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FRENELOPSIDACEAE FAM.NOV.,A GROUP OF HIGHLY SPECIALIZED
CLASSOPOLLIS- PRODUOING CONIFERS ‘

Frenelopsidaceae fam. nov. — wysoko Wyspeéjalizbwanav grupa szpilkdv}'ych
z pylkiem Classopollis

ABSTRACT. On the basis of external morphology, epidermal features, and stratigraphical
occurrence Classopollis-producing Conifers are re-considered taking their possible diversification
into account. An emended diagnosis of Cheirolepidiaceae Takht ex Dolud. is presented including
Classopollis producers of acicular to obtusate foliage of non-segmented axes, The genera Sutu-
rovagina Chow et Tsao, Cupressinocladus Seward, Pseudofrenelopsis Nathorst, Frenelopsis
Schenk, and Classostrobus Alvin, Spicer et Watson are newly suggested as forming an indepen-
dent extinct family Frenelopsidaceae fam. nov. Both the families of Classopollis-producing Coni-
fers are substituted under a taxon of superposed level, Oheirolepidiineae subord. nov. Principal
characteristics of the erected taxa are generally. discussed.

NTRODUCTION

The present paper sums up the author’s experience in frenelopsid, Conifers
based on the treatment of Bohemian and Moravian taxa as well as on a valuable
international discussion. Results of the research have been incorporated in the
postgradual thesis (Hlu§t1k 1981, MS), most -of them being dealt with in this
paper.

The study is dedicated to graceful memories of both Professor F. Némeje
and Professor T. M. Harris, two well experienced students, excellent teachers,
and great men. The first led the author through cliffs of scientiae amabilis, the
latter one let him feel legem duram of Mesophytic palaeobotany.

GROUPING OF CONIFEROUS OLASSOPOLLIS PRODUCERS

With respect to the morphology and leaf epiddrmal structure Classopolhs—
-producing Conifers can be characterized as follows:
1+



Cheirolepidiineae subord. nov. (Fig. 1)

Diagnosis. Gymnosperms of coniferous habit producing large, mostly
disintegrating female-cones composed of the Hirmerella-like scales, ovuliferous
scale contained two anatropic ovules; at each scale only one ovule matured.
Male-cones composed of a small number of microsporophyll parastichies, micro-
sporangia produced pollen of the Classopollis-type. Stomata provided with sub-
sidiary cells in cyclic arrangement, mostly more than foul in number (often
5—71), more or less papillate. (Modified after Jung 1968, Reyre 1970, Vakhra-
meev 1970, Srivastava 1976, Doludenko 1978).

« Stratigraphical range. Mesozoic plants, probably becoming extinct
during the Upper Cretaceous.

Key to the families and genera:

A.a. Classopollis-produeing Conifers with non-segmented axes, leaves free, more
or less ascending, stomata on the blade surface only (Cheirolepidiaceas
Takht. ex Dolud. 8. nov.). See B.

b. Classopollis-producing Conifers with more or less distinctive segmentation
of axes, leaves adnate, mostly appressed, stomata all over the internode

. surface (Frenelopsidaceae fam. nov.). See C.

B.a. Phyllotaxy spiral, leaves narrow, more or less acicular, stomata in few
bands — ,cheirolepidioid forms” (Cheirolepidium, Tomaxellia, ¥ Pagio-
phyllum p.p.). See Figs. 1, 2, 3, lineage 1.
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Fig. 1. Oheirolepidiineas subord. nov. — the main lineages of phyllotactic morphoty’pés a8
suggested here (for explanation see Fig. 2 below). Originally sketched by, the author
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Fig. 2. Cheirolepidiineae subord. nov. — principal stages of successive changes of leaf arrang-
ements under possible influences leading to the extinction of Frenelopsiduceue fam. nov.: 1 —
wcheirolepidioid” lineage (Cheirolepidium-stage), 1A — Lower Cretaceous ,cheirolepidioid”
member (Tomaxellia-stage), 11 — hypothetical Upper Cretaceous ,cheirolepidioid” member;
2 — ,brachyphylloid” lineage (obtusate-leaf-stage), 2A — Upper Cretaceous , brachyphylloid™
member (B. squamosum-stage, Senonian of Bohemia); 3 — ,pseudofrenelopsidoid” lineage
(Suturovagina-stage), 3A — non-sutured ,pseudofrenelopsidoid” member (Pseudofrenelopsis-
-stage); 4 — ,frenelopsidoid” lineage, 4’ — Cupressinocladus valdensis-stage, 4’A — Frenelopsis
teizeirac-stage, 4" — ?Cupressinocladus malaianus-stage, 4"A — Frenelopsis ramosissima-
-stage, 4B — F. hoheneggeri-stage, 4°C — F. alala-stage, 4°D — F. oligostomata-stage. Original
scheme of the author

b. Phyllotaxy spiral, leaves broad, mostly obtusate to squamate, stomata in
numerous longitudinal rows all over the blade surface — , brachyphylloid
forms” (Brachyphyllum p.p.). See Figs. 1, 2, lineage 2.

C.a. Phyllotaxy spiral (Figs. 1—3, lineage 3). See D.

b. Phyllotaxy decussate or Whorled. (Figs. 1—3, lineage 4). See E.

D.a. Leaves more or less encircling the axis, mostly sutured (Suturo'vagma).

b. Leaves more or less sheathing, mostly non-sutured (Pseudofrenelopsis).

E.a. Leaves on alternate pairs. See F.

b. Leaves in alternate whorls. See G.

F.a. Two opposite leaves at each internode, decussate, sutured ( Gupressmocladus
valdmszs-type of foliage).



Ipseudofrenelopsidoid f.l . lfrenelop'sidoid foliage l

‘ SPIRAL ARRANG. net,:ussxrz ARRANG.

PAIRS vmom.s OF
THREE

l\

[
X
m
>
=
&

SHEATHED

’7'\

! SUTURED

SUTURED

SUTURED

/SV;ATHED
g i

JURASSIC ||LOWER _CRETAC.IUPPER CRETAC.

COLLAR~LIKE (OPEN«)

=

a8
4
4

L 0

/

/
@

{IMBRICATE ARRANGEMENT)

brachyphylloid foliage
»

i )
'..?‘;z" OBTUSATE Commmm— SQUAMMATE
e

y, | S
bl SR

Wi
®
N\

| =
\o
\-h

e | 4-6\ 0>/

Fig. 3. Frenelopsidaceae fam. nov. — detailed explanation of individual phyllotactic morpho-

types as probably derived from a hypothetical ,brachyphylloid” cheirolepidiinean foliage.

Complled after the authors quoted in the text, for explanation see Fig. 2 here. Original scheme
of the author

/

b Two opposite leaves at each internode, decussate, smoothly sheathed
(Frenelopsis teizeirae-type of foliage).
G. a.. Three leaves at each mternode, sutured (Cupressinocladus malaianus-type
of foliage?).
'b. Three leaves at each mterndoe, smoothly sheathed (Frenelopsis hoheneggeri-
-type of foliage).
(Complled after Alvin 1977, A1v1n & Hluitik 1979, Alvin, Spicer & Wat-
son 1978, Alvin & Pais 1978, Barnard 1968, Barnard & Miller 1976, Dolu-
denko 1978, Doludenko & Reymandéwna 1978, Hlu§tik 1979b, Hludtik
& Konzalova 1976a, b,"Reymandéwna & Watson 1977, Zhow 1983.)
According to the presented key-table four morphological lineages can be
pointed, out within the proposed Cheirolepidiineae subord. nov. The first and,
perhaps, the most original one led probably from an unknown praecursor among
Voliziineae sensu latissimo; it kept a common ,,coniferous” habit of foliage, e.g.
spiral arrangement of mostly aciculate microphylly (here understood as ,cheiro-
lepidioid forms”). The second lineage seems to be dorived from the previous one
as its early Mesozoic adaptation with more fleshy, obtusate to squamate leaves
in more or less imbricate arrangement (here related to , brachyphylloid forms”).
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This group of cheirolepidiaceous Conifers is preliminary considered as including
such types of the Brachyphyllum-like plants which yieldod Classopollis pollen
in situ only (B. crucis Kendall, for example).

The lineages 1, 2 are cons:dored as two morphological phenomena developed
parallelly in the family Cheirolepidiaceae 8. nov. Thus, the family diagnosis is
to be followingly modified:

Cheirolepidiaceae Takht. ex Dolud. (D olu(i\enko 1978) sensu novo

Diagnosis emended. Classopollis-producing Conifers forming non-segment-
ed axes with free, more or less appressed leaves in spiral arrangement, acicular
to squamate in form; male-cones small-sized, probably of the Masculostrobus-
-type. Stomata on the blade surface only.

Typical genus. Cheirolepidium Takhtajan, 1963: 249.

Typical species. Cheirolepidium muensteri (Schenk) Takhtajan, 1963: 249.

Stratlgraphlcal range. Triassic — Cretaceous.

‘Remarks. The family substitutes two morphological lineages, probably on the subfamily
level. More precise determination of ‘brachyphylloid” one is now impossible due to rather
imperfect knowledge oa the pollination in different species of the formal genus Brachyphyl-
lum (Srivastava 1976, Hlustik 1978a, b).

The lineages 3 and 4 seem to be derived from ,brachyphylloid” Cheirolepi-
diaceae. Both they are characterized by an extraordinary reduction of the foliage
a8 well as by the segmentation of leafy axes. The lineage 3 is suggested as Pseudo-
frenelopsidoideae subfam. nov., representing Classopollis producers with more
or less sheathed leaves in spiral arrangement. The lineage 4, that includes Conifers
with decussate or whorled leaves, is suggested here as Frenelopsidoideae subfam.
nov. The two subfamilies are closely related each other.

FRENELOPSID CONIFERS SENSU STRICTISSIMO

The term ,frenelopsids” was first used in the connection with certain Creta-
ceous plants that show such a habit of leafbearing twigs as known in the fossil
genus Frenelopsis Schenk (Hluitik 1974). Later, the term was rather widened
and included the genera Pseudofrenelopsis Nathorst, Suturovagina Chow et
Tsao, and the species Cupressinocladus valdenszs (Sewa.rd) Seward (Hlustik
1979D).

From the point of comparative morphology the fossils resemble living Calli-
trotdeae most of all. This fact also influenced the at$hors of initial papers dealing
with modern re-investigation of Bohemian species (Hluitik & Konzalovs
19764, b). A rap.d progress in studies on ,frenelopsids” made us sure of their
relations to rather a heterogenous group of Classopollis-producing Conifers from
the Mesozoic (Watson 1977, Doludenko 1978). Thus, during the last ten
years all important characteristics of ,frenelopsids” have been obtained. The
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present situation allows us to consider them as the best known representatives
of Cheirolepidiineae subord. nov.

The following data have been compiled from the papers quoted below.the
key-table (p. 4 here) as well as from studies of Barale (1973a, b), Broutin
& Pons (1975), Hlustik (1972, 1978a, b, 19794, 1981, MS, 1983, MS), Lauver-
jat & Pons (1978), Li & Zhow (1980), Pons (1979, 1980), Pons & Broutin
(1978), Watson (1974), Watson & Alvin (1976), Chow & Tsao (1977),
besides modern detailed observations on Bohemian and Moravian material.
With help of these information the determination of frenelopsid Conifers s. ss.
can be presented as follows:

Frenelopsidaceae fam. nov.

Diagnosis. Woody plants with more or less segmented leafy axes; mature
internodes covered by sheathed leaf bases, smooth or sutured; leaves mostly
fleshy, appressed, squamiform, tipped, either in spiral arrangement (single leaf
at each internode) or in alternate groups (pairs, whorls); ep:dermis developed all
over the surface of each internode and covered by thick cutin membrane; stomata
eycloeytic, regularly distributed in more or less dense longitudinal rows on the
surface of internodes and leaf tips; stomatal apparatus composed of four to
eleven subsidiary cells and two guard, cells, sunken; subsidiary cells with distinct
anticlinal papillae, stomatal pits craterous, with cutin rims; female-cones of the
Hirmerella-like type, disintegrating, composed of large scales; ovuliferous
scale probably with the only seed matured; male-cones of the Classostrobus-like
type, producing Classopollis pollen; wood. structure of shoots similar to that of
the Protopodocarpoxylon-type; axillary branching developed in both conventional
and modified monopodial kinds.

Typical genus. Frenelopsis Schenk, 1869 emend. Reymanéwna et Watson,
. 1976:19.

The proposed family includes the following taxa:

Frenelopsidoideae subfam. nov.

Diagnosis. Frenelopsid Conifers with leaves in both alternate pairs or whorls
of three, tipped, sutured or smoothly sheathed; axillary branching either con-
ventional one or in its modified form (Alvin & Hluitik 1979).

Typieal genus. Frenelopsis Schenk emend. Reym. et Watson. Genera et
species included:

1. Frenelopsis Schenk emend Reym. et Watson

F. hoheneggeri (Ett.) Schenk emend. Reym. et Watson (generotype, Hauterl-

vian — Albian)

F. alata (K. Feistm.) Knobloch (Cenomanian)

F. choshiensis Kimura, Saiki et Arai (Barremian)



. elegans Chow et Tsao (Aptian — Albian)

. harrisii Doludenko (Cenomanian)

. occidentalis Heer (Aptian — Albian)

oligostomata Romariz emend. Alvin (Senonian)

ramosissima Fontaine (Barremian — Aptian)

rubiesensis Barale (? Jurassic — Neocomian)

silfloana Watson (Lower Cretaceous) '

. teizeirae Alvin et Pais (Hauterivian — Barremian)
Frenelopszs sp. sensu Watson et Alvin (Cretaceous of Sudan)

2. Cupressinocladus Seward emend. Barnard et Miller
C. valdensis (Seward) Seward emend. Watson (generotype, Wealdenian)
¥? C. malaianus (Kon’no) Barnard et Miller (? Lower Cretaceous)

@Hﬁ?ﬁ@@@

Pseudofrenelopsidoideae subfam. nov.

Diagnosis. Frenelopsid Conifers with leaves in spiral arrangement more
or less tipped, imperfectly and/or smoothly sheathed, collar-like to cylindrical,
one at esch internode; axillary branching of a conventional kind; distinct
yheterophylly” during a twig development; epidermis heavy cutinizod.

Typical genus. Pseudofrenelopsis Nathorst, 1893 emend. Watson, 1977:
726—1727. Genera et species included:

3. Pseudofrenelopsis Nathorst emend. Watson

P. varians (Fontaine) Watson (generotype, Aptian — Albian)

P. dalatzensis Chow et Tsao (Aptian — Albian) -

t P. faveolata Chow et Tsao (Cretaceous of China)

% P. papillosa Chow et Tsao (Cretaceous oi China) )

P. parceramosa (Fontaine) Watson (Hauterivian — Albian)

4. Suturovagina Chow et Tsao, 1977 emend. Zhow, 1983

8. intermedia Chow et Tsao emend. Zhow (generotype, ? Lower Cretaceous

of China)

5. Classostrobus Alvin, Spicer et Watson, 1978 » )

C. comptonensis Alvin, Spicer et Watson (generotype, Wealdenian)

C. cathayanus Zhow (? Lower Cretaceous of China)

Stratigraphical range of the family: (? Jurassic — ) Cretaceous.

Occurrence: marine to brakish deposits of former circumtethyd basins.

Ecology: maritime, seaside and/or riverside biotopes of Cretaceous tropics

to sub-tropics, most probably under the influence of arid to semi-arid climatical
zone.

DISCUSSION

The presented subdivision of Classopollis producers is based on three features:
the morphology of twigs, the foliage, and epidermal patterns of leaves. These
phenomena have been better known up to now, while information about repro-
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ductive organs is very scarce so far. Similarly, we have fragmentary data on
morphotypes of the Classopollis pollen in the mentioned genera and species.

As to the organization of female-cones, Cheirolepidiineae subord. nov. might
be generally related to Permo-Triassic types of Voltziineae sensu lato. Certain
details in the morphology and epidermal structures also indicate that Classopollis
producers could be compared to Araucariaceae, especially, when the development
of ,embedded” seeds is considered. However, Krassilov (1980) dislikes the
idea of the Hirmerella seed embedding. He suggests to derive these organs from
biovulate pteridospermous cupules. This interpretation seems to be the most
stimulative idea taking into consideration possible origins of Classopollis pro-
ducers. ’

As shown by many authors, Classopollis pollen are exceptional not only as
to their general morphology and occurrence, but also when possible origin of
thom as microspores is treated (Médus 1967, Taugourdoau-Lantz 1971,
Srivastava 1976, Pons & Broutin 1976, Pons 1979, 1980, Upchurch &

-Doyle 1981, a.0.). Certain aberrant forms of pollen indicate that Classopollis
prcducers might represented separated and old lineage of Conifers, reliable to
families Taxaceae and Taxodiaceae. Thus, the idea of a ,cupressaceous” origin
of frenelopsids comes into the picture again. The problem is to be solved through
a close cooperation between plant morphologists and palynologists, because
Cheirolepidiineae subord. nov. seem to be excellent objects to study natural
connections between macrofossils and pollen favourably preserved.

At present we have the Classopollis pollination in frenelopsid Conifers for
granted. It was ascertained in Pseudofrenelopsis, Suturovagina, and Frenelopsis.
Basing on palynological assemblages, ecological conditions of certain frenelopsids
were reconstructed (Upchurch & Doyle, l.c.). In pseudofrenelopsidoid forms
male-cones are known under generic name Classostrobus, where the attachement
of microsporophylls is supposed as'a spiral one, most probably derived from the
shoot phyllotaxy. Similar situation is now known in Frenelopsis alata from
Bohemian Cenomanian, too (Hlu§tik 1983, MS). Microsporophylls of the species
were organized in alternate whorls of three, identical to the triads of leaf tips
at leafy shoot internodes. ‘

The morphology of frenelopsid female-cones is known rather less satisfactorily.
Pons & Broutin (1978) described a Hirmerella-like ovuliferous scale related
with the species Frenelopsis oligostomata. In the Peruc Member Flora similar
scales were described by Velenovsky (1889)as , Araucaria” bohemica. The latest
studies on these rare fossils indicate that this Cenomanian ,,species” might also
be connected with Frenelopsis alata (Hluftik 1983, MS).

Unfortunately, up to now we have no indubitable evidonce of similar large
female-cones in Pseudofrenelopsidoideae subfam. nov. On the other hand, the
fact of disintegrating female-cones in Frenelopsidaceae fam. nov. well corresponds
to the scarcity of their appearance in sediments: individual scales were mostly
detached from original cone axes.

In the majority of Frenelopsidaceae fam. nov. a common, ordinary type of
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Fig. 4. Frenelopsidaceae fam. nov. — individual stages of the modified axillary branching deve-
lopment in species of the genus Frenelopsis Schenk (alternate triads of leaves): 4 — ? Cu-
pressinocladus malaianus-stage (sutured leaves), 4 A, — Frenelopsis ramosissima-stage (birch-
-like habit?), 4 A, — Frenelopsis sp. (Watson and Alvin 1976, Sudan), 4’ B — F. hoheneggeri-
-stage (complanate branching), 4°C, D — F. alata-oligostomata-stage (birch-like to pendulate
forms). Explanation of characters: A, B, C — internodes of parent axis, a, b, ¢ — internodes
of lateral axis, SI. — position of subtending leaf. After the data of authors quoted in the text.
Original sketch of the. author

monopodial branching can be observed. Lateral branchlets developed in axillary
position above a subtending leaf on parent axis (here named as conventional axilla-
ry branching). In pseudofrenelopsidoid genora it well fits spiral arrangement of
leaves (Watson 1977, Zhow 1983). In frenelopsidoid genera important differ-
ences can be seen when individual species are studied.

As shown in Fig. 4, in Frenelopsis an artificial lineage of subsequent stages
can be arranged to explain a probable development of the modified axillary
branching sensu Alvin & Hluitik (1979). This phenomenon has been unknown
in both fossil and living Conifers up to now. Moreover, in late Cretaceous species
F. alata and F. oligostomata certain ,,regression” to original (conventional) axillary
branching occurred: the lateral branchlets’ insertions are secondarily moved
upright, e.g. in nearly axillary position. It was probably caused by a rapid elon-

¢ gation of basal segment of the branchlet-bearing parent internode. In this way,
the process led to the origin of a ,pseudoparent” internode, when lateral bran-
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Fig. 6. Palaeogeographical situation of Neocomian continents. Figures indicate approximative
location of different species of Frenelopsidaceae fam. nov. as recently known from sedimentary
formations all over the world: 1 — Japan, 2 — Korea, 3 — Ohina, 4 — Tajikistan, 5 — Ukraine,
6 — Ozechoslovakia, Poland, NW Germany, France, England, 7 — Spain, Portugal, 8 — Maryland
(USA), 9 — Mexico, 10 — Tewas (USA), 11 — Virginia (USA), 12 — Sudan, 13 — Malaya,
¥ — uncertain and/or possible appearance of frenelopsidacean fossils (non-revised data); possible
extension of arid/semi-arid areas during the Cretaceous is marked by vertical and dotted lines.
Modified after Kremp 1978, Vakhrameev 1984, and authors quoted in the text. Sketched
by the author

chlet insertion was moved up on the distance of nearly one-internode-length.
The author believes that this phenomenon was in accordance to ecological con-
dition oscillations which Cretaceous frenelopsidoid Conifers had to live under.

The arrangement of leaves serves as one of taxonomical arguments for the
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presented subdivision of new family. In Fig. 3 a comparative survey of individual
kinds of phyllotaxy is given. In the author’s opinion, the foliage in genera Sutu-
rovagina and Cupressinocladus represents an intermediate stage leading from
,brachyphylloid” types to pseudofrenelopsidoid and frenelopsidoid ones.

The reduction of ,brachyphylloid” foliage is well visible especially in the
species Suturovagina intermedia, where transitions from ,open” to ,closed”
sheathing of collar-like leaves are supposed also by Zhow (1983). Similar kind of
nheterophylly” observed Watson (1977) in the genus Pseudofrenelopsis, too.
It probably reflects some morphological, ecologically conditioned differentiation
within Cheirolepidiineae subord. nov. during early Mesozoic (¢ the uppermost
Jurassic). In Pseudofrenelopsis barrel-like internodes are more frequent in fossil
record. Collar-like leaves, perhaps, developed at very young twigs. In any case,
in the genus some remains of suturae are still visible at barrel-like sheathing
leaves (Hlu$tik 1978a, 1979a).

In the subfamily Frenelopsidoideae subfam. nov. similar trend of sheathing
can be supposed. The transitional stage was probably coded in cupressinocladous
Conifers, either -they bore two or three leaves at each internode. Cupres-
sinocladous types might also develope from a brachyphylloid form with less
closed spiral arrangement of leaves. Namely, frenelopsidoid twigs show an
evident ability to elongate their internodes. This ability might be of a very old
date, and could be understood as a start-point not only for the development
of rapidly elongated, decurrent leaf bases (Cupressinocladus), but also for the
origin of the mentioned modified axillary branching of smoothly sheathed
segmented axes of Frenelopsis.

One of the most surprising features is to be seen in the degree of epidermal
cutinization in Frenelopsidaceae fam. nov. The formation of cutin layers reached
enormous dimmensions in representatives of bo&h subfamilies (Fig. 6a—j).

Pseudofrenelopsidoid types produced cuticular membranes up to 200 pm
thick, while frenelopsidoid twigs were covered by the cuticle 35 to 50 pm thick.
This extreme epidermal cutinization of leaves and internodes had to be evidently
accompanied by changes in stomatal function. Subsidiary cells with elongated
anticlinals partially covered sunken guard cells as well as enclosured deep sto-
matal pit. The rim of craterous pit was formed by a ring-like cutin elevation,
and anticlinals of subsidiary elements were papillously thickenned. Sometimes,
the papillae were of such dimmensions that nearly filled the pit: in light micros-
cope it appears as a ,star-like” or ,rosette-like” stomatal aperture (see Zeiller
1882, Thompson 1912, Bayer 1921, Némejc 1926, etc.); it led to a curious
idea of a large number of guard cells acting simultaneously at the bottom of
stomatal pit (Bayer, 1. c., for example). In certain species also large hairy emer-
gences as well as papillous thickennings have been observed at periclinals of
epidermal cells (Watson 1977, Doludenko 1978, Zhow 1983, etc.). In all
types of frenelopsidaceous Conifers more or less distinctive hypodermal cutini-
zation took a part as well.

As a total, these all phenomena indicate a tendency of frenelopsidaceous
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Fig. 6. Frenelopsidaceae fam. nov. — comparative survey of the cutinization in different species
(cross-sections . of stomata): a — Sulurovagina intermedia, b — Pseudofrenelopsis varians,
¢ — P. parceramosa, d — Cupressinocladus valdensis (an approximative restoration!), e —
Frenelopsis hoheneggeri, £ — F. ramosissima, g — F. harrisii, h — F. leizeirae, i — F. alata,
i — F. oligostomata; left below schematized surface views of cuticles are given as follows: k —
Conifere Typ 5 after Barthel (1964), Upper Permian of Germany, ¢ — Pseudofrenclopsis parce-
ramosa, Lower Cretaceous of Europe, i — Frenelopsis alata, Upper Cretaceous of Europe; in
the centre a comparison between Agathis sp. (m) and Frenelopsis sp. (n) stomatal apparata is
expressed (rather more enlarged). After different authors, quoted in the text, modified the
author

plants to protect their physiological regime against dessication as much as
possible (Fig. 6b, f). -

The cyclocytic composition of stomata in the described plants is due to a hig-
her number of radially orientated subsidiary cells. In pseudofrenelopsidoid
types it reaches up to eleven cells, in frenelopsidoid ones the number varies about
four to six. In this connection it is interesting to compare the described stomata
to those of the Conifere Typ 5 from the Upper Permian of Germany (Barthel
1964, here also Fig. 6k, ¢, i, below). The above mentioned anticlinal papillae
in stomatal pits closely resemble similar forms in many lebachiacean and volt-
ziacean plants, as figured by Barthel (l.c.). The average number of subsidiary
cells tends to be a non-even one, mostly five. Their radial orientation probably
corresponds to the distribution all over abaxial surface of leaves, too. The secon-
dary thickenning of twigs and shoots with collar-like and/or sheathed leaves
caused lateral tractions within epidermal and hypodermal tissues. It had to
lead to the development of more convenient form of stomata — cyclic to trans-
verselly ellipsoidal, with stomatal apertures obliguely directed.
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PHYISOLOGICAL AND ECOLOGICAL CONSIDERATIONS

Upchurch & Doyle (1981) brought an idea of different ecology of both
frenelopsidoid and pseudofrenclopsidoid plants. Detailed studles on the materlal
all over the world seem to support their model in general.

While external habit of pseudofrenelopsidoid Conifers is well compa.rable
to that of many living obligate halophytes, the morphology of frenelopsidoid
types still more recalls a coniferous one, comparable, as mentioned above, to the
living Callitroideae most of all. Like other Conifers, frenelopsidaceous plants
had their phylogenetical handicap in the wood structure, e. g. in tracheids. They
could be called ,,physiologically predetermined xerophytes”. This predisposition
is of a. very old date, having originated in the time of late Palaeozoic continental
environments. Although, at present times Conifers participate in the vegetation
of different bioms, they evidently have prefered mesic habitats. Only several
taxa are to be asigned to xerophytes in conventional sense, e.g. mostly Cupressa-
ceae a8 such. According to their morphology, frenelopsidaceous plants could
be considered approximatively as their ecological, especially elaphic analogies.

The xeromorphy of cupressaceaous forms have seemed to represent a maxi-
mal degree of xeromorphic adaptation, possible in Conifers up to now. The habit,
the foliage reduction as well as epidermal organization and cutinization of frene-
lopsidaceous fossils are in an evident confradiction to this assumption.

In no living coniferous taxa can we see such a smoothly sheathed foliage,
sharply developed internodes, large papillae overhanging stomatal pits, and last
but not least, such a production of protective cutin layers upon the surface of
epidermis. All these features indicate that Frenelopsidaceae fam. nov. underwent
substantial adaptations, starting probably with the latest Jurassic. The prbcess
could be simply called as a ,xeromorphization of xeromorphy”.

The handicap in the vascularization was substituted by a formation of succu-
lent-like penultimate/ultimate twigs, maximal limitation of free leaf laminae
(in many frenelopsidaceous species they persisted as omituous tips!), dispersion
of the leaf inervation, and, perhaps also by a reduction of the life form of plant
a8 o total (low tree, shrubs?). In this respect our fossils resemble some modern
angiosperms of arid and/or semi-arid zones first of all.

Physiological problems were probably solved also by stomatal organization.
As shown in Fig. 7a—e¢, the degree of cutinization and composition of stomata
are clearly comparable to those ‘of recent succulents and halophytes (see also
Watson 1977, Zhow 1983, a.0.). In frenelopsidaceous plants stomatal pits
are very mmlla.r to those of mangrove plants, halophytes, and certain succulents
coming from desert inlands (Walter 1964). These Conifers might inhabit similar
biotopes, now occupied by more progressive and plastic angiospermous vegeta-
tion under conditions of salty soils, higher insolation, dry climate, tidal oscillat-
ions, rocky substrates, ete.

The function of stomata in frenelopsidaceous species is to be treated in detail
here. They represent the most tangible indicators of physiological events wlthm
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the plants. Under such a layer of cutin much more delicate stomatal cells had to
be limited in their action. The cutin membrane sheltered inner tissues not only
from an excessive transpiration but also from a short-waved radiation. The radiat-
ion is an important component of the insolation in maritime as well as dry-climate
reglons Moreover, solar radlatlon enormously warmed up the plant surface
in such areas.

‘On the other hand, the light is necessary to the photosynthetlc activity, e.g.
papillous thickennings over periclinals of epidermal cells might serve as concen-
trating lenses.

0.07 mm

Fig. 7. A comparative survey of the cutinization in Frenelopsis sp. (a), Rhizophora mucronata

(b), and Sansevieria cylindrica (c) showing that living halophytes and succulents form similar

adaptations of stomatal apparatus as seen in different species of Frenelopsidaceae fam. nov.:

see, for example, the organization and cutinization of Sansevieria compared to Suturovagina

(Fig. 6 here); after Walter (1964). Hypothetical phases of possible function of a stoma in

Frenelopsis sp. (d), where subsidiary cells might act as additional elements. Originally sketched
by the author

The existence of deeply sunken stomata is a very normal phenomenon in
Conifers. But, tongue to finger-shaped papillae upon the pit anticlinals of subsi-
diary cells are to be explained as a certain re-duplication of guard cells, so far
unknown in living Conifers (Fig. 7d). The papillae were probably hollow, corres-
ponding evidently with elevations of anticlinal cell walls. Under the turgor
pressure had to be kept stiff, sticking out over the pit crater. After a modorate
decreasing of the tension, papillae might slightly subside: although they partially
closed the pit above guard, cells, numerous microscopic perforations still remained.
Thus, the mentioned ,,star-like” guard cells of certain previous authors (Zeiller
1882, Némejc 1926, a.0.) were in action. These perforations, limited by margins
of overhanging papillae, allowed to perform the exchange of gases. If the turgor
had docreased dangerously, the subsidiary cells pressed papillae into the pit:
the stoma was safely closed by both ordinary guard cells and anticlinal papillae.
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Stomatal transpiration, the gas exchange and evaporation were cut off, and cuti-
cular transpiration was limited at minimal level. The plant resisted a dry period
undar the shelter of heavy cuticle. The hairy cover and periclinal papillae (some-
times also enormous!) might serve as diffusors of the light, as a protection from
salt mierocrystals, and, perhaps, also as condensators of steams.

The presented mechanism of stomatal activity probably varied in different
taxa of Frenelopsidaceae fam. nov. In Suturovagina, for example, tubular subsi-
diary cells most probably operated as such, e.g. during the osecillations of the
turgor tension. They were able to control the narrow, cylindrical pit throughout
its- profile as a whole.

Cheirolepidiinean Conifers as a total might be predisposed for extreme living
conditions by other features, too. The plants prodiced a specialized type of
pollen (Classopollis 8.1.) and formed disintegrating female cones. Just the disin-
tegrability of the cones had to serve to better germination of matured seeds.
Similarly, the morphology of Classopollis pollen can be a reflection of some spe-
cific conditions: the germination of the microspores might be limited by a very
short period, similarly to many living desert ephemerids.

At the begining of Cretaceous period we can also suppose a rapid radiation
of Angiosperms. These plants were probably able to occupy the majority of late
Mesozoic biotopes. While more ,,mesophyllous” Cheirolepidiaceae 8. nov. stepped,
back into the inland localities (similarly to the living Cupressaceae!) and parti-
cipated in a mixed vegetation, Frenelopsidaceae fam. nov. were squeezed in less
favourable biotopes bordering both arid and oceanic zones.

This presumption seems to be evaluated by the appearance of frenelopsida-
ceous fossils when set in palaeogeographical configuration of Cretaceous continents
(Fig. 5). The situation clearly evokes an idja of ,frenelopsid” adaptation of
certain Cheirolepidiineae subord. nov. on very special conditions along former
oceanic shore as well as proposed zone of arid climate (see also Hlu§tik 1978a,
b). The adaptations might vary depending upon topographic and hypsometrie
circumstances.

Concluding considerations on frenelopsidaceous adaptations the author
believes that the habit of these plants reflects their original biotopes as well.
A much more halophytic habit of Pseudofrenelopsidoideae subfam. nov. indicates
that they participated in the vegetation inert to a higher andjor oscillating
salinity of soils (coastal marshes, inland salinas, playas, sabkhas, etc.). Frenelop-
sidoideae subfam. nov. probably occupied more variable habitats, on the con-
trary.

Early Cretaceous forms, Frenelopsis ramosissima and F. hoheneggeri, resemble
true xerophytes. In fossil state they are known as distinctively wood sd fragments
of shoots. They might be analogous to the recent Callitroideae first of all (durilig-
nose forests, scrubs, chaparrals, macchias, highland vegetation, ete.).

The Upper Cretaceous types seem to be rather rogreding to the mesophylly.
After the data obtained from the Peruc Member (Cenomanian of Bohemian
Massif), the species Frenelopsis alata inhabited coastal areas of the archipelago.
2 — Acta Palaeobotanica 27/2
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Due to the existence of flat seashores, some analogy to the recent gallery forests
and mangroves cannot be excluded a. priori. The same role probably played
F. oligostomata from the Senonian. The above described modification of.axillary
branching seems to support not only the rule of the evolution irreversibility,
but also an unique return to the pre-hoheneggeri pattern of branching.

The cuticles of F. alata and F. oligostomata are also more delicate than those
of Lower Cretaceous species. The number of subsidiary cells varies about four
to five, and papillae at the subsidiary cell anticlinals are much less distinetively
developed. These phenomena should be explained as re-adaptation on less dry
conditions. The tidal regime of tropical or sub-tropical seashores with lagoonas,
deltas, estuaries, brakish swamps and relatively higher aerial humidity might
be just the correct environment for the mentioned Upper Cretaceous species.

Although fossil mangrove-like bioms have not been indubitably proved up
to now, the described adaptation was able to include them in the maritime areas
. of the Bohemian Massif. As shown by Hluitik & Konzalov4i (1976a, b),
F. alata produced pollen Classopollis cf. classoides (Pflug, 1953) Pocock et Jan-
sonius, 1961. Svobodovi (1984, MS) newly recorded that this type of classo-
pollid pollen was dominating in brakish to marine facies of the Peruc Member
(Lower to Middle Cenomanian). In fluviatile to lacustrine sediments of the same
member the pollen appear quite scarcely. The data were obtained from cores
drilled in the area of Slany (Central Bohemia, N of Prague) where the lectotype
and syntypes of F. alata come from (Hlustik 1972). In the light of these facts
a presence of F. alala in the vegetation of brakish environment seems to be more
than probable. Although they are not elements of a mangrove flora, Tazodium
and Chamaecyparis thyoides seem to be the nearest living analoga for Upper
Cretaceous swampy Conifers of Frenelopsidaceae fam. nov.

CONCLUSIONS

Frenelopsidaceae fam. nov. represents a group of highly xeromorphous Coni-
fers prcducing Classopollis pollen. They underwent their own differentiation
during the Cretaceous. Lower Cretaceous Pseudofrenelopsidoideae subfam. nov.
represented most probably woody halophytes. Within the subfamily Frenelopsi-
dotdeae subfam. nov. (Lower to Upper Cretaceous) there are included successive
forms of Conifers developing from xerophytes up to re-adapted mesophytes.
As a total, Frenelopsidaceae fam. nov. resemble the living Callitroideae most
of all, although, they belonged to an extinct group of Classopollis-producing
Conifers, here erected as Cheirolepidiineae subord. nov.
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