  A m erican affinity
Cedrela macrophylla Southern affinity  insignificant
genus Acer
prevalence of the genus Symplocos 
palm s

no ferns Old and New W orld affin ity  in  the Fa-
Car p inus grandis gaceae family

greatest varie ty  in  the form  group m ainly Old W orld Lauraceae
of Quercus regression o f Castano- riparian forest of palaeotropical species
psis  and affinity to the southern hem isphere

M iddle Ficus species decreasing
one or two species o f U lm us and  Carpinus o f E as t Asiatic affin ity

Alnus, Acer absen t 
Arbutus praeunedo 
m oderate role of the genus Symplocos

Asplenium  egedense Old W orld Lauraceae and Fagaceae
Castanopsis callicomaefolia Quercus gigantum  w ith  New W orld tem-
Quercus and Lithocarpus species perate-zone affinity

Low er m any Lauraceae riparian forest o f Old W orld tropical
Acer, Ulmus and A lnus  ab sen t affinity
Cunonia oligocaenica affinity  to  the southern hemisphere
deciduous Magnóliáé significant (Cunoniaceae)
genus Symplocos absen t

A  m ore detailed  subdiv ision  o f th ese  th ree  flo ra l phases encounters, 
how ever, g rea t difficulties. P a r t  o f th e  fossils from  th e  lower an d  m iddle 
s t r a t a  were collected b y  th e  w orkers in  th e  clay p i t ; th u s  th e  original locality  
o f  th e s e  fossils w ithin th e  s tra tig ra p h ic  succession is n o t precisely know n; 
a ll we know  is w hether th e y  h av e  been  picked from  th e  lower o r m iddle 
s t r a ta .  In  an y  case, th e  m a te ria l o f th e  lower s tra ta  is uniform  inasm uch 
as  o n e  canno t distinguish several flo ras w ith in  th is group. As regards th e  
m id d le  s tra ta ,  there a lread y  is a  difference betw een th e  s tra ta  them selves, 
a n d  th e  “ stone loaves” . B etw een  th ese  tw o  floras, a m ore detailed  ex am in a­
t io n  m ay  be expected to  es tab lish  ce rta in  differences. U n fo rtu n a te ly , th e  
“ s to n e  loaves” are no t fine-g rained  enough to  yield im prin ts as w ell-preserv­
ed  a s  th o se  found in  th e  s t r a ta  p roper. There are, consequently , few  im ­
p r in ts  w hich could be precisely determ ined , whereas th e  rest requires a  d e ta il­
ed  ex am in a tio n  which has n o t been  ca rried  ou t u n til now.
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U p p e r  O lig o ce n e  f lo ra  o f the W in d B r ic k y a r d

Characteristic associations Climate

Cedrela-Symplocos forest of tropical coloura- w arm  subtropical climate a t  the border o f the 
tion and o f m any  levels, m any deciduous tropical zone; the abundance o f precipita- 
and laurineous trees tions changes several times during th e  deposi-

grass level constitu ted  m ainly by  ferns tion  o f this group of s tra ta
palm savannah  in  d ry  periods, the climate becomes ra th e r  ex ­
riparian forest o f tem perate colouration, com- trem e b u t w ithout frequent frost: decrease 

posed exclusively o f deciduous trees o f tem perature  a t the end of the period
tropical riparian  forest no t developed

laurineous forest: m ostly  Lauraceae, mingled uniform ly warm subtropical climate, som ew hat 
w ith Carpinus cooler th an  in the lower or upper s tra ta  (w ith

last traces o f th e  d ry  K nysna-type Cape forest th e  exception of the last phase of th e  upper 
tropical riparian  forest hardly developed s tra ta ) , clim ate moderately hum id, d is tribu ­

tion  of precipitation uniform

Castanopsis-Lauraceae forest w ith few decid- clim ate uniform ; more humid than  Kiseged H ill 
uous trees b u t only slightly warmer;

dry K nysna-type Cape scrub-forest d istribution  of pre­
riparian forest composed of evergreen tropi- cip ita tion  uniform
cal

species no trace  of mangrove sub trop ical tem perature

In  th e  u p p er s tra ta , a fu rther subd iv ision  is feasible and  also essen tial 
bo th  from  th e  p o in t of view of floristics a n d  ecology. Indeed, it is th e  ecology 
of th e  flo ra  th a t  creates th e  possib ility  o f fu r th e r  subdivision: a  v eg e ta tio n  
ind icative o f a m ore hum id clim ate was rep laced  by one im plying a n  a rid  
clim ate. T his ty p e  of change was re p ea ted  several times. The differences 
shall be t re a te d  in  m ore detail in  th e  following chapters. I t  is, how ever, 
im possible to  piece together a coheren t s tra tig rap h ic  picture, because th e  
s tra ta  con ta in ing  th e  individual, se p a ra te  flo ras have a tendency  to  wedge 
out an d  d isappear, only to  show u p  ag a in  fa r th e r  away. In  th e  m ean tim e 
th e  shoreline o f th e  sea had  also sh ifted , a n d  coarse-grained sed im ents 
bearing ill-p reserved  fossils which a re  h a rd  to  iden tify  came to  be d eposited  
between th e  finer-grained beds. Pollen  analysis, extending over all th e  s tra ta ,  
m ay ev en tu a lly  allow  a clearer in sigh t in to  th e  changes involved.
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A N A L Y S I S  O F  Т Н К  F L O R A

I n  t h e  W ind B rickyard flora, ferns are represented by a smaller num ber of 
species th an  in the  Lower Oligocene of bo th  Kiseged Hill and the environs 
of Buda. This m ay indicate th a t topography an d  vegetation were less varied 
here and, th a t from among the  ferns of varied  ecologic requirements, fewer 
species were able to  find their peculiar living conditions; even of these, not 
all have been preserved as fossils. In  contrast, there are two species whose 
im prin ts occur in an  abundance unparalleled in  the  Lower Oligocene floras. 
These are Lastraea  cf. oeningensis (A. Br.) and  Blechnum braunii E tt. 
Especially the form er played a prom inent p a r t  in the grass level of the  
ancien t forest; indeed, it  was supreme am ong all the  herbs. None of these 
species can be related to  any  living ones.Those w ith which they are sometimes 
com pared, D ryopteris v iv ip a ra  (Raddi), C. Chr. and Blechnum brasiliense  
Desv., respectively, are neotropical ferns.

The conifers play a  ra ther subordinate role as regards the num ber of 
b o th  species and  individuals. Only th e  cones corresponding to Sequoia  
couttsiae Heer are encountered in large num bers, but their taxonom ic 
position, as already m entioned in the pertinen t chapter, is not quite defi­
n itively  established as yet. The conifers are represented in the W ind Brick­
y a rd  flora by three families. Pinaceae, by  some needle-clusters and numerous 
cones of P in u s, Taxocliaceae, by  two Sequoia  species, Cupressaceae, by  the  
sole C allitrites brongniarti E ndl., which last-m entioned one has yielded both 
cones and  some segments of boughs.

Ferns and conifers do not divide into P o ltav ian  and Turgayan elements 
as is th e  case with th e  dicotyledons; th e ir  history, completely different, 
justifies a separate analysis. Of the ferns, th e  two above-named species 
would appear neotropical in view of the  spread  of the living species they  
are  com pared with. Still, the  connexion betw een the  fossil and living species 
does not by far seem close enough to  prove th e ir  neotropical affinities. The 
rest o f the  ferns like O sm unda lignitum  Gieb, and  Trichomanes cf. radicans  
L. are climatic indicators ra ther than  plan ts specific of any particular phy- 
togeographic region. T . cf. radicans L. is closely related to, and perhaps
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even id en tica l w ith, a species which occurs in  Europe, too. T he circle of 
re la tions o f  A splen iu m  egedense A ndreánszky  is com pletely unknow n.

In  th e  W ind  B rickyard  flo ra, fern fossils a lm ost exclusively occur in  th e  
upper s tra ta .  Only A splen iu m  egedense A ndreánszky  was encoun tered  in  
th e  lower s tra ta .  The reasons for th is  m ay  consist in  differences in  th e  forest 
associations.

T hrou g h o u t th e  T e rtia ry  o f H ungary , th e  h isto ry  of th e  conifers differs 
from  th a t  o f th e  angiosperm s m ain ly  in  th a t ,  am ong th e  conifers, th e  form s 
o f th e  n o rth e rn  ex tra tro p ica l regions (P in aceae  an d  Taxodiaeeae, to  a 
lesser e x te n t Cupressaceae and  Taxaceae)  were dom inan t from  th e  beginning. 
Podocarpaceae, a lthough  severally  rep o rted , were very  m uch in th e  b ac k ­
ground, even if  n o t en tire ly  absen t; no A raucariaceae have been encoun tered  
so far. Hence, conifers of th e  trop ics a n d  o f th e  sou thern  hem isphere p layed 
no role in  our flora. True, one of th e  W ind B rickyard  conifers (C a llitr ites  
brongniarti E ndl.) belongs to  an  A u stra lian  relationship , bu t, i t  can  alm ost 
specifically  be identified  w ith th e  on ly  n o rth e rn  species o f th a t  g roup. I t  is, 
consequently , a M editerranean elem ent.

The affin ities o f th e  P in u s  species rep resen ted  b y  needle-clusters an d  
cones a re  unknow n, an d  so are, in  consequence, th e ir  im plications concerning 
th e  flo ra  as a whole. It is even u n ce rta in  w hether th ey  are re la ted  to  species 
o f th e  O ld or th e  New W orld. The species corresponding to  Sequoia langs- 
dorfii (B rngt.) Heer, S . sem pervirens (Lam b.) E ndl. is a conifer o f Pacific 
N o rth  A m erica, S. couttsiae H eer is an  ex tin c t species whose te rr ito r ia l 
affin ities canno t be established. The presence o f Glyptostrobus in  th e  W ind 
B rickyard , probable though  unproved , w ould m ean an  E ast A siatic su b ­
trop ica l affin ity . As regards foliage ty p e , on ly  Sequoia langsdorjii (Lam b.) 
E ndl. a n d  C allitrites brongniarti E ndl. a re  fu lly  known. The form er belongs 
to  th e  laurineous trees, th e  la tte r  to  th e  sclerophyllous ones. Sequoia couttsiae 
H eer a n d  th e  P in u s  species a re  p ro b ab ly  also divided betw een those  types.

The W ind  B rickyard  fossil ensem ble is largely  com posed o f leaves of 
dicotyledonous trees, shrubs an d  lianas; th e  num ber o f m onocotyledonous 
elem ents, which can be determ ined a t  least generically, such as palm s an d  
S m ilax  species, is very  small. E xcep t fo r th e  Lauraceae, Betulaceae, Fagaceae, 
M yricaceae, M oraceae, Ulmaceae, Ebenaceae, Leguminosae, M eliaceae, S a p in d -  
aceae, Aceraceae, Rhamnaceae an d  Sym plocaceae, no dicotyledonous fam ily  is 
rep resen ted  by  appreciable num bers o f fossils. Among th e  m onocotyledons 
th e  palm s p lay  th e  m ost im p o rtan t ro le  as fa r as th e  num ber o f ind iv iduals 
is concerned.

As a lread y  m entioned in th e  in tro d u c to ry  p a rt, we m ay d istinguish  in 
our T e r tia ry  floras tw o groups o f elem ents. The P o ltav ian  flo ra  m ostly
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consists o f  trop ica l-sub trop ical evergreens. These, or th e ir  ancestors, a lread y  
liv ed  in  W estern  E u ra s ia  in  th e  early  T e rtia ry . T he species o f th e  T urgayan  
flo ra , m o stly  deciduous a n d  o f lower h ea t requ irem ents, g radually  invaded  
o u r f lo ra  in  th e  course o f th e  T ertia ry , su p p lan tin g  th e  P o ltav ian  species. 
To th e se  tw o groups a  th ird  one, called X erо-A tlan tic , came to  be  added  
(A ndreánszky , V egetatio  9. 1936, 110); th e  elem ents o f th is  group sp lit off 
from  th e  P o ltav ian  a n d  la te r  also from  th e  T u rg ay an  flora, and  to o k  form  
in  th e  sub trop ical sem i-arid  zone of th e  W este rn  E u rasian  litto ra l, in  a 
ce n te r  o f evolution, w hich was ac tiv e  th e re  fo r som e tim e. U n fo rtu n ate ly , 
a n  an a ly sis  of th e  en tire  W ind  B rick y ard  flo ra  according to  th e  above 
v iew po in ts  is no t feasible a t  p resen t, because th e  u pper flora is insufficiently  
exam ined , an d  th e  flo ra  o f th e  lower s tra ta  is no t fu lly  known, either. In  
th is  s itu a tio n  I  only  whish to  a tte m p t a ra th e r  general analysis w ithou t 
p u tt in g  forw ard  num erical d a ta  a n d  w ithou t establishing a spectrum .

T he W ind  B rick y ard  flo ra  doubtlessly  con tains m ore th a n  50% o f P o l­
ta v ia n  elem ents, such as th e  species o f tro p ica l affin ity , th e  Anonaceae, 
Lauraceae (perhaps w ith  th e  exception  o f Sassafras), m ost if  no t all Faga- 
ceae (perhaps w ith th e  excep tion  o f Quercus gigantum  E t t .) ;  th e  Myricaceae, 
Moraceae, Sapotaceae, Myrtaceae, Leguminosae, Meliaceae, Sapindaceae, 
th e  genus Elaeocarpus, th e  Oleaceae, Symplocaceae an d  th e  palm s. T he 
T u rg a y an  elem ent com prises th e  Betulaceae, p a r t  of th e  Juglan daceae, 
a n d  th e  Comptonia species am ong th e  Myricaceae; th e  Salicaceae, Ulma- 
ceae; th e  genus Acer; som e Rhamnaceae a n d  th e  genus Cornus. To th e  
X ero -A tlan tic  elem ent, I  refer th e  following: am ong th e  conifers, a t  least 
C allitrites, a lthough  th is  is, as a lread y  m entioned, a case a p a rt, some M yrica  
species (e.g. M . cf. aethiopica L .); Lomatites aquensis Sap., th e  Cunoniaceae, 
th e  g ro u p  o f Callistemon; Dodonaea salicoides A ndreánszky; a t  least p a r t  
o f  th e  Notelaea species a n d  Arbutus praeunedo A ndreánszky.

T h e  ra tio  of the  P o ltav ian  to  th e  T u rg ay an  elem ents shifts to  a ce rta in  
e x te n t  in  fav o u r of th e  T u rg ay an  elem ent, if  th e  num ber of ind iv iduals 
is considered . Some genera  an d  species, respectively , of the  T u rg ay an  
e lem en t, such as Ulm us a n d  Acer, p lay ed  a fa irly  im p o rtan t role 
in  th e  vegeta tion  o f th e  W ind B rickyard . In  th e  m ateria l collected so 
fa r, th e  num ber o f im p rin ts  o f  th e  genus Acer exceeds 200. I f  we 
e s tim a te  th e  whole collection a t  betw een  5000 an d  6000 specim ens, 
th e n  th is  single genus m akes u p  ab o u t 5%  o f th e  flo ra, which is a  fa r  
from  negligible p rop o rtio n . F ro m  th e  P o lta v ia n  elem ent only  th e  genera 
Cinnamomum, Symplocos an d  ce rta in  M yrica  species, as well as Las- 
traea  cf. oeningensis (A. B r.) H eer, can  com pete w ith  Acer in  ab u n ­
dance. E x cep t for Cinnamomum, high percentages o f P o ltav ian  species
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or genera te n d  to  be restric ted  to  th e  u p p er s tra ta . The X ero -A tlan tic  ele­
m ent p lays a subord inate  role as reg ard s  th e  num ber of b o th  species an d  
individuals.

J u s t  as one cannot for th e  m om ent offer num erical d a ta  concern ing  th e  
respective abundances of th e  P o lta v ia n  an d  T urgayan  elem ents, one canno t 
estab lish  a  spectrum  of th e ir te rr ito r ia l affinities, either. T he g re a t m ajo rity  
o f th e  P o lta v ia n  elem ent exhibits a  so u th eastern  A siatic a ffin ity . This 
holds good for m ost of th e  Lauraceae, above all th e  C innam om um  species, 
th e  Anonaceae, th e  m ajo rity  of th e  E benales an d  Sapindaceae, C edrela  an d  
th e  palm s, a lthough  th e  affinities o f th e  la t te r  are not sufficiently  know n as 
yet. In  ad d itio n  to  th e  ferns, one o r tw o  species am ong th e  Lauraceae an d  
Sapindaceae m ay also be regarded as having  neotropical affin ities. Of th e  
T urgayan  elem ent, C arpinus grandis U ng., A ln u s  cf. nepalensis D on, p ro b a­
b ly  one U lm us species or ano ther, P terocarya , Rhus and  possib ly  som e of 
th e  R ham nus species m ay be considered Old-W orld elem ents. On th e  o ther 
hand , S assafras, Quercus gigantum  E t t . ,  p robab ly  one or tw o U lm u s  species, 
Acer hungaricum  A ndreánszky, A . trilobatum  (Strnbg.) A. B r. a n d  some 
Rham nus species po in t tow ards th e  N ew  W orld. As against th e  P o lta v ia n  
elem ent, p lan ts  o f New W orld affin ities  a re  dom inant in  th is  g roup . As 
regards th e  stra tig rap h ic  sequence, O ld-W orld  affinities te n d  to  be p rom i­
nen t in  th e  T urgayan  elem ent o f th e  low er an d  middle s tra ta , w hereas th a t  
o f th e  u p p er s tra ta  exhibits a m arked  New -W orld influence.

M ost o f  th e  species of th e  X ero -A tlan tic  elem ent show som e a ffin ity  w ith 
th e  so u th ern  hem isphere. Among th em  one m ay  cite th e  Cunoniaceae, species 
of the  M yrtaceae fam ily, one or tw o M yrica  species, Rham nus angustifrons  
A ndreánszky , species of Notelaea a n d  p erhaps some types w hich h av e  no t 
been precisely  determ ined so far. T he M editerranean  affin ity  is rep resen ted  
b y  A rbu tu s praeunedo A ndreánszky a n d  C allitrites brongniarti E n d l. On 
th e  o th e r hand , th e  relations of h a rd -leav ed  oaks now live in  sem i-arid  
Pacific N o rth  Am erica. As regards th e  oaks, however, a se p a ra te  analysis 
o f  th e ir  affin ities has been given in  th e  Taxonom ic P a rt.

W ith  th e  living relations o f m an y  estab lished  species unknow n a n d  th e  
taxonom ic determ ination  of m any  le a f  form s still a ta sk  of th e  fu tu re , th e  
enum eration  presen ted  here cannot p re te n d  to  be com plete a n d  final.

Since th e  g rea t m ajo rity  of our species a re  trees or shrubs, we h av e  to  
classify th em  also according to  foliage ty p e . Among these, le t us cite th e  
needle- a n d  scale-leaved conifer ty p es , th e  trop ica l evergreens, laurineous 
an d  h ard -leav ed  leaf forms, th e  green-in-the-sum m er deciduous ty p e s  and  
tu f ty  (“ S chopfbaum ” ) foliages (palm s). There is no conclusive evidence 
as to  th e  presence of th e  deciduous-in-the-sum m er, so-called m onsoon type.
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In  m y  opinion, th is ty p e  is ce rta in ly  rep resen ted  am ong th e  Leguminosae. 
M ost a b u n d a n t am ong th e  foliages is th e  lau rineous ty p e , followed b y  th e  
tro p ic a l evergreens a n d  b y  th e  alm ost as freq u en t green-in-the-sum m er 
dec iduous p lants. In  th e  low er an d  middle s t r a ta  th e  laurineous ty p e  is, 
as i t  were, param oun t, w hereas in  th e  u pper s t r a ta  th e  dom inance is m ore 
e q u a lly  d ivided betw een  th e  th ree  above-m en tioned  types. R em arkab ly  
enough , i t  is just in  th e  e ra  in  which th e  green-in-the-sum m er deciduous 
ty p e s  a lre a d y  play a fa ir ly  im p o rtan t role th a t  th e  palm s occur in  g rea test 
n u m b ers . T he hard-leaved  ty p e , s till fa irly  a b u n d a n t in  th e  lower and  m iddle 
s t r a ta ,  is su b stan tia lly  red u ced  in  th e  u pper s tra ta .

I t  is n o t m y in ten tio n  to  analyse here th e  W in d  B rickyard  flo ra w ith  
re g a rd  to  th e  d is trib u tio n  o f th e  species am ong th e  p lan t associations o f 
t h a t  tim e . I  propose to  a t ta c k  in  a sep ara te  c h a p te r  th is  problem  which, 
in  th e  p resen t s ta te  o f  o u r  knowledge, is in  a n y  case difficult enough to  
t r e a t .  T h e  pertinen t d a ta  a re  listed  in Table II I .  A no ther difficult question 
is th e  classification of life form s according to  th e ir  occurrence in  th e  d ifferent 
levels o f  th e  forest. A lth o u g h  it  can  be decided fo r m ost o f th e  species w hether 
th e y  w ere ta ll trees, sh ru b s  o r lianas, th e re  a re  m an y  species abou t which 
th is  is n o t known w ith  ce rta in ty . The sclerophylls generally were sm all 
tre e s  o r  shrubs. Some o f  th e  laurineous trees ce rta in ly  th riv ed  in th e  lower 
levels o f  th e  forest. M ost i f  n o t all M yrica, Rham nus etc. species were p re­
su m ab ly  shrubs. There was a t  least one species o f ta ll  palm , as proved  by  
a n  im p rin t o f a ra th e r  la rg e  t ru n k  surface. All th ese  poin ts will be tre a te d  
in  th e  ch a p te r on th e  a sp e c t o f th e  p lan t cover.
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E C O L O G Y  O F  T H E  F L O R A

I n  a Hungarian  relation, th e  W ind B rickyard  flo ra  is th e  richest one o f all 
th e  U pper Oligocene flo ras; th e  fossil m ateria l yielded by  th a t  s ite  m ost fully 
represents th e  flo ra  of th a t  period in  H ungary ; furtherm ore, being com posed 
o f th e  best preserved an d  therefore m ost accu ra te ly  d eterm inab le  im prin ts, 
i t  has been th e  ob ject o f th e  thoroughest an d  m ost de ta iled  research. The 
o th er contem poraneous sites [Csörög, S algótarján , N bgrádverőce (?)] 
furnished a  re la tively  poor m ateria l as com pared w ith th e  ab u n d an ce  of 
th e  W ind B rickyard  fossils. This is w hy th e  env ironm ental conditions of 
th e  period in  po int have to  be established on th e  basis o f th e  W ind  B rickyard  
ensemble alone.

As regards th e  clim ate of th e  W ind  B rickyard  flo ra , on ly  som e very 
general s ta tem en ts  an d  estim ates have been m ade so far. T he value  given 
in  some earlier papers (P álfa lvy  1951, A ndreánszky  1954, A ndreánszky  and  
Kovács 1955), based  alm ost en tire ly  on estim ation , are th e  following (Andre­
ánszky an d  K ovács 1955, T able I): yearly  m ean tem p era tu re  20 to  22 degrees 
centigrade; average of th e  coldest m onth  12 °C; a t  least 6 m onths had  a 
m ean tem p era tu re  above 20 °C; average yearly  p rec ip ita tion  ab o u t 1500 
mm, subject, however, to  m arked  flu c tu a tio n  th ro u g h o u t th e  deposition 
of th e  W ind B rickyard  sed im ents; th e  d is trib u tio n  of th e  p rec ip ita tio n s was 
of th e  one-m axim um  ty p e , w ith the  m axim um  occurring a f te r  th e  sum m er 
solstice.

In  possession o f a  m ore thorough  knowledge of th e  W ind  B rickyard  
flo ra , I  now propose to  assess th e  environm ental conditions on  a broader 
basis. Of course, we are  ab le  to  ou tline to d a y  th e  clim atic conditions only, 
an d  even those app rox im ate ly , whereas inferences as to  soil conditions are 
for th e  tim e being b o th  neglected an d  uncertain .

The clim ate of th e  U p p er Oligocene canno t be com puted  w ith  such m eth ­
ods as a re  applied  to  th e  various stages of th e  late  T ertia ry . F irs t o f all, 
close relations of descendency, o ften  existing betw een p lan ts  o f  th e  more 
recent periods an d  those  living to -day , are  seldom encoun te red  between 
th e  species of th e  U p p er Oligocene an d  th e  living p lan ts . Secondly, the  
U pper Oligocene species a re  in m ost cases re la ted  to  species o f faraw ay,

123



o fte n  tropical regions w hose ecological im plications a n d  precise clim atic 
requ irem en ts are l i t t le  know n. Also th e  princip le  o f ac tua lism  has to  be 
a p p lie d  w ith reserve, b ec au se  even though  th e  species m ay  have changed 
l i t t le  o r not a t all m orpho log ically  in  th e  p as t 25 to  30 m illion years, th e ir  
ecological requirem ents m u s t have undergone ce rta in  m odifications.

A fu rther m ethod, th e  g is t o f which is to  tran sp o se  th e  conditions p rev ail­
ing  to d a y  in a region w hose flo ra more or less agrees w ith  our fossil one, 
does n o t produce ac c e p ta b le  results either, as th e  W ind  B rickyard  flo ra 
is re la te d  with species liv in g  in  widely d ifferen t regions; hence, th e re  is 
to d a y  nowhere on E a r th  a  f lo ra  which would even  rem o te ly  resem ble ours.

I t  seems to  answ er o u r  purpose best to  consider th e  d istribu tion  o f th e  
fo liage types, as well as  th e  clim atic requirem ents, o f  th e  m ore ab u n d a n tly  
rep resen ted  species a n d  g en e ra . F urtherm ore , one m u st tak e  into accoun t 
th e  scarce elements o f th e  flo ra , since th e re  a re  m an y  species o f p a r tic u la r  
c lim atic  requirem ents am o n g  them . A sound clim atic  reconstruction  m ust 
envisage, for all th e  species co n stitu tin g  th e  flora, n o t on ly  th e  bare m inim um  
n ee d ed  to  keep alive b u t  also  a  surplus th a t  p e rm itte d  th em  to  asse rt th em ­
selves in  th e  struggle fo r  life. Of course, th e  a b u n d a n t species (e.g. large- 
le av e d  Lauraceae like L itsea euryphylla A ndreánszky) a re  a ttr ib u te d  g rea te r 
w e igh ts in  the  process o f  reconstruction . F o r such species, i t  is th e  clim atic 
cond itions prevailing in  th e  cen tre  of g rav ity  o f th e ir  p resen t sp read  ra th e r  
t h a n  in  the  m arginal reg ions o f th e  sam e th a t  h av e  to  be ta k e n  in to  
acco u n t.

T h e  s tra ta  of th e  W in d  B rick y ard  were n o t d eposited  a t  th e  sam e tim e, 
a n d  th e  clim ate changed  in  th e  course of deposition. F ir s t  o f all, I  am  going 
to  t r y  to  reconstruct th e  c lim ate  contem poraneous w ith  th e  upper flora, 
a n d  th en , by ex trap o la tio n , to  ex tend  th e  reco n stru c tio n  to  th e  clim ates of 
th e  m iddle and lower flo ras .

A m ong the  decidedly tro p ic a l elements o f th e  u p p er s tra ta , Symplocos 
species have furnished th e  la rg est num ber o f ind iv iduals . T oday th e  genus 
is m a in ly  tropical, b u t  som e o f its species tran sg ress  b o th  th e  n o rth ern  
a n d  sou thern  31st p a ra lle l. I n  South Virginia, in  th e  sub trop ical zone of 
N o r th  America, th ey  re ach  as fa r  up as 37° N. la t., in  A ustra lia  as fa r down 
as 35° S. lat. At th e  m en tio n ed  latitudes, however, th e  genus is represented 
b y  a  single species only . I t  is, consequently, n o t th e  clim atic param eters of 
th o se  m arginal regions w h ich  will ob tain  in  ou r case, because th e  W ind 
B ric k y a rd  flora includes sev e ra l Symplocos species, som e o f them  in rem ark ­
a b le  abundance. The g enus is definitely  dom inan t in  th e  upper flo ra ; con­
seq u en tly , conditions w ere close to  its clim atic op tim um . W ith in  th e  tropics, 
th e  Symlpocos species do n o t live in th e  ho t valleys a n d  lowlands, b u t in
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th e  cooler m ountainous regions, a t  a ltitu d e s  betw een 2000 an d  4000 m etres 
above M. S. L. T he W ind B rickyard  s t r a ta  being m arine deposits, th e  Sym - 
plocos species could n o t have lived so high above th e  sea in  th a t  neigh­
bourhood. This would suggest, n o tw ith s tan d in g  th e  above considerations, 
th e  m arg inal regions o f th e  trop ica l zone: th e  Sym ptoms species could have 
descended lower there. In  such areas o f S ou theast Asia an d  o f th e  M alay 
A rchipelago, th e  m ean annual te m p e ra tu re  is 20 to  21 °C a n d  th e  an n u a l 
flu c tu a tio n  does no t usually  exceed 10 °C.

Of th e  elem ents w ith higher h ea t requ irem ents, let us fu r th e r  exam ine 
th e  behav iou r o f th e  palm s. In  o u r days th e  palm s, too, reach  fa r beyond 
th e  trop ics, tow ards th e  poles, b u t ju s t  like in  th e  previously m entioned  case, 
only one o r tw o species a re  living a t  th o se  extrem es. F u rth erm o re , th e  forms 
which ex ten d  up  to  th e  po lar lim it a re  in v ariab ly  dw arf palm s. In  th e  W ind 
B rick y ard  flo ra , th e  fossils of a t  least th ree  species (one fan palm  an d  tw o 
fea ther palm s) have been encountered. Also, beyond doub t, one a t  least of 
these species h ad  a  ta ll tru n k . C onsequently , here too we m ust reckon  w ith 
th e  clim ate o f th e  central region o f th e  palm  belt ra th e r th a n  w ith  th e  c lim at­
ic p a ram ete rs  prevailing a t  or n ea r th e  cold lim it of palm s. One cannot 
estab lish  differences betw een th e  h ea t requ irem ents of fan  an d  fea th e r palm s. 
So m uch is certain , however, th a t  th e  youngest (Lower S arm atian ) palm  
of H u n g a ry  was a  feather palm . In  c o n tra s t, th e  only living E u ro p ean  palm  
is a fan-palm . I t  so seems th a t  th e  palm s represent clim atic conditions 
sim ilar to  those  im plied by  Sym ptom s, a t  least as fa r as th e  tem p era tu re  
is concerned.

Several d ifferent lines of th o u g h t lead  up  to  th e  conclusion th a t  in  th e  
T ertia ry , th e  continents already  occupied  th e  same positions as to -d ay , 
an d  th e  W ind  B rickyard  site was s i tu a te d  th e n  as now a t  a  re la tiv e ly  high 
la titu d e  (47° 54' N. la t.). E ven  if, a t  th a t  la titu d e , a tem p era tu re  considera­
b ly  h igher th a n  to -d ay  is no t co n tra d ic to ry  to  th e  principle o f actualism , 
th e  exceedingly sm all yearly  f lu c tu a tio n  th a t  suggests itse lf w ould ap p ear 
plausible on ly  if  th e  flo ra lived e ith e r on th e  shores or in  th e  m idst o f large 
bodies o f w ater. This, however, is im probable. O ur te rrito ry  lay  in  th e  coastal 
region o f  a  sm aller w ater surface; th e  large w aters began fa r to  th e  west. 
Thus, a lth o u g h  certain  species, especially  Trichomanes radicans L ., can only  
subsist in  an  even clim ate, we have to  reckon w ith  a more pronounced  yearly  
flu c tu a tio n . This is ind icated  also b y  th e  fa r from  negligible num ber o f deci­
duous trees.

A h igh ly  uniform  clim ate is m uch m ore favourable to  th e  evergreen p lan ts, 
p a r tic u la rly  to  th e  laurineous ones, th a n  to  th e  green-in-the-sum m er decid­
uous species; in fact, under such a  clim ate, th e  form er ten d  to  outw eigh
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th e  la t te r  to a considerable degree. Consequently, abundant deciduous 
species im ply a fairly great yearly  tem perature fluctuation, especially if 
th e  m ean tem perature is high, nearly tropical.

Since leaves of A cer and  U lm us have been found together with Sym plocos, 
C edrela  and  other tropical species on the same hand specimen of rock and 
in  th e  sam e state of preservation, the notion th a t  they  lived a t different 
a ltitu d e s  above sea level has little  merit. The assum ption th a t the deciduous 
species had  been introduced into the  preceding evergreen flora by a sudden 
de terio ra tion  of the clim ate is sim ilarly excluded because the deposit in 
which these elements coexist is fairly thick. A nother explanation could 
he th a t  the  deciduous trees were consistently riparian  species which, in 
th e ir  hum id  sites, did not en ter into com petition with the  tropical elements 
th a t  h a d  an absolute suprem acy otherwise. The A ln u s  species might have 
been riparian  (but this is far from  being a proved fact), as well as some, bu t 
ce rta in ly  not all, of the  U lm u s  species. A cer trilobatum  (Strnbg.) A. Br. 
an d  th e  m ajority of th e  Juglandaceae were undoubtedly riparian. B y no 
m eans could, however, all th e  deciduous species be riparian; for one, A cer  
h un garicu m  Andreánszky m ost certainly was not. The solution m ust be 
looked for in the accidented topography of the  region where each one of 
th e  different mesoclimates tended  to  enhance species of different heat 
requirem ents. The yearly fluctuations of the mesoclimate were bound to  he 
considerably  higher.

The upper flora of the  W ind Brickyard includes several floral phases, 
w idely different from the  po in t of view of precipitation. Warm and dry 
periods with a flora composed of species with tin y  and  narrow leaves and 
of palm s, were succeeded by  w etter periods with an  abundance of large- 
leaved  tropical trees (C edrela , T alau m a, L itsea  euryphylla  Andreánszky), 
an d  w ith  masses of S ym plocos. I t  was during these la tte r  periods th a t  the 
deciduous elm and maple m ultipled. The tem perature decrease was, however, 
offset b y  richer precipitations, so much so th a t  the  proportion of tropical 
elem ents hardly diminished. The eclipses of the  large-leaved species were 
due to  spells of aridity  ra th e r  th a n  to  tem perature drops. In  those phases, 
th e  c lim ate  was perhaps more extreme, bu t in any  case so arid th a t  the 
deciduous trees fell victim  to  heat and d rought; the  num ber of their fossils 
in  th e  s tra ta  of the dry phases is, in  consequence, ra the r small.

U nfo rtuna te ly  we have no flora, directly subsequent to  the W ind Brick­
y a rd  ensemble, which would provide more am ple information as to the  
g rad u a l cooling reflected by  th e  final phase of our flora. The flora of Ipoly- 
ta rn ó c , with its abundant palm s, m ust already have lived after the end of 
th is cool spell.
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I t  m ay  consequently  be s ta ted  th a t  th e  clim ate im plied b y  th e  W ind 
B rick y ard  flo ra  presum ably  corresponded to  th e  conditions now  prevailing  
a t  th e  borders o f th e  trop ical clim ate zone, b u t th a t  the  varied  to p o g rap h y  
p e rm itted  trees o f d ifferent heat requ irem en ts to  th rive fa irly  close to  each 
o th er. In  a  very  general way, an  an n u a l m ean  tem peratu re  o f 20 to  21 °C 
m ay  be assum ed, w ith a yearly  f lu c tu a tio n  exceeding 10 °C, a n d  in  m ore 
ex trem e periods even 15 °C. I t  was a b o u t once in  ten  years th a t  th e  tem p e ra ­
tu re  d ropped  to  0 °C, and  still m ore seldom  to  1 or 2 degrees below  zero. I t  is 
p robab le  th a t  th e  increasing w in ter cold a t t ra c te d  hosts of deciduous trees 
to  th e  m ore elevated  places nearb y ; from  those  higher levels th e y  th en  
descended fa irly  soon down th e  n o rth e rn  slopes to  the  litto ra l.

T he flo ra ensem ble indicates — even in  th e  w etter periods — a semi- 
hum id  clim ate w ith  m uch less ra in  th a n  is usual in  the  trop ica l ra in  forests. 
P rec ip ita tio n  m ay  hard ly  have exceeded 1500 mm. On th e  o th e r  hand , 
in  th e  d ry  periods, p recip ita tion  m ust have dim inished considerab ly  
below  1500 mm . I t  was in  these spells th a t  palm s becam e p rep o n d eran t. 
T he abundance o f Tuzsonia hungarica A ndreánszky proves th e  palm s to  
hav e  p layed  an  im p o rtan t role in th e  vegeta tion . At such tim es th e  clim ate 
was, as regards th e  d istribu tion  of b o th  h u m id ity  and  p rec ip ita tions, n ea r to  
th e  m onsoon clim ate. In  th e  d ry  season th e  m oisture conten t o f  th e  a ir  was 
fa r  from  sa tu ra tio n . The large-leaved tro p ica l evergreens, th e  laurineous 
tree s  an d  th e  likewise fairly  large-leaved  Ulmus species, were repressed  by  
th e  lack of m oisture in th e  dry  season.

T he d istrib u tio n  of p recip ita tion  in  th e  m ore hum id periods was either 
fa ir ly  even, or th e re  was a sum m er m axim um  of rains; a  longer d ry  season 
d id  no t, however, develop. The above-m entioned  large-leaved species could 
n o t hav e  w ithstood  it.

In  assessing th e  clim ate of H u n g a ry  in  th e  early  T ertia ry  one has to  keep 
in  m ind th a t  th e  region in po int was s itu a te d  ju s t like a t  p resen t, a t  a fairly  
high la titu d e  a n d  therefore conditions ex ac tly  like those of to d a y ’s trop ical 
zone could n o t possibly develop, a lth o u g h  th e  tem peratu re  was probab ly  
h igher th a n  i t  is now anyw here a t  th e  sam e latitude. The sun  n ev e r reached 
th e  zen ith  a n d  th e  difference in  in so la tion  betw een th e  slopes o f n o rthern  
a n d  sou th ern  exposure was considerable.

As com pared to  th e  upper s tra ta ,  th e  clim ate of th e  m idd le a n d  lower 
s t r a ta  was som ew hat cooler an d  decidedly  drier th an  in  th e  h u m id  phases 
o f th e  u pper flo ra ; nevertheless, d ro u g h t never was as severe as in  th e  dry 
phases o f th e  u pper s tra ta . A low er tem p era tu re  is ind icated  b y  th e  absence 
o f Cedrela, Talauma, of th e  o th e r  large-leaved trop ica l species, o f  neo­
tro p ica l ferns, and , on th e  o ther h an d , b y  th e  g reater abun d an ce  o f th e  genus
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C a rp in u s, th e  presence o f  Quercus gigantum  E t t . ,  as well as of deciduous 
M agn olias. The sclerophyllous species in d ica te  tem peratu res n o t w arm er 
th a n  subtropical a n d  less precipitation. On th e  o th e r hand, th e  p redom i­
n an c e  o f laurineous tree s  im plies a re la tively  even  tem peratu re  d is trib u tio n  
a n d  a  clim ate w ithou t a  d ry  season. The large-leaved  trop ical trees occurring 
in  th e  lower an d  m idd le s tra ta ,  above all F icu s  latsonoides A ndreánszky, 
liv ed  in  gallery forests w here th e  deficiency in  p recip ita tions was com pen­
s a te d  b y  th e  p erm an en t h u m id ity  of th e  soil. T he fa c t  th a t  among th e  m icro- 
th e rm ic  fossils th e  leaves o f th e  Ulmus species a re  few  an d  far betw een a n d  
t h a t  th e  genus A cer has n o t so fa r been encoun te red  a t  all in these tw o g roups 
o f  s t r a ta  is no t due to  c lim atic  reasons b u t to  flo ra l evolution and  to  m ig ra­
tio n , respectively. I t  was on ly  a t  a la te r phase t h a t  these elements invaded  
o u r  region in force.

A t th e  tim e th e  tw o  g enera  Acer an d  U lm us h a d  already  estab lished  
them selves in  H ungary . T he Lower Oligocene o f K iseged Hill has y ielded 
f ru its  o f Ulmus. A lth o u g h  A cer atavissim um  A ndreánszky  described from  
t h a t  sam e site, is n o t q u ite  certain ly  an  Acer, still, a  fru it which has been 
fo u n d  since an d  which is a n  A cer fru it beyond d o u b t, proves th e  presence 
o f  th is  genus in  th e  flo ra .

L e t us revert here once m ore to  th e  su b jec t o f  topography which, as 
s ta te d , m ust have been  fa ir ly  varied. The assu m p tio n  of a f la t l i tto ra l is 
c o n tra d ic ted  by th e  a lm o s t to ta l  absence o f reed  a n d  sedge associations. 
N o r is th e re  any  trace  o f  a  m angrove forest, a lth o u g h  th e  clim atic conditions 
w ould  have perm itted  th e  developm ent of th is  association. In  th e  v ic in ity  
o f  th e  W ind  B rickyard  s ite , a  fa irly  steep litto ra l m a y  have existed every­
w here th ro u g h o u t th e  period . The sedim ent em bedding  th e  p lan t fossils 
is fin e  c lay  or more o r less coarse sand. P la n t fossils occur in every  k in d  
o f deposit, locally a tta in in g  an  enormous ab u n d a n ce  even in th e  finer- 
g ra in e d  rocks, which cou ld  no t, consequently, h av e  been deposited a t  a 
g re a te r  d istance offshore.

Fossils o f fresh-w ater p lan ts , o f water lilies o r pondw eeds, have no t been 
fo u n d  a t  th is  site. (P lan ts  o f  th is  kind occur in  fa ir ly  large quantities in  
th e  L ow er Oligocene shale  o f  K iseged Hill.) This m eans th a t,  in th e  neigh­
b o u rh o o d  o f th e  steep  l itto ra l,  th ere  were no fresh -w a te r lakes or sluggish 
riv e rs  in  which such p la n ts  could exist.
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A S P E C T  O F  T H E  V E G E T A L  C O V E R . P L A N T  A S S O C IA T IO N S

The c onsiderations  h itherto  exposed m ay  convince the  read er th a t  
tree  associations corresponding to th e  W in d  B rickyard  forest do n o t a c tu a lly  
exist anyw here on E a rth . The W ind B rick y a rd  association includes elem ents 
originating from  th e  trop ica l rain  forest, r ip a r ia n  forest, monsoon an d lau rin e - 
ous forest, from  th e  southern  and  n o rth e rn  ty p e  of hard-leaved fo rest an d  
scrubs, from  th e  coniferous forest a n d  green-in-the-sum m er deciduous 
forest. The elem ents o f th e  tem perate  r ip a r ia n  forest belong to  th is  la t te r  
assemblage. O ur studies into the  T e r tia ry  flo ras have definitely estab lished  
th a t  th e  com position of th e  riparian  fo rests changed and  evolved m uch 
slower th a n  th e  forests on d ry  ground. T he rip a r ian  associations o f th e  W ind  
B rickyard  a re  consequently  much m ore closely re la ted  to  those well know n 
from  th e  la te r  T e rtia ry  th a n  are th e  m esophilous and  xerophilous forests 
of th a t  tim e  to  th e  younger ones, as p ro v ed  b y  th e  fact th a t  the  m ost freq u en t 
riparian  tre e  o f th e  W ind B rickyard  flo ra  is th a t  same Acer trilohatum  
(Strnbg.) A. B r. which is so ab undan t in  th e  S arm atian  of H ungary . F u r th e r  
riparian  tre e  species were — and still a re  — th e  alders, species o f Juglan- 
daceae, som e willows, perhaps one or tw o  Ulm us species. The M yrica  species 
also in h ab ited  th e  swam ps, bu t th e  la t te r  were independent of th e  r ip a r ian  
forests. F ir s t  o f all, in  contrast to  th e  rip a r ia n  forests, usually  o f considera­
ble height, th e  M yrica  populations o n ly  co n stitu ted  sh rubby  fo rm ations. 
Also, in th e  W ind  B rickyard  s tra ta , th e  fossils o f Ж упса ten d  to  be segregated  
from  th e  la rger leaves o f the  rip arian  trees . This results in  a f lu c tu a tio n  in  
th e ir p roportions, w ith now the one, now  th e  o ther ty p e  in th e  lead . This 
suggests t h a t  in  hum id sites, th e  tw o  k inds of population, th e  r ip a r ia n  
forest a n d  th e  M yrica  swamp, were fa ir ly  sh a rp ly  separate. This is p roved  
also by  pollen  analysis (oral com m unication  b y  Mrs. L. Nagy).

In  th e  p la n t cover o f th e  d ry  g rounds, i t  is m ore difficult to  d istingu ish  
sep a ra te  associations, as the  d ifferen t species are m uch m ore th o ro u g h ly  
mingled. One canno t nam e any  tre e  species which would hav e  h a d  an  
absolute sup rem acy  in  th e  tree level. F u rth erm o re , it  does n o t seem  open 
to  doub t th a t  th e  m ixed forest ty p ica l o f th e  upper flora, in s tead  o f  con­
s titu tin g  a  coheren t canopy, ra th e r resem bled  in this respect th e  tro p ica l
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ra in  forests an d  was co n stitu ted  b y  tre e  species of different heigh t. U n ­
fo r tu n a te ly , Sequoia couttsiae Heer, p resu m ab ly  th e  tallest tree  o f all, is 
e x tin c t a n d  we have no indications as to  its  height. S. langsdorfii (B rg t.) 
H eer, th e  ancesto r o f living S . sem pervirens (Lam b.) Endl., is know n fo r 
th e  m om ent from  th e  low er flo ra only, a n d  even  from  there  we h av e  b u t a  
sing le specim en. In  co n tra s t, th e  canopy fo rm ed  b y  th e  trees of th e  m idd le 
a n d  low er floras was m ore uniform . E v en  i f  one o r two gigantic trees  s to o d  
o u t ab o v e  th e  rest, th e re  was a m edium -high canopy  level in the  C astan opsis-  
L auraceae forest. This fa irly  coherent can o p y  presum ably consisted  o f  
C astan opsis  (which, th o u g h  no t dom inan t, le ft th e  most ab u n d an t fossils 
ex cep t fo r C innam om um ), fu r th e r o f Quercus gigantum  E tt. (though  th is  
species m igh t have been ta lle r  th a n  th e  av e rag e  canopy level) a n d  o f 
C a rp in u s, besides th e  m em bers of th e  lau re l fam ily. This was a lau rineous 
fo rest in terspersed  w ith  deciduous trees. A t th e  d rier spots it was in te rru p te d  
b y  a  scrub  forest co n s titu ted  by  Cunonia, A rbu tu s, one or two M yrica  species, 
C allistem on , Berchemia an d  som e o th er sm alle r trees and  shrubs. These 
p a tch e s  o f scrub forest m ay  be considered a  descendan t of th e  well-developed 
K n y sn a - ty p e  d ry  forest o f th e  K iseged flo ra . E rom  th e  grass level o f th e  clos­
ed fo rest, on ly  A sp len iu m  egedense A n d reán szk y  is known so far. T here 
was fu r th e r  a tro p ica l rip a r ia n  forest o f  F icu s  a n d  o ther trop ica l species 
d is tin c t from  th e  m esophytic  laurel forest a n d  th e  d ry  scrub forest. No well- 
developed  deciduous r ip a r ian  forest could be  p roved , however, for th e  low er 
a n d  m idd le  s tra ta . O nly ce rta in  species o f Juglandaceae and  som e S a lix  
leaves in d ica te  a  r ip a r ian  association o f m o d era te  tem peratu re  req u ire ­
m ents.

In  th e  tro p ica l-ty p e  m ulti-sto ried  m esophytic  forest of the  u p p er flo ra , 
th e re  were, besides Sequoia, several o th er ta l l  tro p ica l trees having a  heigh t 
o f a b o u t 60 m stand ing  o u t above th e  canopy. B eneath  them  th ere  was a  
m ixed  level, consisting besides th e  Lauraceae m ainly of S ym plocos  
species o f  different height. This level was in terspersed  with a v ariab le  
p ro p o r tio n  o f deciduous trees, depending on  w h e th er th e  forest lay  on  th e  
w arm er o r on th e  cooler slope. This is called  a  C edrela—Sym plocos forest. 
In  its  g rass level, ferns were extrem ely  ab u n d a n t.

In  m o st young T e rtia ry  floras th e  laurineous trees generally occur in  th e  
low er levels. This phenom enon can be exp lained  in  term s of th e  evo lu tion  
o f assoc ia tions. In  th e  laurineous forest, th e  cooling of th e  clim ate f irs t 
resu lts  in  a  rep lacem ent o f  th e  tre e  level b y  deciduous trees while th e  lau ri­
neous p o p u la tio n  persists in  th e  shrub  level. I n  th e  W ind B rickyard  flo ra  
i t  was, as  s ta te d  above, n o t so m uch th e  cooling which caused the  deciduous 
trees to  m u ltip ly ; even before th a t  th ere  were m an y  m icrotherm ic elem ents
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such as deciduous sh rubs. The population o f th e  lower levels is a lm ost as 
mingled as th a t  o f  th e  tree  level. T ropical sh rubs (above all, Sym plocos  
species), laurineous elem ents (m ainly C inn am om u m ), an d  deciduous ones 
(species of A lnus, R hus, Rham nus an d  C ornus)  render th is  h igher o r lower 
shrub  level m ore varied . L ianas were also p resen t (T  etrastigm ophyllum  
S m ila x ), bu t no F icu s  species have been found  so far.

The genus C astanopsis does no t persist a n y  fu r th e r, nor do th e  h a rd  leaved 
an d  laurineous oaks an d  th e  Lithocarpus species. Only Quercus salicina  
Sap. appears, whose height, however, canno t be  established.

L ight was sufficient even a t  the  lower levels, as p roved  by th e  huge-leaves 
o f Litsea euryphylla  A ndreánszky. The Lauraceae species, being, as is well 
known, no shadow  p lan ts , leaves of th is  size, were obviously con tingen t 
upon favourable lig h t conditions.

In stead  of a tra n s itio n  tow ards a  rip a rian  forest o f trop ical co louration 
th e  Cedrela-Sym plocos forest locally grades in to  th e  a lready  m entioned 
tem perate  deciduous stream -bank  forest, as well as into a d ry  ta ll  scrub 
dom inated by ce rta in  M yrica  species (e.g. M yrica  cf. aethiopica L.), R ham nus 
angustifrons A ndreánszky , Lom atites aquensis Sap. an d  C allitrites brongni- 
arti Endl. This in  tu rn  shows a tran sitio n  tow ards a savannah-like associa­
tion  with dom inan t palm s which is in  consequence called a  palm  savannah . 
This stood a p a r t  from  th e  m esophytic forest in  tim e ra th e r th a n  is space, 
being restric ted  to  th e  a rid  phases of th e  clim ate. As soon as th e  p rec ip ita ­
tions grew m ore ab u n d a n t, th e  Cedrela-Sym plocos forest re tu rned .

The two ty p ica l elem ents of th e  C edrela-Sym plocos forest have n o t been 
encountered in  such  abundance anyw here else in  H ungary . Cedrela macro- 
phylla  A ndreánszky  is only  known for th e  m om ent from  th e  u p p er s tra ta  
of th e  W ind B rick y ard ; species of Sym plocos a lready  appear in  th e  Lower 
Oligocene flo ra  o f  K iseged Hill, an d  fu r th e r  in  th e  m iddle s t ra ta  o f the  
W ind B rickyard, b u t do no t a tta in  dom inance before th e  tim es o f th e  upper 
s tra ta . This forest is, th en , quite d istinct from  all th e  o ther T e rtia ry  forests 
of Hungary. U n fo rtu n a te ly , research in  th e  tro p ica l regions, ham pered  by  
considerable difficulties, did  not as y e t estab lish  th e  phytosociological role 
of th e  Sym plocos species in  th e  tropical forests o f to -day . I t  is, consequently , 
impossible to  con fron t th e  W ind B rickyard  flo ra  w ith  th e  ac tu a l situation . 
From  Germ any, f ru it  rem ains of Sym plocos have been rep o rted  in  large 
num bers from  som e Oligo-Miocene sites. T here is only  one fossil fru it in  th e  
W ind B rickyard  m ateria l, th e  rest being th e  im prin ts  of leaves. O ur flora 
thus does no t len d  itse lf  to  any  detailed  com parison w ith th e  G erm an floras 
of fru it rem ains; n o r can  th e  respective abundances of th e  species be con­
fronted.
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Reviewing th e  s u b je c t o f  th e  aspect an d  th e  subdivision in to  levels an d  
phytosociological co m m u n itie s  o f the  flora, le t us enum erate th e  associations 
w h ich  can be re co n s tru c ted  from  the  fossils fo u n d  in  th e  low er an d  m iddle 
s t r a t a  of the W ind B ric k y a rd . There was a  m esophile C astanopsis-Lauraceae  
fo re s t with a fa irly  hom ogenous canopy level (20 to  25 m high), in  which 
th e  laurineous everg reens were in terspersed  w ith  green-in-the-sum m er 
deciduous species (C a rp in u s  an d  ta ll Quercus gigantum  E tt .,  which la tte r  
te n d e d  to  ju t ou t ab o v e  th e  canopy). T here w ere fu rth e r patches o f  a  d ry  
sc ru b  forest which co n se rv ed  some features o f th e  m uch b e tte r  developed 
S o u th  African K n y sn a  fo re s t o f Kiseged Hill; finally , th ere  was a  rip a rian  
fo re s t of tropical co lo u ra tio n . A tem p era te  rip a rian  forest is im plied  a t  
m o s t by  some fossils o f  S a lix  an d  Juglandaceae. T here certain ly  was also a 
M y r ic a  swamp, b u t o f  no  g re a t extent.

I n  th e  upper flo ra th e  sw am p y  shrubs a tta in e d  a  g rea ter ex ten t a n d  were 
m o re  varied. Along th e  w a te rs , groves suggestive of a tem p era te  clim ate 
g rew , w ith Acer triloba tu m  (Strnbg.) A. Br. as th e  dom inant tre e  species. 
T h e  g reatest p a r t o f  th e  te r r ito ry  was covered in  th e  hum id  phases b y  a 
Cedrela-Sym plocos fo rest. T his consisted o f tree s  an d  shrubs of d ifferen t 
h e ig h t which defined sev e ra l sto ries and  were underla in  by  a  rich grass level 
consisting  of ferns; i t  h a d  no  coherent canopy. This forest was sp rink led  
w ith  m any  deciduous e lem en ts , especially species o f Acer an d  U lm us. In  
p erio d s of arid ity  th e  la rg e -leav ed  tropical an d  deciduous trees d isappeared  
a n d  th e  whole m esophy tic  fo rest was replaced b y  a  palm  savannah . This 
w as a  scrub forest in  w h ich  th e  principal tro p ica l elem ent, th e  palm s, were 
accom panied  by m an y  o th e r  sm all xerophilous trees and  shrubs, som e of 
w h ich  preferred a te m p e ra te  clim ate  (M yrica  species, Rham nus angustifrons  
A ndreánszky , Lom atites a q u en sis  Sap.).

I n  favourable periods, th e  m esophytic forest ten d ed  to  change tow ards th e  
tro p ic a l rain  forests, a s  im p lied  by  tree  species having  very  large leaves 
a n d  trop ica l affinities (T a la u m a  egerensis A ndreánszky), an d  b y  laurels 
w ith  g ian t leaves (L itsea  eu ryp h y lla  A ndreánszky). In  th e  upper s tra ta  th e re  
is no  tra c e  of a m angrove fo rest. N or is th e re  a n y  ind ication  in  an y  o f th e  
th re e  groups of s tra ta  o f  fre sh -w a te r p lants, pond-w eeds or w ater-lilies.
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IM P L IC A T IO N S  F O R  F L O R A L  E V O L U T IO N  
A N D  CLIM ATIC H IS T O R Y

F rom the standpoint of floral evolution, the  W ind Brickyard floras exhibit 
two contradictory tendencies. The tropical and tem perate features are 
enhanced simultaneously, bo th  to  the detrim ent of the  h itherto  dominant 
subtropical features. I f  th is phenomenon is examined in the  context of the 
preceding and subsequent floras, the  following process emerges. I t  is a well- 
known fact th a t the m oderately warm climate of the lowest Eocene was 
followed by a warming up and  it was presum ably sometime in the  Eocene 
th a t  Central Europe a tta ined  the  highest tem perature in th e  course of the 
Tertiary. In  the early Oligocene a marked cooling took place which did not, 
however, swamp H ungary with Turgayan elements, bu t resulted largely in 
the  multiplication of subtropical elements bearing affinities to  the  southern 
hemisphere, and to East Asia, respectively, this to the  detrim ent of the 
tropical elements. Palms grew scarce while conifers thrived. The cooler 
tem perature of the Lower Oligocene persisted throughout th e  Middle Oligo­
cene, although we know of no flora which m ight properly be called “Middle 
Oligocene” as distinct from  the  Lower Oligocene flora. Tem perature did 
not increase in the early U pper Oligocene, either, all change being restricted 
to  the  precipitation. In  the  lower p a rt  of the U pper Oligocene which corre­
sponds to the lower and middle floras of the W ind Brickyard, floral evolution 
asserts itself in th a t the elements with southern affinities are replaced by 
those with East Asiatic affinities, quadripartite calices (A b e lia , H y ­
d ra n g ea )  become rarer (even to ta lly  absent, as far as the  W ind Brickyard 
flora is concerned), while certain  Turgayan species tend to  grow increasingly 
abundant. In  the upper p a r t  of the  Upper Oligocene, or perhaps in the 
lowest Aquitanian, represented by  the  upper s tra ta  of the  W ind Brickyard, 
the  tem perature began to  m ount, entailing a m ultiplication of tropical 
elements. In  certain warmer phases the  amount of precipitation also increased 
and  this gave prominence to  large-leaved tropical elements and  to  ferns. 
A t the  same tim e quite a series of Turgayan elements invaded the  region. 
This was made possible by a highly accidented topography. The invasions in 
question were spasmodic and, apparently, the  Turgayan elements did not 
s tay  for long. This statem ent should, however, be taken with some reserve,
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because — as a lready  m en tio n ed  — we have no flo ra  exam ined in  detail 
fro m  th e  period im m ed ia te ly  following th e  deposition  o f th e  W ind B rick­
y a rd  s tra ta .  So m uch is c e rta in  th a t  th e  hornbeam  wave, know n from  th e  
f lo ra  o f  th e  m iddle s t r a ta ,  d id  n o t become perm anen t, as h a rd ly  an y  ho rn ­
b eam  leaves have been  fo u n d  in  th e  upper s tra ta  w hich, in  tu rn , was in ­
v a d e d  b y  a  fresh wave o f  m ap le  a n d  elm. N or have th ese  genera been re p o rt­
ed  in  g rea ter q uan titie s  fro m  th e  Lower Miocene. F u rth erm o re , th e y  are 
ju s t  as  scarce in  th e  H e lv e tia n  flo ras of bo th  th e  M ecsek M ountains a n d  th e  
reg ion  o f Eger. This im plies th a t  th e ir  invasion in to  a flo ra  o f trop ical colour­
a tio n  is unlikely to  be due to  a  m arked  an d  perm anen t cooling. A p art from  
th is , th e  upper W ind B rick y a rd  flo ra  is considerably richer in  palm s th a n  
th e  L ow er Oligocene flo ras , o r th e  lower tw o floras o f th e  W ind B rickyard . 
I  am  therefore inclined to  see th e  causes o f th is  invasion  o f tem p era te  
species in  conditions fav o u rab le  to  m igration an d  se ttling .

I n  o rder to  get a  p lau sib le  p ic tu re  of floral evolution, one m ust b y  all 
m eans s ta r t  from th e  im m ensely  rich and  varied  flo ra  o f K iseged H ill. I t  
h as been established (A ndreánszky  1959b) th a t  th e  w arm -subtropical 
p o p u la tio n  of th is  flo ra  consisted  o f elem ents o f th e  sou th ern  hem isphere, 
a n d  p articu la rly  o f species hav ing  S outheast A siatic affin ities. The num ber 
o f  p ronouncedly  tro p ica l elem ents is inferior to  th a t  o f th e  sub trop ical ones 
a n d  ten d s  to  com prise th e  species of th e  gallery  forests. The dry-ground 
fo rest is, by  and  large, devo id  o f trop ica l features. F ro m  th e  po int o f view 
o f  h u m id ity  the  forest was s itu a te d  betw een tw o ex tre m es ; th e  one was the  
m esophy tic  Castanopsis fo rest o f  Southeast A siatic affin ity , th e  o th e r a 
d ry  scrub  forest w hich included  m any sou th ern  elem ents an d  which 
resem bled  in  m any  re sp ec ts  th e  K nysna forest o f  th e  Cape o f to d ay . The 
m angrove still flourished , a n d  th e  trop ical rip a r ia n  forest was rich  in 
species.

N e x t in  the  succession is th e  flo ra  of th e  upperm ost s t ra ta  o f K iseged Hill, 
in  w hich there a lread y  occurs th e  im prin t of an  Acer leaf ( Acer atavissimum  
A ndreánszky). This f lo ra  u n fo rtu n a te ly  includes so few determ inable 
im p rin ts  th a t  th is t ra n s it io n  canno t be reconstructed .

F ro m  th e  period d e lim ited  b y  th e  s tra ta  of K iseged H ill on th e  one side, 
a n d  o f  th e  W ind B rick y a rd  on  th e  other, and  rep resen ted  b y  th e  conform a­
ble series of s tra ta  in  betw een , we possess fossils from  th e  clay-pit o f the 
b ric k y a rd  in th e  V ecsey V alley  (in th e  im m ediate  v ic in ity  of Eger) and 
from  th e  sites N ag y im án y  a n d  Hercegoldal, n ea r N oszvaj, fa rth e r aw ay. 
H ow ever, owing to  th e ir  insign ifican t num ber a n d  re la tiv e ly  poor p reserva­
tio n , th e  fossils in  q u estio n  do no t provide a  sa tis fac to ry  basis for the 
reconstruction  of a wdiole flo ra . N evertheless, th e  in te rm ed ia te  place o f these
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floras betw een those  o f K iseged H ill a n d  th e  W ind B rick y ard  is illustra ted  
b y  th e  following list o f th e  species h ith e rto  determ ined.

M iddle Oligocene s tra ta  o f th e  b rick y ard  in  th e  Vecsey V alley:

Lauraceae sp. cf. L itsea  laeta (W all.) B enth . e t Hook. f.
Lauraceae sp. cf. N eolitsea interm edia  Elm .
D ryophyllum  sp., v ery  narrow  form  
Castanopsis furcinervis (Rossm.) K r. e t W ld.
C astanopsis sp. indet.
C arya  sp. fructus 
M yrica  longifolia Ung.
C unonia oligocaenica Andr. e t Nov.
? Dodonaea sálicoides A ndreánszky 
Z izyph u s zizyphoides (Ung.) W ld.
Q uadripartite  calix (no t A belia quadrialata  R eid a n d  C handler)

Middle Oligocene s tra ta , Noszvaj, Hercegoldal:

P in u s  sp. aciculis binis, very th in  needles
P in u s  sp., end o f a needle-leaved bough, needles th ick er, th e ir  num ber 

undeterm inable
Sequoia couttsiae H eer, bough w ith  needles 
Sequoia langsdorfii (B rngt.) Heer, boughs w ith leaves 
Cinnam om um  scheuchzeri Heer 
C innam om um  lanceolatum  (Ung.) H eer 
C astanopsis furcinervis (Rossm.) K r. e t W ld.
Engelhardtia brongniarti Sap.
C arya  sp. fructus
Z izyph us zizyphoides (Ung. )Wld.

Middle Oligocene s tra ta , N oszvaj-N agyim ány:

Sassafras lobata Sap. sub Daphnogene (?  S assafras) lobata Sap. 
C astanopsis furcinervis (Rossm.) K r. e t W ld.
C astanopsis fru it im p rin t

In  H un g ary  it  is in  th e  Middle Oligocene th a t  we find  th e  las t narrow 
Fagaceae leaves, so m arked ly  typ ical o f th e  Lower Oligocene, which could 
no t h ith erto  be assigned to  living genera an d  are, consequently , comprised 
in  th e  collective genus D ryophyllum . T he narrow  leaf-form  from  th e  Vécsey 
Valley is m ost ch arac te ris tic  also o f  th e  Lower Oligocene s t r a ta  o f Kiseged
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H ill a n d  of the  region o f  B u d a .  I t  is sim ilarly here  t h a t  we find  th e  last 
q u a d r ip a r t i te  calices in  th e  M id d le  Oligocene, p a r t  o f  w hich has n o t y e t been 
a p p ro p r ia te ly  placed in  th e  sy s te m . This flora is th u s  closely connected w ith  
th e  L o w er Oligocene.

T h e  fossils in question h a v e  n o t been encountered in  th e  lowest s tra ta  
o f  th e  W ind  Brickyard, a t  le a s t  n o t  until now. This im plies th a t  th e y  could 
n o t h a v e  abounded in th e  U p p e r  Oligocene flora o f th a t  tim e. On th e  o th er 
h a n d , th e  lower s tra ta  s till b e a r  th e  genus C astanopsis, a lth o u g h  not C. furci- 
n erv is  (Rossm.) Kr. e t W ld ., b u t  C. callicomaefolia A ndreánszky, which 
a l re a d y  tu rn ed  up in th e  f lo ra s  o f  K iseged Hill a n d  o f th e  B uda region, an d  
th e  tra c e s  of a gallery fo rest w ith  F icus species a n d  o th e r  tro p ica l elem ents. 
A  F ic u s  species common w ith  K iseged  Hill an d  n o t encoun te red  as y e t in  
o th e r  flo ras  is F. adhatodaeform is A ndr. e t Nov. T he d ry  forest o f sou thern  
ty p e  becam e very poor in  fo rm s , b u t Callicoma, C un on ia  oligocaenica A ndr. 
e t  N o v . an d  Dodonaea s till e x is t.  A m ong the  ra re  species, A splen iu m  egedense 
A n d reán szk y , Quercus a g r ie n s is  A ndreánszky an d  m an y  o thers are common. 
O n th e  contrary, E u ca lyp tu s, Sch inus oligocaenicum  A ndr. e t Nov. etc., 
h a d  com pletely  d isappeared. I n  th e  Castanopsis fo rest, th e  laurels, above 
a ll t h e  Cinnamomum  species, g a in e d  prominence, a n d  te n d ed  to  repress even 
C a sta n o p s is  callicomaefolia A ndreán szk y . Conifers grew  considerab ly  scarcer, 
a s  re g a rd s  both species a n d  ind iv idua ls . Sequoia sternbergii (Goepp.) H eer 
is a b s e n t  and  a single sp ec im en  only of S. langsdorfii (B rngt.) H eer was 
fo u n d . T he situation is u n a l te re d  in  respect of S. couttsiae H eer whose cones 
p e r s is t  u p  to  the upperm ost s t r a t a  of the  W ind B rick y a rd  where th ey  are 
s t i l l  freq u en t, although a p p a re n t ly  for the last tim e  in  H ungary . The role 
o f  t h e  genus Pinus does n o t c h a n g e  either; although  needle clusters are very  
r a re  in  th e  W ind B rick y ard  f lo ra ,  cone remains a re  m ore frequen t th a n  on 
K ise g e d  Hill.

W h ile  th e  modest ensem ble o f  fossils, encountered in  th e  s tra ta  com prised 
b e tw e e n  those of K iseged H ill  a n d  of the  W ind B rick y ard , a n d  briefly  dealt 
w ith  here, cannot by  fa r  b e  considered  rep resen ta tive  o f th e  flo ra of th a t  
tim e , th e  remains h ith e rto  k n o w n  from  the  lower a n d  m iddle s tra ta  o f th e  
W in d  B rickyard  are likely  to  o ffe r a  sound basis for com paring  our flo ra w ith 
o th e r  flo ras  as to the  n u m b e r  o f  constituent species. L e t us s ta te  th a t ,  as 
c o m p a re d  to  the flora o f K ise g e d  Hill, it  was poor in  species an d  m uch less 
v a r ie d . This implies th a t  th e  w hole vegetation becam e m ore uniform , espe­
c ia lly  a t  th e  canopy level, a n d  t h a t  the  shrub level g rew  poor especially in  
s h ru b s  requiring much su n sh in e , probably  owing to  th e  unfavourab le light 
co n d itio n s  in the in te rio r o f  th e  forest. The flo ra o f K iseged  Hill owed its 
rich n e ss  in  the  first place to  th e  g re a t varie ty  of th e  sh ru b  level.
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T he upper flora was more colourful again. This, in my opinion, was due to  
th e  fac t th a t  tw o con trad ic to ry  featu res, th e  trop ical an d  th e  tem pera te , 
were gaining s tren g th  and, in  th e  process, enriched the  flo ra  w ith  m any  new 
elem ents. This, however, increased n o t only th e  num ber o f species, b u t also 
th e  num ber of levels in th e  forest. A g rea t change took place in  th e  evolution 
o f th e  d ry  forest. In  th e  flo ra of K iseged H ill th e  d ry  forest owed its  full devel­
o p m en t an d  richness to  th e  fac t th a t  i t  still included num erous sub trop ical 
a r id  an d  sem i-arid A ustra lian , Cape an d  E ast A siatic elem ents. In  th e  upper 
s t r a ta  of th e  W ind B rickyard  th e  d ry  forest ra th e r consisted  o f trop ica l 
sav a n n ah  elem ents, w ith a  very  few sub trop ical species. On th e  o th er hand, 
th e  change in  th e  riparian  forest consisted in th a t th e  tro p ica l riparian  
assem blage of K iseged Hill was rep laced  by a  stream -bank  fo rest including 
deciduous elem ents of tem p era te  clim ate.

As was stated  above, the riparian associations changed in the  course of the 
T ertiary  much less and much slower th an  the dry-ground associations. This 
change, which took place during the  deposition of the  W ind Brickyard 
s tra ta , was perhaps the most im portan t event in the history of riparian 
vegetal associations during the T ertiary.

Planetrees and poplars were absent from the  riparian forest of the  Wind 
Brickyard.

W e are u n fo rtu n a te ly  in  no position  to  tra c e  th e  evolution o f th e  W ind 
B rick y ard  flora in  subsequent tim es. A s tu d y  published on th e  sub ject of 
th e  B urdigalian  flo ra  of Ip o ly ta rn ó c  (R áskv 1959) does n o t en te r in to  these 
problem s and  th u s provides no in fo rm ation  as to  floral evolu tion  in  th e  tim e 
sp a n  betw een th a t  flora an d  th e  W ind  B rickyard  assemblage.

In  th is  respect th e  H elvetian  flo ras, including those o f th e  Mecsek m oun­
ta in s , an d  the  floras of several sites around  E ger- T iham ér a n d  A ndor­
n a k t álya, are m uch b e tte r  known. In  these, th e  tropical t ra its  a re  consider­
ab ly  a tten u a ted . The so-called hem itrop ical flo ra  of th e  W ind  B rickyard, in 
w hich tropical elem ents m ingled ab o u t half-and-half w ith su b tro p ica l—tem ­
p e ra te  elem ents, is replaced by  th e  firs t sub tropical flo ra  (A ndreánszky et 
K ovács 1955, Table I), charac te rized  b y  laurineous sub trop ical trees. The 
ex trao rd in ary  abundance o f M yrica  in th e  W ind B rickyard  flo ra  finds its 
con tinuation  here, although  in  a  m uch sm aller num ber o f species. In  a 
H ungarian  relation, th e  period o f th e  W ind B rickyard  flo ra was th e  golden 
age of th e  genus Myrica; a t  th a t  tim e, m any  of its species were drought- 
re s is tan t. In  th e  swam ps th ey  re ta in ed  th e ir role th roughou t th e  B urdigalian  
u p  to  th e  H elvetian  stage. I t  seem s th a t  th e  xerophilous species were 
th e  firs t to  disappear. In  rap id  re tre a t from  th e  N o rth  H u n g arian  flo ra 
a f te r  th e  H elvetian , th e  genus M yrica  alm ost to ta lly  d isappeared  la te r  on.
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I t  would lead us very far afield if we wished to  extend these considerations 
to  th e  floras of more recent times. Instead, I  shall endeavour to give here an 
outline history of clim atic evolution.

The opinion th a t tem peratures decreased gradually and perm anently 
from  th e  Eocene onwards does not fit the facts except as a very rough approx­
im ation. In  between, nam ely, some greater fluctuations took place. I t  was 
n o t th e  oldest Eocene (Palaeocene) which was ho ttest: in the course of the 
Eocene, a fairly im portan t warming up occurred. Again, the  Lower Oligocene 
was considerably cooler; the  palms and m any tropical elements were forced 
in to  retrea t. The clim ate deteriorated to  warm-subtropical, but retained 
certa in  features of the  tropical climate, favourable to  a mangrove forest. A 
clim ate which would have perm itted a tropical rain  forest to  develop, cannot 
be proved in respect o f either tem perature or hum idity. The climate was 
decidedly dry. The elements of the tropical rain  forest retreated  to  the 
riparian  forests. However, a prolonged, periodic lack of rains, th a t is, a 
well-defined dry season, is no t implied: hence, there  could be no typical 
m onsoon climate, either. The abundant fern species and  m any other plants 
suggest th a t, although our region was situated  on the  same latitude then  as 
i t  is now, there was no sharp ly  distinct hot summer, nor a winter period of 
com plete dormancy. The precipitations probably were not subject to  greater 
annual fluctuations, either. Still, the fairly large proportion of sclero- 
phyllous plants in certain  periods indicates some exten t of drought in 
th e  summer.

On th e  basis of th e  flora we cannot separate a Middle Oligocene, and 
th is  implies th a t the  clim ate underwent no im portan t change, either, 
a lthough the precipitations increased somewhat. The fossil ensemble of the 
Clay of Kiscell in the  B uda region already contains larger and broader leaves 
th a n  the  flora of the  Kiseged Hill; similarly, the  U pper Oligocene flora 
o f th e  lower s tra ta  a t  th e  W ind Brickyard indicates a slightly greater 
abundance of precipitation. In  the  middle s tra ta , the  multiplication of horn­
beam s implies also some decrease of tem perature. The com paratively large 
leaves of Q uercus g ig a n tu m  E tt. and of the hornbeam  are a sign of richer 
precipitations. Still, even in the  cool phase of the  middle s tra ta , tem perature 
did no t diminish so m uch as to  bring the average of the  coldest months 
near th e  freezing point; the  la tte r  was but rarely reached as an absolute 
minimum . I t  is nevertheless probable th a t, throughout the  Hungarian Oligo­
cene, th e  lowest tem perature  prevailed a t the  tim e of deposition of the 
m iddle s tra ta . Pollen analy tical research in northern  Germany has shown 
th a t  th e  Oligocene as a whole was cooler th an  either the  Eocene or the  Lower 
Miocene. Turgayan elements were abundant in the  N orth  German Oligocene.
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T he tem p era tu re  drop can also be proved for th is  country , b u t i t  ap p ears  th a t  
g rea te r quantities o f T urgayan  elem ents reached  th e  so u th erly  regions of 
C en tra l E urope by  th e  end  o f th e  Oligocene only.

T he upper flora points to  a fu r th e r increase o f p recip ita tion  an d , a t  th e  
sam e tim e, of tem p era tu re . P rec ip ita tion  began to  f lu c tu a te  w ithout, 
how ever, influencing th e  tem p era tu re , a t least no t in th e  y early  average. 
S till, th e  increasing a r id ity  m ay  have been accom panied b y  g rea te r yearly  
flu c tu a tio n s of tem pera tu re . The a rid  phases were a t  least as d ry  — if  no t 
d rier, considering th e  h igher tem p era tu re  — as th e  clim ate o f th e  K iseged 
flo ra . This was presum ably  th e  w arm est clim ate in th e  course o f th e  entire 
Oligocene; or, if we assign th is  period  to  th e  Low est Miocene, we m ay  s ta te  
t h a t  th e  Miocene b rough t a  w arm ing up in com parison w ith  th e  Oligocene.

A warm er clim ate s tay ed  on, a f te r  th e  A quitan ian , also in  th e  ea rly  Bur- 
d igalian; it was only  la te r in  th e  B urdigalian th a t  a fu r th e r cooling down set 
in. P rec ip ita tion  was again  scan tie r in  the  Low er Miocene th a n  in  th e  w et­
te s t  period of th e  W ind B rick y ard  series; fo r some tim e, palm s were more 
ab u n d a n t th a n  even in  th e  W ind  B rickyard  flora, b u t th e  very  large leaves 
ty p ica l of th e  w ettest phases o f th e  W ind B rickyard  d id  no t tu rn  up an y  
m ore.
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R E L A T IO N S  T O  O T H E R  F L O R A S  C O N S I D E R E D  O F  

T H E  S A M E  A G E

I n the earlier phase o f te rtia ry  floral research an  exaggerated importance 
was a ttribu ted  to the  comparison of the  floral list of diverse sites, largely 
because a percentual comparison with certain floras, having a well-estab­
lished age and considered, as it  were, as standards, was thought to  be an 
infallible method for determ ining the relative age of the  flora.

T his would perhaps be a  correct principle if  th e  flo ras selected for th is 
purpose belonged to  th e  sam e flora l region o r a t  least to  th e  sam e zone of 
vege ta tion . F o r instance , to d a y  th e  whole low land o f C en tral E urope shows 
a  g re a t uniform ity, especially  if  we consider th e  arbo rescen t p lan ts, which, 
in  fossil floras, ten d  to  be  th e  only  ones preserved. O ak forests are p revalen t 
a n d  th e  accessory trees  a re  also m ore or less th e  sam e; th e re  a re  only  one or 
tw o  tre e  or shrub species which are  absen t in  th e  W est b u t p resent in  the  
E ast, o r  vice versa. As regards th e  p ast, however, flo ra l lim its are  still very 
im perfectly  known; m oreover, sm all ecological differences m ay  have caused 
considerable differences in  th e  com position o f th e  flo ra . S tockholm  and 
Z agreb  b o th  fall w ith in  th e  zone o f deciduous oak  forests; nevertheless, a t  a 
m uch  sm aller d istance so u th  o f Zagreb, th e  com position o f th e  forests tu rn s  
o u t to  be su b stan tia lly  d ifferent. As regards th e  p ast, differences in  space 
a re  com plicated  by  differences in  age. This being th e  case, i t  is often  very  
d ifficu lt to  establish w h e th e r sim ilar floral lists signify con tem poraneity  or 
o n ly  sim ilar ecological conditions. In  th e  sam e way, differences in com posi­
tio n  do n o t necessarily im p ly  differences in  age. F u rtherm ore , th e  fossil 
m a te r ia l o f certain  sites includes th e  p lan ts  o f one or a  few associations 
only, ra th e r  th a n  th e  whole flo ra ; th is  holds especially  for th e  younger 
T e r tia ry  floras. C om parison o f such incom plete flo ras is even m ore liable 
to  lead  to  erroneous deductions.

Som e com parisons am ong  contem poraneous flo ras in  H ungary  have 
a lre ad y  been effected. L e t us a d d  th a t  th e  differences betw een them  m ay 
be due  to  th e  existence o f flo ra l boundaries betw een th e  sites. In  co n trast 
to  th e  abundance o f E n g e lh a rd tia  fru its  a t  Csörög, h a rd ly  an y  such fossils 
have been  found so fa r  in  th e  W ind B rickyard  ensem ble. In  an y  case, one
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finds m uch g rea ter differences if one com pares w ith th e  W ind B rick y ard  
flo ra th e  U pper Oligocene or Low er Miocene floras o f sites lying fa rth e r 
aw ay. In  general, only th e  species sp read  over a  large a rea  an d  p ers is ten t 
th ro u g h o u t a  long span  of tim e te n d  to  be common am ong several fossil 
floras. To th is category  belong E n g elh a rd tia  bron gn iarti Sap. (frequent no t 
so m uch a t  th e  W ind B rickyard  flo ra  as a t  Csörög), M y ric a  lig n itu m  (Ung.) 
Sap., C om pton ia  acu tiloba  B rngt., th e  C in n am om u m  species, E m both rites  
borealis Ung. (although unknow n from  th e  W ind B rickyard , th is  la tte r  
is freq u en t on K iseged Hill a n d  a t  M agvaregregy), A cer tr iloba tu m  
(Strnbg.) A. Br. etc. On th e  o th e r hand , th e  species to  which th e  W ind 
B rickyard  flo ra owes its ind iv iduality , such as the  num erous S y m p lo -  
cos species, A cer h u n garicu m  A ndreánszky, S equ oia  couttsiae  H eer, a re  no t 
represen ted  a t  all (or represented b y  a  single species in th e  case o f S y m p lo -  
cos) in  th e  flo ra of R o tt which is also considered U pper Oligocene (W eyland 
1937 — 1941). N or does th e  flora o f R o tt  show th e  rich v a rie ty  o f th e  M y ric a  
species, th e  large-leaved A n on aceae, C edrela  etc. Besides th e  very  w ide­
sp read  elem ents, th ere  are b u t one o r tw o com m on species to  th e  tw o floras: 
S equ o ia  lan gsdorfii (B rngt). H eer, C a llitr ite s  b ron gn iarti E ndl., C a rp in u s  
g ra n d is  Ung., one or tw o L auraceae, Q uercus ten errim a  (very freq u en t in 
th e  flo ra  of R o tt, th is  species is rep resen ted  b y  a single leaf in  th e  W ind 
B rickyard  flora), Z izy p h u s  z izy p h o id e s  (Ung.) W ld. All these com m on species 
occur also in several of our younger flo ras. A com parison would th u s  suggest 
th a t  th e  tw o floras are m arkedly  differen t in  age, th e  flo ra o f R o tt  being 
considerably  younger. F o r instance, I le x  ro tten sis  W ld., described from  th e  
flo ra  o f R o tt, has tu rn ed  up in  o u r H elve tian  floras (A ndreánszky 1956, 
226, Taf. IV. 13).

T he o th er C entral E uropean  sites a re  m ostly  also s itu a ted  fa r th e r  n o rth  
th a n  th e  W ind B rickyard  site, so th a t  th ey  presum ably  were m ore closely 
re la ted  to  th e  T urgayan  flora. F o r th is  reason th ey  generally  show a  younger 
colouration. So, for instance, rem ains of F a g u s  have been rep o rted  from  th e  
Low er Oligocene o f th e  B avarian  A lpenvorland  whereas th is  genus is ab sen t 
from  th e  fossil ensemble of th e  W ind  B rickyard . W ith  th e  excep tion  of 
C in n a m o m u m  scheuchzeri H eer a n d  o f M y r ic a  lign itu m  (Ung.) Sap., none o f 
th e  charac teristic  species ab u n d a n t a t  th e  W ind  B rickyard  is enum erated  
in  E . K nobloch’s paper (1961) on  th e  “U pper Oligocene” flo ra  o f P irsken- 
berg, N orthern  Czechoslovakia. In  co n tra s t, am ong some 60 species enum er­
a te d  in  th a t  paper, th e re  are ab o u t 55, th e  m ajo rity  o f which crop u p  in 
o u r S arm atian  flo ra, an d  th e  re s t o f  which also fit in to  th e  sam e. F o r th e  
m ost p a r t  these are decidedly m icrotherm ic species, such as L ir io d e n d ro n  
p ro ca cc in ii Ung. which does n o t occur in H ungary  u n til th e  H e lv e tian  an d

141



Cercidiphyllum crenatum  (Ung.) B row n w hich is m issing even from  our 
low est S arm atian , to  become afte rw ards a ty p ica l elem ent of our meso- 
p h y tic  forests.

A lthough th e  s ite  o f P irskenberg is s itu a te d  fa rth e r north , th is  v ast 
difference in  age (U pper Oligocene to  U p p er Miocene) requires careful 
consideration. This n o rth e rn  Czechoslovak flo ra  m ay  eventually  tu rn  o u t 
younger th a n  U p p e r Oligocene.

A ccording to  th e  aforesaid, th e  com parison o f flo ra l lists is unsu ited  to  
th e  d e term ina tion  o f  re la tive  ages, p a r tic u la rly  if  no p roper a tte n tio n  is 
p a id  to  th e  re la tiv e  abundances of th e  ind iv idual species. This is why I  
have  consisten tly  avo ided  all a ttem p ts  a t  th is  k in d  o f com parison in  th e  
p resen t study .
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S U M M A R Y

T h e  W i n d  B rickyard  flo ra is considered U pper Oligocene because i t  show s 
tran sitio n s from  th e  Lower Oligocene flo ra o f th e  K iseged H ill a n d  th e re  is 
a  conform able succession o f s tra ta  betw een th e  tw o sites. The W ind  B rick ­
y ard  flo ra  itself, however, covers an  ex tended  span  of tim e, so th a t  th e  flo ra  
o f th e  u p p er s tra ta  presum ably  a tta in s  th e  Oligocene-Miocene lim it e s ta b ­
lished on th e  basis o f palaeozoology. N evertheless, I  feel th a t  th e  differences 
betw een th e  lower an d  m iddle flo ras o f th e  W ind  B rickyard on th e  one 
hand  a n d  th e  upper flo ra on the  o ther, owing to  th e  replacem ent o f  som e 
elem ents o f  th e  flo ra b y  others, are n o t significant enough to  ju stify  d raw ing  
th ere  th e  C hattian -A quitan ian  lim it, which is also th e  Oligocene-Miocene, 
and, in  th e  end, th e  Palaeogene-N eogene lim it. I  have repeated ly  m en tioned  
th a t  th e  undo u b ted ly  Miocene flo ra  o f Ip o ly tarn ó c  is not y e t su ffic ien tly  
known. I f  no significant change in  com position will be proved there , e ither, 
th en  it  m ight tu rn  ou t correct to  draw  th e  C hattian -A qu itan ian  lim it 
betw een th e  middle an d  upper s tra ta  a t  th e  W ind  B rickyard. Since th e  W ind  
B rick y ard  flo ra has n o t y e t been stu d ied  in  its  en tire ty , one cannot express 
in  figures th e  respective abundances o f th e  ancient (trop ica l—h o t su b ­
trop ical) elem ents on th e  one h an d  a n d  th e  younger (w arm -tem p era te— 
tem p era te) ones on th e  other. I  th in k , however, th a t  beyond d o u b t th e  
T urgayan  elem ent is still in  m in o rity  as regards bo th  th e  q u a n tity  o f 
ind iv iduals an d  th e  num ber of species.

The W ind  B rickyard  flo ra represents on a  rough average a  clim ate som e­
w hat w arm er an d  w ette r th an  th a t  o f th e  K iseged Hill. As a  re su lt, th e  
sou thern  sclerophyllous elements alm ost d isappear, C a sta n o p sis  fu rc in e rv is  
(Rossm .) K r. e t W ld. is hard ly  represen ted  a n d  Z izy p h u s  leaves a re  also very  
scarce. N o tw ithstand ing  th e  higher tem p era tu re , th e  traces o f th e  m an ­
grove d isappear an d  th e  region is sw ept b y  tw o m icrotherm ic w aves, th e  
C a rp in u s  wave in  th e  m iddle flora a n d  U lm u s-a n d -A cer  wave in  th e  u pper 
flora. A bove th e  m iddle s tra ta  th e  flo ra assum es m arkedly tro p ica l tra its :  
C edrela  m a cro p h y lla  A ndreánszky tu rn s  up, th e  genus S ym p lo co s  m u lti­
plies, th ree  palm  species appear an d , in  th e  grass level, L astraea  cf. oen in -  
gen sis  (A. Br.) H eer becomes prevalen t.
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I n  th e  lower a n d  m iddle floras th e  fo rest h a d  a  coherent canopy (a sub­
tro p ica l featu re); in  th e  upper s tra ta  a  m ulti-levelled  trop ica l-type forest 
was formed. This fo rest does not p resen t th e  phenom enon th a t, proceeding 
dow nw ards in  th e  succession of leaves, one encounters p lan ts of h igher and  
h ig h er hea t requ irem ents. Namely, th e  rep lacem en t o f th e  lower levels is 
re ta rd e d  in  com parison w ith  th e  higher ones: th e  shrub  an d  grass level 
a d a p t  them selves n a tu ra lly  to  the  u p p er levels an d  transfo rm  only  a fte r 
th e  la t te r  is exchanged, th a t  is, with a ce rta in  tim e  lag. Owing to  th e  g radual 
cooling of th e  clim ate, i t  is usual in th e  younger T ertia ry  for th e  p lan ts  
o f  th e  upperm ost level to  be first rep laced  b y  m icrotherm ic elem ents, 
w hereas, in  th e  sh ru b  level an d  p articu la rly  in  th e  grass level, m acrotherm ic 
elem ents m ay persist. Since, however, te m p e ra tu re  was ra th e r low in th e  
tim es  preceding th e  W ind  B rickyard  flo ra , th e  shrub  level consisted  of 
elem ents having  even  low er heat requ irem ents th a n  th e  tree  level.

F ro m  th e  p o in t o f  view  o f territo ria l a ffin ity , th e  W ind B rickyard  flora 
u n d o u b ted ly  shows th e  closest bonds w ith  S ou theast Asia. Conifers and  
ferns a re  exceptions, a n d  so are th e  in te rm itte n t waves of m icrotherm ic 
elem ents; th e ir connexions m ust be looked fo r a t  higher la titudes. These 
connexions, however, h av e  more or less been  o b lite ra ted  since.
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1 N DE X

A belia bili
A belia  q u a d r ia la ta  R e id  & C h an d le r 135 
A cer 114, 1 Hi, 120, 126, 128, 132, 134, 143 
A cer ag riense  A n d reán szk y  93, 110 
A cer a tav iss im u m  A n d reán szk y  128, 134 
A cer h u n g aricu m  A n d reán szk y  93, 110, 

121, 126, 141
A cer p en n sy lv an icu m  L . 110 
A cer ru b ru m  L . 110
A cer tr ilo b a tu m  (S trnbg .) A . Hr. 93, 110, 

121, 126, 129, 132, 141 
A ceraeeae 93, 119 
A grifo liae 55
A lnus 40, 41, 42, 114, 116, 126, 130 
A lnus S|). 41, 42, 106 
A lnus a n tiq u o ru m  Sap. 39, 40 
A lnus feron iae  (U ng.) C zeczo tt 39 
A lnus k e fe rs te in ii U ng. 39 
A lnus nepalensis D on 39, 40, 42, 106 
A inus cf. n epalensis D on  36, 37, 38, 39, 

40, 106, 121
A lnus nőst ra lim  i U ng . 39 
A lnus o ligoeaen ica A n d reán szk y  36, 106 
A lnus sp o rad u m  U ng. 39 
A lnus sp o ra d u m  U ng. v a r . phoeaeensis 

Sap. 40, 41
A lnus su b c o rd a ta  С. A . M ey. 106 
A lsto n ia  sp . I 10
A lsto n ia  m ae ro p h y lla  W all. 99, 100, 110
A nacard iaceae  92
A ngiosperm ae 23
A nonaceae  26
A pocynaceae  99
A p o cynophy llum  sp . I .  99, 100, 110 
A p o cynophy llum  sp. I I .  99, 100, 110 
A rau cariaceae  11 9 
A rb u tu s  115, 130
A rb u tu s  p raeu n ed o  A n d reán szk y  103, 

110, 114, 116, 120, 121 
A rb u tu s  u n ed o  JL. 110 
A sp len ium  egedense A n d reán szk y  18, 

19, 106, 113, 116, 118, 130, 136 
A sp len ium  m a tren se  A n d reán szk y  14

B an is te ria eca rp u m  p ap ilio  A ndreánszky  
92, 110

B erehem ia  98, 130

B erch em ia  c u n e a ta  A nd reán szk y  98, 110, 
114

B erchem ia  vo lub ilis  ПО 
B e tu laceae  36, 119, 120 
B lech n u m  b rasiliense  D esv . 106, 118 
B lechun  b rau n ii T5tt. 16, 106, 114, 116, 

118
B u e ttn e ria  81

C allieom a egedonsis A n d reán szk y  87, 88 
C allicom a se rra tifo lia  A ndrz . 88, 110 
C allieom a sp . 87, 88, 1 10, 136 
G allistem on 91, 92, 115, 120, 130 
C allistem on  lan eeo la tu s  S w eet 110 
G allistem on cf. laneeo la tu s S w eet 90, 

91, 110
C allitrite s  b ro n g n ia r ti E nd l. 23, 106, I 14, 

118, 121, 131, 141
C arp inus 44, 46, 113, 114, 117, 128, 132, 

143
C arp inus b o tu lu s L . 46 
C arp in u s g ran d is  U ng. 42, 43, 44, 45, 46, 

49, 66, 106, 116, 121, 141 
C arp inus jap o n ica  B l. 66, 106 
C arp inus p y ram id a lis  G oepp. 43, 44, 45 
C ary a  135
C ary a  sp . fru c tu s  135 
C ary a  fa lc a ta  A nd reán szk y  70, 108 
C ary a  o livaefo rm is N u tt .  108 
C astan o p sis  47, 54, 65, 67, 68, 88, 106, 

115 — 1 17, 130— 132, 134 -1 3 6  
C astanopsis  callicom aefolia A n d reán szk y  

47, 48, 67, 68, 88, 106, 113, 116, 136 
C astanopsis  fu rc inerv is (R ossm .) K r . e t 

W ld . 47, 65, 67, 68, 106, 135, 136, 
143

C astan o p s is  in d ica  L . 106 
C astan o p sis  sp. I .  47, 48, 68, 106 
C edrela 117, 121, 126, 127, 130— 132, 141 
C edrela m aero p h y lla  A n d reán szk y  93, 

ПО, 114, 131, 143 
C edrela  sa x a tilis  R oxb . 110 
C erc id iphy llum  c ren a tu m  (U ng.) B row n 

142
C ereis 81
C in n am o m u m  14, 28, 113, 115, 120, 121, 

130, 131, 136, 141
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C innam om um  la n c e o la tu m  (U ng.) H eer 
106, 135

C innam om um  p e d u n c u la tu m  N ees 106 
C innam om um  sch eu ch ze ri H e e r  106, 135, 

141
C le th ra  b a rb inerv is  S ieb , e t  Zucc. 104, 

110
C le th ra  ef. b a rb in e rv is  S ieb , e t  Zucc. 

103, 104, 1 10
C le th ra  helvetica  H ee r 1 04 
C le th raceae  103 
C le th ropsis 40 
C om brateceae  89 
C o m pton ia  72, 120 
C o m pton ia  acu tilo b a  B rg t .  141 
C o m pton ia  g rand ifo lia  U n g . 73 
C oniferae 20 
C ornaceae 103 
C ornus 103, 120, 131 
C ornus büchii H eer 96, 102, 103, 1 10 
C orn u s p an icu la ta  L ’H é r i t .  110 
C unon ia  115, 130 
C unon ia  capensis L . 1 10 
C unon ia  oligocaenica A n d r . e t  N ov. 86, 

109, 116, 135, 136 
C unoniaceae 86, 115, 116, 120, 121 
C u p an ia  113
C upressaceae 23, 118, 119 
C yclobalanopsis 47, 51 — 54, 67 — 69 
C yclobalanopsis p a la e o a c u ta  K o lak . 53 
C yclobalanus 48, 49, 50, 68

D aphnogene lo b a ta  S ap . 26, 28, 135 
D ico ty ledoneae 23 
D iospyros a tr a  M err. 84, 108 
D iospyros cf. a tr a  M err. 84, 85, 108 
D iospyros b raeh y sep a la  A . B r .  83, 84, 108 
D iospyros lo tus L . 84, 108 
D odonaea  113, 136 
D o d o n aea  salicifolia D C  93, 110 
D odonaea  salicoides A n d re á n sz k y  93, 

94, 110, 120, 135 
D odonaea  viscosa L . 93, 110 
D o m b ey a  81 
D ry ophy llum  135 
D ry o p te r is  18
D ry o p te r is  v iv ipara  (R a d d i)  C. C hr. 18, 

106, 118 
D urifo liae  55

E b en aceae  84, 119
E b e n a le s  113, 121
E laeo carp aceae  94
E la e o c a rp u s  95, 120
E laeo ca rp u s  cum ingii T u rc z . 95, 110
E laeo ca rp u s  eu ropaeus E t t .  94, 95, 110
E laeo ca rp u s  lanceaefo lius R o x b . 95
E la e o c a rp u s  lanceo la tu s  B l. 94, 110

E laeo ca rp u s  pa laeo lan eeo la tu s K olak . 94, 
110

E m b o th r ite s  bo realis U ng. 141 
E n g e lh a rd tia  14, 108 
E n g e lh a rd tia  b ro n g n ia rti S ap . 69, 108, 

135, 141 
E q u ise tin a e  16 
E q u ise tu m  106
E q u ise tu m  b rau n ii lin g . 16, 106 
E q u ise tu m  m ax im u m  L . 106 
E q u ise tu m  cf. m ax im u m  L . 16, 106
E ricaceae  103
E ry th ro b a la n u s  55 — 57, 59, 67, 68 
E u c a ly p tu s  136 
E u q u e rc u s  51, 54, 67, 68

F ag aceae  113, 116, 119, 120, 135 
F ag u s  113, 141 
F a g u s  fe ro n iae  U ng. 39 
F ic u s  82, 84, 114, 116, 130, 136 
F icu s  a d h a to d a e fo lia  S c h o tt 108 
F icu s ad h a to d a e fo rm is  A n d r. e t  N ov. 

83, 108, 136
F icu s  ag riensis  A n d reán szk y  81, 108 
F icu s  g ran d ifo lia  U ng. 81 
F icu s la tso n i E lm . 81, 108 
F icu s la tso n o id es  A n d reán szk y  78, 80, 81, 

82, 108, 128 
F ilic inae  16

G o n io p te ris  oeningensis A. B r. 16 
G ly p to s tro b u s  23, 119 
G ly p to s tro b u s  ungeri H eer 23 
G rew ia 81 
G y m n o sp erm ae  20

H y d ra n g e a  133 
H y m en o p h y lla ceae  16

Ile x  ro tte n so s  W ld . 141 
I le x - ty p e  55

Ju g la n d a c e a e  69, 113, 120, 126, 129, 130, 
132

Ju g la n s  c in erea  L . 70, 108 
Ju g la n s  cf. c in erea  L . 70, 71, 108 
Ju g la n s  reg ia  L . 70, 108 
Ju g la n s  cf. reg ia  L . 70, 108 
Ju g la n s  ungeri H eer 70

L an ceo la tae  59, 69 
L a s tra e a  18
L a s tra e a  oeningensis (A. B r.) H e e r  16, 

17, 18
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L as traea  of. oen ingensis (A. Mr.) H eer 
16, 17, IS, 106, 114, I lii , IIS , 120, 
I 42

L astraea  s tir ia ca  (U ng.) H eer Mi — 18 
L auraeeae  26, 28, 36, 113, 1 15— 117, 119, 

J21, 124, 130- 132, 135, 141 
L au rus p rim ig en ia  U ng . 32, 33, 34, 36, 

106
L egum inocarpum  89 
Legum inosae 89, 113, 119, 120, 122 
L ep idobalanus 55 
L iboeedrus d ecu rren s T o rr. 55 
L iriodendron  p rocaccin ii U ng. 141 
L ithocarpus 47 — 49, 51, 54, 67, 69, 106, 

115, 116, 131
L ithocarpus b u d d ii A. C am us 51 
L ithocarpus co lch iea  K o lak . 49, 50, 68, 

108
L ith o ca rp u s d eb ilinerv is  A n d r. e t  Kov. 

48, 68, 106
L ith o ca rp u s e ch in o c a rp a  A. C am us 51 
L ithocarpus fa lconeri (K urz) Kelni. 51, 

108
L ithocarpus fo rd ia n a  C hun 51 
L ithocarpus le io s tach y a  A. C am us 49, 50, 

106
L ith o ca rp u s p seudom olucea  R ehd . 51, 

108
L ithocarpus sp. I .  49, 50, 67, 68, 106 
L ith o carp u s sp . I I ,  51 52, 54, 67, 68, I OS 
L ithocarpus sp ic a ta  (Sm .) R . e t W. var.

yu n n an en sis  Schky  49, 50 
L itsea 31
Litsea eu ry p h y lla  A n d reán szk v  28. 106, 

124, 126, 131, 132
L itsea la e ta  (W all.) B en th . e t  H ook. f. 

106
L itsea cf. la e ta  (W all.) B en t, e t  H ook. f. 

30, 31, 106, 135
Litsea lancifo lia  (R oxb .) Month, e t  H ook, 

f. 106
L itsea cf. lancifo lia  (R oxb .) B enth . e t 

H ook. f. 31, 32, 106 
L itsea la tifo lia  B l. 106 
L itsea querco ides K im . 31 
L itsea te rz a  (L .) M err. 31, 106 
L itsea cf. te rz a  (L .) M err. 28, 29, 106 
L om atia  longifo lia  R . B r. 36, 106 
L om atites  aquensis  S ap . .35, 36, 106, 120, 

131, 132

M acrobalanus 56 
M agnolia 23, 114, 116, 128 
M agnolia a c u m in a ta  L . 23, 106 
M agnolia cf. a c u m in a ta  L . 23, 24, 106 
M agnolia d e a lb a ta  Z ucc. 25, 106 
M agnolia cf. d e a lb a ta  Z uec. 24, 25, 106 
M agnolia d e lav ay i F ra n c h  26 
M agnolia g ran d iflo ra  L . 106

M agnolia cf. g ran d iio lia  L. 23, 106 
M agnolia  p u n d u a n a  W all. 26, 106 
M agnolia cf. p u n d u a n a  W all. 25, 26 106 
M agnoliaceae 23 
M alp igh iaceae 92 
M alp igh iaceae sp. 110 
M eliaceae 93, 119, 120 
M etasequo ia  22 
M exicanae 56, 59, 69 
M oraceae 79, 120 
M onocoty ledoneae 105 
M yrica 13, 14, 72, 113 116, 120, 122,

129— 132, 137, 141
M yrica (C om ptonia) a c u ti lo b a  B rg t. 70, 

'108
M yrica ae th io p ica  L . 108 
M yrica cf. ae th io p ica  L . 70, 108, 120, 

131
M yrica an g u stiss im a  W a t. 72, 108 
M yrica (C om ptonia) g ra n d ifo lia  A ndre- 

án szk y  73
M yrica (C om ptonia) g ran d is  A n d reán szk y  

'73, 108
M yrica hakeaefo lia  (U ng.) S ap . 73, 108 
M yrica ja v a n ic a  BL 108 
M yrica cf. jav an ica  B l. 72, 108 
M yrica lig n itu m  (U ng.) S ap . 70, 72, 108, 

141
M yrica longifo lia T eysm . e t  B inn. 108 
M yrica cf. longifo lia T ey sm . e t  B inn. 

“70, 71, 108
M yrica longifo lia U ng. 108, 135 
M yrica m a e ro d o n ta  A n d eán szk y  72, 108 
M yrica (C om ptonia) m a th e ro n ia n a  Sap. 

'72
M yrica m a th e ro n ii Sap. 72, 73, 108 
M yrica onocleaefolia A n d re á n sz k y  70, 

'108
M yrica  sa lic ina  U ng. 72 
M yrica v indobonensis (R tt .)  H eer 70, 

'108
M yrica zachariensis Sap. v a r . crassifolia 

Sap. 72
M yricaceae  70, 119, 120 
M y rtaceae  90, 91, 113, 120, 121

N eo litsea  3 I
N eo litsea  in te rm e d ia  M err. 31, 106 
N eo litsea  cf. in te rm e d ia  M err. 32, 106, 

135
N eo litsea  v ida lii M err. 31 
N o te lae a  120, 121

O co tea  w righ tii (M eissn.) Mez 36, 106 
O leaceae 120
O reodaph ne foetens (A it.) N ees 55, 106 
O reodaph ne cf. foe tens (A it.) N ees 34, 

35, 36, 106
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O reo d ap h n e  heeri G aud . 35 
O sm u n d a  18
O sm u n d a  japonioa T h b g . 106 
O sm u n d a  lign itum  G ieb. 16, 18, 106, 114, 

118
O sm u n d a  pai’sch lug iana (U n g .)  A ndre- 

á n sz k y  16, 106 
O sm u n d a  regalis L . 106 
O sm u n d aeeae  16 
O s try a  46

P a lm a e  105 
P ag o d aefo liae  60, 69 
P a s a n ia  48, 49, 51, 68 
P e r s e a  ind ica  (L.) S preng . 34, 106 
P e rs e a  cf. indica (L.) S p ren g . 33, 34, 36, 

106
P h o e n ie ite s  sp. 105, 110 
P h o e n ic ite s  legányii A n d re á n s z k y  105, 

110
P in a c e a e  118, 119
P in u s  20, 21, L14, 118, 119, 135, 136
P in u s  sp . aciculis b in is 1 35
P in u s  pa laeostrobus E t t .  21, 106
P in u s  ponderosa  55
P in u s  s tro b u s  I . 21, 106
P in u s  ta e d a  L . 106
P in u s  taedaeform is (U ng .) H e e r  20, 

106
P in u s  tu zso n i Novak 20 
P ir u s  sp . 88, 110 
P o d o c a rp a c e a e  1 19 
P o ly p o d iaceae  16 
P ro te a c e a e  36 
P ro to b a la n u s  67, 68 
P se u d o tsu g a  m acrocarpa  55 
P te r id o p h y ta  16 
P te r i s  parsch lug iana  U n g . 16 
P te r o c a ry a  70, 121
P te r o o a ry a  d en ticu la ta  (O . W e b .)  H eer 

70, 108
P te r o c a ry a  fraxinifolia (L am .) S p a c h  108

Q u e rc u s  46, 47, 51, 52, 57, 65, 67, 69, 
1 16

Q u e rc u s  agriensis A n d re á n sz k y  53, 68, 
108, 136

Q u e rc u s  agrifo lia 55 
Q u e rc u s  alexejevii P o ja rk . 64 
Q u e rc u s  augustin i Skan 108 
Q u e rc u s  bourgaei O erst. 59, 108 
Q u e rc u s  cf. bourgaei O erst. 58, 59, 67, 68, 

108
Q u e rc u s  b rew eri 55
Q u e rc u s  californica 55
Q u e rc u s  chrysolepis L iebm . 55, 108
Q u e rc u s  copeyensis M üller 56
Q u e rc u s  crassilam ella ta  A . C a m u s  108

Q uercus c ra s s ip e tio la ta  A n d r. e t  K o v .
64, 65, 66, 67, 68, 108 

Q uercus fo u rn ie r i T rel. 56, 108 
Q uercus g ig a n tu in  E t t .  14, 60, 61, 62, 

63, 66 — 68, 108, 114, 116, 120, 121, 
128, 130, 132, 138 

Q uercus kellogg ii 55
Q uercus lan c ifo lia  Sch lech t, e t  C ham .

55
Q uercus leg án y ii A n d r. e t  K o v . 52, 53, 

54, 68, 108 '
Q uercus lo b b ii E t t .  53 
Q uercus m e d ite r ra n e a  U ng. 69 
Q uercus m e x ic a n a  H u m b . e t  B o n p l. 59, 

108
Q uercus cf. m ueh len b erg ii E n g e lm . 65 
Q uercus p ag o d aefo lia  (Ashe) E ll io tt  63, 

108
Q uercus p a lae o fo u rn ie ri A n d r. e t  K o v . 

56, 67, 68, 108
Q uercus p seu d o fu re in e rv is  E. K o v . e t  

P á lf . 65, 66
Q uercus sa lic in a  Sap. 57, 58, 67, 68, 108, 

131
Q uercus s e m ise r ra ta  R o x b . 51 
Q uercus te n e r r im a  W eb. 54, 55, 68, 108, 

141
Q uercus te n u ip e tio la ta  A n d reán szk y  51 — 

53, 68, 108 
Q uercus w islizen ii 55 
Q uercus x a la p e n s is  H um b. 55

R h am n aceae  95, 119, 120 
R h am n u s 41, 95, 96, 98, 121, 122, 131 
R h am n u s sp . I .  98, 110 
R h am n u s a n g u s tifro n s  A n d reán szk y  98, 

110, 121, 131, 132
R h am n u s co n flu en s B oiss. 96, 110 
R h am n u s  d e le tu s  H ee r 96, 97, 110 
R h am n u s cf. d e le tu s  H ee r 96, 97, 110 
R h am n u s fa lla x  96 
R h am n u s g a u d in i H e e r  97 
R h am n u s g ran d ifo lia  F isch , e t M ey. 110 
R h am n u s la tifo lia  96 
R h am n u s p rin o id e s  L ’H é rit . 98, 110 
R h am n u s  p u rs h ia n a  D C. 96, 110 
R h am n u s cf. p u rs h ia n a  DC. 95, 110 
R h am n u s w a r th a e  H ee r 97, 110 
R h u s  93, 121, 131 
R h u s  g la b ra  L . 92, 110 
R h u s  cf. g la b ra  L . 92, 93, 110 
B hus su cced an ea  Sieb, e t  Zucc. 110 
R h u s  succedano ides A n d reán szk y  92, 1 10 
R osaceae 88

Salicaceae 74, 120
Salicifoliae 59
Salix  108, 1 13, 130, 132
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Salix  arc i nerv  ia О. W eb. 74, 75, 108
Salix frag ilis  L . 108
Salix  la v a te r i  H eer 711, 74, 108
Salix  russei ia na Sra. 108
Salix  v a rian s  < »j). 75, 7(1, 108
S ap in d aceae  911, I Ili, 119 121
S ap o taceae  I20
S assafras  14, 27, 28, liti, 120, 121 
S assafras  a lb id a  (N u tt .)  N ees 100 
S assafras  lo b a ta  Sap. 26, 27, 10(5, 1155 
S assafras  to m iilo b a ta  A ndreánszky  28 
Sch inus o ligocaen icum  A ndr. e t N ov. 1110 
S equoia  18, 1110
S equo ia  co u tts ia e  H e e r  22, 211, 106, I lli ,

118, 119, 1110, 1115, 1110, 141 
S equoia  lan g sd o rffi (B rg t.) H eer 22, 100,

114, 1 19, 1110, 1115, 1110, 141 
S equoia  sem perv irens (L am b.) E n d l. 100,

119 , 120
S equo ia  s te rn b erg ii (G oepp.) H eer 1110 
S m ilacaceae  105 
S m ilax  119, Ilii 
S m ilax  a sp e ra  L . 110 
S m ilax  ch in a  L . 105, 1 10 
S m ilax  cf. ch in a  L . 105, 1 10 
S m ilax  g ran d ifo lia  (U ng.) H eer 105, 110 
S m ilax  h y p e rb o re a  U ng. 105 
S ty raeaceae  85 
S ty ra x  cam p o ru m  !’ohl 80 
S ty ra x  h o o k eri C larke  86 
S ty ra x  jap o n ica  Sieb, e t  Zucc. 8(5, 108 
S ty ra x  cf. jap o n ica  Sieb, e t  Zucc. 85, 108 
S ym plocaceae  100, 114, 119, 120 
S y m p lo c icarp u m  1011, 110 
Sym plocos 89, 100, 101, 110, 114, 110, 

1 17, 120, 124, 120, 130, 1151, 141, 1411 
S ym plocos p h an ero p h leb ia  M err. I 10 
Sym plocos cf. p h an e ro p h leb ia  M err. 101, 

' 110
S ym plocos rub ig inosa  W all. 110 
S am plocos cf. rub ig in o sa  W all. 102, 1 10

T a la u m a  120, 127
T a la u m a  egerensis A ndreánszky  26, 100, 

114, 116, 132

T a la u m a  pubescens M err. 100 
T a x aceae  119 
T ax o d iaceae  118, 119 
T e rm in a lia  89, 90, 91, 110 
T e rm in a lia  ca lam an san ay  R olfe 89, 1 10 
T e rm in a lia  elegans H eer 90 
T e rm in a lia  fenz.liana U ng. 90 
T e rm in a lia  n iten s  P re s l 89, 1 10 
T erm in a lia  radobo jensis U ng. 90 
T e tra c lin is  a r t ic u la ta  M ast. 10(5 
T e tra s tig m a  pap illo sum  (B l.) B lanch . 

1 10
T e tra s  tigm ophy llum  131 
T e tra s tig m o p h y llu m  h u n g a r ic u m  A n d ­

reán szk y  99, 110
T rich o m an es rad icans L . 10, 100, 118, 

125
T u zso n ia  hungarica  A n d re á n sz k y  105, 

1 10, 127

U lm aceae  70, 119, 120 
U lm u s 70, 79, 114, 1 16, 120, 121, 120 — 

129, 132, 143
U lm us am erican a  L . 77, 108 
U lm u s bronn ii U ng. 78 
U lm u s d rep an o d o n ta  G rub . 77 
U lm u s levis Pali. 108 
U lm us longifolia U ng. 77 
U lm u s ty p e  1. 75, 70, 77, 108 
U lm u s ty p e  I I .  76, 77, 108 
U lm us ty p e  I I I .  77, 78, 108 
U lm u s ty p e  IV . 78, 79, 108 
U lm u s ty p e  V. 79, 80, 108

V iren te s  55 
V itaceae  99

Z elkova 78, 79 
Z izyphus sp. 98, 99, 1 10, 143 
Z izyphus parad isiacu s (U ng) 99 
Z izyphus zizyphoides (U ng.) W ld . 98, 

99, 110, 135, 141
Z izyphus cf. z izyphoides (U ng .) W ld , 

“ 99, 100
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