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ABSTRACT

The subject of the present work was to investigate by means of the biometric
method the morphology of the fruits of the genus Dulichium, i.e. of the recent
species D. spathaceum Pers. and of the fruits of that species found in Poland in
the fossil state. Moreover, the author tried to determine the relationships between
the extinct species of D. vespiforme C. E. Reid, which is connected in Poland
with the Pliocene, and the living D. spathaceum. In result of her studies the author
has established that the morphological variability wof the fruits of the recent
D. spathaceum is small, while the fossil fruits of that species show a pronounced
directional variability starting from the Tertiary, through the Pleistocene, up to
the recent fruits. The fruits of the extinct species D. vespiforme form a distinct
morphological type not comprised in the evolutionary sequence of the species
Dulichium type spathaceum.
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INTRODUCTION

Dulichium is a monotypic genus at present. It belongs to the Cypera-
ceae family, order of Cyperales. Its only species living now, D. spatha-
ceum Pers., grows in the Atlantic part of North America, from New



120

Foundland to Texas and Florida in the east, as well as in British Colum-
bia and California in the west. It is a perennial plant with a cylindric
stem up to 1 m high, upright, and leafed up to its top. The flowers, from
6 to 12 in number, are collected in spikes leaning out of the spathas. The
perianth is composed of 6 to 9 pilose setas longer than the fruit and ac-
creted with its base. The persistent style of the pistil is also much longer
than the fruit. The base of the fruit is narrowed and pronouncedly dis-
tinct from the part containing the seed (Fernald 1950). In the present
paper this base is called the fruit-base.

From the ecological point of view, Dulichium spathaceum is an aqua-
tic-marshy species; it also grows near stagnant or slowly flowing waters.
It requires an oceanic climate. In the Quaternary and Tertiary this spe-
cies also grew in Europe and Asia. The fruits of Dulichium spathaceum
are known from Quaternary and Tertiary European floras, namely from
the Netherlands, Denmark, Germany, Poland and the U.S.S.R.

Professor Wiadystaw Szafer (1930) was the first of the Polish pa-
laeobotanists who found fossil fruits of D. spathaceum (in the interglacial
peat at Samostrzelniki). In the course of work on the Polish Tertiary and
Quaternary the list of such findings became longer. The fruit of Duli-
chium occurred there usually together with the fossil remains of marshy
and aquatic plants of the genera of Brasenia, Najas, Nuphar, Nymphaea,
Potamogeton, and Aldrovanda.

The other fossil species, Dulichium vespiforme Reid, not encountered
in the contemporary flora, is connected in Europe above all with the
Pliocene. The fruits of that species, much shorter and comparatively
broader, were found in the fossil floras of the Netherlands, Germany,
U. S. S. R, and Poland. The first reports about the finding of the Plio-
cene fruits of Dulichium vespiforme were submitted by C. and E. Reid
in the years 1907/1908. In 1909 Stoller described the fruits of Duli-
chium vespiforme found beside those of Dulichium spathaceum in the
peat of the oldest interglacial from Lauenburg and Friedrichshagen in
Germany. In 1915 there appeared the extensive publication ’The Plio-
cene Floras of the Dutch-Prussian Border” by C. and E. Reid in which
besides D. spathaceum the authors described its two fossil varieties, i. e.
var. marginatum with thinly margined fruits and war. elipticum, as well
as the fruits of Dulichium vespiforme with the triangular variety having
its broadest part situated fairly low, and a third species, D. urceolatum,
the fruits of which were larger in size, roundish, and passing suddenly in
the style of pistil and fruit-base.

The description of the forms mentioned above is closed up by C. and
E. Reid with a note that in the material studied there may be found
all intermediate forms, from the roundish fruits of D. urceolatum to
those reckoned among the D. vespiforme species, and from the wvespifor-
me species through the comparatively short and broad extreme forms of
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the fossil species of D. spathaceum to the narrow and much elongated
fruits encountered in the specimens of that species living now. Kirch-
heimer (1957) was of the same opinion when he wrote that both the
Tertiary and the Quaternary fruits of the genus Dulichium found in Eu-
rope showed a continuous variability and that in the past there existed
only one species of the genus Dulichium, whose narrow and long forms
of D. spathaceum, and short and broad ones of D. vespiforme, were con-
nected by intermediate forms.

Dorofeev (1963) described a few findings of the fruit of D. spa-
thaceum from the Pleistocene and Pliocene of the Eurcpean part of the
U.S.S. R, while from West Siberia he reported the occurrence of short-
er and broader fruits determined by him as D. vespiforme Reid. The
fruits were characteristic of the Pliocene, but also encountered, although
more rarely, in the Miocene; in the Miocene of Siberia there appeared
longer and compartively narrower fruits which in their size and shape
corresponded to the fossil variety of D. spathaceum var. marginatum
Reid. Dorofeev raised this variety to the rank of a species and wrote
that in West Siberia it was connected almost entirely with the Oligocene.

In Poland, the fruits of D. vespiforme were found for the first time
by Professor W. Szafer (1947) in the Lower Pliccene flora from Kro-
Scienko on the Dunajec river (one drupel), and from the Upper Pliocene
from Mizerna (1954) in more than 300 specimens.

In this place the present author wishes to thank most cordially Pro-
fessor Janina Jentys-Szaferowa who encouraged her to un-
dertake that work and offered advice during its performance. She also
wishes to express her warm gratitude to all persons, and especially Doc.
Dr. Maria Srodoniowa, who submitted their material for elabo-
ration.

AIM AND METHOD OF WORK

The aim of the present work was to study the morphology of the fruits
of Dulichium spathaceum, both contemporary and those fossil ones which
occur in Poland, and to determine the relationship between the extinct
D. vespiforme and other fossil fruits of the genus Dulichium, and the
contemporary species of D. spathaceum.

The fruits of the plants living now and used in the study were mainly
derived from natural localities and collected by Prof. Szaferowa and
Prof. Liidi in the eastern part of North America and Canada. A part
of the samples was formed of the carpologic collections of the Palaeobo-
tanical Laboratory of the Botanical Institute of the Polish Academy of
Sciences. The joint number of contemporary fruits subject to investiga-
tions was 347.
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The samples of the fossil fruits of D. spathaceum from the Quaternary
were composed of six floras from the Masovian and Eemian Interglacial.
The Tertiary fruits of that species were connected with the period of the
Upper Miocene. They were found in the floras from Chyzne, Sos$nica, Ko-
nin and Czarny Dunajec.

The fruits identified as Dulichium vespiforme were derived from
three Pliocene floras from Kroscienko, Mizerna and Grywatd.

The morphology of the fruits of the genus Dulichium was elaborated
biometrically. The results are represented graphically by means of the
method described by Prof. J. Szaferowa (1959).

The fruits of Dulichium are of small size and therefore difficult for
precise measuring. They were therefore drawn with the help of a magni-
fying photographic apparatus and next their silhouettes were measured.
The specimens were drawn magnified eight times, and the same magni-
fication was adopted in a specially prepared scale to allow the reading of
measurements exact to 0:05 mm. At the beginning, the setas on the fruit
were counted, but when measuring the fossil material the author saw
that the setas had undergone partial or even total destruction and she
gave up taking this character under consideration.

The morphology of the fruits was studied with respect to the charac-
ters as follows:

Length of fruit

Breadth of fruit

Length of fruit-base

Apical angle

Length/breadth of fruit

Position of broadest part in % of fruit length
. Length of fruit/length of fruit-base

The rnethod of measurement is represented in fig. 1.

NS e WD

VARIABILITY OF RECENT FRUITS

The fruits of Dulichium spathaceum are collected in spicules and
these form spikes. The latter grow out of the nodes of leaves arranged
alternately along almost the whole length of the shoot of plant. Consi-
dering this the author desired to learn whether there are any differences
in the morphology of the fruits of one and the same plant depending on
the position of the spike on stem. Therefore she chose for measurements
the fruits from the spike situated right at the bottom of the shoot, next
from the middle one, and lastly from the spike growing out at the apex
of stem. It should be emphasized that the number of fruits taken for
measurements was not the same in each of these spikes. The lower spike
had only seven fruits, the middle one twenty-three, and the upper spike
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Fig. 1. Measurement of the fruits of the genus Dulichium: a — a: a

length of fruit; b — b: breadth of fruit; ¢ — c: length of fruit-
-base; d — d: distance between the broadest part and the fruit-
-base; «: apical angle

Ryc. 1. Spos6éb mierzenia owocdéw rodzaju Dulichium: a — a: diu-
gos¢ owocu, b — b: szeroko§é owocu, ¢ — c: dlugo$é stylika,

d — d: odleglo$§¢ mnajszerszej czeSci od nasady owocu, a: kat
wierzchotka
a
¢
1 f s 9 11
Length of frui 7 1
Dhcgaﬁcorvocu i l
2 Breacith of fruit A 2t
3Szerokas‘c‘ Owocu |
Length of fruit-base H 31
Dtugose szir‘y//ka i
4 Apical a & 4]
Kat weerzci ka SN
5 Length [breadith of fruit s 5]
6D/UQ Ow. [szer: oW, 4~
Posit of br part in % of fruit-le t:/ 61
7Po/no czw/,o’#o(gv ngfsé
Length of fruit{ length of fiuit-bosen 71 7
Dhig. ow. | dhyg. dggfkaoff %

Fig. 2. I. Comparison of the arithmetic means of characters of fruits from the

middle (b) and apical (¢} spikes, with the arithmetic means of characters of fruits

from the lower spike (a); II. Diagram of the coefficients of variability of the cha-
racters of fruits

Ryc. 2. 1. Poréwnanie $rednich arytmetycznych cech owocéw z srodkowego ktosa (b)
oraz owocéw z wierzchotkowego klosa (¢) do &rednich arytmetycznych cech owocdéw
z dolnego klosa (a); II. Wykres wspélczynnikéw zmiennoéci cech owocoéw

proved to be the most abundant and had as many as thirty-nine fruits.
The fruits seemed to resemble one another very much, as regards both
their size and shape, independent on the spike they were derived from.
A detailed biometric analysis corroborated this observation to a certain

6 — Acta Palaeobotanica
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extent and showed rather small differences in the morphological charac-
ters of the fruits discussed. In fig. 2 the diagonal lines represent the ra-
tio of the arithmetic means of characters of the fruits from the central
and upper spikes and of those relevant to the spike situated lowest on the
stem (straight line). Diagram II of that figure is a picture of the coeffi-
cients of variability, and their low. values corroborate the rather small
variability of the material within an individual plant. Thus, the conclu-
sion may be drawn that to characterize the Dulichium population it was
of 1esser importance from which part of the plant the b1ometr1ca11y in-
vestigated fruits were derived.

- In the next stage of her work the author studied the morphology of
the fruits of the particular local populations. If the samples of the con-
temporary fruits were derived from the plants collected in the localities
of the natural occurrence of Dulichium spathaceum, two fruits from the
upper spike dﬁ every specimen were taken for measurements. In the ca-
ses when museum material was available there was no certainty whether
the fruits had been collected from one individual plant or from a larger
number of plants. This, however, should not arouse any doubts as to the
representativeness of these samples, because while studying fossil mate-
rial we also are not certain of the number of the individual plants from
which the particular specimens are derived.

Fig. 3. Comparison of the arithmetic means of the characters
of fruits from 5 local samples with the comprehensive
sample of fruits: of the contemporary Dulichium spathaceum
Pers. (straight wvertical line); a — Venice, b — Canada
sample from a not determined locality, ¢ — Montreal, d —
Susquehanna, e — Lake Michigan

Ryc. 3. Poréwnanie $rednich arytmetycznych cech owocow

z 5 prob lokalnych do proby. zbiorczej owocoéw wspodiczesne-

go Dulichium spathaceum Pers. (linia prosta pionowa); a —

Venice; b — Kanada (stanowisko blizej nie okreSlone);
¢ — Montreal; d — Susquehanna; e — Lake Michigan

~N O Oy A N -

Roughly estimated, the fruits of the contemporary Dulichium spatha-
ceum resembled one another closely, independent on the circumstance
whether they were derived from natural localities or from the material
cultivated in botanic gardens. Figure 3, in which 5 local samples are
compared with the comprehensive sample of the contemporary Dulichium
spathaceum, corroborates the observations quoted above and requires no
detailed comments. It was only the fruit from Venice in Canada collected
in a bird sanctuary which slightly differed in their morphology from the
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remaining 4 samples by their much elongated fruit-base and sharper api-
cal angle. Apart from that, the material seemed to be very even as re-
gards the size and shape of fruits.

To show more clearly the distinctness of the fruits from Venice, this
sample was chosen as a comparative unit (straight vertical line) in fig. 4.
The fruits from four local samples (diagonal lines) form a close whole
with respect to all characters. Deviations from the comparative unit run
in accordance and in the same degree, and the small variability of the
characters of size and shape are emphasized in diagram II of the coeffi-
cients of variability which is found in the same figure. Basing upon the
facts observed and quoted above one might advance the supposition that
the plants from Venice form a local biotype and have fruits with pointed
tops and rather elongated fruit-bases. Nevertheless there is no doubt that
these fruits belong to the D. spathaceum species.

Fig. 4. I. Comparison of the arithmetic means of characters of the contemporary
fruits of D. spathaceum in 4 local samples (b — Canada sample from a not deter-
mined locality, ¢ — Montreal, d — Susquehanna, e — Lake Michigan) with the
local sample from Venice — a (straight vertical line); II. Diagram of coefficients
of the variability of characters of contemporary fruits of D. spathaceum in 5 local

samples

Ryc. 4. I, Por6wnanie $rednich arytmetycznych cech wspélezesnych owocoéw D. spa-

thaceum z 4 prob lokalnych (b — Kanada, stanowisko blizej nie okre$lone, ¢ — Mon-

treal. d — Susquehanna, e — Lake Michigan) do préby lokalnej z Venice w Kana-

dzie — a (linia prosta pionowa); II. Wykres wspétezynnikéw zmiennosci cech wspét-
czesnych owocéw D. spathaceum z pieciu lokalnych préb

The establishment of an ability in D. spathaceum to form local popu-
lations with peculiar morphological characters proved to be important,
because similar peculiarities of the local populations were also encoun-
tered in the fossil material.

6%
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FRUITS OF DULICHIUM IN THE POLISH FOSSIL MATERIAL

The whole material of fruits, both contemporary and fossil, on which
the investigations were based, is compared in Table 1. The material of
the contemporary species has been given its name, D. spathaceum Pers.
The author gave no specific names to the fruits from the three geologic
periods, i. e. Pleistocene, Pliocene and Miocene, found in Poland, until
they have been investigated biometrically. This material lacked unifor-
mity as regards the number of specimens found in the particular fossil
floras. However, in each of the geologic periods mentioned above samples
were found which, owing to the fairly large number of specimens, were
The interglacial

able to represent the local populations of their times.

List of the material investigated
Zestawienie badanych materialow

Table 1
Tabela I

| .
Age Species { Locality ! Number of fruits Comprehensive
Wiek Gatunek : Stanowisko ! Liczba owocoéHw samp.]e
1 i | Proba zbiorcza
Recent ‘ [ §
Dzisicjsze | D. spathaceum - Venice in Canada | 100 ‘
' ' " ' Kanada* ; 50 ;
i . i Montreal i 100 347
- . " Susquehanna ' 65
s " Lake Michigan , 32 i
Pleistocene | . ‘; i
Plejstocen | Dulichium_sp. | Samostrzelniki 53
» ; " E Jozefow 12
» 1 - ! Rusinowo 3 73
» r ! Zydowszczyzna 3
» ' " . Stanowice 1
» i " . Gtowezyn 1
| -
Pliocene | |
Pliocen | Dulichium sp. Kroscienko 1
» i " Mizerna i 167 | 452
» E " ' Grywald ; 284 i
—— : [ 1
Miocene . : 1 ‘
Miocen Dulichium sp. | Chyzne ; 1 :
" | " l Sosnica i 1 ‘
» i » © Konin | 40 | 309
' }’ . - Czarny Dunajec i 267 t

i
t

¥ Sample from a not determined locality
S tanowisko blizej nie okreslone
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sample from Samostrzelniki (53 fruits) and — to a lesser extent — that
from Jozeféw (12) may be regarded as such. Two Plioccene samples, one
from Mizerna (167) and the other from Grywald (284), and two Miocene
ones, from Czarny Dunajec (267) and Konin (40), were of prime impor-
tance. Having at her disposal such abundant local samples the author was
able to characterize not only the size and shape of the Dulichium fruits
occurring in the given period, but also their variability.

While setting to work on a detailed analysis the author undertook
three tasks: 1) to compile comprehensive samples for each of the geolo-
gical periods mentioned above including all fruits even those occurring
singly, 2) to compare the representative local samples with the compre-
hensive sample of each period and to determine the eventual differences;
3) to compare the comprehensive samples and determine the morpholo-
gical differences among the Dulichium fruits from various geological pe-
riods in Poland.

The first task was executed by comparing the frequency series distri-
bution for the seven characters considered for each of the 3 geological

39112 1311 78311234,

! ¥ R [
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- : X
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5 A l AN I .................
] SEN S
N )
6 : ( \\ g — /! o U ,‘ e —
4 Ny Ll ;
A — A — - b-—mm
7 C reeeeen Y c- C oemeeeees

Fig. 5. Comparison of the arithmetic means of characters of size and shape of the
fossil fruits of the genus Dulichium in the particular geological periods. I. a - Plei-
stocene comprehensive sample (straight vertical line); b — local sample from Samo-

strzelniki; ¢ — local sample from Jézefé6w; II. a — Pliocene comprehensive sample
(straight vertical line); b — local sample from Mizerna; ¢ — local sample from Gry-
wald; IIT. a — Miocene comprehensive sample (straight vertical line); b — local

sample from Czarny Dunajec, ¢ — local sample from Konin

Ryc. 5. Por6wnanie $rednich arytmetycznych cech wielko$ci i ksztattu kopalnych

owocow rodzaju Dulichium w poszezegdlnych okresach geologicznych. 1. a — préba

zbiorcza z plejstocenu (linia prosta pionowa), b — préba lokalna z Samostrzelnik,

¢ — proba lokalna z Jézefowa; II. a — préba zbiorcza z pliocenu (linia prosta pio-

nowa), b — préba lokalna z Mizernej, ¢ — préba lokalna z Grywatdu; III. a — pré-

ba zbiorcza z miocenu (linia prosta pionowa), b — préba lokalna z Czarnego Du-
najca, ¢ — proéba lokalna z Konina
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periods, comprising all the fruits found in the given period and calcula-
ting the characteristic numbers of each character. This is expressed in
Table 2.

The second task consisted in a comparison of the local populations
with the comprehensive sample within each of the 3 geological periods,
similar to the comparison of the local samples of the contemporary Du-
lichium spathaceum with the sample covering its wider range (see fig. 3).
This comparison is submitted in fig. 5. In each of the three diagrams
drawn in it the comprehensive sample characteristic of the given period
served as the comparative unit represented in the form of a straight line,
and the two diagonal lines represent the local samples. We see there that
in the particular characters the mean values of the local samples were
higher or lower than in the comprehensive sample, but these deviations
were not great, which means that in each case we had to deal with the
samples of fruits slightly differing in size and shape.

The comparison described above does not prove that there were no
morphological differences among the Dulichium fruits encountered in the
particular geological periods which might suggest that in the past there
existed more forms or species within the Dulichium genus than are met
with in the contemporary flora. We shall find an answer if we take the
comprehensive sample of the recent Dulichium spathaceum as a com-
parative unit with which, we compare the arithmetic means of the
three fossil comprehensive samples. An illustration of this is the diagram
in fig. 6.

Fig. 6. Size and shape lines of the fossil fruits of the genus Dulichium: a — Plei-

stocene comprehensive sample; b — Pliocene comprehensive sample; ¢ — Miocene

comprehensive sample. The comprehensive sample of fruits of the recent Dulichium
spathaceum served as the comparative unit (straight wvertical line)

Ryc. 6. Linie wielkoéci i ksztaltu kopalnych owocéw rodzaju Dulichium: a — préba

zbiorcza z plejstocenu, b — préba zbiorcza z pliocenu, ¢ — préba zbiorcza z miocenu.

Jednostky poréwnawcza (linia prosta pionowa) jest tu préba zbiorcza owocow dzis
zyjgcego Dulichium spathaceum
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A detailed analysis of that diagram indicates that the Quaternary
fruits of the genus Dulichium (continuous diagonal line) differed from
the contemporary ones in a very characteristic manner. They were on
the average shorter (character 1) at an almost similar breadth (2), which
pronouncedly changed their shape expressed in the length/breadth ratio
(character 5). Besides, their apical angles (4) were wider. Thus, they were
on the average shorter, comparatively broader, and not so pointed as the
recent fruits. The same changes are seen on the broken diagonal line
which in that diagram represents the comprehensive sample from the
Polish Miocene, but these have appeared in a much greater degree. Those
fruits were still shorter, comparatively broader, and more bluntly ended
than the Quaternary fruits. v

The dotted diagonal line in fig. 6 is most striking, as it shows the same
deviations as the two former lines but in a much greater degree. If that
line represented the fruits older than the Miocene, one might assume
that this was the primeval type of fruits of the genus Dulichium, very
short, and slightly narrower than the former (characters 1, 2, 5) and with
a broad apical angle. From that primeval type there might have devel-
oped, by way of evolution, the longer and more acutely pointed Miocene
type, from which the Pleistocene type might have evolved, and from the
last mentioned, due to further directional changes, there might have ori-
ginated the fruits of the contemporary species Dulichium spathaceum,
comparatively narrow and much elongated, the acute apex of which pas-
ses gradually in the woody style of the pistil. However, short and broad
fruits have been found in Poland not in the deposits older than the Mio-
cene but in much younger ones, i. e. in the Lower, and even in the Upper
Pliocene. These were the fruits from Mizerna, which were determined
by W. Szafer as Dulichium vespiforme and established by him to be
identical with the fruits described by C. and E. Reid in 1915 from Plio-
cene deposits. According to Szafer their variability concerns on the
one hand the roundish forms called by C. and E. Reid D. urceolatum,
and on the other hand the forms approaching D. spathaceum var. elipti-
cum C. E. Reid. Most of them, however, occurred at Mizerna in the form
of the typical D. vespiforme Reid. Prof. Sz af er wrote: "However, while
besides the extinct species (D. vespiforme Reid and D. urceolatum Reid)
there occurs at Reuver and Swalmen the recent species of that genus,
i. e. D. spathaceum, which now lives in America, I have not found
any typical specimens in the rich material from Mizerna, which might
have been reckoned to the latter species, well known to me from the
younger interglacials”.

The number of fruits found at Mizerna exceeded 300 specimens. Un-
fortunately, there are only 167 specimens in the Museum of the Palaeo-
botany Department of the Institute of Botany of the Polish Academy of
Sciences, because having finished his studies on Mizerna, Prof. Szafer



132

left only a part of his collection to the Museum of the Institute of Botany
and sent the rest to other palaeobotanic museums in Poland and abroad.
However, the sample deposited in Cracow is abundant enough to form
the basis of a study on the shape and variability of the fruits of the local
population from Mizerna. The value of the Mizerna sample was enhan-
ced by the finding of 284 fruits at Grywald in the Lower Pliocene, which
doubtlessly belonged to the same species, though they showed the pecu-
liarities characteristic of a separate local sample. Therefore the Pliocene
fruits will be discussed in detail, not excepting the only specimen found
by Szafer in the Lower Pliocene of Kroscienko.

56 78 91 123456678691 1 23435678497

Fig. 7. 1. Size and shape lines of fruits of D. vespiforme of 3 local samples from:
a — Mizerna, b — Grywald, ¢ — KroScienko compared with the comprehensive
sample of the contemporary D. spathaceum (straight vertical line); II. Size and shape
lines of fruits of the comprehensive samples of D. spathaceum compared with the
comprehensive sample of the Plioccene species of D. vespiforme (straight vertical
line); a — contemporary fruits, b — Pleistocene fruits, ¢ — Miocene fruits
Rye. 7. 1. Linie wielko$ci i ksztaltu owocéw D. vespiforme z 3 préb lokalnych: a —
Zz Mizernej, b — z Grywaldu, ¢ — z Kroscienka, w poréwnaniu z probg zbicrczag
dzi§ zyjacego D. spathaceum (linia prosta pionowa); II. Linie wielkoéci i ksztaltu
owocOw prob zbiorczych D. spathaceum w poréwnaniu z probg zbicrezg pliocenskie-
go gatunku D. vespiforme (linia prosta pionowa): a — owoce dzisiejsze, b — owoce
plejstocenskie, ¢ — owoce miocenskie

The results of measurements of the Pliocene fruits are represented
graphically in figs. 7 and 8. We see in diagram I fig. 7 that both the arith-
metic means of the local samples from Mizerna and Grywald and the
particular values of the only fruit from Kroscienko (diagonal lines) de-
viate in all characters in a very similar way from the comprehensive
sample of the contemporary Dulichium spathaceum (straight line). Thus,
if compared with the D. spathaceum sample these fruits represent a se-
parate morphological type, whose characters were typical of the fossil
species of D. vespiforme Reid. On the contrary, if the comprehensive
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sample of the contemporary D. spathaceu... .nd those from the Pleisto-
cene and Miocene (diagonal lines) are compared with the general sample
of D. vespiforme (straight vertical line) it is evident that all the diagonal
lines run almost parallel and deviate in a similar way from the compa-
rative unit represented in the form of a straight line. This is a proof that
there are good reasons for giving them a separate specific name of D. ve-
spiforme. In comparison with them, the fruits from the Miocene, Pleisto-
cene and those of the recent plants of the genus Dulichium form a se-
parate type which may be given a common name of the Dulichium
spathaceum type.

In this aspect, the Pliocene fruits would not form an immediate link
between the Miocene and the Pleistocene, but an evolutionary side-line,
the fate of which so far remains unknown to us.
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Fig. 8. Polygons of frequency of two characters of fruits of the comprehensive
samples of the genus Dulichium in the particular geological periods: a — recent,
b — Pleistocene, ¢ — Pliocene, d — Miocene
Ryc. 8. Wieloboki frekwencji dwu cech owocédw prob zbiorczych rodzaju Dulichium
w poszczegdlnych okresach geologicznych: a — wspoéiczesne, b — plejstocen, ¢ — plio-
cen, d — miocen

The distinction of Pliccene fruits as a separate form different from
the rest of the fossil fruits and from the recent ones is evident in
fig. 8 where the whole scale of variability of the samples investigated
is represented with respect to the two most important characters, i. e.
length and length/breadth ratio. It can be seen there that these values



134

are not only smaller for the Pliocene fruits than for the remaining ones,
but that their scale of variability is narrow. The frequency drawn there
in the particular classes gives a picture approaching “Gauss’s curve”
which proves that we have to deal here with a homogenous morpholo-
gical form, and not with a mixture of two or more forms. This corrobo-
rates the specific distinctness of the specimens of the genus Dulichium
which grew in Poland in the Pliocene.

Having established that in the fossil material there may be distin-
guished at least two species within the genus Dulichium, which are cha-
racterized by a different shape of the fruits forming populations connec-
ted with places and time determined, consideration had to be focussed
on the problem whether and to what extent these results agree with
those obtained by other authors who encountered Dulichium fruits in
their fossil material. This was rather difficult. First of all, in the palaeo-
botanical literature the exact number of specimens upon which the de-
termination of their systematic position has been based is quoted only
exceptionally. Szafer’s papers formed an exception in this respect,
because he tried to base his studies on as abundant material as possible,
and even if he did not submit it to measurements he quoted the number
of specimens reckoned to the given fossil taxon. With other authors no
such data were encountered besides a general information that the spe-
cimens were numerous or few. Moreover, if measurements were perform-
ed, their method was not described in detail, which often made them
uncomparable. To make her material and the data drawn from the pa-
pers of other authors uniform the present author adopted one of the two
ways. If the given author submitted the size of fruits, she introduced cor-
rections, e. g. to make the length of fruit correspond to that accepted by
her as the length of fruit (fig. 1), or she measured the length and breadth
of the Dulichium fruits on their photographs published in the papers by
other authors and compared them with her measurements. In this way
she obtained the length/breadth ratio, a character very important to the
shape of fruit and absolutely comparable with the results of the present
paper. The comparison of the results of investigations is submitted in
fig. 9, in which the papers of three authors are considered who described,
measured or photographed the fossil fruits of that genus, i. e. C. and
E. Reid, Stoller, and Dorofeevw.

Fig. 9 represents the scale of variability of the populations studied by
the present author with respect to three characters of great importance
to the fruits of the genus Dulichium, i. e. length, breadth, and their mu-
tual ratio, which decide upon the shape of the fruits found in the given
geological periods. On each of the thick horizontal lines uniting the ex-
treme values for the Polish populations under investigation there has
been marked the position of the arithmetic mean. In the column to the
right there is the number of the variants of which the population studied
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was composed. In each case it includes all the Dulichium fruits found in
the given geologic period, and thus it corresponds to the so called ”com-
prehensive samples”. In that diagram, the specimens found and identi-
fied by the authors mentioned above as Dulichium spathaceum were
marked by means of squares, and D. vespiforme as circles, with the let-
ters S, R or D added to mark the names of the authors by their first let-
ters. The corresponding numbers in the last column comprise the amounts
of fruits which could be taken under consideration on the basis of the
data submitted in the papers by Stoller, C. and E. Reid and D o-
rofeev. They do not correspond to the numbers of fruits which formed
the basis of their determinations, because none of these authors mention-
ed these numbers.

The first question to which the present author tried to give an answer
by fig. 9 was, whether the fruits found by Stoller in what he called
the second interglacial, or probably the Riss-Wiirm Interglacial, may be
reckoned among the Pliocene species Dulichium wvespiforme C. E. Reid.
To this purpose, four fruits identified by Stoller as Dulichium vespi-
forme and four identified as D. spathaceum were introduced in that dia-
gram. We see that as regards their length and breadth all the eight fruits
are comprised in the scale of variability of the material derived from
the Polish interglacials and, eventually, of the recent specimens mea-
sured by the present author. However, the third column includes only
two fruits identified by Stoller as D. vespiforme, and two are outside
that scale and represent a morphological type encountered by the present
author in the Polish Pliocene as an extreme deviation of the forms found
there. Thus, the important problem remains still open, whether the ve-
spiforme species had survived two glaciations and lived in Europe in the
period of the second glaciation. It should only be emphasized that S tol-
ler’s eight interglacial fruits do not form two distinct groups but show
a continuous variability in the characters investigated.

The Pliocene material of C. and E. Reid proves to be different. It is
composed of two samples. One of them is formed of the fruits found in
the Upper Pliocene of Tegelen, the other includes the material from Reu-
ver. According to C. and E. Reid’s opinion, the fruits from Tegelen,
younger than those from Reuver, were slightly larger and comparatively
narrower, and it was with these that Stoller compared his material.
They, too, formed the basis for C. and E. Reid’s description of D. vespi-
forme. The fruits from Reuver, the age of which was determined as the
Middle Pliocene, seemed different to C. and E. Reid, they were shorter
and comparatively broader. Thus, according to their opinion, they did not
meet with a typical D. vespiforme but with its varieties or altogether
different species. Unfortunately, C. and E. Reid do not report how
many Dulichium fruits were included in these floras, and it is only the
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photographs submitted by them in Plate IV which form the only basis of
investigations.

C. and E. Reid’s fruits marked in the column of the length/breadth
ratio are strictly comparable with the present author’s data, because that
character was calculated on the basis of the measurement executed by
her on the photographs published in C. and E. Reid’s paper dating back
to the year 1915. In the upper row there are five fruits from Tegelen,
i. e. typical of the vespiforme species (nos. 8 to 12); however, the present
author is inclined to reckon the narrowest one (no. 12) to the spathaceum
species. Further circles illustrate the fruits from Reuver which were
identified by C. and E. Reid as quite a different species or the variety
of the wvespiforme species. In the same column 5 Pliocene fruits from
Reuver were marked with squares and identified as D. spathaceum or its
varieties marginatum and elipticum. In that character there was no con-
tinuous variability between the fruits resembling D. vespiforme and the
fruits reckoned to D. spathaceum species, but it would have occurred if
all the Pliocene fruits of C. and E. Reid were united in one sample, i. e,
the fruits from Reuver were joined with 5 fruits from Tegelen.

No such mixed populations composed of at least two species were en-
countered in the Polish Pliocene material. Although in fig. 9 the fruits
from the Upper Pliocene (Mizerna) and those from the Lower Pliocene
(Grywatld) were joined in one sample, they were all short and relatively
broad and belonged to the population of one form, which was discussed
above. The present author wishes to add that among these fruits there
were encountered all the morphological forms described by C. and E.
Reid as D. vespiforme or its varieties, as is seen on the photographs
in Plate III.

The circles and squares marked in the "Length” and ”Breadth” co-
lumns are based on the single values submitted by C. and E. Reid in
their descriptions.

The absence of the fruits of the spathaceum type in the Polish Plio-
cene material may only be explained by the fact that the numerous
fruits found there belonged to plants having different ecological requi-
rements than those bearing fruits of the spathaceum type. However, there
is a chance of finding that type of fruits in the Polish Pliocene but in
other floras which, may be, grew in a different environment. This furni-
shes ground for the supposition that the fruits photographed by the pre-
sent author in Plate III, which are so different and characteristic, should
be acknowledged as belonging to a different species than the narrower
and rather elongated fruits of the D. spathaceum type.

The acceptance of the Polish Pliocene fruits of the genus Dulichium,
and thus also of the fruits found by C. and E. Reid at Reuver as be-
longing to a species other than the recent D. spathaceum was more-
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over supported by the data reported by Dorofeev in his descrip-
tion of his investigations in the fossil floras in West Siberia. Dor o-
f e ev's data are more precise than those quoted by C. and E. Reid be-
cause he submitted the length and breadth scale of the fruits described,
while C. and E. Reid gave only one dimension for the length and one
for the breadth, without even accepting the possibility of deviations in
the variability, which is so characteristic of each population. This scale
of variability has been introduced in fig. 9. The lack of precise data in
Dorofeev’s paper makes that we fail to distinguish pronouncedly the
Pliocene fruits from the Miocene ones, and it is only from the text that
we learn that the fruits reckoned by Dorofeev to the vespiforme
species were numerous in the Pliccene and less so in the Miocene, but in
spite of that it was possible there to distinguish them pronouncedly from
another form called D. marginatum by the author who regards it as iden-
tical with the Pliocene D. spathaceum var. marginatum C. E. Reid.

The abundant and exclusive occurrence of the vespiforme type in West
Siberia in the Pliocene, the quantitative reduction of its fruits in the
Miocene, and its total disappearance in the Oligocene are regarded by the
present author as a support of her supposition that D. vespiforme was
some side-line of the genus Dulichium which lived already in the Mio-
cene but found suitable conditions only in the Pliocene. In the Oligocene
of West Siberia the spathaceum type occurs as the only form of the ge-
nus Dulichium. Dorofeev did not find any fruits of the vespiforme
type in the Oligocene.

The data submitted in column 3, fig. 9 relating to Dorofeev’s ma-
terial are precise because, much like those given by C. and E. Reid,
they were determined on the basis of the photographs published by that
author in his paper in 1963; these are 5 fruits of the vespiforme and 7 of
the spathaceum types. The variability of that character forms a continu-
ous line in the Miocene, nevertheless these two types on the photo-
graphs in Dorofeev's Plate differ pronouncedly by their shape, the
elipsoidal fruits of the spathaceum type from the reversely ovoid ones of
the vespiforme type.

As these two types of fruits occurred in the Pliocene, Miocene and
Oligocene, the same values were marked twice also in fig. 9, in the Plio-
cene and Miocene for D. vespiforme, and in the Miocene and Oligocene
for the type called D. marginatum by Dorofeev who wrote that that
type was identical with the Pliocene D. spathaceum var. marginatum C. E.
Reid and regarded the characteristic margination of the fruits in his Oli-
gocene material as a dominating character.

The importance of the margination of the fruits of the genus Duli-
chium as a character distinguishing the species was critically discussed
by Kirchheimer who drew attention to the fact that the same phe-



139

nomenon also is encountered in some fruits of the plants living now. The
present author is of the same opinion. She, too, met with a more or less
distinctly marked marginations in the fruits of all the populations inve-
stigated. Of course Dorofeev’s opinion cannot be questioned when
he writes that this was the most important character of the Oligocene
fruits. It can only be pointed out that on the photographs of the fruits
submitted in his paper and identified by him as D. marginatum Dorof.
this margination is not visible. On the other hand, the present author
was struck by the great similarity of the photographs Nos. 17—23 in D o-
rofeev’s Plate XIII, the photographs of the Miocene spathaceum type
submitted in Plate IV of the present paper, and the photograph No. 7 in
Plate III in the book by C. and E. Reid, and therefore, basing upon
these photographs, she would be inclined to acknowledge the similarity
of the fruits of the Miocene population from Poland and the fruits of
D. spathaceum var. elipticum of C. and E. Reid.

Basing upon these considerations the present author tried to draw
the genealogical tree of the genus Dulichium. These considerations, re-
presented on the left hand side of fig. 9, in the column “History”, are of
course provisional. She has collected in them what she was able to notice
in the Polish populations investigated by her and learn from the rather
fragmentary data reported by other authors.

Two things are striking in that figure. One concerns the fairly large
differences in the length cf the fruits, lesser differences in their breadth,
and very pronounced differences in their shape, marked in the third co-
lumn. The other striking thing is the gradual decrease of the mean length
of the fruits of the spathaceum type, starting with the contemporary
through the Pleistocene to the Mioccene population. In this chain Polish
Pliocene material is lacking, and this gap is not filled by the values re-
ported by C. and E. Reid for the few fruits. On the other hand, if we
include in this series the scale of variability submitted by Dorofeev
for the Oligocene fruits, then the fruits would probably be still shorter
on the average; his scale is very small because, apparently, he had few
specimens and it should be extended towards both maximum and mini-
mum, if he had at his disposal as numerous Oligocene fruits as the pre-
sent author had in her material from the Polish Miocene. This points to
a pronounced directional evolution from the fruits of the D. spathaceum
type from the Oligocene to the fruits of the plants living now,'which goes
towards an elongation of the fruits, as their geological age becomes young-
er. Short, ovoid fruits of the vespiforme type are not comprised in that
developmental series, much like the Pliocene seeds of the genus Meny-
anthes (M. carpatica) were not comprised in the former papers of the pre-
sent author (1953, 1964, 1967), but formed a side-line which died out and
did not survive to the Pleistocene.

7 — Acta Palaeobotanica
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To summarise in brief the results of the studies on the morphological
variability of the fruits of the genus Dulichiumr the conclusions may be
drawn as follows:

1. The fruits of the recent Dulichium spathaceum Pers. form a mor-
phologically uniform material. Nevertheless, there was observed in that
species the ability to form biotypes, i. e. fruits with characters peculiar of
the given population.

2. In each of the geological pericds investigated there occurred the
fruits which closely . ~<er. “led one another with respect to their mor-
phology. It has been prove. that the local samples from the particular
geological period did not deviate much from the comprehensive sample
composed of all the fruits found in that period.

3. The fossil fruits of Dulichium of the spathaceum type show a pro-
nounced directional variability beginning with the Tertiary, through the
Pleistocene, to the fruits of the plants living now. This evolution is ma-
nifested in a gradual elongation and a relative narrowing of the fruits.

4. The extinct Pliocene species of Dulichium vespiforme C. E. Reid
showing short and egg-shaped fruits forms a distinct morphological type
not comprised in the evolutionary series of the species of Dulichium of
the spathaceum type. The history of that fossil species still remains un-
explained. If the localities of D. vespiforme from the periods older than
the Pliocene or from the Quaternary were found in Poland, its pro-
venance and history might be elucidated. We may hope, too, that in fu-
ture Pliocene floras will be found in Poland which will include the fruits
of Dulichium of the spathaceum type and thus the gap in the evolution-
ary sequence of that species will be filled.

Institute of Botany of the Polish Academy of Sciences in Krakéw
Department of the Variability of Plants
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STRESZCZENIE

ZMIENNOSC WSPOLCZESNYCH I KOPALNYCH OWOCOW
RODZAJU DULICHIUM

Dulichium jest dzi$ rodzajem monotypowym. Nalezy on do rodziny
Cyperaceae rzedu Cyperales. Jedyny jego zyjacy gatunek D. spathaceum
Pers. rosnie w atlantyckiej cze$Sci Ameryki Poélnocnej. W czwartorze-
dzie i trzeciorzedzie gatunek ten rost réwniez na terenach Europy i Azji,
owoce jego bowiem spotykane sg we florach kopalnych Holandii, Danii,
Niemiec, Polski i ZSRR. Drugi gatunek, D. vespiforme C. E. Reid, nie
wystepujgcy we florze wspolczesnej, jest zwiazany w Europie glownie
z pliocenem.

Celem niniejszej pracy bylo zbadanie morfologii zar6wno owocow
D. spathaceum dzi$ zyjacego, jak tez owocdéw wystepujacych w Polsce
w stanie kopalnym. Drugim waznym zadaniem bylo okres$lenie stosunku
wymartego D. vespiforme oraz innych owocow kopalnych rodzaju Duli-
chium do dzi$ zyjacego gatunku D. spathaceum.

Morfologie owocéw opracowano biometrycznie, biorgc pod uwage 7
nastepujacych cech:

dlugos$¢ owocu,

szerokosé owocu,

dtugose stylika,

kat wierzcholka,

stosunek dtugosci do szerokosci owocu,
polozenie najszerszej czesci w % dlugosci owocu,
stosunek diugosci owocu do diugoscei stylika.
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Sposéb mierzenia owocoéw przedstawia ryc. 1, a material jakim roz-
porzadzano w trakcie badan zestawiono w tabeli 1. Tabela 2 zawiera wy-
niki pomiaré6w w postaci liczb charakterystycznych cech owocow préb
zbiorczych. Material ilustracyjny stanowig tablice fotograficzne I—IV.
Analize biometryczng przedstawiono w sposéb graficzny, postugujac sie
metodg opisang przez prof. J. Jentys-Szaferowa.

Wstepne obserwacje morfologii owocow dotyczyly okreslenia ich
zmiennosci u dzi§ zyjgcego gatunku D. spathaceum w obrebie jednego
osobnika. Dokladna analiza biometryczna wykazala nieduze réznice w ce-
chach morfologicznych owocéw craz matlg ich zmiennos¢ niezaleznie od
tego z jakiej czesci pedu rosliny pochodzily. Przedstawione to zostalo na
wykresach I i1 II ryc. 2. Réwniez owoce préb lokalnych byly do siebie
bardzo podobne i wykazywaly malg zmienno$¢ w swych cechach. Nie
mniej zaobserwowano, ze gatunek ten ma zdolno$¢ tworzenia biotopéw lo-
kalnych, jak np. préba lokalna z Venice w Kanadzie, co obrazujg ryci-
ny 3 1 4. W wyniku opracowania materialu kopalnego ustosunkowano
populacje lockalne do préb zbiorczych w obrebie kazdego z trzech bada-
nych okreséw geologicznych. Stosunek ten przedstawiony zostal na ryc. 5,
ktora dowodzi, ze w obrebie poszczegélnych okreséw wystepowaly owoce
morfologicznie bardzo zblizone do siebie. Istnialo jednak wtedy wiecej
form lub gatunkéw rodzaju Dulichium niz spotyka sie w dzisiejszej flo-
rze. Odpowiedz na to zagadnienie daje poréwnanie 3 prob zbiorczych re-
prezentujgcych Srednie arytmetyczne cech owocéw z 3 okreséw geologicz-
nych do jednostki poréwnawczej, ktéra obejmuje populacje owocoéw dzi§
zyjacego D. spathaceum. Dokladna analiza ryc. 6 pozwala na stwierdze-
nie, ze owoce plejstocenskie byly przecietnie kroétsze, stosunkowo szersze
i nie tak ostro zakonczone jak dzisiejsze; jeszcze krotsze, szersze i tepo
zakonczone na wierzchotku byly owoce proby zbiorczej z polskiego mio-
cenu. Populacja z pliocenu wykazuje te same odchylenia od jednostki po-
réwnawczej, co dwie poprzednie proby, ale w nieréwnie silniejszym sto-
pniu. Analiza cech owocow z pliocenu przedstawiona jest na ryc. 7, na
podstawie ktérej mozna twierdzi¢, ze owcce pliccenskie tworzg odrebny
typ morfologiczny, ktérego cechy sg charakterystyczne dla kopalnego ga-
tunku D. vespiforme C. E. Reid. Odrebnos¢ gatunkowg D. vespiforme
podkresla jeszcze ryc. 8, na ktérej wyrysowano calg skale zmiennosci ba-
danych préb w dwu najwazniejszych cechach: dtugosci owocéw oraz sto-
sunku dlugosci do szerokosci owocoéw. Stwierdzenie, ze w materiale ko-
palnym mozna wyr6zni¢ co najmniej dwa gatunki rodzaju Dulichium,
sktonilo autorke do konfrontacji wiasnych obserwacji z wynikami badan
innych autorow. Wyrazem tego jest ryc. 9, na ktérej przedstawiono zmien-
no$¢ trzech najwazniejszych cech owocéw catych populacji, a takze i po-
jedynczych okazéow. I w tym przypadku potwierdza sie wyrazna zmien-
no$¢ kierunkowa owocoéw kopalnych Dulichium typu spathaceum. Ewo-
lucja ta wyraza sie w stopniowym wydluzaniu sie i stosunkowym zwe-
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zaniu sie¢ od owocéw trzeciorzedowych poprzez czwartorzedowe do owo-
cow dzi$ zyjgcych roslin. Wymarly gatunek pliocenski D. vespiforme, po-
siadajacy krotkie o jajowatym ksztalcie owoce, przedstawia odrebny typ
morfologiczny i nie miesSci si¢ w szeregu ewolucyjnym gatunku Dulichium
spathaceum. Znalezienie na terenie Polski stanowisk D. wvespiforme
w okresach starszych od pliccenu wzglednie w czwartorzedzie rzuciloby
Swiatlo na jego pochodzenie i historie. Spodziewa¢ sie takze nalezy, ze
znajdg sie w przyszlosci w Polsce flory pliocenskie, zawierajgce owoce
Dulichium typu spathaceum i w ten sposéb zapelni sie luka w szeregu
ewolucyjnym tego gatunku.

Instytut Botaniki Polskiej Akademii Nauk w Krakowie
Zaktad Zmiennosci Rodlin



Plate I

Fruits of the recent Dulichium spathaceum Pers., X ca. 12

Tablica I

Owoce wspoéiczesnego Dulichium spathaceum Pers.,, X ok. 12
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J. Truchanowiczowna
Acta Palaeobotanica XIV/2



Plate 1II
Fossil fruits of Dulichium spathaceum Pers. found in the interglacial flora from
Jozeféw, X ca, 12
Tablica II

Owoce kopalne Dulichium spathaceum Pers. znalezione w interglacjalnej florze z J6-
zefowa, X ok. 12



Plate II
Tablica II
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J. Truchanowiczéwna
Acta Palaeobotanica XIV/2



Plate III
Fruits of Dulichium vespiforme C. E. Reid from the Pliocen.e floras from Mizerna
and Grywatld, X ca. 12
Tablica III

Owoce Dulichium vespiforme C. E. Reid z pliocefiskich flor z Mizerny i Grywatldu,
X ok. 12 :



Plate III
Tablica III

J. Truchanowiczéwna
Acta Palaeobotanica XIV/2



Plate IV
Fruits of Dulichium spathaceum Pers. from two Miocene local samples from Konin
and Czarny Dunajec, X ca. 12
Tablica IV

Owoce Dulichium spathaceum Pers. z dwu mioceniskich préb lokalnych z Konina
i Czarnego Dunajca, X ok. 12



Plate 1V
Tablica IV
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