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ABSTRACT

From the Jurassic of Grojec and its vicinity, in Poland are described Caytonia
harrisii n. sp., C. sewardi, Sagenopteris colpodes, and a microsporangium of Cayto-
nanthus sp. with unripe pollen. On the basis of compressions of C. harisii macera-
ted in different ways and sectioned with a microtome the structure of the fruit is
described and its restoration, showing the distribution of tissues, is given. The hy-
pothesis of Harris that seeds communicated with canals of the mouth is confirmed
by the sections. The lateral extension of the mouth, the inner epidermis of the fruit,
and the vascular system of the fruit and seeds are 'described for the first time. The
structure and the functioning of the fruit are discussed.
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INTRODUCTION

The Caytoniales consist of a single Mesozoic plant genus known so far
as separate organs which have separate generic names. The leaves are
widespread in the Northern Hemisphere and have long been known as
Sagenopteris. The much less conspicuous reproductive organs discovered
much later are known from a few localities; the male is Caytonanthus
(Harris 1937, 1941) and the female Caytonia (Thomas 1925, Har-
ris 1933, 1940, 1958, 1964).

Species of Sagenopteris were described from Poland by Racibor-
ski (1891, 1894) but without microscopic details, and pollen grains (Cay-
tonisporites) by Rogalska (1956, 1962). This paper describes leaves
(with microscopic details) and associated fragments (fruits) of Caytonia
and Caytonanthus. Some of the Caytonia material is well-preserved and
by a vigorous programme of maceration and sectioning it has been
possible to learn new facts about their structure.

A whole specimen of Caytonia is a pinnately branched organ a few
cm long bearing little sacs containing seeds. Since the main organ
branches like a leaf it is called a megasporophyll and since the little sacs
look like berries they are called fruits, though this word is used collo-
quially for they seem very different in nature from angiosperm fruits
which are composed of one or several carpels (megasporophylls).

This fruit has a short stalk and a thickly cutinised epidermis enclosing
it completely except for a thick fold (lip) next to the stalk; between the
lip and the stalk is a narrow, slit-like mouth. This at an earlier stage
admitted pollen to the ovules but later closed.

MATERIAL AND METHODS

The material of Caytoniales consists of compressions found in the
Grojec clays together with fragments of other plants. They were sepa-
rated from the clay by washing on sieves and preparations of cuticles
were obtained in the usual way, by maceration with nitric acid followed
by ammonia.

Certain fruits when cleaned with hydrofluoric acid and then washed
with a weak solution of ammonia released fragments of the flesh into
the macerating fluid (see Table I). These fragments were fixed with
ammonia acetate and calcium chloride and then embedded under a cover
glass in glycerine jelly. The fragments showed cell walls, branched scle-
reids, and tracheids with fragments of pitting.

In addition, fruits of Caytonia were macerated in order to obtain their
structure, then embedded in celloidine and sectioned with a microtome
along one of three planes: transverse to the mouth, longitudinal parallel



Tissues of Caytonia shown by different methods of maceration
Tkanki kajtonii uwidocznione przez réine metody maceracji

Table 1
Tabela 1

T

~~
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Structures ™

Methods
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entire fruits or seeds

monia *

nitric acid -+ am-

hydrofluoric acid + am-
monia

sections

bleach **

sodium chlorite **

sodium hydro-
xide + alcohol **

outer epidermis,
mouth

thick yellow cuticle

no observations

often complete cells

cells of flesh

complete cell.s‘:-gélls pre-

sent

complete cells with thin
walls

as after bleach

as after bleach

as after bleach

cell walls inconspi-
cuous, broken

dark brown strands form-
ing a net, often tracheids
visible

elongated cells with gfanﬁ-_
lar contents

as after bleach, but
more distinct

dark brown strands
forming a net

tracheids

rarely visible

inner epidermis of
testa

rarely visible

Fruit |__ )
pitting of tracheids - occasionally circular to 'occasiona'l—& ws?cﬁc?ned occasionally borde- | circular to elonga-
elongated bordered pits, | walls pitted red pits visible ted bordered pits
sectioned walls pitted
filiform sclereids — distinct branched sclereids | probably as yellow gra- | as after bleach distinct branched
nular substance in inter- sclereids
cellular spaces
inner epidermis “delicate cuticle | thin cuticle with narrow | single layer of cells with | as after bleach as after bleach
? elongated cells small lumen
outer epidermis undulate cuticle | no observations | flat cells . | as after bleach as after bleach
stone layer of the | stone cells, ,,spicu: ”“, | very distinct stone cells | as after bleach tendency to dissolve
testa les”
spotted layer — rarely visible ” elongated cells with out- | as after bleach as after bleach
Seeds wards pointing papillae

very distinct

nucellus

distinct

distinct

distinct

distinct

distinct

aleurone cells

rarely visible

no observations

granular substance

as after bleach

as after bleach

* Harris 1958
** Reymandéwna 1970
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to the mouth, and longitudinal vertical to the mouth. (cfr. Text-fig. 12,
A—C). The macerating fluids used for the sectioned fruits were either
commercial bleach (,Bielinka”), sodium chlorite with hydrochloric acid,
or sodium hydroxide and alcohol. It was found that only four out of the
23 sectioned fruits had their internal structure preseived and that diffe-
rent macerating fluids revealed different tissues (see Table 1). The me-
thods of maceration are described and discussed in a separate paper
(Reymanoéwmna, 1970). The quality of these sections is poorer than
that of petrological sections of coal-ball material. They are usually thick
and dark so that it is often difficult to distinguish the cell walls and the
pitting of the tracheids. They are also difficult to photograph, because
some of the tissues are very dark and others very light. Nevertheless,
the best specimens, when sectioned, show the position of the inner cuti-
nised parts of the fruit, the sclereids, and the vascular strands. Sometimes
even details of more delicate tissues are visible.

SYSTEMATIC DESCRIPTIONS

Class Caytoniales

Genus Caytonia Thomas
(Synonyms in Harris 1964)

Type species: Caytonia sewardi Thomas.

Proposed additions to diagnosis of the genus as pu-
blished by Harris (1964). In fruits canals leading separately from
under the lip to the micropyle of each seed. Main vascular strand in pe-
dicel side of fruit, giving off a network of smaller strands running in
the flesh. Tracheids scalariform or with alternate bordered pits. In seeds
vascular strand consisting of scalariform tracheids entering through hilum
and giving off two branches running in integument along margins of seed.

Discussion. These additions to the diagnosis of the genus Cay-
tonia are based on characters observed in C. harrisii, but I believe that
they are likely to occur also in other species of this genus. I already
observed some of them in the type species, either in the material from
Yorkshire kindly provided by Professor T. M. Harris or in that from
the Grojec area. In C. sewardi from Grojec two vascular strands of the
same distribution, as in C. harrisii, were seen during the maceration of
seeds. In macerated fruits of C. sewardi from Yorkshire and from the
Grojec area appears a network of strands similar to that in the flesh of
C. harrisii. In it can be distinguished fragments of tracheids.
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Caytonia harrisii sp. n.

Pl I; Pl II figs. 1, 3; Pl IV figs 5, 6, Pl. V; Text-figs 1, 4—12.

Holotype S-315.

Locus typicus. Grojec, near Krakéw, Poland.

Stratum typicum. Grojec clays (,,glinki projeckie” in Polish),
Upper Liassic-Aalenian (cf. Jurkiewiczowa, in press).

The material was collected from the waste tip Grojec 4. Plant frag-
ments associated with Caytonia harrisii belong to species found also in
an exposure and in a borehole core containing the Grojec clays from
Zabierzow, another locality in this area (Jurkiewiczowa, in press).
Specimens and slides are deposited in the Palaeobotanical Department,
Institute of Botany of the Polish Academy of Sciences in Krakoéw, nos
S 301 — 317, S 325, S 337, S 340, S 348, S 376—379, S 414, S 418—422.

Diagnosis. Fruits rounded, up to 3 mm wide, small fruit elonga-
ted; pedicel narrow, up to 0.5 mm wide. Lip of fruit curved around pe-
dicel and concealing the mouth, on lip present up to eight cutinised bars.
Rim of lip not specially thickened, its margin covered with strong cuti-
nised papillae. Mouth of fruit typically 1.1 mm wide (measured along the
curve). Up to eight seeds present in one fruit, seeds arranged close toge-
ther, seed packet surrounded by inner epidermis of fruit conmsisting of
single layer of cells. Space between inner and outer epidermis of fruit
filled with flesh consisting of large rounded cells and filiform branched
sclereids. Between cells of flesh dense net of vascular strands, their me-
taxylem consisting of tracheids with densely spaced alternating bordered
pits.

Cuticle of fruit very thick, epidermal cells typically square, their end
walls thin and straight, their longitudinal walls strongly cutinised and
forming bulges or ridges extending along a number of cells. Thickly cu-
tinised papillae and short glandular hairs frequent on fruit and pedicel.
Hairs consisting of two cells, the basal one thickly cutinised, the upper
thickly cutinised and filled with dark contents (secretion and upper part
of glandular hairs easily destroyed in maceration). Ridges and hairs often
obliterating cell outlines. Cells of pedicel elongated on upper side, square
on lower side, bearing numerous papillae and hairs.

Seeds flat, ovate with pointed apex, 1:2)X0-8 mm and up to 02 mm
thick when broken across. Surface of seeds showing delicate longitudinal
striae and wrinkles. Testa containing a palisade layer on the flat sides
and several layers of fibrous stone cells, their contents resistant to ma-
ceration. ,,Spotted layer” present deep in the integument in the form of
elongated cells with their peripheral walls bulging into broad papillae.

Vascular strand entering through hilum and dividing into two bran-
ches running in the integument along each margin of seed up to the
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Text-fig. 1. Caytonia harrisii sp. n. A — E: series of normal fruits; F, H — J: series
of small, abortive fruits; A — E, H, J — S 348, F — S 310, I — S 337, all X 5; G:
hair bases on fruit, S 314, X 200; X: epidermis of upper part of fruit, S 306, X 200;
L: epidermis of lower side of pedicel, S 310, X 200; M: epidermis of upper side of
pedicel, S 310, X 200; N, O: glandular hairs on fruit; N — S 306, 0 — S 313, X 200,
P: papillae and hair on pedicel, S 314, X 200
i — lip, m — mouth, p — pedicel

Ryc. 1. Caytonia harrisii sp. n. A — E: seria normalnych owocéw; F, H — J: seria
malych, niedorozwinigtych owocéw; A — E, H, J — S 348, F — S 310, I — S 337,
wszystkie X 5; G: nasady witoséw na owocu, S 314, X 200; K: skérka goérnej czesci
owocu, S 306, X 200; L: skérka dolnej strony trzonka, S 310, X 200; M: skérka
goérnej strony trzonka, S 310, X 200; N, O: gruczolowate wiosy na owocu; N — S 306,
O — 8 313, X 200; P: brodawki i wlos na trzonku, S 314, X 200
i — fald, m — szczelina, p — trzonek

apex, each branch consisting of two to three scalariform tracheids and
of narrow elongated elements.

Micropylar canal consisting of elongated cells. Pollen grains of Cay-
tonanthus type found in micropylar canal.

The species is named after Professor T. M. Harris.
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Discussion and comparison. Caytonia harrisii is different
from all other species described so far in having fruits covered by a great
number of glandular hairs. The only other species showing glandular
hairs is C. thomasi but there the hairs are longer and occur on the pedicel
of the fruit. C. harrisii also differs from other species of the genus in
having much thickened and cutinised cell walls in the epidermis of the
fruit. Only C. kendalli Harris (1964) shows thickened and jagged cell
walls but never to that extent. C. kendalli, however, is different from
C. harrisii in having larger fruits which contain a larger number of seeds.
The mouth of C. harrisii is a little wider than in C. sewardi but narrower
than in C. nathorsti, C. thomasi, and C. kendalli.

The seeds of C. harrisii possess a layer of ,palisade” stone cells, like
the seeds of C. sewardi and C. thomasi; they differ, however, from those
of C. sewardi in not showing a pitted, honeycomb-like surface. The surface
of the seeds of C. harrisii shows longitudinal wrinkles, thus differing
from the seeds of C. thomasi and C. nathorsti which are smooth.

K..

Text-fig. 2. Caytonia sewardi Thomas. A: normal fruit; B — E: small abortive fruits;
A — S 416, B — S 341, C — S 423, D — E — S 417, all X 5; F: hair on pedicel,
S 341, X 200; G: epidermis of upper side of pedicel, S 401, X 200; H, I: epidermis
of fruit, S 342, X 200; J: epidermis of lower side of pedicel, S 341, X 200; K: cell of
epidermis of small fruit, S 341, X 800
i — lip, m — mouth, p — pedicel

Ryc. 2. Caytonia sewardi Thomas. A. normalny owoc; B — E: mate niedorozwiniete
owoce; A — S 416, B — S 341, C — S 423, D — E — S 417, wszystkie X 5; F: wlos
na trzonku owocu, S 341, X 200; G: skérka goérnej strony trzonka, S 401, X 200; H, I:
skorki owocu, S 342, X 200; J: skérka dolnej strony trzonka, S 341, X 200, K: ko-
morka skérki malego owocu, S 341, X 800
i — fald, m — szczelina, p — trzonek
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In the material of C. harrisii fruits in three stages of development seem
to be represented. Firstly, there are fruits much smaller than the rest
and flat, because their seeds have mnot developed. These appear to be
abortive fruits arrested at early stages of development. The larger ones
fall into two types, representing probably different stages of ripening.
Some are flattened and wrinkled and when sectioned do not show cell
structure. Others are spherical and only occasionally show small bulging
areas, or a network of protruding wrinkles. They are the best material
for sections because their internal structure is preserved.

Caytonia sewardi Thomas

Pl III figs 1—5; Text-fig 2.

1925 Caytonia sewardi Thomas, p. 315, pl 12, figs 14—24; pl. 13, figs 25—32; pl. 15,
fig. 48; Text-figs 5—9.

1940 Caytonia sewardi Thomas: Harris, p. 714, pl. 7, figs 1, 2, 4, 6, 9—11.

1958 Caytonia sewardi Thomas: Harris, p. 93, pl. 1; pl. 2, figs 7, 8, 10; Text-figs 1, 4, 8.

1964 Caytonia sewardi Thomas: Harris, p. 20, pl. 1, figs 2, 3, 8, 9; Text-fig. 9.

Lectotype. V. 18589 British Museum (Natural History), London.

Locus typicus. Cayton Bay, Yorkshire, England.

Stratum typicum. Gristhorpe Bed, Middle Deltaic (Bajocian),
Middle Jurassic.

Described material Grojec 4: a few typical fruits (as several
forms of Caytonia occur in this sample, loose seeds were not taken into
consideration); borehole Zabierzéw, depth about 240 m (cf. Jurkiewi-
czowa, in press): several macerated typical fruits; borehole Zabierzow,
depth about 253 m: a few fruits and several well-preserved seeds (in the
same sample Sagenopteris colpodes leaves).

Specimens and slides are deposited in the Palaeobotanical
Department, Institute of Botany of the Polish Academy of Sciences in
Krakow, nos S 318—324, S 341, S 342, S 415—417, S 423.

Description. Fruits rounded, up to 35 mm wide, small fruits
rounded, pedicel narrow (up to 0-7 wide). Mouth of fruit 1 mm wide,
curved; lip a thin semicircular flange standing out from the fruit and
showing about eight thickened bars. About eight seeds present in fruit;
flesh with large sclereids. Cuticle of fruit thick, cell walls sinuous or
showing jagged thickenings. Seed ovate, with truncate apex, 1-3)<0-8 mm
and up to 0-2 mm thick when broken across. Surface of seeds showing
nearly isodiametric cells on the flat side and narrow cells at edges; pe-
riclinal cell walls sunken and forming a honeycomb pattern. Testa con-
sisting of an outer layer of ,palisade” stone cells and elongated, fibre-
-like stone cells; interior of stone cells resistant to maceration. If pre-
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served, ,spotted layer” of the integument visible as a membrane with
blocks of dark resistant substance. Micropylar canal with isodiametric
cells, bulging cells at its mouth present, but no specialized cells extending
along edges of seed.

Discussion and comparison. The fruits and seeds of C. se-
wardi from the Grojec area are similar to C. sewardi from Yorkshire in
essential characters but they differ in a number of characters of minor
importance. The two fruits agree in having cuticles with sinuous cell
walls with jagged thickenings, in the small size and the shape of the lip
and the mouth, in the number of bars in the mouth, and in the number
of seeds. The seeds from my material resemble those of C. sewardi from
Yorkshire in having on their surface a network of ridges forming a ho-
neycomb pattern, which does not occur in any other species, and in having
a layer of ,,palisade” cells and fibrous stone cells in the testa.

Table 2
Tabela 2
Comparison of the Caytonia species from Grojec
Pordéwnanie gatunkow kajtonii z Grojca
! ! T !
Characters ! C. harrisii : C. sewardi !
? 1
!
shape round round |
mouth 11 mm about 1 mm i
1 epidermal cell walls thickened ridges i strongly jagged :
| epidermal papillae { present ] none ‘
glandular hairs | present ] none !
micropylar cells long i isodiametric {
integument strongly fibrous i strongly fibrous ‘
celis on seed surface fong and narrow | isodiametric (narrow at l
j margin) [
! Remark: In C. sewardi |
from Yorkshire all cells !
i

i isodiametric

There are slight differences in size between the Yorkshire and the
Grojec material. The pedicel in my material is slightly wider and so is
the lip, which is also less curved. There are, too, differences in the seeds.
These are 1-56)X1:0 mm in the Yorkshire material but only 1-3)<0-8 mm
in the Grojec one. In seeds from the Grojec area most of the surface
shows isodiametric cells but there are narrow cells at the edges of the
seeds, in which the latter differ from C. sewardi from Yorkshire. The
apex of the Grojec seeds is truncate and shows an edge about 05 mm
wide covered with bulging cells, while those from Yorkshire have a more
or less pointed apex. In a small proportion of the Grojec seeds only half
of the micropyle consists of isodiametric cells.
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When all the characters of the fruits and seeds from the two areas
are considered, it is evident that they are very close to each other and
represent the same type, which is different from all the remaining species
of Caytonia. It appears to me that the differences between the two ma-
terials are small, such as exist between geographical variations of one
species of a recent plant. Therefore I include the material from the Gro-
jec area into Caytonia sewardi Thomas.

Genus Sagenopteris Presl 1838

Sagenopteris colpodes Harris

Pl. 111, fig. 7; Text-fig. 3.

1940a Sagenopteris colpodes Harris, p. 250, Text-figs 1, 2, 6F—H.

1964 Sagenopteris colpodes Harris, p. 4, Text-figs 1, 2, 3.

Leaves of similar shape but with unknown cuticle:

1902 Sagenopteris rhoifolia Presl, Moller; p. 56, pl. VI, figs 11, 12. (Bornholm).

Holotype. V. 26441, figured by Harris (1940, Text-fig. 6 G).

Described material: borehole Zabierzow depth about 240 m
(cf. Jurkiewiczowa, in press): fragments of macerated cuticle; borehole
Zabierzow depth about 2563 m: fragments of leaflets showing venation.

Specimens and slides deposited in the Palaeobotanical De-
partment, Institute of Botany of the Polish Academy of Sciences in Kra-
koéw, nos S 333, S 344-—346, S 401—412.

Description. Leaflets (only fragments known) either almost
symmetrical or midrib considerably nearer one margin than the other,
length unknown but estimated to reach 1-2 cm, width up to 0-5 cm. Apex
of leaflet obtuse, margins entire, midrib dissolving into a network of
veins considerably below the apex. Midrib depressed above, prominent
below, lateral veins conspicuous and prominent below; vein meshes 0-6 mm
wide. Hairs not obvious on lamina, sculpture of surface not specially
pronounced.

Upper cuticle fairly thick, outlines of epidermis cells very distinct,
sinuous; cells above veins rectangular, elongated and arranged in rows,
between veins cells approximately rectangular and arranged in more or
less distinct rows. Cell surface with parallel striations along veins, obscu-
rely mottled between, without trichomes or papillae.

Lower cuticle somewhat thinner, outlines of epidermis cells distinct;
cells above veins rectangular, elongated, with sinuous walls; cells between
veins irregular with coarsely sinuous to straight walls. Surface of cells
smooth, above veins with longitudinal striations. Trichomes frequent
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above veins, scarce between them, consisting of a small thickly cutinized
cell with a bulge in the middle; bulging part often missing, leaving a ring-
-like scar.

Stomata oval, their outline distinct, their surface with radiating
striations. Guard cell walls facing the stomatal aperture thickly cutinized.
Subsidiary cells unspecialized, only rarely extending slightly under the
guard cells.

Petioles. In the sample from 240 m several fragments of petioles
showed cuticle of S. colpodes type and usually with longitudinal rows of
stomata. Two fragments showed scars after shedding leaflets.
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Text-fig. 3. Sagenopteris colpodes Harris. A, B, E: fragments of leaflets showing

venation; A — S 345, B — S 346, E — S 344, all X 4; C, D: small leaves with pe-

tioles expanded into scales, S 333, X 4; F: cell of upper epidermis, S 404, X 800;

G: upper epidermis of leaf, midrib to the left, S 402, X 200; H: lower epidermis of
leaf, S 328, X 200

Ryc. 3. Sagenopteris colpodes Harris. A, B, E: fragmenty listkow z widoczng ner-

wacjg; A — S 345, B — S 346, E — S 344, wszystkie X 4; C, D: male liScie z ogon-

kami rozszerzonymi w luski, S 333, X 4; F: komérka goérnej skoérki, S 404, X 800;

G: gbérna skorka liscia, nerw gléwny po lewej stronie, S 402, X 200; H: dolna skérka
liscia, S 328, X 200
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Small leaves. In the sample from 240 m a small leaf was found con-
sisting of the petiole expanded into a scale and of four small leaflets.
The epidermis of the petiole is thickly cutinised on its outer (morpho-
logically lower) part and thin on its inner (morphologically upper part);
it consists of square cells with sinuous walls arranged in rows, on lower
side stomata of S. colpodes type present. Leaflets very thinly cutinised,
showing cells with straight walls, upper part of leaflets missing. A second
similar small leaf did not show stomata (Text-fig. 3 C, D).

Leaf mesophyll. The mesophyll of the leaf is resistant to maceration
and had to be removed with a brush when the cuticles of the leaf were
prepared. It consists of small rounded cells between which there runs
a network consisting of elongated narrow elements. The network resem-
bles that of vascular strands in the flesh of the fruit. In stained prepa-
rations of the leaf mesophyll, among the elements forming the network
tracheids can occasionally be observed. Among the elements of the net-
work are small branched sclereids which occur also apart from the net-
work between cells of the mesophyll. These sclereids agree in shape and
in showing a thread-like lumen with those found in the flesh of the
fruit, but they are much smaller.

Discussion and comparison. The leaflets agree with S. col-
podes from Yorkshire, except for minor features. The leaflets from Gro-
jec are small, which may well be typical for this local form of S. col-
podes. The leaves do not have a sculptured upper surface due to pro-
truding mesophyll cells, which occur in S. colpodes from Yorkshire. Also
the cuticles show small differences. They are thicker than in S. colpodes
from Yorkshire, the cell cutlines, even on the lower cuticle, are clearly
visible, and the upper parts of trichomes are often preserved.

Raciborski described from Grojec Sagenopteris goeppertiana
with leaves of a shape similar to S. colpodes but with unknown cuticle.
I have investigated these specimens but did not obtain preparations of
cuticle.

Genus Caytonanthus Harris 1937
Caytonanthus sp.

Pl 1V, figs. 1-4

Material. Only one synangium was found in the waste tip Grojec
4 in the same sample as the fruits of C. harrisii and C. sewardi.

Specimen and slides are deposited in the Palaeobotanical De-
partment, Institute of Botany of the Polish Academy of Sciences in Kra-
kéw, nos S 331, S 338, S 339.

Description. Synangium 3 mm long, 009 mm wide, composed of
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four loculi, each containing a pollen mass. Cuticle of synangium showing
square cells often with longitudinal striations. Between cuticle and pollen
mass a thin granulous membrane.

Pollen grains (immature) disaccate, corpus darker than sacci, circular
in polar view. Sacci not wider than corpus in polar view, inclined towards
distal side of corpus in equatorial view. Roots of sacci forming a ring with
thick protruding margin on proximal surface of corpus, leaving its central
part free; on distal surface roots of sacci running parallel, separated only
by a narrow very light stretch of corpus. Sacci showing regular round
pits about 1 u in diameter.

Size range (10 grains measured, terminology after Townrow 1962):

Width of total grain: 15—20 w, medium 19u

Width of corpus: 8—15 11, medium 10

Depth of corpus: 10—12 p, medium 11u

Depth of saccus: 9—12 p, medium 10u

Height of saccus: 3—6 1t, medium 4p

Discussion and comparison. The synangium and the
pollen grains are typical of Caytonanthus, though the pollen grains are
clearly immature. They are folded and adhere closely together, forming
pollen masses, and are easily destroyed in maceration. In the few sepa-
rate grains obtained, the sacci are still folded and their height is 3—4
times smaller than in pollen of Caytonanthus arberi or C. oncodes. (cf.
Harris 1941, 1964; Townrow 1962). Other dimensions of the pollen
grains are smaller than in other Caytonanthus pollen but they do not
differ much and sometimes they partially overlap.

These pollen grains are similar to C. oncodes, as described by T ow n-
row (1962), in showing only a small distance between the roots of the
sacci on the distal surface and in having the sacci distinctly pitted.

GENERAL REMARKS

The Caytoniales are represented in Grojec and its vicinity by two
species of fruits and one species of leaves; this leaf and one species of
fruit belong to the same species of plant. The only synangium also possi-
bly belongs to this species of plant. In addition there were found several
specimens of fruits different from any of the described species, which
might belong to new species but were not described because the material
was too scanty. It is interesting to note that among these single fruits
there were also two fruits with a wide and short mouth like that in Cay-
tonia kendalli.

In having a large number of Caytoniales the flora of Grojec and its
vicinity is similar to the Rhaeto-Liassic flora of Greenland, though there
are no species common to them. The only flora with which the Grojec
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area has common Caytoniales is that of the Middle Jurassic of Yorkshire,
the common species being Caytonia sewardi and Sagenopteris colpodes.
The fact that also in the Grojec area these two species are associated in
the same sample adds to the evidence from Yorkshire that they were
produced by the same species of plant. The specimens from Grojec and
Yorkshire differ slightly, this possibly being the result both of the di-
stance between the localities and of the difference in time, since the Gro-
jec flora is somewhat older.

ANATOMICAL STRUCTURE OF CAYTONIA HARRISII SP. N.
DESCRIPTION

Epidermis and hypodermis

The description of the outer epidermis of the fruit given in the dia-
gnosis of the species (p. 49) is supplemented here by a few details. In
section the cells of the epidermis are filled with dark, finely granular
Text-fig. 4. Caytonia harrisii sp. m., outer and inner epidermis, mouth. A, B: small
fruit showing a system of probably hypodermal ridges, S 418, X 20; C: fragment
of fully macerated fruit showing zone 2 of mouth and its lateral extensions, S 419,
X 20; D, E, F: half of a fully macerated fruit showing the mouth from inside (E),
from outside (D), and from below (F), S 420, X 20; G: part of fruit wall showing
fragment of mouth below and flesh lined with inner epidermis of fruit (cracked)
above; direction of striations shown by stippling S 421, X 20; H: fragment of fruit
lacking pedicel side of fruit wall; visible is the packet of seeds covered with inner
epidermis of fruit and wvascular tissue which completely obliterate the connection
of the seeds and the mouth, S 377, X 20; I: projecting ridges on upper cuticle of zone
1 of the mouth, seen in transverse section, section I/e, X 200; J: thin place in outer
epidermis of fruit, 8 306, X 200; K: section through flesh and seed, maceration with

bleach, section 1/55, X 200
b — cell of flesh, d — cuticle of outer epidermis of seed, e — inner epidermis of
fruit, g — lateral extension of mouth, i — lip, m — mouth, p — pedicel, r — outer
epidermis of fruit, s — stone cell of seed testa

Ryc. 4. Caytonia harrisii sp. n. (wewnetrzna i zewnetrzna skoérka, szczelina). A, B:
maly ,owoc” z widocznym systemem zeberek, prawdopodobnie hypodermalnych,
S 418, X 20; C: fragment zupelnie wymacerowanego owocu z widoczng strefg 2
szezeliny oraz jej boecznymi przedtuzeniami, S 419, X 20; D, E, F: polowa zupelnie
wymacerowanego owocu okazujgca szczeling od wewnatrz owocu (E), od zewnatrz (D)
i od dotu (F), S 420, X 20; G: fragment $ciany owocu z widocznym u dotu fragmen-
tem szczeliny i powyzej popekanym miekiszem, ograniczonym wewnetrzng epider-
ma owocu. Kierunek jej prgzkowania jest zaznaczony liniami przerywanymi, S 421,
X 20; H: fragment owocu, z ktoérego usunieto jego zewnetrzng cze$é (bedacag prze-
dtuzeniem trzonka); widoczny jest pakiet nasion otoczony wewnetrzng skérkg owocu
i tkanka przewodzaca, ktére zakrywaja polgczenie nasion ze szczeling, S 377, X 20;
I: zeberka wystajace na gornej kutikuli strefy 1 szczeliny widoczne w poprzecznym
przekroju, przekrdj I/e, X 200; J: cienkie miejsce w gornej epidermie owocu, S 306,
X 200; K: przekr6j przez miekisz i mnasienie, maceracja ,bielinka”, przekrdj 1/55,
X 200



59

b — komoérka miekiszu owocu, d — kutikula zewnetrznej skérki nasienia, e — we-
wnetrzna skérka owocu, g — boczne przediuzenie szczeliny, i — fald, m — szczelina,
P — trzonek, r — zewnetrzna skorka owocu, s — komoérka kamienna testy nasienia
2 — Acta Palaeobotanica
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contents. Their strongly cutinised periclinal walls are thick and the cuti-
nisation extends downwards along the anticlinal walls. The thickness of
the periclinal walls varies, being smaller on the pedicel side of the fruit
and greater on the mouth side. Also the frequency of the papillae and the
glandular hairs varies; on the whole they are most frequent near the
mouth. The thick papillae are best developed on the edge of the lip, where
they cover the whole surface of the epidermis and reach a length of 30 w.

The epidermis of almost every fruit contains a few very thin places.
These consist of a thin oval area of 45X30 w in which outlines of cells
suggesting guard cells can occasionally be observed. The thin places are
surrounded by a ring of strongly cutinised epidermal cells (Text-fig. 4 J).
Similar structures were observed in C. nathorsti by Harris (1940),
who suggested that they were poorly preserved stomata.

The epidermal cells either border immediately on a layer of small
cells of the flesh or else cn small rounded cells also filled with granular
contents.

The fruit of C. harrisii shows a pattern of protruding ridges which
is constant in most fruits of this species. This pattern begins with two
ridges running up the pedicel side of the fruit which are connected by
a transverse ridge below the apex of the fruit and from there they give
off a network of ridges over the rest of the fruit (Text-fig. 4 A, B). The
tissue forming these ridges was not identified, but it appears that they
are hypodermal.

Mouth

Zones of the mouth. At the base of the fruit the epidermis
of the lip turns inwards and forms, together with the epidermis of the
pedicel, a flat funnel-like structure reaching inside the fruit (cf. Pl. IV,
fig. 5, PL. V, figs 1—2). This structure is visible in the sections published
by Thomas, who regarded it as the stigma. In 1940 Harris named
it the mouth and published its detailed description. Harris found
that in C. sewardi and C. nathorsti the mouth consisted of three zones:
zone 1, where the epidermis of the lip and pedicel were still apart, zone
2, which is very thick, and the thinly cutinised zone 3, which forms the

Ryc. 5. Caytonia harrisii sp. n. Seria podluznych przekrojéw przez owoc XI z wi-

doczna zewnetrzng skoérka, szezeling, kutikulami nasion w jej sasiedztwie i frag-

mentami tkanki przewodzgcej. A ukazuje pozycje wigzek przewodzacych w nasie-

niu, C ukazuje pusty kanal szczeliny w przekroju. Maceracja wodorotlenkiem sodu.

A — przekroj XI/15, B — XI/16, C — XI/17, D — XI/19, E — XI/22, F — XI1/23,
wszystkie X 50

a — kanalik szczeliny, b — komérka miekiszu owocu, d — kutikula zewnetrznej
skorki nasienia w przekroju, d’ — to samo od géry, i — fald, m — szczelina, o — nu-
cellus, p — trzonek, r — zewnetrzna skérka owocu, s — komoérka kamienna testy

nasienia, t — wiazka przewodzgca owocu, x — tracheida w nasieniu
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Text-fig. 5. Caytonia harrisii sp. n. Series of longitudinal sections through fruit XI
showing outer epidermis, mouth, cuticles of seeds in its vicinity, and fragments of
vascular tissue. A shows the position of the vascular strands in a seed, C shows
an empty canal of mouth in section. Maceration with sodium hydroxide. A — section
X1/15, B — XI1/16, C — XI/17, D — XI/19, E — XI/22, F — XI/23, all X 50
a — canal of the mouth, b — cell of flesh, d — cuticle of outer epidermis of seed in
section, d’ — the same from above, i — lip, m — mouth, 0 — nucellus, p — pedicel,
r — outer epidermis of fruit, s — stone cell of seed testa, t — vascular strand of
fruit, x — tracheid in seed
2*
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Text-fig. 6. Continuation of Text-fig. 5, showing longitudinal sections through mouth;
seed apices often with micropyles visible in vicinity of inner edge of mouth. G —
section XI1/24, H — XI1/25, I — XI/26, J — XI1/27, K — XI1/28, L. — XI/29
1 — micropyle of seed, w — pollen grain; other abbreviations as in Text-fig. 5

Ryc. 6. Ciagg dalszy ryc. 5, z widocznymi podiuznymi uko$nymi przekrojami przez
szczeline; szczyty nasion czesto z mikropyle widocznym w sgsiedztwie wewnetrzne-
go ujécia szczeliny. G — przekroj XI1/24, H — XI/25, I — XI1/26, J — XI/27,
K — X1/28, L. — XI/29
1 — mikropyle nasienia, w — ziarno pyiku; inne skréty jak na ryc. 5

inner margin of the mouth and is irregularly torn at its end. He also de-
scribed thickly cutinised transverse bars running across these zones and
supposed they were obliterated canals which admitted pollen to the
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ovules. He thought, however, that there was no anatomical proof that
such canals existed and that they were connected with the ovules.

The sections in three planes of C. harrisii show a mouth of the same
structure as that described by Harris in C. sewardi and C. nathorsti,
though differing slightly in size. It also shows three zones: in zone 1 the
two epidermises are not much thickened and are apart, with a cavity
between them. On the epidermis of the lip there are projecting ridges
formed of 2—3 additional layers of cells with thickly cutinised walls
(Text-fig. 4 I). The epidermis of the pedicel is covered with large round
papillae (Text-fig. 8 B).

In zone 2, the two epidermises forming the mouth are very much
thickened, because here they consist of elongated, thickly cutinised cells
in a somewhat oblique position (cf. Harris 1940). In this zone the
ridges of the upper epidermis reach the papillae of the lower one forming
thus a system of canals running inwards. Inside the mouth, both in zone
1 and zone 2, pollen grains and spores of various plants were found.

Zone 3 consists of thinly cutinised cells. Seen from above, this zone
looks like a band consisting of thick bars connected by a much thinner
cuticle and it is irregularly torn at the inner margin of the mouth (PL I,
fig. 9). In several strongly macerated sections it can be observed that
the dark bars are in fact empty canals about 40 u in diameter (Text-fig.
5 ¢). In little macerated sections the empty spaces inside the canals are
not visible.

Relation of mouth to seed apices. A new detail shown
by sections of C. harrisii are seed apices, sometimes with the micropyle
visible, adhering to the inner margin of the mouth, though the sections
do not show whether a micropyle is as a rule strictly opposite the open-
ing of a canal in the mouth. However, a macerated fruit of C. sewardi
from the Grojec area appears to show that this is so. In this fruit the
inner edge of the mouth was torn a little further inside than in others.
- Here zone 3 of the mouth consisted, as usual, of two thin cuticles adhering
together and showing parallel thicker bars corresponding to canals. But
further inside the fruit these two cuticles separated in such a way that
each canal widened into a funnel, where the cuticles were torn. It ap-
pears to me that each such funnel surrounded the apex of one seed and
was, in fact, identical with the inner epidermis of the fruit.

Sections show that apparently the two cuticles lining the mouth se-
parated at its inner edge to line the fruit cavity on the lip side and pedicel
side of the fruit, as had been supposed by Harris (1940). This sepa-
ration and then the course of the two cuticles was followed for some
distance on sections, which would appear to be evidence that the cuticle
of the mouth was continuous with the inner epidermis of the fruit.

Lateral extensions. Another feature of the mouth not yet
described are its strongly cutinised lateral extensions through which it



Text-fig. 7. Caytonia harrisii sp. n. Sections through fruit XIII passing parallel to
the plane of the mouth, B, C showing empty canals in the mouth and cuticles, pro-
bably of zone 3 of the mouth, at its inner edge. Maceration with sodium hydroxide,
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is connected with the outer epidermis of the fruit (Pl. I, fig. 9; Text-fig.
4 c). The structure of the extensions can be understood best from a se-
quence of tranverse sections of fruit I beginning at the lip. As can be
seen in text-fig. 8, at first the epidermises of the lip and pedicel are not
connected at all, then they fuse at both sides, leaving in the middle the
open cavity of the mouth. This cavity diminishes as the two epidermises
gradually fuse along a longer distance, and these fused parts connected
with the epidermis of the fruit I call the extensions of the mouth. They
do not end at the level where zone 3 of the mouth ends but continue,
tapering gradually, for about 1/4 of the length of the fruit. The fruit
seen from outside shows a more or less marked furrow bordered by two
ridges in the place where an extension of the mouth joins its outer epi-
dermis (Text-fig. 12 D). The furrow can also be seen in transverse sections
(Text-fig. 8 B, G, 9 K).

It can be seen on transverse sections of the fruit going through the
upper part of the seeds that each lateral extension of the mouth grows
thinner towards the centre of the fruit and then divides into two single
layers of cells which reach the packet of seeds, one at its upper and one
at its lower side (Text-fig. 9 K). Each layer consists of flat cells with
a distinct cuticle on one side which is visible even where the cell outlines
are obscure. It is possible that this layer is continuous with the layer of
flatt cells surrounding the packet of seeds which will be described later
as the inner epidermis of the seed. Both are single layers of cells and
they look much alike in shape and size. There are differences, however,
because the cells of the inner epidermis of the fruit have a small lumen
and thick uncutinized walls, while in the layers proceeding from the
extensions of the mouth the cells appear to have thin walls cutinized on
one side.

Between the two layers connected with the extensions of the mouth
there lies a group of cells which is triangular in transverse section and
will be described in the next chapter. It could not be established whether
there is a layer of flat cells between this triangular group of cells and
the seed packet.

X 100. A — section XIII/13, B — XIII/14, C — XIII/15, D — XIII/17, E — XIII/21,
F — XII1/25, G — XIII/27, H — XII1/28
a — canal of the mouth, d — cuticle of outer epidermis of seed, e — inner epidermis
of fruit, m — mouth, o — nucellus, r — outer epidermis of fruit

Ryc. 7. Caytonia harrisii sp. n. Przekroje przez owoc XIII, przechodzgce réwnolegle
do plaszczyzny szczeliny, na B, C widoczne puste kanaliki oraz kutikule, nalezgce
prawdopodobnie do strefy 3 szczeliny. Maceracja wodorotlenkiem sodu, X 100.
A — przekréj XI11/13, B — XIII/14, C — XII1/15, D — XIII/17, E — XII1/21, F —
XI111/25, G — XII1/27, H — XIII1/28
a — kanalik szczeliny, d — kutikula zewnetrznej skorki nasienia, e — wewnetrzna
skérka owocu, m — szczelina, o — nucellus, r — zewnetrzna skérka owocu
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Text-fig. 8. Caytonia harrisii sp. n. Series of transverse sections of fruit I showing
the gradual fusion of the epidermises of the lip and pedicel into the mouth and
its lateral extensions, H showing seed apex adhering to mouth. Maceration with
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Mouth of C. sewardi. It is of interest to note that in a pro-
portion of Caytonia sewardi fruits from Yorkshire and from Grojec, zone
1 of the mouth is open, so that the lip is a semicircular flange projecting
from the fruit wall at a certain distance from the pedicel (Text-fig.
2 A—E). In such fruits the ridges in zone 1 of the mouth are not well
developed and from the outside the openings of the canals can be seen.
In other specimens, however, the lip is as in C. harrisii, where an open
mouth was never found.

Undetermined tissues connected with the mouth

The tissues described under this heading were preserved in transverse
sections of fruit I which were macerated with bleach or with sodium
chlorite and hydrochloric acid. In other fruits which were macerated with
sodium hydroxide and alcohol these tissues have dissolved. I do not think,
however, that they were accidental structures.

Tissue between extension of mouth and seeds.
As was mentioned in the previous chapter, in transverse sections on each
side of the seed packet there can be seen a triangular group of cells. It
abuts on the seeds with its base and reaches the cutinized extension of
the mouth with its apex (Text-fig. 9 K, between the seed and the cuticles
marked h). It consists of rectangular cells which are aligned in radial
rows. Whether they were all of one type, or whether their walls were
smooth or pitted, could not be established but in arrangement they recall
a vascular strand of a gymnosperm leaf in transverse section. This tissue
was not identified in longitudinal section; it can only be assumed that
it corresponds to certain strands of elongated elements occurring in a si-
milar position. Again, they were not distinct enough to show their struc-

bleach, X 100. A — section I/e, B — I/¢’, C — I/c, D — 1/3—7, E — 1/11, F — 1/16,
G —1I/21, H — I/23
a — canal of the mouth, d — cuticle of outer epidermis of seed, e — inner epidermis

of fruit, £ — broken edge of section, g — lateral extension of mouth, i — lip, m —
mouth, 0 — nucellus, p — pedicel, r — outer epidermis of fruit, u — periderm-like
tissue

Ryc. 8. Caytonia harrisii sp. n. Seria poprzecznych przekrojéw przez owoc I uka-
zujgca stopniowe zrastanie sie skorki faldu oraz trzonka owocu, dzieki czemu po-
wstaje szczelina i jej boczne przedluzenie lgczgce sie z zewnegtrzng epiderma owocu.
H ukazuje szczyt nasienia przylegajgcy do szczeliny. Maceracja bielinka, X 100.
A — przekr6j I'e, B — I/e¢’, C — 1/¢, D — 1/3—7, E — 1/11, F — 1/16, G — 1/21,

H — 1/23
a — kanalik szczeliny, d — kutikula zewnetrznej epidermy nasienia, e — wewnetrzna
skérka owocu, f — utamany brzeg preparatu, g — boczne przedluZenie szczeliny,

i — fald, m — szczelina, o — nucellus, p — trzonek, r — zewnetrzna skoérka owocu,
u — tkanka podobna do perydermy
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Text-fig. 9. Caytonia harrisii sp. n. Continuation of Text-fig. 8: I, K showing cuticles

of seed apex adhering to mouth; M, lateral extension of mouth already absent, vi-

sible group of cells resembling vascular strand (z). Other abbreviations as in
Text-fig. 8. I — section 1/27, J — I/28, K — 1/33, L. — 1/46, M — 1/72
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ture. It was not established how far towards the top of the fruit this
tissue reached but at any rate it is present in sections where the ex-
tensions of the mouth are already absent (cfr. Text-fig. 9 M).

Periderm-like tissue. This tissue consists of a few layers
of flat rectangular cells, usually aligned in radial rows. Their walls are
thin, and as far I could establish, without pitting. These cells lie on the
inside of the epidermis lining the mouth and are connected with it either
directly or through a layer of cells with thickened walls bearing simple
pits. In some places inside this tissue can be seen groups of a few narrow
tracheids with spiral thickenings.

The periderm-like tissue can be seen in transverse sections next to
the side of the mouth facing the interior of the fruit (Text-fig. 8 H). It
appears to be developed best along zone 2 of the mouth where it consists
of up to six layers, and probably also along zone 3, because the thin-
-walled cells may be arranged around an empty small space. This struc-
ture may represent a transverse section through a thickened bar of zone
3 of the mouth with an empty canal inside. Small amounts of the peri-
derm-like tissue were also present in zone 1 of the mouth.

In longitudinal sections macerated with sodium hydroxide there is an
empty space at both sides of the mouth, where the network of vascular
strands does not reach. This space was apparently filled with the peri-
derm-like tissue.

In having cells aligned in radial rows this tissue is similar both to
vascular tissue and to periderm. Because I did not observe any pits, it
appears that it is rather of the nature of a periderm layer which ori-
ginated from the epidermis of the mouth. Periderm connected with epi-
dermis has been reported from leaves and bud-scales of various groups
of gymnosperms (Napp-Zinn, 1966).

Inner epidermis of fruit

Harris (1933) obtained from C. thomasi strips of a delicate cuticle
which he thought might belong to the interior of the fruit. In 1964 he
described and figured two superimposed cuticles of C. kendalli showing
parallel elongated cells differing in width and wall thickness. He inter-
preted them as the cuticles of the seed epidermis and of the inner epi-
dermis of the fruit.

Ryc. 9. Caytonia harrisii sp. n. Cigg dalszy przekrojow z ryc. 8: I, K ukazujg

kutikule szezytu nasienia przylegajace do szczeliny; na M boczne przediuzenie szcze-

liny juz niewidoczne, widoczna natomiast tkanka przypominajaca wigzke przewo-

dzgca (z). Pozostale skréty jak na ryc. 8. I — przekrdj 1727, J — 1/28, K — 1/33,
L — 1/46, M — 1/72
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In C. harrisii it is difficult to decide whether a separate fragment of
cuticle derived from the seed epidermis or from the inner epidermis
of the fruit. But the inner epidermis of the fruit in connection with other
tissues was observed both in broken unmacerated fruits and in sections.
In fragments of unmacerated broken fruits which have shed their seeds
the flesh is lined from inside by a thin layer which shows in surface view
a fine striation parallel with the long axis of the fruit (Text-fig. 4 G).
In a corresponding position in sections there occurs a single layer of flat
cells. In surface view they appear to be elongated while in section they
are about 17 w high and show thick walls and a small lumen filled with
a granular substance (Text-fig. 11 P). These thick cell walls dissolve in
maceration, therefore they are not cutinized. Between them and the ad-
jacent seeds there lies the distinct undulate cuticle of the outer epidermis
of the seed, but rarely can there be observed a second, thinner cuticle
belonging, it would seem, to the layer of thick-walled cells.

This layer of flat thickwalled cells is interpreted as the inner epi-
dermis of the fruit because of its distribution. It surrounds the packet
of seeds but was not observed between two seeds. It is present at the
basal and apical part of seeds and it appears to line the apex of each
seed, at least up to the place where it abuts on another seed. As was
shown before, this layer appears to be continuous with the epidermises
forming the mouth and with the lateral extensions of the mouth.

Flesh of fruit

The space between the inner and outer epidermis of the fruit is filled
with large rounded bodies described by the previous authors as cells of
the flesh. Thomas (1925) figured on pl. 13, fig. 28 a section of the
flesh of C. sewardi. He supposed that it consisted of large rounded cells
with thickened walls. Harris (1940) on pl. VII, fig. 10 figured the
flesh of C. sewardi and in 1964 reported the existence of large sclereids
in the flesh of several species.

In C. harrisii the cells of the flesh were observed in broken unma-
cerated fruits, during maceration of fruits, and in sections. They are
rounded, about 120 n long, and 50 » wide in the middle of the flesh and
only about 60 r long next to the outer and inner epidermis of the fruit.
Each cell is surrounded by a wall, which is seen in section as a thin line,
and the cell contents are a reddish brown substance not showing granules.
The cells either adhere to each other or are separated by intercellular
spaces.

Between the cells of the flesh there runs a dark network consisting
of vascular strands, which will be described in the next chapter, and of
sclereids. The sclereids may also form dense clusters or they occur in
small numbers between adhering cells. The sclereids are of the type



Text-fig. 10. Caytonia harrisii sp. n. Series of sections through fruit XIII passing parallel to the plane of the mouth. Visible mouth, cutinised
membranes of the seeds, and network of vascular strands in the flesh. Maceration with sodium hydroxide, X 50. A — XIII/5, B — XIII/7,
C — XI11/9, D — XIII/10, E — XIII/11, F — XIII/12, G — XI1I/14, H — XIII/15, I — XIII/16, J — XIII/17, K — XIII/18, L. — XIII/21, M —
XI11/27, N — XI1I1/28
d — cuticle of outer epidermis of seed, m — mouth, o — nucellus, r — outer epidermis of fruit, s — stone cell of seed testa, t — vascular
strand of fruit, x — tracheid in seed
Ryc. 10. Caytonia harrisii sp. n. Seria przekrojéw przez owoc XIII przechodzgca rownolegle do plaszezyzny szczeliny. Widoczna szczelina,
skutynizowane warstwy nasion oraz wiazki przewodzace w migkiszu. Maceracja wodorotlenkiem sodu, X 50. A — XIII/5, B — XIII/T,
C — Xmi1m, o — XI1I/10, E — XIIV/11, F — XIII/12, G — XIII/14, H — XIII/15, I — XIII/16, J — XIII/17, K — XIII/18, L — XIII/21,
M — XI11/27, N — XI1I1/28
d — kutikula zewnetrznej skorki nasienia, m — szczelina, 0 — nucellus, r — zewnetrzna skérka owocu, s — komérka kamienna testy nasienia,
t — wigzka przewodzgca owocu, X — tracheida w nasieniu

Acta Palaeobotanica XIV/2
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occurring in the fruits and leaves of Olea. They appear to be of two kinds,
either showing a thicker body giving off numerous branches similar to
filiform sclereids in Olea leaves (Esau 1961, p. 57, fig. 6.4. L, M) or
showing only the filiform branches. They are about 70 u long and the
branches are of uniform diameter, different in different sclereids and
reaching from 3 to 6 u. The sclereids show a small thread-like lumen and
in transverse section each sclereid looks like a small circle with a dot
in the middle (Text-figs. 11 B, E—G).

Vascular system of fruit

Harris (1947) observed fragments of scalariform tracheids in Cay-
tonia fruits and Sagenopteris leaves.

In Caytonia harrisii a fairly detailed picture of the vascular system
can be made out when details seen in macerated sections and in unmace-
rated broken fruits are put together.

The space between the mouth and the pedicel side of the outer epi-
dermis is occupied by a tissue, different from the flesh of the fruit, which
is apparently the continuation of the tissue of the pedicel. Its structure
is insufficiently known because only fragments of it are preserved in
sections of fruit I. As seen in transverse section, this tissue consists of
a few layers of isodiametric cells which appear to be of two kinds. Some
are rounded and may be parenchymatous cells. Others are angular in
outline and are apparently tracheids because in certain sections they
show bordered pits on the sectioned walls. As far as could be observed,
these tracheids do not appear to be arranged in radial rows.

This tissue is not known in longitudinal section but a damaged un-
macerated fruit showed, in a corresponding position, a flat mass of nar-
row elongated elements running upwards from the pedicel. When seen
under a microscope for reflected light, some of these elements show trans-
verse thickenings or bordered pits which is evidence that they are tra-
cheids and the tissue is a vascular tissue. As for the distribution of this
vascular tissue in this particular fruit, it appears to form a thick flat
band which covers the mouth from the pedicel side and also the seed
apices, so that they are not visible. Farther up this band of vascular tissue
gradually becomes thinner and eventually it forms a dense network of
strands adhering to the seed packet.

As can be seen in sections, apart from this there is a network of
vascular strands running between the cells of the flesh of the fruit, whose
meshes correspond in size with these cells. The network is particularly
dense near the seeds and in the region above the lip and here its meshes
are elongated and very narrow (Pl. IV, fig. 6, Text-fig. 10). These vascular
strands are visible only in sections macerated with sodium hydroxide
and alcohol and, very occasionally, when fruits cleaned with hydrofluoric



Text-fig. 11. Caytonia harrisii sp. n., details of flesh and seed. A: cells of flesh of
fruit, maceration with bleach, section 1/59, X 200; B: cluster of small sclereids in
flesh, maceration with sodium hydroxide, section XI/9, X 1000; C: section through
flesh and seed, maceration with bleach, section 1/65, X 200; D: fragment of tracheid
in flesh with probable scalariform pits, section VII/28, X 1000; E, F, G: fragments
of sclereids in flesh; E, F — section XI1II/12, G — secton XIII/27, X 400; H, J, K, O:
fragments of tracheids in flesh showing bordered pits. H, J, K — section XIII/10,
O — section XIII/8, all X 1000; I: probably tracheids showing transverse walls,
section XIII/12, X 400; L, M, M: fragments of tracheids in seeds. L, M — section
XI1/12, N — section XIII1/21, all X 1000; E — O — maceration with sodium hydroxide;
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acid are neutralized with ammonia and fragments of the flesh appear in
the macerating fluid.

Of the elements belonging to the vascular strands, only rarely can
narrow protoxylem tracheids with spiral thickenings or a few elongated
cells without pitting be seen. Only larger tracheids, possibly of the me-
taxylem, are conspicuous but their relation to the protoxylem and phloem
is not known. These tracheids of the metaxylem are straight or curved,
depending on their position in the network, and appear to be arranged
continuously one above the other. Tracheids about 30 # long and about
11 u wide were observed but this is probably not the complete range of
variability, because the length of the tracheids is difficult to establish
on sections. Their side walls are covered with closely spaced bordered
pits in alternate arrangement (Text-fig. 11 H, J, K, O). The bordered pits
show a horizontal slit and are either circular or elongated in the hori-
zontal direction. Their vertical diameter is about 3 u. The transverse walls
observed in section show bordered pits (Text-fig. 11 H). There were also
observed fragments of tracheids with closely spaced bars and suggesting
close scalariform thickenings or perhaps scalariform bordered pits. It is
not certain whether they occur on the side walls or transverse walls of
the tracheids (Text-fig. 11 D).

In addition, as was mentioned on p. 67, in transverse sections of the
lower part of the fruit two groups of radially arranged cells, occurring

P: fragment of section through seed and inner epidermis of fruit, maceration with
bleach, section 1/56, X 400
b — cell of flesh, d — cuticle of outer epidermis of seed, e — inner epidermis of
fruit, j — hypodermal cell (?), k — lumen of sclereid, n — nucellar cuticle, 0 — nu-
cellus, r — outer epidermis of fruit, s — stone cell of seed testa, v — spotted layer
in seed

Ryc. 11. Caytonia harrisii sp. n., szczegbdly budowy miekiszu i nasion. A: komodrki
miekiszu owocu, maceracja bielinka, przekro6j 1/59, X 200; B: grupa malych sklereid
w miekiszu, maceracja wodorotlenkiem sodu, przekr6j XI/9, X 1000; C: przekroj
przez miekisz i nasienie, maceracja bielinka, przekréj 1/65, X 200; D: fragment tra-
cheidy z miekiszu owocu prawdopodobnie z jamkami -drabinkowatymi, przekroj
VII/28, X 1000; E, F, G: fragmenty sklereid z miekiszu owocu, E, F —— przekrdj
XI11l/12, G — przekr6j XII1/27, X 400; H, J, K, O: fragmenty tracheid z miekiszu
ukazujgce jamki lejkowate. H, J, K — przekréj XI11/10, O — przekrdj XIII/8 wszyst-
kie X 1000; I: prawdopodobnie tracheidy z widocznymi poprzecznymi S$cianami,
przekr6j XIII/12, X 400; L, M, N: fragmenty tracheid z nasion, L, M — przekroj
X1/12, N — przekrdj XII1/21, wszystkie X 1000; E — O: maceracja wodorotlenkiem
sodu; P: fragment przekroju przez nasienie i wewnetrzng skérke owocu, maceracja
bielinkg, przekrdj 1/566, X 400
b — komoérka miekiszu owocu, d — kutikula zewnetrznej skérki nasienia, e — we-
wnetrzna skérka owocu, j — komdrka hypodermy (?), k — §wiatto sklereidy, n— ku-
tikula nucellusa, o — nucellus, r — zewnetrzna skérka owocu, s — komoérka kamien-
na testy nasienia, v — warstwa plamista w masieniu
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at both sides of the packet of seeds can be observed. They give the im-
pression of vascular strands similar to those in sections of gymnosperm
leaves, but the cells are not distinct enough to show for certain their
nature.

Seeds

The seeds of C. harrisii show the same layers as those of C. sewardi
and C. nathorsti (Harris 1958): the cuticle and the outer epidermis of
the testa, the stone cells of the testa, the spotted membrane of the testa,
the inner epidermis of the integument, the cuticle of the nucellus, and the
aleurone layer of the endosperm (Text-fig. 11 P). Therefore I shall con-
sider in this description only those features in which seeds of C. harrisii
differ from other species, or features which are new.

Outer epidermis of testa. The cuticle of this layer is thicker
than in other species and shows distinctly marked outlines of elongated
cells. The macerated cuticle is uneven, showing small round bulges point-
ing outwards and wrinkles along the seed. In sections of the fruit this
cuticle is seen as a distinct undulating line staining well with iodine
green, which helps to determine the outlines of particular seeds (Text-
-fig. 4 K, 11 P).

Stone cells of testa. On the flat side of the seed the stone
cells appear in section as one layer of square palisade cells. At the margin
of the seed and at both its ends there are up to five layers of fibrous
stone cells. Complete stone cells can be seen in sections but in maceration
their inner casts appear, these being, like the ,spicules” described by
Thomas and Harris in C. sewardi and C. thomasi.

Spotted layer. Next to the stone cells of the testa occurs a layer
of elongated cells with pointed ends which are orientated longitudinally
(Text-fig. 11 C). They are about 22 u long and 5 » wide and contain a dark
homogeneous substance. They are not stone cells because their walls are
thin, though very distinct. In sections their outer walls show bulges in
the shape of broad papillae, which resemble the ,spots” in the spotted
layer described by Harris in the seed of Caytonia (Text-fig. 11 P).
I assume that this layer of cells is the same as the spotted layer, because
it shows the bulges corresponding with the ,,spots” and because its po-
sition in the seed corresponds with that of the spotted layer.

Inner epidermis of integument. A layer of cells show-
ing outlines similar to those described by Harris for this layer was
seen during maceration of a few seeds.

Nucellus. The nucellar cuticle and the aleurone layer of the en-
dosperm are similar to those in other species. (Pl. II, fig. 1). Below the
aleurone layer there occurs a yellow granular substance without cell
structure which possibly represents the endosperm. Near the micropylar
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end of the seed this substance contains rounded masses of a lighter colour
which may represent remains of archegonia.

Vascular strands. A feature of Caytonia seeds not described
so far are the vascular strands, some details of which were seen during
maceration and others in section (¢f. Reymandéwmna 1970, P1. CXVIII,
figs. 5, 7, 8). When a Caytonia seed is macerated with nitric acid followed
by ammonia, at first only peripheral layers of cells are visible, which
then separate from the seed and dissolve, while a deeper layer appears
for a short time. It was observed during such maceration that along the
seed margin at first there appeared separate epidermal cells, then fibrous
stone cells, and finally elongated narrow elements suggesting a vascular
strand. In two or three seeds among these narrow elements there appeared
fragments of tracheids with scalariform thickenings. In another seed
similar tracheids were seen in the region of the hilum.

More details of the vascular strands of the seeds were seen in sections
treated with sodium hydroxide and alcohol. Fragments of strands with
tracheids 6—11 p wide were seen, the longest tracheid fragment being
130 w. The tracheids are scalariform to reticulate (Text-fig. 11 L, M, N);
they are accompanied by much thinner elongated elements possibly be-
longing to the vascular strand. In a few sections near the tracheids there
appear elongated dark elements looking like secretory ducts filled with
a dark substance and divided by transverse walls. It was established
that there is one vascular strand which enters through the hilum and
divides into two, each running along one margin of the seed up to its apex
(cf. Text-fig. 5 A).

DISCUSSION OF THE STRUCTURE OF CAYTONIA

Mouth

The sections of C. harrisii show a mouth of the same basic structure
as that described by Harris in C. sewardi and C. nathorsti, the diffe-
rences being mainly in size of the zones and in the degree of their cuti-
nization. Moreover, details of cellular structure agree.

These sections also confirm certain hypotheses concerning the mouth
which were formulated by Harris. In particular, I think that my
sections prove that empty canals run through zone 3 of the mouth and
that these communicated directly with the apices of the seeds (cf. Har-
ris 1940 p. 729-—730). Although in general these observations confirm
the views of Harris, they do not agree in all details. Harris (per-
sonal communication) is of the opinion that, at least in C. sewardi, the
canals connecting the mouth with the seed apices were much longer than
those seen in my preparations.

3 — Acta Palaeobotanica
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Text-fig. 12. Caytonia harrisii sp. n. A — C: schematic drawings of fruits showing
planes of sections, A — fruit I (Text-figs. 8, 9), B — fruit XI (Text-figs. 5, 6), C —
fruit XIII (Text-figs. 7, 10); D: fruit from outside showing mouth and furrow on
outer epidermis marking the extension of the mouth, S 422, X 20; E: drawing of
fruit showing restoration of longitudinal section through lateral extension of mouth;
F: drawing of fruit showing restoration of longitudinal section through canal of

mouth
a — canal of the mouth, b — cell of flesh, d — cuticle of outer epidermis of seed,
e — inner epidermis of fruit, g — lateral extension of mouth, i — lip, m — mouth,
o — nucellus, p — pedicel, r — outer epidermis of fruit, t — vascular strand of

fruit, u — periderm-like tissue, x — vascular strand of seed

Ryc. 12. Caytonia harrisii sp. n. A — C: schematyczne rysunki owocéw z za-
znaczonymi plaszezyznami przekrojow, A — owoe I (ryc. 8, 9), B — owoc XI (ryc.
5, 6), C ~— owoc XIII (ryc. 7, 10); D: owoc widziany od zewnagtrz ukazujgcy szcze-
line oraz bruzde na zewnetrznej skorce, znaczgcej jej przedluzenie, 'S 422, X 20;
E: rysunek owocu z rekonstrukcjg podiuznego przekroju przechodzacego przez prze-
diuzenie szczeliny; F: rysunek owocu z rekonstrukcja podiuinego przekroju prze-
chodzgcego przez kanalik szczeliny
a — kanalik szczeliny, b — komoérka miekiszu owocu, d — kutikula zewnetrznej
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Not absolutely proved is a third hypothesis of Harris (1940 p. 724)
that the epidermises of the mouth separated above its inner margin and
lined the cavity of the fruit. The observation of this region is difficult
because the sections are thick and two edges of the cuticle might simulate
two cuticles. In this way the same seed cuticle may be taken for the cu-
ticle of the seed epidermis and for the inner epidermis of the fruit.
Eventually, however, I became convinced that at the fruit wall at the
inner margin of the mouth there indeed occurred two cuticles, the outer
one continuous with that of the mouth, and the inner one belonging to
a seed. I believe that this observation is correct because it was made on
more than one preparation. As the position of the cuticles lining the fruit
cavity is that of the inner epidermis of the fruit, it appears that the
inner epidermis of the fruit is continuous with the mouth.

A new feature of the mouth are its lateral extensions, which are con-
nected with the outer epidermis of the fruit. From pictures shown by
transverse sections (Text-fig. 8) they can be explained as a result of
partial fusion of the upper (adaxial) epidermis of an incurved megaspo-
rophyll segment and this interpretation appears to be sound. The fusion
apparently occurred along the margins of the segment, while the median
part of the epidermis lined the mouth. It could be expected that further
inside the fruit, where the place of the mouth is taken by the seeds, these
lateral extensions would be continuous with the inner epidermis of the
fruit. There are, in fact, connecting cuticles (cf. Text-fig. 9 K) so that
this connection appears probable, though at the moment the details are
not clear.

Inner epidermis of fruit

Thomas (1925, p. 321) described the cells and position of this layer
in detail as the "blow-off layer”, but attributed it to the seeds. Harris
(1933, 1940, 1964) described fragments of cuticle belonging to the inner
epidermis of the fruit; he also thought it might be continuous with the
mouth. It seems to me that the interpretation of this layer as the inner
epidermis of the fruit is sound, because it occurs only between seeds and
fruit wall and this was already observed by Thomas. He observed
also that it was cutinized on the walls facing the seed, which is again
evidence that it belongs to the fruit wall and not to the seed. Its distri-
bution around the packet of seeds has been followed on sections and the
connection with the mouth is fairly certain.

skérki nasienia, e — wewnetrzna skorka owocu, g — boczne przedluzenie szczeliny,
i — fald, m — szczelina, 0 — nucellus, p — trzonek, r — zewnetrzna skérka owocu,
t — wiagzka przewodzgca owocu, u — tkanka podobna do perydermy, x — wigzka

przewodzgca nasienia
3#
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Flesh of fruit

The flesh of the fruit had been described before, but never in such
detail. It appears certain that the main elements of the flesh were large
thin-walled cells and branched sclereids, apart from the vascular strands.

Not certain, however, is the nature of the contents of these cells. They
appear after different treatment either as empty cells or as filled with
a dark substance, or else, in certain preparations, they give the impression
of being filled with dense clusters of branched sclereids. I am not sure,
however, whether the last observation is correct, because this picture
may also be caused by sclereids occurring between cells. Hence for the
moment I accept the interpretation that the cells were parenchymatous
and the sclereids were situated between them. We remain, therefore
with the interpretation, accepted by the previous authors, of the fruit
having the consistence of a soft berry.

Vascular system

The vascular system of the fruit and seed of Caytonia is described
here for the first time. Most of it was revealed by maceration with sodium
hydroxide and alcohol, based on a method used to show venation in recent
leaves. Nevertheless, it is still not fully understood.

It appears certain that from the pedicel there entered a flat vascular
strand, which ran towards the apex of the fruit between the mouth and
the pedicel side of the fruit epidermis. It appears also that upwards from
the mouth it flattened and spread, giving off numerous small strands
which formed a network between the cells of the flesh, though this
branching is not known in detail. Somewhere in the apical region of the
fruit each seed is supplied with a vascular strand, but again the place
of departure and the course of these strands are not known. Best known
and certain is the network of vascular strands in the flesh. On the whole,
the pattern of the vascular system of the fruit appears to be the same
as in a Sagenopteris leaflet, since they both consist of one main strand
and a network of smaller lateral strands.

It is possible that the two groups of radially arranged cells at the
sides of the seed packet (cf. p. 67) are also vascular strands, but there is
not sufficient evidence. The pattern of ridges visible on the surface of
the fruit also shows a network spreading over most of the fruit, but it is
different on the pedicel side of the fruit, where it consists of two ridges
running upwards from the pedicel. Probably these ridges are formed by
hypodermis.

From the elements of the vascular strands only the metaxylem and
rarely also the protoxylem tracheids were observed, but their mutual



79

position is not known. The phloem and its position in the strand is also
not known.

The tracheids appear as elongated cells with walls showing fragments
of pitting, seen from above or in section. The tracheids are usually filled
with a granulous substance, different from the substance filling the cells
of the flesh. In the fruit the pitting is only occasionally distinct, as the
walls appear to dissolve more easily than in other cells. Occasionally, thin
translucent membranes with round pores can be observed in alternate
arrangement, which may also be remnants of tracheid walls. In the seeds
the tracheids are much better preserved and show the pitting along their
whole length.

It seems firmly established that the predominant pitting in the tra-
cheids of the fruit are bordered pits, either round ones which resemble
the pitting found in the pteridosperms, or pits elongated in the horizon-
tal direction. Also spiral thickenings were observed with certainty on
small tracheids in the fruit and seed. Apart from this, tracheids were
observed in the fruit with thickenings suggestive of long scalariform
pits, and this interesting point needs further observations.

Arrangement of seeds

It is difficult to establish the arrangement of seeds in C. harrisii, be-
cause, unlike C. sewardi and C. nathorsti, the seeds are not visible
through the epidermis. Sections of fruits show that the seeds face the
mouth with their micropylar ends and the top of the fruit with their
chalazal ends, but otherwise their arrangement appears to vary. Two
fruits were damaged before fossilization and it was possible to uncover
their seeds with a needle (Text-fig. 4 H). In this fruit the seeds are ar-
ranged in a way which appears intermediate between that seen in sec-
tions of fruits I and XI and in sections of fruit XIII. It appears to me
that this was probably their original arrangement and that the pictures
seen in sections are due to partial shifting of the seeds under the pres-
sure of sediment of fruits buried in different positions. Another result
of pressure of the sediment appears to be the fact that in sections of
fruits the seed apices often appear curved, while in detached seeds they
are straight.

There is, however, one fact concerning the arrangement of seeds
which is confirmed both by sections and by fossil damaged fruits. The
seeds of C. harrisii are not separated by flesh but are closely pressed
together forming a packet in the centre of the fruit. This is different
from restorations of C. thomasi (Harris 1933) and of C. nathorsti

(Harris 195la), which show each seed surrounded by a pocket of
flesh.
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STRUCTURE AND FUNCTION OF THE CAYTONIA FRUIT

Caytonia is the earliest known organ which encloses the seeds almost
completely. As a result, new constructional solutions were needed in or-
der that the enclosed ovules might be pollinated and the mature seeds
dispersed so as not to germinate together. It seems that the pollination
mechanism is now fairly well known, but only little can be said about
the manner of seed dispersal.

Pollination mechanism

Thomas (1925) seeing the fruit with enclosed seeds, did not realize
that there was a different pollination mechanism than in the angio-
sperms. He supposed that the pollen grains germinated on the lip and
that only the pollen tubes entered the fruit. When Harris (1933) found
pollen grains in micropyles and pollen chambers of seeds it became evi-
dent that the pollination mechanism was different. He assumed that the
pollen was transported through the mouth and thought that the mouth
ended into a group of canals, each of them reaching one ovule. He assu-
med also that a pollination drop was produced at the lip and, thanks to
it, the pollen floated through the mouth and its canals to the seed mi-
cropyles. There was, however, no anatomical proof of such communica-
tion between the canals of the mouth and the ovules.

1 believe that the sections of C. harrisii give convincing evidence that
the seed apices were placed close to the openings of the canals and this
confirms the hypothesis of Harris as to the pollination mechanism of
Caytonia. In addition, inside the wider part of the mouth, in its zones 1
and 2, there were found sporomorphs of plants other than Caytonia.
I consider this as evidence that Caytonia produced a pollination drop,
since I cannot think of any other way in which sporomorphs of other
plants could enter the mouth.

Some of these foreign sporomorphs are much larger than Caytonan-
thus pollen and their size obviously prevented them from entering the
canals. On the other hand, Caytonanthus pollen grains, being only about
30 un long, are among the smallest Jurassic pollen grains and could pass
through the canals of zone 3 of the miouth, which are about 40 w in
diameter. Hence it appears that the mouth with its elaborate structure
had a second function, apart from pollen conducting. This was to prevent
the spores and pollen of other plants from reaching the ovules. It is
a fact that sporomorphs other than Caytonanthus were never found in
the pollen chambers of the large numbers of seeds macerated from York-
shire, and only in a few seeds from Greenland (Harris 1951 a).

It appears likely that a structure of this type and a similar polli-
nation mechanism occurred also in the fructification of Microcheiris
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enigma from the Lower Lias of Greenland (Harris 1935) which is now
interpreted as one valve of Leptostrobus longus (Harris 1951). The
structure of the fructification is not clear, for what is preserved is a scale
containing five embedded megaspore membranes. Opposite each mega-
spore membrane is situated a cone-shaped mass of pollen grains belon-
ging to various types but with two types prevailing. Harris was of
the opinion that these pollen masses are not accidental, but that their
presence is connected with some structure of the fructification which is
not preserved. To me these pollen masses lock as if they resulted from
a structure like the mouth of Caytonia.

As for the pollination mechanism of Caytonia, it appears strange that,
as far as it is understood now, the connection of the seed apex with the
opening of its corresponding canal seems rather loose. Therefore the que-
stion arises whether it was not easy for the young ovule to shift during
growth and in this way to miss the opening of its canal. It seems, howe-
ver, that there were several structures preventing this shifting. The first
one was the inner epidermis of the fruit, which apparently surrounded
the packet of seeds and also the apex of each particular seed, continuing
afterwards as the cuticle of zone 3 of the mouth. In this way the seed
apices were encased like fingers in a glove. Additional support against
shifting was in the flesh. At each side of the seeds ran a strand of narrow
cells, perhaps a vascular strand, which would not allow shifting to the
sides. Then each cell of the flesh was surrounded by branched sclereids,
hence it can be assumed that even at an early stage the flesh was elastic
and not a soft parenchymatous tissue which could be squeezed away by
growing ovules. This elasticity and toughness of the flesh was enhanced
by the network of vascular strands accompanied by sclereids.

Seed dispersal

Very little can yet be said about the seed dispersal. The previous
authors expressed the view that the fruit had the consistence of a soft
berry and was edible, so that the seeds were dispersed by animals. It
appears from my sections that this berry contained a considerable
amount of sclereids, which also occur recently in the flesh of wild fruits.
The fleshy consistence of the fruit appears to be confirmed by the
fact that both rounded and flattened, wrinkled fruits were found. The
rounded ones were possibly not quite mature and had the fleshy cells
still filled and firm. The wrinkled ones were possibly overmature fruits
where the juicy contents had dried out.

On the other hand, it occurs to me that there was also the other
possibility that the mature fruit may have opened and ejected the seeds.
There are in the fruit both thick-walled tissues which could cause ten-
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sions inside the fruit and thin-walled tissues likely to break as a result
of such tensions. There are also the small very thin places in the epider-
mis where a tear could easily start. I would guess that the internal ten-
sions and then the opening of the fruits may have occurred rather as
a result of falling into water than of drying out. Probably observations
of damaged fruits, of which a considerable amount occurs, would indi-
cate whether there was indeed a mechanism opening the fruit and scat-
tering the seeds. Unfortunately, I had dissected most of them in my ma-
terial before 1 arrived at this question. At any rate, whatever was the
mechanism of seed dispersal it appears to have been effective, because
large amounts of detached seeds were found in the matrix in each of the
localities where Caytonia occurs.

It appears to me that it was a different case with the pollination me-
chanism. The very special construction admitting the pollen-grains ap-
pears to have had two weak points. One was that the narrow canals ad-
mitting the pollen grains could be easily blocked if in the pollination
drop a larger amount of foreign sporomorphs was caught, especially if
they were large. The second weak point appears to be that only a small
shifting of the position of the apices of the ovules would also block the
passage of pollen grains. Perhaps this is why the Caytoniales did not
survive, while the angiosperms, where there was a different construc-
tional solution to the problem of pollination of enclosed ovules, developed
so well.

SUMMARY

1. From the Jurassic of the Grojec area, Poland, are described com-
pressicns of Caytonia harrisii sp. n., Caytonia sewardi, Sagenopteris col-
podes, and a microsporangium of Caytonanthus sp. with unripe pollen.

2. Sectioning and various methods of maceration reveal not only the
cutinized layers but also the structure of most of the tissues of the fruit.

3. Sections prove the existence of canals through the mouth and show
seed apices close to the openings of the canals, thus confirming the view
of Harris (1940) as to the pollination mechanism of Caytonia.

4. The inner epidermis of the fruit which surrounds the packet of
seeds is described.

5. The mouth is shown to be connected with the outer epidermis of
the fruit by cutinized lateral extensions. The mouth also appears to be
continuous with the inner epidermis of the fruit.

6. Tissues of uncertain function are described from the vicinity of
the mouth.

7. The flesh of the fruit is described in detail.

8. The vascular system of the fruit and seed and the structure of
tracheids are described for the first time.
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9. In the seeds a layer apparently identical with the ,,spotted layer”
is described.

10. The structure and position of the mouth, of the inner epidermis
of the fruit, of the vascular system, and the arrangement of the seeds
are discussed.

11. The probable functioning of the Caytonia fruit is discussed, in
particular its pollination mechanism, the mechanism keeping the ovules
opposite the openings of the canals of the mouth, and the seed dispersal
mechanism.
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STRESZCZENIE

FLORA JURAJSKA Z GROJCA KOLO KRAKOWA. CZESC II. CAYTONIALES
I BUDOWA ANATOMICZNA KAJTONII

Caytoniales sa obficie reprezentowane we florach mezozoicznych poél-
nocnej poétkuli przez liScie Sagenopteris, natomiast ich zenskie organy
rozmnazania, zwane Caytonia, i meskie, zwane Caytonanthus, sa znaj-
dowane rzadko. Raciborski (1894) opisal z Grojca dwa gatunki lisci,
a mianowicie Sagenopteris phillipsi Presl i S. goeppertiana Zigno,
a w obecnej pracy opisano jeszcze S. colpodes Harris. Po raz pierwszy
opisano réwniez w tej pracy z Polski organy rozmnazania, a mianowicie
Caytonia harrisii sp. n., C. sewardi Thomas i jedno mikrosporangium
Caytonanthus sp. zawierajgce niedojrzale ziarna pytku.

Kajtonia jest pierzastym organem o diugos$ci kilku mm, zakohczonym
malymi woreczkami, ktére zawierajg nasiona. Twor ten mozna nazwaé
owocolistkiem, a poniewaz woreczki przypominajg jagody, nazywa sie je
sowocami” (,,fruits” angielskich autoréw). Jest to jednak termin uzyty
popularnie i niescisle, poniewaz woreczki te réznig sie bardzo swg naturg
od owocow Angiospermae, ktore powstajg z jednej iub wiekszej liczby
zalgzni (owocolistkow).
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Podobnie jak wszystkie dotad znane okazy kajtonii, takze owoce
z Grojca sg zachowane w stanie uweglonym. Jednak Thomas (1925)
i Harris (1933—1964) wykazali, ze przy zastosowaniu odpowiednich
sposobOw maceracji i przekrojéw mikrotomowych mozna bylo w owo-
cach kajtonii z Yorkshire zaobserwowa¢ niektére tkanki. Do owocow
C. harrisii zastosowano kilka sposobow maceracji, ktore zostaly szczegod-
towo opisane w osobnej publikacji (Reymanoéwna 1970), oraz wyko-
nano ich przekroje mikrotomowe w trzech plaszczyznach, uzyskujac
z czterech (na 23 przekrojone owoce) preparaty z dos¢ dobrze widoczng
budowg mikroskopowsg. Preparaty pozwolily na szczegélowe opisanie bu-
dowy anatomicznej kajtonii, przy czym kilka tkanek opisano po raz
pierwszy. :

Najbardziej interesujace obserwacje dotyczg szczeliny (,,mouth”)
w owocu, mieszczgcej sie u jego podstawy. Okazalo sie, zgodnie z hipo-
tezg Harrisa, ze kanaliki, w ktére ta szczelina przechodzi, konczg sie
we wnetrzu owocu w bezposrednim sgsiedztwie mikropyle nasion. Obser-
wacja ta zdaje sie potwierdzaé przypuszczenie Harrisa, ze zapylanie
zalgzkéw odbywalo sie za posrednictwem kropli plynu zwisajacej u na-
sady przyszlego owocu, w ktérym to plynie pytek dostawal sie poprzez
kanaliki szczeliny do mikropyle i komory pytkowej zalgzkow. Wyjasnia
to ostatecznie mechanizm zapylenia kajtonii, ktéry jest odrebny od me-
chanizmu zapylania u roslin okrytozalgzkowych, ale tez nie jest catkowi-
cie typowy dla ro$lin nagozalgzkowych.

Poza tym opisano po raz pierwszy w tej pracy skutynizowane pola-
czenia szczeliny z zewnetrzng epidermg owocu, wewnetrzng epiderme
owocu, tkanki o nieznanej funkcji wystepujace w sagsiedztwie szczeliny
(,mouth”), system wigzek przewodzgcych w owocu i nasieniu oraz bu-
dowe tracheid. Stwierdzono rowniez nowe szczegdly dotyczace tkanek
opisanych juz przez innych autoréw, gléwnie budowy miekiszu owocu
i znajdujacych sie w nim sklereid, a takze warstwy w nasieniu okreslo-
nej przez Harrisa jako warstwa plamista (,,spotted layer’).

W dyskusji dotyczacej opisowej czesci pracy stwierdzono, ze wyste-
powanie w szczelinie kanalikow konczacych sie w sgsiedztwie mikropyle
nasion mozna uzna¢ za nie budzace watpliwosci. Niemal pewne wydaje
sig, ze wewnetrzna epiderma owocu oraz epidermy wy$cielajace szczeline
oraz jej polaczenia z zewnetrzng epidermg owocu tworzg jedng calose.

Stwierdzono takze, ze warstwa opisana w obecnej pracy jako we-
wnetrzna epiderma owocu byla juz znana Thomasowi (1925), lecz au-
tor ten uwazal jg za zewnetrzng warstwe nasienia. W miekiszu owocu
potwierdzono istnienie duzych komoérek i zdecydowano sie przyja¢ ich
dotychczasowa interpretacje jako komoérek miekiszowych odpowiadaja-
cych komoérkom w miekiszu wspdtezesnych jagod. Przy zastosowanych
sposobach maceracji mozna stwierdzi¢ w miekiszu wystepowanie wielkiej
ilo$ci rozgatezionych sklereid.
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Zaobserwowano roéwniez szczegély, pozwalajagce na odtworzenie sy-
stemu wigzek przewodzgcych w owocu i nasionach. Sklada sie on w owo-
cu z plaskiej, jak sie wydaje, wigzki, wchodzacej przez trzonek owocu.
Wigzka rozgalezia sie w zewnetrznej jego czeSci w siatke mniejszych wig-
zek, biegnacych miedzy komoérkami miekiszu oraz wchodzgcych do na-
sion. Tak zachowujacy sie system wigzek w owocu jest podobny do sy-
stemu nerwow w kazdym z czterech listkéw zlozonego liScia Sagenopteris,
posiadajagcym roéwniez jeden nerw gléowny i siatke nerwoéw bocznych.
Z elementoéw tworzgcych wigzki udato sie zaobserwowaé jedynie trachei-
dy protoksylemu, opatrzone spiralnymi zgrubieniami, oraz tracheidy
metaksylemu, posiadajace na bocznych i poprzecznych Sciankach okragle
jamki lejkowate, ustawione naprzemianlegle. Wystepuja takze owalne
jamki lejkowate, a niekiedy obserwuje sie fragmenty tracheid sugeruja-
ce wystepowanie ustawionych drabinkowato jamek.

System wigzek w nasieniu sklada sie z wigzki wchodzacej przez hi-
lum, ktéra dzieli sie¢ na dwie galezie biegngce wzdluz brzegdéw nasienia
az do jego szczytu. Tracheidy wiazek w nasionach sg opatrzone zgrubie-
niami od drabinkowatych po siatkowate.

Poznanie budowy anatomicznej owocu kajtonii pozwala na wysnu-
cie wnioskéw co do sposobu jego funkcjonowania. Trzeba podkresli¢, ze
niemal kompletne zamkniecie zalazkéw wymagalo nowych rozwigzan
konstrukeyjnych, azeby takie podstawowe procesy jak zapylanie zalgz-
kéw i rozsiewanie nasion mogly sie odbywa¢. Rozwigzaniem, ktére po-
zwalalo na zapylenie zalazkéw u kajtonii, bylo powstanie szczeliny
(,,mouth’), ktérej kanaliki koneczyly sie w sasiedztwie uj$¢ mikropyle za-
lazkéw. To rozwigzanie konstrukcyjne, umozliwiajgce proces zapylania,
jest zupelnie inne niz u Angiospermae, wydaje sie jednak, ze funkecjono-
walo ono mmiej sprawnie i by¢ moze bylo to przyczyng wymarcia Cay-
toniales.

Gdy zastanawiamy sie nad budowg anatomiczng kajtonii, nasuwa sie
rowniez przypuszczenie, ze pewne tkanki owocu spelniaty funkcje utrzy-
mywania szczytu kazdego zalgzka w sasiedztwie ocdpowiadajgcego mu ka-
nalika szczeliny. Wydaje sie, ze funkcje te spelniala przede wszystkim
wewnetrzna epiderma owocu, ktéra otaczala grupe mnasion, oraz szczyt
kazdego z nich, a nastepnie, jak sie wydaje, laczyla sie z epidermami wy-
Scielajgcymi szczeline. Poza tym wystepowanie pomiedzy komérkami
miekiszu owocu siatki wigzek i licznych sklereid sprawialo, ze miekisz
byt tkankg mocng i sprezystg, co réwniez utrudniato przemieszczanie sie
rozrastajgcych sie zalgzkéow.

Poprzedni autorzy, omawiajgc rozsiewanie nasion zamknigtych
w owocu, uwazali, ze ma on charakter jagody o jadalnym miekiszu, kto6-
rej nasiona byly rozsiewane przez zwierzeta. Taka interpretacja jest
réwniez przyjeta w tej pracy. Niemniej obserwacja preparatéw mnasuwa
my$l o innej jeszcze mozliwosci, a mianowicie, ze dojrzaly owoc pekal
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wysypujac nasiona. Na takg mozliwosé wskazuje obecno$é zaréwno tka-
nek grubosciennych mogacych wywotaé napiecie wewngtrz owocu, jak
i obecno$¢ tkanek cienkosciennych podatnych na rozerwanie. Przypu-
szczenie to wymaga jeszcze dalszych obserwacji uszkodzonych owocow.
Wyniki badan przeprowadzonych nad anatomiczng budowsg ,,owocu” kaj-
tonii raz jeszcze potwierdzajg poglad, ze jest to twér specjalny, nie ma-
jacy odpowiednika w zadnej grupie roslin.

Instytut Botaniki Polskiej Akademii Nauk w Krakowie
Zaktad Paleobotaniki
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Platel

Caytonia harrisii sp. nov.

. Holotype, S 315, X15.
. Small fruit, S 337, X13
. Fruit, S 316, X15

Seed, S 317, X20
Packet of seeds, S 376, X 20

. Upper side of fruit showing network of protruding ridges, S 377, X 15

Small fruit, side view, S 378, X20

. Macerated small fruit showing mouth, S 310, X 10
. Mouth separated from macerated fruit, showing fragments of zone 1, dark

thickened zone 2, and thin zone 3 with dark bars representing canals. To the
Tight — lateral extension connected with outer epidermis of fruit, S 379, X50
Surface of seed showing longitudinal striation, S 317, X 150

Tablica 1

Caytonia harrisii sp. nov.

. Holotyp, S 315, X 15
. Maty owoc, S 337, X 13

Owoc, S 316, X 15

. Nasienie, S 317, X 20
. Grupa nasion, S 376, X 20

Goérna strona owocu z wystajaca siatkg, S 377, X 15
Maty owoc widziany z boku, S 378, X 20
Wymacerowany owoc, wewnatrz widoczna szczelina (,;mouth”), S 310, X 10

. Szczelina wypreparowana z macerowanego owocu, widoczne fragmenty strefy 1,

ciemna zgrubiata strefa 2 i cienka strefa 3 z ciemnymi pasami, przedstawiajg-
cymi kanaliki. Na prawo widoczne polaczenia z zewnetrzng epidermg owocu,
S 379, X50

Powierzchnia nasienia z widocznym podluznym prazkowaniem, S 317, X150



Plate I
Tablica I
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Plate IT

. Caytonia harrisii sp. n., cuticle of nucellus and aleurone cells, S 414, X 300

. Caytonia cfr. sewardi Thomas, fragment of megasporophyll with one partly pre-
served fruit, S 332, X 10

. Caytonia harrisii sp. n., apex of macerated sced showing elongated cells of mi-
cropylar canal, S 325, X200

Tablica II

. Caytonia harrisii sp. n., kutikula nucellusa i komoérki z aleuronem, S 414, X 300

2. Caytonia cfr. sewardi Thomas, fragment owocolistka z cze$ciowo zachowanym

owocem, S 322, X10
. Caytonia harrisii sp. n., szczyt wymacerowanego masienia z widocznymi wydluzo-
nymi komoérkami kanalu mikropylarnego, S 325, X 200
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Plate III

Caytonia sewardi Thomas

. Damaged small fruit, macerated, S 415, X 50
. Seeds, truncate apex above, hilum below, S 319, X 20
. Small fruit from below showing cutinised bars of lip and the pedicel, S 313,

X 20

. Fragment of fruit seen on fig. 1 showing lip projecting from the fruit wall an

beneath the mouth with thickened bars (canals), S 415, X 120

Sagenopteris

. Sagenopteris sp., petiole showing leaflet scars, S 330, X 10
. Sagenopteris colpodes Harris, lower cuticle showing stomata, S 328, X 400

Tablica III

Caytonia sewardi Thomas

. Uszkodzony maly owoc, macerowany, S 415, X 50
. Nasiona, tepo ucigty szczyt u goéry, hilum u dolu, S 319, X 20
. Maly owoc widziany od dolu, widoczne skutynizowane pasy faldu i trzonek,

S 318, X 20

. Fragment owocu przedstawionego na fig. 1, widoczny fald sterczacy ponad

Sciane owocu, ponizej jej widoczna szczelina z ciemnymi pasami (kanalikami),
S 415, X 120

Sagenopteris

. Sagenopteris sp., ogonek z widocznymi bliznami po odpadlych listkach, S 330,

X 10

. Sagenopteris colpodes Harris, dolna kutikula z aparatami szparkowymi, S 328,

X 400
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Plate IV

Caytonanthus sp.

. Synangium, S 339, X 16
9. Pollen mass macerated from the broken end of the synangium, S 338, X 600
. Pollen grains macerated from the synangium, S 331, <2000

Caytonia harrisii sp. n.

. Longitudinal section through macerated small fruit showing epidermis, pedicel,

mouth, and lip, XI1/6, X 50

. Section through epidermis and flesh showing network of vascular strands and

a few sclereids; maceration with sodium hydroxide, XIII/12, X 300

Tablica IV

Caytonanthus sp.

. Synangium, S 339, X 16
2. Masa pylkowa wymacerowana z ulamanego konca tego synangium, S 338, X 600
. Ziarna pyltku wymacerowanego z tego synangium, S 331, X 2000

Caytonia harrisii sp. n.

. Podluzny przekréj Caytonia harrisii sp. n. przez zmacerowany maty owoc, wi-

doczna epiderma, trzonek, szczelina i fald, XIII/6, X 50

. Przekr6j przez epiderme i migkisz, widoczna sie¢ wigzek przewodzacych i kilka

sklereid, maceracja wodorotlenkiem sodu, XI11/12, X 300
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Plate V

Caytonia harrisii sp. n.
sections maceratcd with sodium hydroxide

. Longitudinal section of mouth rear the fruit wall, XI/17, X 100 )

2. Longitudinal section through median part of mouth showing three zones, XI1/22
X 100

3. Longitudinal section parallcl to mouth going through its median part, XIII/14,
X 100

. Lengitudinal section parallel to mouth going through its peripheral part, XIII/19
> 100

’

)

Tablica V

Caytonia harrisii sp. n.
p-zekroje macerowane wodorotlenkiem sodu

. Podluzny przekrdj szczeliny w poblizu Sciany owocu, XI/17, X 100

. Podiuzny przekrdj przez $rodkows cze$¢ szczeliny, widoczne trzy strefy, XI1/22,
X 100

. Podluzny przekréj réwnolegly do plaszezyzny szczeliny przechodzacy przez jej
Srodek, XI11/14, X 100

. Pcdluzny przekroj réwnolegly do rlaszezyzny szczeliny przechodzacy przez jej
pcoryferie, XII1/10, X 100



Plate V
Tablica V

M. Reymandéwna
Acta Palaeobotanica XIV/2
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