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A B S T R A C T
An independently dated locality at Makhtesh Qatan, northern Negev, has yiel­
ded rich paleobotanical and palynological material of  Albian age. The palyno­
flo­ra is dominated by pteridophytic spores, mainly trilete, laevigate forms, while 
gymnospermous and angiospermous pollen grains occur as subordinate ele­
ments. In this paper emphasis is placed on some pteridophytic spores which 
are illustrated using light microscopy (LM) and scanning electron microscopy 
(SEM). The following laevigate spores are discussed: Cibotiumspora jurienensis, Dic­
tyophyllidites harrisii, Dictyophyllidites cf. harrisii and Dictyophyllidites mesozoicus. Apicu­
late and cicatricose forms include Concavissimisporites punctatus, Concavissimisporites 
cf. variverrucatus, Osmundacidites sp. 1, Gemmatriletes clavatus and Cicatricosisporites av­
nimelechi. Most pteridophytic spores are stratigraphically long-ranging and have a 
wide distribution. However, Cicatricosisporites avnimelechi is generally not younger 
than Albian and mainly restricted to the African-South American Mic­ro­floral 
Province.
K e y w o r d s : pteridophytic spores, Cretaceous, Albian, Negev, Israel

Р Е З Ю М Е
Шранк Э. Вариабельность и морфология некоторых папоротнико­
видных спор из раннего мела (альб) пустыни Негев, Израиль. Ме­
стонахождение ископаемых остатков Махтеш Катан в Северном Не­ге­ве, 
возраст которого однозначно определен рядом экспертов, дало бо­га­тый 
па­лео­ботанический и палинологический материал альбского возраста. 
В па­ли­но­флоре преоб­ладают споры папоротниковидных, глав­ным об­
разом, три­лет­ных гладких форм, в то время как пыльца голо­се­мен­ных и 
покрытосе­мен­ных уступает по количеству. В статье уделяется внимание 
спорам неко­то­рых папоротни­ковидных, которые изучены с помощью 
све­то­вой и ска­нирующей электронной мик­ро­скопии. Обсуждаются глад­
кие спо­ры следующих видов: Cibotiumspora jurienensis, Dictyophyllidites harrisii, 
Dictyophyllidites cf. harrisii и Dictyophyllidites mesozoicus. Угловатые и цикадовид­
ные формы ха­рак­тер­ны для Concavissimisporites punctatus, Concavissimisporites cf. 
variverrucatus, Osmundacidites sp. 1, Gemmatriletes clavatus и Cicatricosisporites avnimel­
echi. Большин­ство спор видов папоротниковидных имеют широкий стра
тиграфический спектр и широко распространены. Тем не менее, Cicatrico­
sisporites avnimelechi, как правило, не моложе альба, а его распространение, 
в основном, ограничи­вается африкано-южноамериканской микрофлори­
стической провинцией.
К л ю ч е в ы е  с л о в а : папоротниковидные споры, меловой период, альб, Негев, 
Израиль
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I N T R O D U C T I O N
The present paper represents a contribution to the Early 

Cretaceous palynology of  a unique locality in the Negev 
Desert in southern Israel. Pre-Quaternary palynomorph as­
semblages in general and Cretaceous assemblages in parti­
cular have rarely survived in surface exposures under the 
harsh arid conditions of  the Negev. Most previous paleo­
palynological studies in the deserts of  Israel and surroun­
ding areas have therefore relied on subsurface material 
de­rived from wells drilled for the exploration of  water, hyd
ro­carbons and other deposits (e.g. Horowitz 1970, Brenner 
1974, Brenner & Bickoff  1992, Weissbrod et al. 1994).

The only surface locality in the Negev Desert that yiel­
ded plant macrofossils associated with rich palynofloras is 
the fossil plant-bearing bed IQ1 of  Krassilov & Schrank 
(2011). This bed represents a shale horizon intercalated in 
the middle part of  about 160 m of  predominantly fluvial 
sand­stones of  the Upper Hatira Formation in the Makhtesh 
Qatan structure, a breached anticline in the northern Negev, 
about 53 km south-east of  Beersheba (see map in Krassilov 
& Schrank 2011 and Schrank 2013).

The Upper Hatira Formation is overlain by the car­bo
nates of  the Hazera (Hevyon) Formation. The lower part 
of  the Hazera Formation has yielded a marine fauna in­clu
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ding the late Albian ammonite Hypengonoceras at Makhtesh 
Ra­mon (Lewy 1981). Ammonites found at Makhtesh Hatira 
(Knemiceras) point to an Albian age of  the fossil plant-bea­
ring bed IQ1 and of  the two overlyinng beds IQ2 and IQ3 
(see Krassilov & Schrank 2011 and references therein) 
which is consistent with palaeobotanical and palynological 
age interpretations.

Preliminary reports on certain aspects of  the macroflora 
(IQ1-3) and the palynoflora (IQ1 only) have been published 
by Krassilov & Schrank (2011) and Schrank (2013). Sporo
morph assemblages from the locality IQ1 were found to 
be strongly dominated by psilate, trilete spores including 
Diytyophyllidites, Deltoidospora, Triplanosporites, Cyathidites, Con­
cavisporites, Cibotiumspora and others. Other pteridophytic 
spores such as Concavissimisporites, Gemmatriletes, Cicatricosi­
sporites, Verrucosisporites and Sestrosporites are less abundant. 
Gymnosperm pollen is represented by inaperturate forms 
including Araucariacites, Balmeiopsis, Callialasporites and rela­
ted types. Subordinate members of  the gymnospermous 
pa­ly­no­flora include Classopollis, Eucommiidites and Ephedripites 
while angiosperm pollen represent a minor element of  the 
palynoflora, for example Clavatipollenites, Pennipollis, Retimono­
colpites, Tricolpites, Rousea and Walkeripollis. The latter form, a 
monoporate tetrad pollen of  winteraceous affi­ni­ty has been 
re-interpreted as a new genus and species named Qatanipollis 
valentini in honour of  Valentin Krassilov (Schrank 2013).

The main purpose of  the present paper is to describe 
and illust­rate some pteridophytic spores with emphasis on 
the characteristic and widespread Cibotiumspora jurienensis 
(Balme) Filatoff  1975 using light and scanning electron 
microscopy. Previously the morphology and variability of  
this species has been documented from places as far apart 
as Israel (Horowitz 1970), Canada (Singh 1971), Australia 
(Fila­toff  1975) and China (Song et al. 2000).

S Y S T E M A T I C  P A LY N O L O G Y

L a e v i g a t e  s p o r e s
Cibotiumspora jurienensis (Balme 1957) Filatoff  1975 
sensu lato. Plate 1, figs. 1–18
1957 Concavisporites jurienensis – Balme, p. 20, pl. 2, figs. 
30–31;

1970 Concavisporites jurienensis – Horowitz, p. 163, pl. 1, 
figs. 11–12 (13–14?);

1975 Cibotiumspora jurienensis – Filatoff, p. 61, pl. 10, figs. 
8–13;

1976 Concavisporites sinuatus – Saad and Ghazaly, p. 416, 
pl. 2, fig. 4 (slightly convex to concave sides; kyrtome, 
straight folds across apices = type ND97);

1980 Deltoidospora junctum – Kumar, p. 435, pl. 1, fig. 7;
1981 Concavisporites jurienensis – Abdelmalik et al., fig. 5/17 
(straight sides, kyrtome, obtusi apparatus);

1985 Concavisporites jurienensis – Thusu and Van der Eem, 
pl. 54, fig. 1 (52 µm, straight to slightly concave sides, 
kyrtome and obtusi apparatus present = type ND97= 
Plate 1, fig. 6);

1985 Gleicheniidites apilobatus – Batten and Uwins, pl. 66, 
fig. 9 (Burger, 1966 regards G. apilobatus Brenner as 
synonym of  Concavisporites jurienensis);

1986 Concavisporites sinuatus – Sultan, p. 58, pl. 1, fig. 9 (36 
µm, triangular outline, kyrtome and obtusi apparatus 
present = type ND97);

?1987 Obtusisporis juriensis [sic] – Srivastava, p. 28, pl. 8, 

figs. 6–7;
1988 Cibotiumspora jurienensis – Backhouse, p. 54, pl. 3, figs. 
2 (holotype refigured) and 3? (a small specimen without 
kyrtome);

1988 Concavisporites jurienensis – Pons, p. 79, pl. 17, figs. 3, 
5 (specimens with concave and convex sides, kyrtome, 
obtusi apparatus);

1995 Cibotiumspora jurienensis – Schrank and Ibrahim, pl. 5, 
fig. 13 (25 µm, small type ND97);

cf. 1995 Obtusisporis divisitorus – Kedves, p. 33, pl. 3, figs. 8, 9;
2000 Cibotiumspora jurienensis – Song et al., p. 38, pl. 7, figs. 
15, 19, 20, 35;

2001 Cibotiumspora jurienensis – Ibrahim et al., p. 276, 279, 
fig. 8e (slightly convex to straight sides, kyrtome, obtusi 
apparatus);

2007 Cibotiumspora jurienensis – Mahmoud and Deaf, pl. 1, 
fig. c (40 µm, straight to slightly concave sides, kyrtome 
and obtusi apparatus present, well preserved = type 
ND97);

2010 Cibotiumspora jurienensis – El Beialy et al., fig. 3 D 
(type ND97);

2011 Cibotiumspora jurienensis – Krassilov and Schrank, p. 
22, fig. 7C.

Remarks: The list of  synonyms above shows only a 
few examples of  the many citations of  this widespread 
species in the literature. In Palynodata the combination 
Concavisporites jurienensis is most common with 164 entries, 
Cibotiumspora jurienensis comes second with 93 entries (both 
Palynodata 2005), and the name Obtusisporis juriensis based 
on Srivastava (1987) has only two entries. The presumed 
total age range of  these taxa is Middle Triassic to Miocene. 
An alleged Middle Devonian to Early Carboniferous age for 
Concavisporites jurienensis in Palynodata 2005 is based on Von 
der Brelie (1964) who studied palynofloras from a crevice 
in Middle Devonian limestones filled with Early Cre­ta­ceous 
(possibly Aptian-Albian) clay and fossils.

Balme (1957, p. 20) provided the following description 
of  his new species Concavisporites jurienensis: 
"Amb triangular, sides usually straight, sometimes slightly 
concave or convex. Trilete, laesurae extending to the pe­
riphery, bordered by strong arcuate folds or thickenings, 
con­cave towards the proximal pole, joined at the ends of  
the three laesurae. Arcuate thickenings sometimes extended 
as sharply angular auriculae at each of  the apices. Exine 
1–2 µm thick, smooth." 

The spelling "Concavisporites juriensis" as used in the 
explanation of  the plate 2 (Balme 1957, p. 3) is regarded as 
an orthographic error.

Based on material from the Upper Triassic–Jurassic of  
Is­ra­el, Horowitz (1970) formulated a modified description:
"Spore trilete, laesurae reaching equator, flanked by a broad, 
distinct margo. Commissures raised. Equatorial contour 
triangular, sides straight to slightly concave, apices some­
what pointed. Exine 1.5–3 µm thick, smooth. Margo forms 
typical concave ridges. Apical auriculae sometimes present."

In contrast to earlier authors Burger (1966) and Singh 
(1971) restricted the species to relatively small forms with 
dis­tinct­ly concave sides (cf. Pl. 1, figs. 17–18, present ma­te
rial). Singh (1971) used this feature together with the pre
sence of  arcuate folds in the proximal interradial regions 
(kyrtoms) to distinguish Concavisporites jurienensis from Deltoi­
dospora juncta (Kara-Murza) Singh.

Filatoff  (1975) transferred the species Concavisporites juri­
enensis to the genus Cibotiumspora and modified the de­scrip
tion as follows:
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"Amb triangular, sides concave, rarely straight to slightly 
con­vex, apices rounded to somewhat pointed. Trilete, laesu
rae sinuous, 1 µm high, 1 µm wide, extend to spore margin, 
and may be bordered by strong arcuate folds (kyrtome). 
Exine 1–2 µm thick, scabrate to punctate. Distal face with a 
straight fold across at least one, generally all apices."

Filatoff  (1975) expanded the concept of  the species by 
in­clu­ding forms without a kyrtome and with straight "ob
tu­si apparatus" (distal folds, see below) (Filatoff  1975, pl. 
10, figs. 9, 11).

The holotype of  Concavisporites jurienensis (see Balme 
1957, pl. 2, fig. 30; Backhouse 1988, pl. 3, fig. 2) is a spe­ci
men with straight sides. One of  the three apices (corners) 
is slightly protruding. The kyrtomes are indistinct and ar­
cuate to irregularly shaped. The laesurae are more or less 
straight and extend to the margin of  the corners. The "ob­
tu­si apparatus" (distal folds, see below) is arcuate where 
the corner is protruding, otherwise it is weakly arcuate to 
straight. 

Among the specimens found in the material from Makh­
tesh Qatan some conform well with the holotype, namely 
Plate 1, figs. 1, 3–5, 13–16, others fit into the expanded 
concept of  this species proposed by Filatoff  (1975).

In summary it can be said that this species is charac­
te­rized by a laesura with more or less strong arcuate folds 
(kyr­tomes) combined with distal folds running across one 
or all three apices ("Obtusiapparat" or "obtusi apparatus", 
Krutzsch 1959, Kedves & Simoncsics 1964). This is a high
ly variable species or group of  intergrading taxa with res
pect to outline (sides are straight to concave); arcuate folds 
accompanying the laesura (kyrtomes) may be well developed 
or missing which is also true for the obtusi apparatus. 

Botanical affinities: Pteridophyta, incertae sedis 
(Singh 1971), listed as Cyatheaceae/Dicksoniaceae-type 
spores (Filatoff  1975); Gleicheniaceae ? (Pons 1988).

Selected previous records: Jurassic of  Western Aus
tra­lia (Balme 1957, Filatoff  1975); pollenzone R to Z (late 
Kimmeridgian to Valanginian), the Netherlands (Burger 
1966); Upper Triassic to Jurassic of  the northern Negev, 
Is­rael (Horowitz 1970); Jurassic and Lower Cretaceous 
through­out the world (Filatoff  1975 and references the
rein); Kim­me­ridge-Purbeck, central Egypt (Saad & Ghazaly 
1976 as Concavisporites sinuatus); Maastrichtian, Te­xas (Ku
mar 1980 as Deltoidospora junctum); Neocomian, Betty well, 
north­wes­tern Desert, Egypt (Abdelmalik et al. 1981); Lower 
Cretaceous, Ukraine (Voronova 1984); Neo­co­mian to 
Albian, Libya (Thusu & Van der Eem 1985); Aptian – Al
bian of  Libya (Batten & Uwins 1985 as Gleicheniidites apilo­
batus); Lower Cretaceous, Nile Delta region (Sultan 1986 as 
Concavisporites sinuatus); lower Sinemurian, Ger­ma­ny (Sri­va­sta
va 1987); Aptian, Colombia (Pons 1988); Kim­me­rid­gian to 
Aptian, Western Australia (Backhouse 1988): Ce­no­ma­nian–
Lower Santonian, Egypt (Schrank & Ibrahim 1995); Early 
Jurassic to Albian, Eastern Desert, Egypt (Ibrahim et al. 
2001); Triassic to Early Cretaceous, China (Song et al. 2000, 
Palynodata 2005); Berriasian to lower Ce­no­ma­nian, Northern 
Egypt (Mahmoud and Deaf  2007); middle Albian/middle 
Cenomanian, Sinai, Egypt (El Beialy et al. 2010).

Cibotiumspora jurienensis (Balme) Filatoff  sensu Singh 

1971. Pl 1, figs. 17–18
Remarks: Relatively small representatives (35 µm) of  

the Cibotiumspora jurienensis group with concave sides, obtusi 
apparatus and indistinct kyrtome occur as rare elements in 
the present material. 

They have been reported from the Late Jurassic and 
Early Cretaceous of  various parts of  the world including 
Wes­tern Canada (Singh 1971), and they are comparable 
with Obtusisporis undulus (Kedves and Simoncsics) Kedves 
1995 subfsp. africanus Kedves 1995 described from the 
Cretaceous of  Egypt (Kedves 1995).

Dictyophyllidites harrisii Couper 1958 (= D. harrisii sensu 
Ravn 1995). Pl. 2, fig. 2

Remarks: As noted previously the arcuate thickenings 
(kyr­tomes) of  this species are highly variable (Schrank 1994). 
Spe­ci­mens with indistinct kyrtomes appear transitional to 
forms like Deltoidospora. The size range of  specimens in the 
present material is approximately between 43 and 52 µm 
which is within the range of  specimens from the British 
Jurassic (36 to 56 µm, Couper 1958).

Botanical affinities: Dictyophyllidites was assigned to 
the family Cheiropleuriaceae (Singh 1971) or Matoniaceae/
Weich­seliaceae (Schrank 1994 and references therein). Some 
specimens conform to the spores of  Weichselia reticulata 
from the Albian of  Spain as illustrated by Diez et al. (2005).

Selected previous records: Worldwide, Jurassic, Cre
ta­ce­ous (Srivastava 1977); Albian, USA (Ravn 1995); Tri
as­sic-Cretaceous, nearly cosmopolitan (Schrank 1994 and 
references therein). In the Danian of  Argentina Dictyophylli­
dites harrisii is interpreted as part of  a hygrophile community 
of  ferns and other pteridodphytes (Volkheimer et al. 2007). 
It has 398 taxon entries (Triassic to Tertiary) in Palynodata 
2005.

Dictyophyllidites cf. harrisii Couper sensu Volkheimer et 
al. 2007. Pl. 2, fig. 1
Dictyophyllidites mesozoicus (Döring 1965) Kedves 1995. 
Pl. 2, figs. 10–11
1965 Toroisporis (Toroisporis) mesozoicus n. fsp. – Döring, p. 
25 , pl. 7, figs. 1–3.

1995 Dictyophyllidites mesozoicus n. comb.- Kedves, p. 23.
Selected previous records: Wealden A, B and upper 

Weal­den, East Germany (Döring 1965).
Palynodata 2005 record 1 entry for Dictyophyllidites meso­

zoicus and 14 entries for Toroisporis mesozoicus with a total 
stra­ti­gra­phic range from the Hettangian to Maastrichtian, 
mainly of  Europe.

Dictyophyllidites sp.
Remarks: Dictyophyllidites sp. (cf. Deltoidospora psilostoma 

sensu Krassilov & Schrank 2011) agrees well with in situ 
spores of  Weichselia negevensis Silantieva and Krassilov as 
illustrated in Krassilov & Schrank (2011, fig. 3F).

A p i c u l a t e  ( g r a n u l a t e )  s p o r e s
Concavissimisporites punctatus (Delcourt and Sprumount 
1955) Brenner 1963. Plate 2, figs. 3–5

Remarks: This species is distinguished from Concavissi­
misporites variverrucatus by its very shallow microgranulate to 
punctate sculpture.
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Botanical affinity of  Concavissimisporites: Cyathea, 
Dicksonia, Lygodium (Dettmann 1963 and references therein).

Selected previous records: Berriasian to Albian, North 
America, Europe, Australia, Russia (Singh 1971, Srivastava 
1977 and references therein); Aptian–Albian, Brazil (Pons 
et al. 1996). Number of  taxon entries in Palynodata 2005: 
226 (Early Triassic to Early Oligocene).

Concavissimisporites cf. variverrucatus (Couper) Brenner 
1963. Plate 2, figs. 6–7

Selected previous records: Mesozoic, Israel (Horowitz 
1970); Bajocian to Albian, North America; Bajocian to 
Bar­re­mian, Eng­land (Singh 1971 and references therein); 
Al­bian, Oklahoma (Wingate 1980); Lower Cretaceous of  
Argentina (as Concavissimisporites sp. in Mego & Pramparo 
2013). Number of  taxon entries in Palynodata 2005: 225 
(Middle Triassic to Maastrichtian).

Gemmatriletes clavatus Brenner 1968 sensu Krassilov & 
Schrank 2011. Plate 2, figs. 12–13

Remarks: This spore species is highly variable with res
pect to equatorial outline (round, elliptical, triangular) and 
size and density of  its sculpture which is formed by a dense 
cover of  clavate elements. These are usually reduced in the 
immediate surrounding of  the Y mark. Similar or identical 
forms are also known under the name Clavatisporites clarus 
Kedves and Simoncsics. In the Palynodata 2005 Version 
Gemmatriletes clavatus and Clavatisporites clarus have 17 and 
14 taxon entries, respectively and stratigraphic ranges from 
Hau­te­rivian to Maastrichtian (the former) and Middle Juras
sic to Aptian (the latter). 

Botanical affinity: Selaginella (Shaw & Huang 1994, for 
Gemmatriletes speciosus).

Selected previous records: Albian and Cenomanian of  
Peru (Brenner 1968 ) and North America (Singh 1983 and 
references therein); Hauterivian to early Cenomanian and 
Albian of  Israel (Brenner 1974, Krassilov & Schrank 2011).

Osmundacidites sp. 1. Plate 2, figs. 8–9
Remarks: This species is closely related to Osmundacidites 

wellmanii, a widespread taxon covered by 834 taxon entries 
(Early Permian to Middle Miocene) in Palynodata 2005. 
Osmundacidites sp. 1 is distinguished from Osmundacidites well­
manii Couper as described by Couper (1958) and Dett­mann 
(1963) by its smaller size [33 (36.7) 40 µm vs 36 (51) 67 
µm, Dettmann 1963] shorter laesurae and the de­tails of  its 
sculpture (visible under SEM). The sculpture consists of  
a dense cover of  shallow confluent, granulate to rugulate 
elements which encircle micro-perforations (<0.5 µm dia

me­ter). Such perforations are not known in Osmundacidites 
wellmanii. However, the surface of  Osmundacidites cf. wellmanii 
sensu Kedves (1995) was described as punctate or finely 
granulate based on light microscopy only.

Botanical affinity of Osmundacidites: Osmundaceae 
(Couper 1958, Dettmann 1963).

C i c a t r i c o s e  s p o r e s
Cicatricose spores are characterized by the presence of  

rid­ges, ribs or muri separated from each other by furrows. In 
the Albian of  Makhtesh Qatan these forms are represented 
by the genera Appendicisporites and Cicatricosisporites. A single 
example of  the former has been found, but will not be dis
cussed in the present paper. Cicatricosisporites is mainly repre­
sen­ted by two species with circular to sub-circular equa­to
rial outline, namely Cicatricosisporites avnimelechi Horowitz and 
C. nuni Horowitz. The former has yielded a well preserved 
specimen under SEM.

Cicatricosisporites avnimelechi Horowitz 1970. Plate 2, 
fig. 14
1970 Cicatricosisporites avnimelechi – Horowitz, p. 104, pl. 2, 
figs. 4–6.

Remarks: This species is distinguished from C.  nuni 
by its smaller size and coarser ribs (see Horowitz 1970). It 
is usually not younger than Albian and is thus among the 
pteridophytic spores which potentially have some pa­ly­no
stra­tigraphic significance.

Botanical affinity of  Cicatricosisporites: Schizaeaceae 
(Dettmann 1963).

Selected previous records: Upper Jurassic (contami­
na­ted?)–Lower Cretaceous, Israel (Horowitz 1970 and foot
note in Herngreen 1973); Lower Cretaceous, Syria (Ko­to­va 
1990), Aptian–Albian of  Egypt (Schrank & Ibrahim 1995 
as Cicatricosisporites orbiculatus) and Brazil (Pons et al. 1996, 
Regali 1989). Palynodata 2005 records 11 taxon entries and 
a stratigraphic range from Bathonian to Albian.
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Plate 1. Variation and different states of  preservation in the widespread Mesozoic spore Cibotiumspora jurienensis (Balme) Filatoff  
sensu lato based on material recovered from surface exposures of  Albian age at Makhtesh Qatan (plant-bearing bed IQ1 of  Kras­
si­lov & Schrank 2011), Northern Negev, Israel. Scale bar on all figures corresponds to 10 µm. Typical specimens are figs. 1, 3–5, 
11–16. All specimens illustrated on Plates 1 and 2 are housed at Technical University of  Berlin (Technische Universität Berlin).

Fig. 1 – Cibotiumspora jurienensis, SEM photo no. CK42, slide 330-BNA2; Fig. 2 – cf. Cibotiumspora jurienensis, SEM photo no. CJ23, 
slide 327-BMX3; Figs. 3–5 – C. jurienensis, same specimen as Fig. 1, LM photos no. NH57-59 from high to low focus, slide 330-
BNA2, England Finder re­fe­rence (EF) J36/4. Cf. Filatoff, 1975, pl. 10, fig. 10. Internal and external perforations of  kyrtome are 
regarded as preservational artefacts; Fig. 6 – C. jurienensis, LM photo ND97, slide 329-BMZ3, EF W30. Specimen is triangular 
with straight sides, indistinct kyrtome, three distal folds crossing at right angles the rays of  the trilete mark ("Obtusiapparat" or 
"obtusi apparatus", Krutzsch, 1959; Kedves & Simoncsics, 1964). Cf. C. jurienensis in Schrank & Ibrahim 1995, pl. 5, fig. 13 and 
Concavisporites sinuatus sensu Saad & Ghazaly 1976, pl. 2, fig. 4; Fig. 7 – C. jurienensis, LM photo NE67, slide 330-BNA1, EF E45/3. 
Specimen compares well with fig. 6, but lacks the kyrtome (cf. Filatoff  1975, pl. 10, figs. 9 and 11), possibly as a result of  natural 
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corrosion; Fig. 8 – C. jurienensis, LM photo NB38, slide 321-BMR1, EF T26/4. Obtusi apparatus reduced to a single distal fold; 
Fig. 9 – C. jurienensis, LM photo NF3, slide 336-BNG1, EF G48. Obtusi apparatus consisting of  two folds; Fig. 10 – C. jurienensis, 
LM photo NF15, slide 336-BNG1, EF P30. Obtusi apparatus situated near the middle of  the spore in contact with the small 
kyrtome; Figs. 11–12 – C. jurienensis, LM photos MJ10-11, slide 313-BMJ4, EF F54. Specimen with slightly concave sides and 
three distinct distal folds. Perforations at the central margin of  the kyrtome are interpreted as preservational artefacts, probably the 
result of  beginning degradation; Figs. 13–14 – C. jurienensis, LM photos NA21-22, slide 319-BMP2, EF G47. Distorted specimen 
with an invaginated (concave) lower side. Again, perforations at the margin of  the kyrtome are interpreted as preservational 
artefacts; Figs. 15–16 – C. jurienensis, LM photos MZ56-57, slide 318-BMO2, EF Q42. Undistorted specimen with a triangular 
equatorial outline; Figs. 17–18 – C. jurienensis, LM photos MY26-27, slide 317-BMN1, EF U43/1. Specimen with concave sides 
or C. jurienensis sensu Singh, 1971.
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Plate 2. Some laevigate, granulate and cicatricose pteridophytic spores from the Albian of  Makhtesh Qatan. Scale bar corresponds 
to 10 µm unless otherwise indicated.

Fig. 1 – Dictyophyllidites cf. harrisii Couper sensu Volkheimer et al. (2007); SEM photo CJ13, specimen with slightly concave sides 
and distinct kyrtome, slide 327-BMX3; Fig. 2 – Dictyophyllidites harrisii, SEM photo CJ7, straight to slightly convex sides, indistinct 
kyrtome, slide 327-BMX3, Fig. 3 – Concavissimisporites punctatus, SEM photo CI12, slide 315-BML2; Fig. 4 – Concavissimisporites 
punctatus, LM photo NG81, slide 329-BMZ2, England Finder L40/4; Fig. 5 – Same specimen, SEM photo CJ 65; Fig. 6 – 
Concavissimisporites cf. variverrucatus, distal view, SEM photo CJ10, slide 327-BMX3; Fig. 7 – Concavissimisporites cf. variverrucatus, 
proximal view, SEM photo CJ6, slide 327-BMX3; Fig. 8 – Osmundacidites sp. 1, LM photo MY43, slide 317-BMN2, England Finder 
W51/1, Fig. 9 – Osmundacidites sp. 1, SEM photo CI6, slide 315-BML2; Fig. 10 – Dictyophyllidites mesozoicus, SEM photo CJ51, slide 
329-BMZ2; Fig. 11 – Same specimen, LM photo NG79, England Finder P41; Fig. 12 – Gemmatriletes clavatus, LM photo NH25, 
slide 329-BMZ7+8, England Finder H-J38; Fig. 13 – Same specimen, SEM photo CL52; Fig. 14 – Cicatricosisporites avnimelechi, SEM 
photo CJ 27, slide 327-BMX3.
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