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Abstract  

Krassilov, V.A. and Bugdaeva, E.V., 1988. Gnetalean plants in the Jurassic of Ust-Balej, East Siberia. Rev. Palaeobot. 
Palynol., 53:359 374. 

The gnetalean affinity of the samaras described by Heer (1876) as Ephedrites antiquus is supported and a new generic 
name Heerala is proposed for them. They are conceived as borne axillary to the bracts of a new bract genus 
Angarolepis. The Ephedra-like leaves from the same locality, assigned to a new leaf genus Cadmisega, might belong to 
the same plant. Its supposed pollen organs have previously been described as Kaidacarpum, a monocot fruit, and 
Equisetostachys, a spore cone. 

Introduct ion  

Rich fossil iferous shales on the r igh t  bank  of 
the A n g a r a  River  60 km down from I rku t sk  
were discovered by Czekanowsky  in 1869. Heer  
(1876) made this local i ty  classical  by describ- 
ing the first mid-Jurass ic  Siber ian flora con- 
spicuously  different from the then  typical  
Yorkshi re  and Ra jmaha l  assemblages.  Accord- 
ing to Heer, the Ust-Balej comprised a few 
ferns, horse ta i l s  and lycopods,  toge ther  with 
a b u n d a n t  g inkgophy tes  (~sal isbureans")  and 
conifers, some of which  have  been subse- 
quent ly  t ransfer red  to the Czekanowskia les .  

Conspicuous among these convent ional  Me- 
sozoic plants were Ephedrites antiquus assigned 
to the gneta leans  and Kaidacarpum sibiricum, 
supposedly a pandalean  fructification. In subse- 
quent  years  these taxonomic  assignments  by 
Heer were viewed with suspicion, but  despite a 
considerable interest  in the geological  h is tory 
of both gneta leans  and monocots,  they received 
surprisingly little at tent ion.  

The diagnosis  of Ephedrites antiquus was 
given by Heer  as ~Eph. ramis ar t iculat is ,  
striatis,  nucul is  duabus  semi-orbiculatis ,  apice 
acuminat is ,  bracte is  12 30 mill longis, ovato- 
oblongis,  apice bilobis". He described under  
this name (1) s lender longi tud ina l ly  ribbed 
axial organs,  (2) seeds, s tones of which  break  
readi ly into halves  and (3) bilobed "b rac t s "  
bear ing  small ell iptical bodies. 

V.D. Prynada ,  in his m o n o g r a p h  on the East  
Siber ian Ju rass i c  flora published pos thumous ly  
in 1962, recons idered  Heer ' s  mater ia l  and 
concluded tha t  "E. antiquus" was an assem- 
blage of  unre la ted  organs,  namely  (1) indeter- 
minable  shoots  or  roots,  (2) a common-place  
Carpolithes, possibly produced by some ginkgo- 
a lean  plant  and (3) the cone scales of the 
conifer  Schizolepis. We agree with P r y n a d a ' s  
points  (1) and (2), but  not  as to (3). The cone 
scales resemble Schizolepis only in the bilobed 
apex, whereas  all the major  charac te r i s t i cs  are 
ent i re ly different. Heer  might  be not  wrong  
al together .  
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Kaidacarpum sibiricum was diagnosed by 
Heer as a cone-like infructescence consisting 
of lignified fruits which showed hexagonal  
facets ("K. strobila ovali, centim 3 3.5 longo), 
fructibus lignosis, area apicalis hexagona, 
costis radiantibus 5-6"). It was compared with 
the extant  Pandanaceae  as well as the Jurassic 
Kaidacarpum bucklandii, K. ooliticum and 
Mamillaria desnogersii, once considered an- 
giospermous fructifications but later  recog- 
nised as araucar ian  cones. Prynada trans- 
ferred K. sibiricum to Equisetostachys, a genus 
for equisetalean cones. As in the case of 
Ephedrites he declared trivial what Heer 
thought  extraordinary.  

Ust-Balej has yielded plant fossils for several 
generations of professional and amateur  col- 
lectors. Most collections remained undescribed 
and only a few ginkgophyte leaf cuticles have 
been studied with light microscopy. 

In the last years Ust-Balej was believed to 
be exhausted. However in the summer of 1985 
it was possible to excavate from under debris 
two fossiliferous shale beds, one below and 
one above the thick cliff-forming coarse sand- 
stone member. We found most plants favour- 
ably preserved as macerable compressions. 
The flora is taxonomically poor and our 
collection, though much larger than that  
studied by Heer, adds little to the originally 
revealed diversity. However, a considerable 
proport ion of the flora is represented by 
reproductive organs, none of which is suffici- 
ently understood, while most leaf taxa need 
redescription. 

We open our revision of the Ust-Balej flora 
with two enigmatic plants described by Heer as 
Ephedrites and Kaidacarpum. Heer's taxo- 
nomic intuition, at least in the case of Ephe- 
drites was correct,  but unfor tunate ly  he chose 
generic names based on different organs. These 
have to be substituted by the new genera, 
Heerala and Aegianthus, supposedly the seed 
and pollen organs of a gnetalean plant. Two 
more genera, Angarolepis and Cadmisega are 
proposed for the hi ther to  underscribed bracts 
and leaves which might belong to the same 
plant. 

AngaroIepis K r a s s i l o v  e t  B u g d a e v a ,  g e n .  
n o v .  

Name: from the Angara River and lepis (Gr.): 
scale. 
Type species: Angarolepis odorata, sp. nov. 
Diagnosis: as for the type-species. 

Angarolepis odorata Krassilov et Bugdaeva, 
sp. nov. (Plates I IV). 

Name: pertaining to secretory organs. 
Holotype: Repository of the Inst i tute of Biology 
and Pedology, Vladivostok (U.S.S.R.) N UBI-1, 
Plate I, 4. 
Diagnosis: Bracts spatulate or owd, stalked to 
nearly sessile, convex to concave, about 
15 x8mm.  Base showing callous scar, apex 
acute or obtuse, margin fringed with a narrow 
membraneous wing, median zone thick, show- 
ing dense longitudinally aligned resin bodies. 
Abaxial cuticle much thicker  than the adaxial, 
epidermal cells mostly rec tangular  longitudi- 
nally filed on both sides. Stomata abaxial, 
sparse, longitudinal or oblique, with radially 
disposed subsidiary cells and a broad Florin's 
ring. Encircling cells in 1-2, occasionally up to 
4 circles. 
Description: Bract compressions are conspicu- 
ous by their  thickness, convex to concave form 
and resin bodies. In the lower plant bed they 
are fairly numerous and show considerable 
morphological var ia t ion ranging from broadly 
spatulate tapering proximally into a more or 
less definite stalk-like extension, to the oval 
t runcate  at the base (Plate I, 1-3). Their  
dimensions range from 6.5 x 5 mm to 18 x 9 mm, 
average 15 x 8 mm. In the spatulate variety a 
stalk-like port ion can be up to 5 6 mm long, 
about one third of a total length, but more 
often it is about 2 mm long or less. The apices 
are bluntly pointed in about two thirds of the 
specimens, acutely pointed in the rest. 

Comparatively consistent characters  are, 
first, a prominent  callous scar at the base 
which is narrow elliptical, about 3 mm wide 
and also a thin marginal flange about l m m  
wide. Marginal  and apical hairs were seen in a 



few specimens (Plate  I, 5). Vena t ion  is indis- 
t inct ,  p robably  consis t ing of two or more  
para l le l  veins in the median  zone which  is filled 
with a bunda n t  res in  bodies. The  res in i fe rous  
zone is cons t an t ly  2 2.5 mm wide. The res in  
bodies are fusiform or el l ipt ical  up to 3 mm 
long, but  most ly  0.5-1.5 mm long, somet imes  
showing a long i tud ina l  su tu re  l ine (Pla te  IV, 3) 
possibly left  by a col lapsed epi thel ia l  sheath.  A 
s t ruc ture less  membrane  peels off the oxidised 
resin bodies when  put  in a lka l ine  solut ion.  

The abaxial  (convex side) cut ic le  is fa i r ly  
th ick  showing s t rongly  marked  long i tud ina l ly  
a l igned cells. These  are  of two dominan t  
shapes,  quadr i l a te ra l ,  r e c t a n g u l a r  or trapezoi-  
dal abou t  45-50 x 25 30 pm and nea r ly  square  
or i r r egu la r ly  polygonal ,  abou t  3 0 - 3 7 x 2 7 -  
33 #m. They  occur  in d i f ferent  sectors  of the  
cut ic le  or, less often,  in a l t e rna t i ng  rows. At 
places a shor t  row of i somorphic  t abu la r  cells, 
shor te r  t h a n  wide (about  20 x 30 #m), resul ts  
from anomalous ly  f requent  t r ansve r se  divi- 
sions. The  per ic l inal  surface  walls are  convex,  
more or less p rominen t ly  th i ckened  in the 
middle. 

The s tomata  are  sparse,  usua l ly  not  more  
t han  1 per mm 2, longi tud ina l  or obl ique to the  
cell rows. The  s tomata l  pit  is i r r egu la r ly  
elliptical,  abou t  25 35 #m long. F lor in ' s  ring, 
when developed,  appears  f lat tened,  abou t  
12 pm wide. The  subsidiary  cells, usua l ly  five 
or six, are rad ia l ly  disposed in a r ing of uneven  
width.  The enc i rc l ing  cells are  not  cons tant ,  
forming more  t ha n  one and occas iona l ly  up to 
four  concen t r i c  r ings but  somet imes  a single 
incomple te  ring. 

Cells of  the marg ina l  flange are  r e c t a n g u l a r  
somewhat  smal ler  t han  in the  med ian  sector,  
about  30-35 x 20-25 ram. 

The  adaxial  (concave  side) cut ic le  is thin,  
showing cells as on the  abaxia l  side. No 
s tomata  showed up bu t  the i r  absence  could  not  
be asser ted with only  small pieces of this  
cut ic le  avai lable .  
Remarks: These  brac ts  are  easi ly dis t inguisha-  
ble from Cycadolepis and o the r  fossil ca taphyl l  
genera  by the i r  na r row  wing-like fr inge and 
the median  zone of res in  bodies. They  are  
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comparab le  to the cone brac ts  of the ex tan t  
gne ta l ean  genera  Ephedra and Welwitschia, 
especial ly  the  l a t t e r  on accoun t  of the convex  
to concave  shape, membraneous  wing and the 
basal  cal lous scar  where  an ax i l la r  ovula te  
o rgan  is a t tached.  In Welwitschia a (:one brac t  
receives  two vascu la r  bundles  which run  along 
the  t h i ckened  median  zone while  its membra- 
neous  wing is unvascu la r i sed  as is a lmost  
ce r t a in ly  the case in Angarolepis. 

Also in Welwitschia proximal  cone bracts  are 
acu te  while the more  distal  ones are b lun t ly  
poin ted  (Pearson,  1929) which may explain the 
ana logous  dimorphism of the fossil bracts .  In 
he rba r ium ovula te  cones we not iced  occa- 
s ional  abor ted  brac ts  adna te  to the normal  
ones. Simi lar ly  in a few specimens of Angaro- 
lepis small corda te  scales a t t ach  near  the base 
(Pla te  II, 4, 5). In the i r  cu t i cu la r  s t ruc tu re  the 
l a t t e r  do not  differ f rom the  normal  bracts .  

Th o u g h  the median  res in i fe rous  zone of 
Angarolepis is w i thou t  ana logy  in Welwitschia, 
some species of Gnetum have  large muci lage  
ducts  in the  cone brac ts  (Pearson,  1929). 

A n o th e r  n o t e w o r t h y  fea tu re  of Angarolepis 
is a t r i an g u l a r  mark  on the adaxial  side which  
was observed in a number  of  specimens (Plate  
II, 1, 2). It  is up to 6.5 mm long, pointed,  with 
para l le l  v en a t i o n  more  d is t inc t  t h a n  in the 
bract .  It  appears  as an ax i l la r  scale or r a t h e r  a 
prophyl l  of an ax i l la r  shoot  adna te  to the 
subtending  bract .  We are not  ce r t a in  about  the  
n a tu r e  of this  o rgan  and can refer  only  to 
prophyl ls  of the axi l la r  female flowers observed 
as a ra re  anomaly  in Welwitschia (Lignier  and 
Tison, 1911). 

Heerala K r a s s i l o v ,  g e n .  n o v .  

Name: af ter  Oswald Heer  and ala (Lat.): 
wing. 
Type species: Ephedrites antiquus Heer  (1876). 
Diagnosis: Samaras  large,  with a fusiform 
cen t ra l  body su r rounded  by a membraneous  
wing except  at  the  basal  cal lous scar. Cent ra l  
body con ta in ing  ab u n d an t  sec re to ry  cavities,  
t r ave r sed  by a median  ridge. Wing wi th  an 
apical  no tch  or cleft  no t  r each ing  cen t ra l  body. 
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Heerala antiqua (Heer) Krassilov, comb. nov. 
(Plates V, VI) 

Basionym: Ephedrites antiquus pro par te  Heer ,  1876, p. 82, 
p la te  XIV. 24-25. 
Schizolepis antiqua: Prynada ,  1962, p. 264, p la te  XVIII, 
15 16. 

Description: Samaras are elliptical or ovate, 
consisting of a solid central body surrounded by 
a membraneous wing. The central body is 
fusiform, pointed at the micropylar end, rounded 
or t runcate at the chalazal end, with a callous 
basal scar. The wing is symmetrical, interrupted 
at the basal scar, apically notched or cleft 1/10, to 
1/5 its length but not as deep as the central body. 
A prominent median suture runs straight from 
the apical notch to the basal scar. 

In the lower plant bed where these samaras 
are most common, they measure from 8 × 4 mm 
to 14 x 6 ram, average 12-13.5 × 6 mm. The cen- 
tral body is constant ly 2.1 2.3 mm wide, the 
basal scar about 2 mm wide. A single samara 
from the upper plant bed is 16 x 5 mm, with a 
central  body 12 × 2.7 mm. 

The central  body is densely pitted by elon- 
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gate-elliptical impressions of the longitudi- 
nally aligned resin bodies. Compressions, when 
preserved, yield abundant  resin bodies and 
small fragments of a fairly delicate cuticle 
showing rectangular  or trapezoidal longitudi- 
nally filed cells about 25-50 × 12.5-17, 55 pm 
under which there are much larger elongate- 
polygonal cells about 100 175 × 50 72 tim. The 
wing shows irregular  folds and the fine stria- 
t ion diverging from the median suture. Large 
elongate-polygonal cells are often seen on the 
wing impressions under low magnification. In 
SEM such impressions reveal two superim- 
posed layers of the larger and smaller cells 
(Plate VI, 5) as in the central  body. 
Remarks: These samaras have been described 
by Heer (1876) as bracts under Ephedrites 
antiquus which comprised also some feature- 
less shoots and wingless seeds of the Carpol- 
ithes types. Of these fossils only the samaras 
were sufficiently distinctive to deserve a 
specific name, but for them Ephedrites based on 
shoots (Goeppert and Berendt in Berendt, 1845) 
was an inappropriate  generic name. 

These samaras are much larger than Sa- 

P L A T E  I (see p.362) 

Angarolepis odorata, sp. nov.  
1 3. B rac t s  s h o w i n g  va r i ab le  base  shapes ,  × 4. 
4. S p a t u l a t e  brac t ,  ho lo type ,  × 4. 
5. Apica l  po r t i on  of a b r ac t  s h o w i n g  apica l  and  m a r g i n a l  ha i r s ,  × 12. 
6 9. Shapes  of  the  apeces,  x 4. 

10. M e d i a n  r e s in i f e rous  zone, x 8. 
11. Res in  bodies ,  × 12. 

PLATE II (see p.363) 

1 6. Angarolepis odorata, sp. nov.  
1, 2. B rac t s  s h o w i n g  impre s s i on  of an  ax i l l a ry  scale,  × 3 and  4. 
3. P a r t  of  2 s h o w i n g  basa l  scar ,  × 8. 
4, 5. Smal l  abor ted  b r ac t  a t t a c h e d  at  t he  base  of a n o r m a l  one, × 4 and  8. 
6. Scar  a t  t he  base  of a bract ,  × 8. 
7. Welwitschia mirabilis, ex tan t ,  basa l  scar  of  a s a m a r a ,  × 8. 

PLATE [II 

Angarolepis odorata, sp. nov.  
1 4. Va r ious  b rac t  shapes ,  1 s h o w i n g  impres s ion  of an  ax i l l a ry  scale,  x 4. 
5, 6. Abax ia l  s t oma  wi th  s u p e r n u m e r a r y  subs id i a ry  cells, SEM, x 600 and  1600. 
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maropsis occu r r i ng  in  the  same bed and  differ 

from this  and  o the r  winged  dess iminules  by the 

n a r r o w  ap ica l  cleft  in the  wing far  no t  reach-  

ing the  cen t r a l  body,  the  med ian  su ture ,  the  

basa l  ca l lous  sca r  and  the  consp icuous  res in  

bodies.  The l a t t e r  are  d isposed  exac t ly  as in the  

Angarolepis brac t s  (above). Both  o rgans  show 

med ian  res in i fe rous  zones of equa l  wid th  filled 

wi th  dense ly  packed  res in  bodies  of the  same 

shape  and  size ranges .  Also the  s a m a r a s  and  
b rac t s  a re  s imi la r  in gene ra l  shape  and  dimen- 

s ions and the i r  ba sa l  ca l lous  scars  m a t c h  

exact ly .  Added  to the  j o in t  occu r r ence  in  

comparab l e  numbers  - -  t hough  the  b r ac t s  a re  

more a b u n d a n t  - -  these  s imi la r i t i e s  obv ious ly  

sugges t  connec t ion ,  poss ib ly  of the  k ind  of a 

sub tend ing  b r a c t  and  its a x i l l a r  ovu la t e  organ .  

Both  the  b r ac t s  and  s amara s  resemble  the  

co r r e spond ing  o rgans  of Welwitschia, the  sa- 

maras  of which  are  b iva lved  one-seeded winged  

cupules  j o in t  to the  b r a c t  a t  the  base  and  left  

wi th  a ca l lous  basa l  scar  when  de tached .  In  

Heerala the  s a m a r a s  a re  b i t egmic  and the  

median  su tu re  may  ind ica t e  a b iva lved  ou te r  
coat ,  or  cupule.  They  l ack  a p r o t r u d i n g  micro- 

p i l a r  tube,  as in Welwitschia, but  th is  b r e a k s  

off eas i ly  even in  h e r b a r i u m  specimens,  
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Aegianthus K r a s s i l o v ,  g e n .  n o v .  

Name: from aegis (gr.): sh ie ld  and  anthus (gr,): 

f lower.  
Type species: Kaidacarpum sibiricum Heer  

(1876). 

Diagnosis: P o l l e n  cones  of many  h e l i c a l l y  

d i sposed  p e l t a t e  s p o r a n g i o p h o r e s .  P e l t a e  poly- 

gonal ,  face ted ,  a t t a c h e d  a t  the  middle ,  b e a r i n g  

seve ra l  s p o r a n g i a  s u b m a r g i n a l l y  u n d e r  l a t e r a l  

facets .  P o l l e n  m o n o s u l c a t e .  
Aegianthus sibiricus (Heer)  Kras s i l ov ,  comb. 

nov. (P la t e s  VII -XI) .  

Basionym: Kaidacarpum sibiricum: Heer, 1876, p.84, plate 
XV, 10 12, 15 16. 
Equisetostachys sibiricus: Prynada, 1962, p.147, plate XII, 
5 10. 

Description: S t r o b i l a r  o r g a n s  and  t h e i r  de- 

t a c h e d  sca les  desc r ibed  by Heer  as p a n d a n a c e -  
ous  f rui ts ,  a re  among  the  mos t  consp i cuous  and  

common  Ust -Bale j  fossils .  They  are  e l l i p t i c a l  in  
g e n e r a l  ou t l ine ,  from 20 x 10 mm to 50 x 22 mm, 

a v e r a g e  45 x 15 mm. L a t e r a l  o rgans  are  pe l t a t e ,  

s p i r a l l y  d isposed,  adp re s sed  or, in  r ipe  cones,  

a t t a c h e d  more  loose ly  wi th  a n a r r o w  space  

be t w e e n  t hem fi l led wi th  rock  ma t r ix .  T h e i r  

PLATE IV (see p.366) 

Angarolepis odorata, sp. nov. 
1, 2. Stomata, 1 showing Florin's ring from inside, SEM, x 1600. 
3. Resin body showing a suture line, SEM, x 160. 
4. Adaxial epidermal cells, SEM, × 600. 

PLATE V (see p.367) 

Heerala antiqua (Heer) comb. nov. 
1 3. Samaras, ×3. 
4, 5. Parts of 1 showing apical cleft and the resin bodies, x 10. 
6. Wing impression showing large polygonal cells, x 10. 
7 9. Base shapes with an attachment scar, x 8 and 10. 

PLATE VI 

Heerala antiqua (Heer) comb. nov. 
1 3. Samaras with a shallow apical cleft or notch, x 4. 
4. Impression of the outer coat cell pattern showing narrow cell rows alternating with the broader bands of polygonal 

ceils, SEM, × 170. 
5. Impression of two superimposed cell layers, SEM, × 400. 
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n u m b e r  va r i e s  f rom a b o u t  16 to 36 or more  
depending  on the  size of  the  cone. W h e n  spl i t  
by c l eavage  the  pe l tae  a p p e a r  as th i ck  sh iny  
coa ly  hexagons  a b o u t  4 . 5 - 5 m m  across ,  bu t  
unde r  the  coal  they  show a face ted  impress ion  
of the  adax ia l  surface ,  composed  of a hexago-  
nal  or occas iona l ly  p e n t a g o n a l  cen t r a l  face t  
su r rounded  by l a t e ra l  ones  e i the r  po lygona l  or 
t rapezoidal .  All the  facets  a re  s o m e w h a t  con- 
cave,  s epa ra t ed  by d is t inc t  r idges (Pla te  VII,  
3 6). 

The  adax ia l  cu t ic le  is fa i r ly  th ick  on the  
cen t ra l  facet ,  less so on the  l a t e ra l  facets ,  
showing  s t rong ly  m a r k e d  po lygona l  cells 
abou t  30-42 #m Wide. R e c t a n g u l a r  and  t rapezo-  
idal (:ell shapes  abou t  42 5 0 x 2 0 - 2 5 p m  oc- 
cas iona l ly  occur  in the  m ed i an  sec tors  and  
more  common ly  t oward  the  pe r iphe ry  of the  
facets.  The  su r face  cell wal ls  are  convex,  
t h i ckened  in the  middle  or  even  ind i s t inc t ly  
papi l la te .  The  cell rows of ten a rch  a r o u n d  a 
t o p o g r a p h i c  cent re ,  e i the r  a s t oma  or undevel -  
oped s t oma ta l  ini t ia l .  The re  a re  usua l ly  no 
more  t h a n  2 3 ful ly deve loped  s t o m a t a  per  
cen t ra l  face t  but  on the  l a t e ra l  facets  they  can  
be more  numerous ,  up to 15 per  facet .  

The  s t oma ta l  pi t  is pa ra l l e l  or obl ique  to the  
cell rows,  abou t  3 5 - 4 0 p m  long. The re  are  
no rma l ly  six but  occas iona l ly  e ight  r ad ia l ly  
disposed subs id ia ry  cells fo rming  an  i r r e g u l a r  
ring. F lo r in ' s  r ing  is r ud imen ta ry ,  somet imes  
as a th in  dashed  fold ac ross  the  subs id ia ry  

cells. The  enc i rc l ing  cells a re  a r r a n g e d  in two 
or more  concen t r i c  r ings.  When  the  s t o m a t a  
are  sparse  as in the  cen t r a l  facets  the i r  effect  
as t o p o g r a p h i c  cen t res  can  be seen t h r o u g h  no 
less t h a n  five cell rows. 

S p o r a n g i a  a re  bo rne  submarg ina l ly ,  one per  
l a t e ra l  facet .  In  the  a p p a r e n t l y  unr ipe  pe l tae  
they  adpress  to the  abax ia l  side rad ia l ly  fac ing 
the  stalk.  A few de t ached  pe l tae  wi th  sporan-  
gia sp read ing  f rom unde r  the  m a r g i n  sugges t  
t h a t  they  became  p e n d a n t  when  ripe. The  
m a r g i n a l  facets  seem a rched  s o m e w h a t  ove r  
adpressed  s p o r a n g i a  but  then  became  unfolded 
or sp read  more  openly.  

The  ind iv idua l  s p o r a n g i a  are  c igar-shaped,  
a b o u t  2.6 mm long, 0.7 mm wide, showing  fine 
long i tud ina l  s t r ia t ion .  In  one case  a sporan-  
g ium 3 m m  long shows a rounded  ap ica l  
depress ion,  whi le  a n o t h e r  s p o r a n g i u m  f rom the 
same pe l ta  is cleft  a t  the  apex  (Pla te  VIII ,  1). 
These  f ea tu res  m a y  ind ica te  open ing  by an 
ap ica l  pore.  At  any  ra te ,  none  of the  s p o r a n g i a  
shows long i tud ina l  spl i t t ing.  Unde r  a th in  
m e m b r a n e  they  are  filled wi th  a mass  of no less 
t h a n  one t h o u s a n d  pol len grains .  

The  pol len g ra ins  are  b i l a t e ra l ly  symmetr i -  
cal, monosu lca t e ,  e l l ip t ical  in po la r  view, boat-  
shaped  in long i tud ina l  equa to r i a l  view, fre- 
quen t ly  folded, somet imes  spli t  in to  ha lves  
which  m a y  ind ica te  equa to r i a l  zone of weak-  
ness. Longes t  equa to r i a l  axis  30-42.5 pm, aver-  
r age  40/~m, t r a n s v e r s e  equa to r i a l  axis 20 

PLATE VII 

Aegianthus sibiricus (Heer) comb. nov. 
1, 2. Larger and smaller cones, x 2. 
3 6. Peltae showing facets, x 3 and 8. 
7. Base of a cone showing bract-like lateral appendages, x 8. 

PLATE VIII (see p.372) 

Aegian.thus sibiricus (Heer) comb. nov. 
1 3. Peltae with pendant sporangia, in 1 showing apical pit or notch, x 10. 
4. Pelta with sporangia facing the stalk, x 10. 
5. Pollen grain, light micrograph, median focus, x 800. 
6. Pollen grain, light micrograph, oblique distal view, x 800. 
7, 8. Pollen grains, oblique distal views showing sulcus and exinal folds, SEM, z 2000. 
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1, 2. Aeg ian thus  s ibir icus (Heer) comb. nov. ,  s toma ,  SEM, x 600 and  1600. 
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26 pm, average 24 pm. Sulcus extending the 
entire length of the grain, s traight  or slightly 
curved, mostly gaping in the middle or at one 
or both ends. Sulcus margins strongly folded. 
Additional exinal folds parallel to the sulcus 
may be present but do not  seem a constant  
feature. Exine ca. 1.5 mm thick, smooth in light 
microscope, minutely pitted in SEM. The pits 
are discernible with a magnification of ca. 
10,000 x.  
Remarks: Neither Kaidacarpum based on ovu- 
late strobili (Carruthers, 1868) nor Equisetosta- 
chys, a spore cone genus are appropriate for 
these pollen cones. They are much larger than 
the pollen cones of most gymnosperms except 
the extant  cycads and araucarian conifers. 
Microsporophylls are more or less distinctly 
peltate in the cycads, mesozoic pteridosperms, 
some conifers and Classopollis plants. The 
latter have similar sporangia (Barnard, 1968), 
but the peltae are not faceted. In some extant 
zamioid cycads the peltae can be faceted but 
less distinctly than in the fossil cones, while 
sporangia are in sori-like groups and dehisce 
by longitudinal slits. In pollen grain morpho- 
logy Aegianthus resembles cycads as well as 
peltasperms. On account of the longitudinal 
exinal folds and finely pitted wall they are 
comparable with the Praecolpatites-Marsupi- 
pollenites group of dispersed pollen grains 
(Foster and Price, 1981). 

It was noticed that  in Aegianthus the lower- 
most peltae are bract-like flattened (Plate VII, 
7). In cuticular  characters  they are not unlike 
Angarolepis bracts (above). Their  stomata are 
nearly identical and though a prevailing cell 
shape is polygonal in the peltae while rectan- 
gular in the bracts, in certain sectors the cells 
are quite similar. Both fossils are equally 
common in the lower plant bed and, in the 
absence of other  canadidates, Aegianthus 
seems likely to be the pollen cone of the 
Angarolepis plant. 

Cadmisega K r a s s i l o v  et  B u g d a e v a ,  g e n .  n o v .  

Name: from Cadmus who sowed dragon teeth, 
and seges (lat.): crop. 

Type species: Cadmisega ephedroides, sp. nov. 
Diagnosis: As for the type species. 

Cadmisega ephedroides Krassilov et Bugdaeva, 
sp. nov. (Plate X). 

Holotype: Depository of the Insti tute of Biology 
and Pedology, Vladivostok (U.S.S.R.) N UBI- 
90 (Plate X, 1). 
Diagnosis: Sheathing scale leaves, tr iangular,  
about 8-8.5 x 5-6 mm, pointed, thickened in the 
middle and along the abscission line. The 
thickened median zone with one, two or three 
subparallel veins converging to the apex. 
Wings membraneous unvascularised. 
Description: Isolated dagger-shaped leaves are 
numerous in both lower and upper plant beds. 
The blade is straight or slightly falcate, 
pointed, up to 9 x 7 mm, average 8.5 x 5 mm. It 
is separated from the sheathing base by a 
straight or slightly curved abscission line. The 
sheath ("hilt") is preserved in a few specimens 
only. It is about 1.5 mm long (Plate X, 1). 

The blade is conspicuously cross-thickened 
along median and abscission lines. The median 
thickened area is narrowly tr iangular,  
1.5-2 mm wide at the base, filling the apex and 
proximally extending into the sheath. It is 
dark, coaly, sharply demarcated from the 
bleached membraneous wings which are often 
irregularly folded. A transverse thickening 
along the abscission line is less dense, consist- 
ing of short vertical striae which suggest 
transfusion tissue. Venation is confined to the 
median thickened zone that  can be traversed 
by a single median vein, or having in addition 
two flanking veins which converge to the apex; 
occasionally there are flanking veins only. The 
cuticle is exceedingly thin showing indistinct 
outlines of the elongate longitudinally aligned 
cells. 
Remarks: Though detached scale leaves of 
various conifers and hirmerelleans are com- 
mon as fossils, none of them are closely 
comparable with the dagger-shaped leaves 
from Ust-Balej. These, more than any other  
Mesozoic plant fossils, resemble leaves of 
Ephedra. In this genus the leaves are connate 
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Cadmisega ephedroides sp. nov. 

C 
1. Leaf, holotype, showing shea th ing  base, median thickened portion and the abscission line, x 8. 
2 7. Various blade shapes, x 4. 
8, 9. Leaf showing three veins, direct and oblique i l lumination,  x 10. 
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at the base, with the free tooth-l ike blades of 
va ry ing  and sometimes considerable  length.  
They usual ly  receive two vascu la r  bundles,  but  
in E. chil~nsis Foster  and Gifford (1974) de- 
scribed both  2-veined and 3-veined leaves, often 
in the same shoot. The median zone between 
veins is filled with t ransfus ion  t issue and in 
cleared leaves s tand out  d is t inct ly  aga ins t  the 
th inner  and l ighter  wings, not  unl ike  in the 
fossil leaves. 

Cadmisega is common in bo th  upper  and 
lower p lant  beds which  yielded the supposedly 
gne ta lean  reproduc t ive  o rgans  described 
abow~. However ,  we obta ined no evidence of 
connec t ion  with them; only a r a the r  genera l  
resemblance  to Angarolepis bracts  also show- 
ing a marked ly  th ickened  median  vascu la r i sed  
zone and membraneous  wings. 

Conclusion 

Notable  among the Ust-Balej fossil p lants  
are the Ephedra-like leaves, the Welwitschia- 
like bracts  and samaras  and the pecul ia r  pollen 
organs,  supposedly be longing to the same plant  
but  only remotedly  comparable  wi th  pollen 
organs  of the ex tant  gnetophytes .  These find- 
ings suggest  an ext inct  gne ta lean  genus con- 
siderably different from the l iving ones but  
combining some features  of Welwitschia and 
Ephedra, probably  more  close to the la t ter  in 
the life form. Thus, it may  suppor t  the much  
disputed affinity between these l iving gneta- 
lean genera.  At  the same time it may  test ify to 
a g rea te r  morpholog ica l  divers i ty  of Mesozoic  
gne tophytes  which  comprised forms with cyca- 
deoid pollen cones and monosu lca te  pollen 
grains. 

The Ust-Balej flora thr ived  in r a the r  ha r sh  

env i ronments  of the mid-Jurassic  Eas t  Siber- 
ian midcon t inen t  and it was no tab ly  poor  in 
the rmophi lous  cycadophytes .  The la t ter  might  
have  been replaced by the s turdier  gne tophytes  
which,  judging  by the associa ted  occur rence  of 
different organs,  grew near  the deposi t ion site, 
probably  as r ipa r ian  shrubs or weeds. 
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