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CALYXDENDRUM GRAPTOLOIDES N. GEN., N. SP. —
A GRAPTOLITE INTERMEDIATE BETWEEN THE DENDROIDEA
AND THE GRAPTOLOIDEA

Abstract. — Specimens of the graptolite here described under the name of
Calyxdendrum graptoloides n. gen., n. sp. have been etched from erratic boulders
of Middle Ordovician age. This form unites certain characters of the two
orders: Dendroidea and Graptoloidea. As in the Dendroidea the rhabdosome here
consists of 3 categories of thecae, with triad budding, while the sicula is the
same as in the Graptoloidea, i.e. conical and provided with a nema.

INTRODUCTION

Among the numerous graptolites etched out of Ordovician erratic
boulders in Poland some few specimens have been encountered referable
to a form which, although having a general dendroid appearance, yet
at the same time displays distinctly some graptoloid characters. In
spite of the now currently accepted view that Graptoloidea descend
from Dendroidea, it has not thus far been possible to accurately trace
all the morphological modifications™ expressing this important phase
of graptolite evolution. Forms intermediate between the orders of
Dendroidea and Graptoloidea and which Bulman (1950) has united into
the family ‘of Anisograptidae are, so far, recorded almost exclusively
from shales as more or less flattened specimens. In most cases it has
been possible to study the outer morphology of these specimens only.
In Dictyonema flabelliforme (Eichwald) and D. canadense Lapworth —
assignable on equally valid grounds either to the Anisograptidae or the
Dendrograptidae — Bulman (1949c, 1949b, 1950) has ascertained the
presence of chitinized stolons and internal basal parts of thecae. The
same author (Bulman, 1950) has observed pyritized stolons in several
species of the genus Anisograptus. Thus, the here mentioned grapto-
lites have fundamentally the same structure as the Dendroidea, differing
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from the typical representatives of that order in having a sicula
provided with nema. .

The graptolite here described under the name of Calyxdendrum
graptoloides n. gen., n. sp. likewise realizes a stage intermediate between
the Dendroidea and the Graptoloidea. A detailed morphological analysis
of its rhabdosome has been possible owing to the specimens having
been etched from a limestone matrix. These specimens have been
recovered from six boulders betweer 1950 and 1960. A general de-
scription of these boulders is here given ‘s'pecifying the fossils they
contained.

Boulders 0.26 and 0.31. Poznan-Czerwonak (province of Poznan). Organogenic
coarse-grained limestone. Most of the specimens they yielded have already heen
described by Kozlowski (1959, p. 215) and Urbanek (1959, p. 298, 320). The
following fossils have been recovered from these two boulders, probably frag-
ments of one larger block: hydroids — Rhabdohydra tridens Kozl., Epallohydra
adhaerens Xozl.,, Diplohydra gonothecata Xozl, Palaeotuba dichotoma Xozl.,
Chitinodendron bacciferum Eisen,; trilobites — Pseudoasaphus aff. limatus Jaan.;
graptolites — Gymnograptus retioloides (Wiman), Glyptograptus cf. teretiusculus
(Hisinger), Calyxdendrum graptoloides n. gen., n. sp. (a fragmentary stipe with
6 autothecae, 2 autothecae probably broken off from the preceding .specimen,
a young rhabdosome with preserved sicula (holotype),. and a .stipe branched
five times).

Boulder 0.29. Stara Warka (province of Warsaw). Coarse-grained organogenic
limestone. It has yielded the following organisms: hydroids — Cealyxhydrae irre-
gularis Kozl, Rhabdohydra tridens Kozl, Diplohydra solida Kozl., Diplohydra
gonothecata Kozl., Kystodendron longicarpus (Eisen.), Chitincdendron bacciferum
Eisen.; annelids — Polychaetaspis warkae Kozl.; graptolites — Dinemagraptus
warkae Kozl, Tuboidea, Calyxdendrum graptoloides n. gen, n. sp. (a stipe with
5 autothecae, a fragment with 2 autothecae, an autotheca with base of a triad.
several detached autothecae).

Boulder 0.166. Wyszogrod-Zakroczym (province of Warsaw). Grey, medium-

-grained limestone. It has yielded the following organisms: algae — Glaeocapso-
morpha prisca Zalessky; hydroids — Kystodendron longicarpus (Eisen.), Chitino-
dendron bacciferum Eisen.; scolecodonts; graptoblastids; graptolites — Calyxden-

drum graptoloides n. gen., n. sp. (prosicula with part of metasicula). '
Boulder 0.340. Mochty (province of Warsaw). Grey, medium-grained limestone.

It has yielded the following organisms: algae — Glaeocapsomorpha prisca Za-
lessky; scolecodonts; Chitinozoa; brachiopods — Conotreta sp.; conodonts; grap-
tolites — Acanthograptus sp., Calyxdendrum graptoloides n. gen. n. sp. (terminal

part of stipe).

Boulder 0.334. Mochly (province of Warsaw). Grey, fine-grained, dull lime-
stone. It has yielded the following organisms: foraminifers; hydroids; Chitinozoa,
scolecodonts; graptolites — Mastigograplus sp. (mass occurrence), Dictyonema sp.,
Calyxdendrum graptoloides n. gen., n. sp. (bifurcating end of stipe). '

A detailed study of all the fossil organisms recovered from the
just mentioned boulders” will probably in the future lead to the :exact
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determination of their age. For the present they may only be referred
to the Middle Ordovician. The age of boulders 0.26 and 0.31 :has
more closely been established by Urbanek (1959, p. 298, 320) as: corres-
ponding to the “Crassicauda” Limestone, or to the lower beds of the
"Ludibundus™ Limestone of the Middle Ordovician of Sweden. .

MATERIAL .

“Calyxdendrum graptolbides n. gen., n. sp. is an extremely rare
graptolite in the Ordovician boulders of Poland. Among the many
hundreds of dissolved boulders it has been discovered in 6 of them
only. Out of these four (0.31, 0.166, 0.334 and 0.340) have yielded but
one small fragment each, while three enly (0.26, 0.29 and 0.31) conta1n¥
ed several more or less [ragmentary specimens. No complete rhabdo-
some has thus far been discovered. The largest fragment (from boulder
0.31) represents a stipe with 5 bifurcations, containing 9 preserved
autothecae. Besides more or less [ragmentary parts of thé rhabdosome,
a sicula has been found with the basal part of the metasicula, also
a sicula with the stolotheca Sp, and a young rhabdosome with sicula
and autothecae a;, as and az. Most of the specimens are not flattened
and, on the whole, not much deformed. Fragments representing the
terminal parts of stipes show hardly any secondary thickening of walls
and after bleaching become completely transparent, thus permitting
a detailed analysis of their fusellar structure and of the mutual thecal
relations. Since the autothecae are very .characteristically shaped the
assignment of the various fragments to this species does not present
any. difficulties. Two detached siculae have, likewise, quite certainly
been referred to this species, their.shape approaching that of autothecae;
moreover, they do not differ from the sicula in the specimen repre-
senting a_young rhabdosome.

DESCRIPTION

Genus Calyxdendrum nov.
" Calyxdendrum graptoloides n.sp.

(fig. 1-11)

- Diagnosis. — Rhabdosome dendroid, in shape approaching Den-
drograptus. Frequent bifurcation of stipes. Sicula conical, provided with
a thick nema. Autothecae conical, non-isolated, with ventral lip bearing
a short linguiform process, hyperbolic in outline. Bithecae' opening
into the interior of autothecae. : ‘
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Holotype — fig. 3.

Remarks. — Since the genus Calyxdendrum is for the time being
monotypic, the just given diagnosis holds for the species as well. As
exclusively specific characters may probably be considered the shape
of autothecae, the relation of bithecae to autothecae and the bifurcation
frequency. The genus Calyxdendrum may formally be referred to the
family Anisograptidae, by Bulman (1950) established to include genera
which have a dendroid structure of stipes and carry a sicula provided
with nema. In Calyxdendrum the sicula of a broadly conical shape
differs both from the sicula of Dendroidea which is subcylindrical, and
from the typical sicula of Graptoloidea which is in the shape of a nar-
row cone. Among the hundreds of graptoloid siculae etched from Ordo-
vician erratic boulders, that of Calyxdendrum is distinguishable at first
sight on its shape. Calyxdendrum graptoloides may not be identified
with any of the so far described representative of the Dendroidea or
the Graptoloidea known to the present writer.

Sicula
(fig. 1-3)

-Out of the three collected specimens of the sicula, one (A) repre-
sents the prosicula with about two thirds of the metasicula, the second
(B) represents the prosicula with nearly completely developed meta-
sicula, but partly flattened and with damaged apertural margin, while
the third specimen (C) is a sicula forming part of a young rhabdosome.

The sicula is shaped like a conical calyx, with the apical angle of
35°, length equal to about 0.5 mm and a broadly open aperture. Length
of prosicula without the nema is about 0,12 mm. In the strongly
bleached and transparent specimen A (fig. 1) we may distinguish in the
distal part of the prosicula about 6 coils of the helical line, spaced
approx. 8u. The proximal portion is strongly thickened, non-transparent
so that the helical line is there not discernible. The prosicula lacks the
longitudinal fibers. Nema extremely thick, much thicker than is the
rule in Graptoloidea. It constitutes the direct extension of the apex
of prosicula. Its proximal part only is preserved in the 3 available
specimens. This is a solid rod, without an axial canal and displaying
a distinctly fibroid structure. In specimen C (fig. 3) the nema is hooked,
this being probably a primary feature. In specimen A the boundary
between the prosicula and the metasicula is very distinct since the
prosicula wall viewed in transmitted light is notably darker than the
wall of the metasicula. The metasicula is made up of narrow fuselli,
with an average width of 10u. As a rule the length:of fuselli is half
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Fig. 1.— Sicula (specimen A4) with the metasicula still

incompletely developed: A; lateral view, As ventral (dor-

sal?) view. Broken line indicates part destroyed after

completion of the drawing Ay; x-x delimits the boundary
of the prosicula and the metasicula (boulder 0.166).

Fig. 2.— Sicula (specimen B) with completely developed

metasicula and stolotheca So. Specimen strongly flattened

and damaged.. Broken line indicates probable boundary of
prosicula and metasicula (boulder 0.29).

‘dS 'N “NAD ‘N SAQIOTOLdVHD WNAHANIAXATVD
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the circumference of the metasicula. The fuselli are interlocked by
oblique sutures which are not, however, arranged in a distinctly zigzag
line. Nevertheless they are fairly conspicuously grouped on the two
opposite walls of the metasicula, probably representing the ventral and
dorsal sides. The apertural margin of the metasicula is damaged both
in specimens B and C, but did not supposedly differ from that margin
in autothecae.

Mode of budding
(fig. 1-5)

"The porus and stolotheca S, are still lacking in specimen A of the
sicula (fig. 1) whose metasicula is but partly developed. On specimen B
(fig. 2) stolotheca S, is already developed. It is badly preserved, with
walls strongly corrugated. The porus seems to pierce its way through
i'ghe wall of the prosicula, next to its boundary with the metasicula. The

diameter of the porus is about 30 . Since the peristome of sicula in

0,5mm

Al

Fig. 3.— Young rhabdosome (specimen C) showing bifurcation and preserved
sicila (si); holotype. A apertural view, As anti-apertural view, slightly schematic:
: ) stolothecae dotted (boulder 0.26).
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specimen B is damaged, it cannot be quite surely ascertained whether
the porus pierces its way on the ventral wall, as is the common rule
among Dendroidea and Graptoloidea, or on the dorsal wall. In specimen
C it occurs on the dprsal side.

0.5mm

Az

Fig. 4— Fragment of rhabdosome showing several bifurcations: A; apertural view,
A, anti-apertural view, slightly schematic; stolothecae dotted (boulder 0.26),

In specimen B the stolotheca S, creeps over the wall of the sicula,
expanding considerably towards the aperture. It does not bear yet any
traces of the budding triad. Neither can any traces of the internal sto-
lotheca Sy be discerned in the interior of the prosicula across its well
transparent walls.

In specimen C (fig. 3) stolotheca Sy, creeping over the dorsal wall
of the sicula, produces the first normal triad (s; a1 bi). Triad II like-
wise consists of three categories of thecae (b2 a2 s2). Triad III, however,
is composed of two stolothecae and an autotheca (s; as s3). Here i.e.

2 Acta Palaeontologica Polonica — vol. V/2
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after triad IIl the rhabdosome initiates its first bifurcation. The subse-
quent budding of triads occurs normally, according to Wiman’s rule
(Koztowski, 1948, p. 17). Stolothecae {fig. 4) which initiate bifurcation
triads (s a s) are always shorter than those producing normal triads
(s a b). The stolotheca is as a rule somewhat constricted at the point
of budding of a normal triad (fig. 5).

No chitinized stolon has been ascertained in strongly bleached and
well transparent stolothecae. They
also lack the ©basal internal
thecal portions characteristic of
dendroid triads. It cannot, how-
ever, be quite reliably asserted
that the stolon and the basal por-
tions of thecae had not been sub-
jected to chitinization, as is the
case in Graptoloidea, or if they
had been destroyed during fossi-
lization. The latter alternative is
not altogether impossible since
these extremely fragile parts are
not frequently preserved in ty-
pical dendroid rhabdosomes too.

Autothecae
(fig. 6)
Fig. 5— Part of a specimen show- _ ‘Autothecae arg very charactgr—
ing budding of a triad from sto- istically shaped like a calyx with

lotheca  (boulder 0,31). walls diverging at an acute angle

(20-25°). The aperture corresponds
to the greatest diameter of theca. It is broadly ovate, ventrally ‘narrow-
ing (fig. 6 Asz). The ventral margin is medially provided with a broad
but short linguiform process hyperbolic in outline. A more or less
marked notch occurs on either side of the process. The dorsal wall of
autotheca is in close contact with the stipe of the rhabdosome and the
dorsal part of the peristome is usually not indicated at all. The ventral
wall of theca has a normal fusellar structure with a regular zigzag
suture. The passage of stolotheca into the autotheca is very gradual and
they are not sharply delimited. The fuselli of the stolotheca are,
however, less regular and more closely spaced than those of the auto-
theca. They do not produce a zigzag line which will be formed gradu-
ally during the passage of the stolotheca into the autotheca, i.e. not
before thecae s and b have been budded.
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Az

Fig. 6.— Autotheca: A; ventral' view, As lateral view, Az outline of aperture
(boulder 0.29).

Bithecae and stolothecae
(fig. 7-11)

Bithecal apertures are not discernible exteriorly since, as a rule,
they open into .the interior of autothecae. Nearer to the end of the
rhabdosome stipes it is possible to observe that the bitheca first opens
outwards, later bends so that its aperture is directed towards the
interior of the autotheca (fig. 7). Subsequently the fuselli produced
along the apertural margin of the autotheca are superposed higher and
higher above the bithecal aperture. Moreover, a sort of ,visor” is
formed above the bithecal aperture consisting of very closely spaced
and irregular fusellar bands (fig. 8). On the preserved terminal stipe
ends, bithecae and stolothecae are seen to open outwards. In this stage
it 1s not always possible to distinguish the bithecae from the stolothe-
cae. Bitheca bi, accompanying the sicula in specimen C (fig. 3), opens -

*2
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outwards. Exceptionally the aperture of some next bithecae remains
definitely opened outwards. The resulting structure suggests that, in
this case, owing to delayed growth of bitheca as compared with that
of the autotheca, the former might possibly not have been included
into the autothecal aperture and, hence, remained underdeveloped.

025mm
Fig. 7.— Autotheca as from spe- Fig. 8— Bithecal aperture into
cimen in fig. 10 showing bithecal the interior of autotheca, at an
aperture (bg) at early stage advanced stage; v visor-like
(boulder 0.340). brim of bitheca (boulder 0.29).

In one specimen, representing the bifurcated terminal end of the stipe
(fig. 9) both the bitheca and stolotheca are underdeveloped. Bitheca
(bs) opens outwards much below the autothecal aperture with which
it ought to have been fused, while the stolotheca (s4) seems to be
vestigial, extremely short, exceptionally thin-walled. In the same
specimen the penultimate triad consists of a normally developed auto-
theca (asz) and stolotheca (s3), while the third theca is vestigial. The
latter, most probably, corresponds to stolotheca (s;) and not to the
bitheca, since the just mentioned triad is a bifurcating one. Probably,
the two stipes of this bifurcated specimen were no longer capable of
further growth. Another specimen (fig. 10) of the terminal part of the
stipe ends up with a triad consisting of a normal autotheca (as) and
a normal bitheca (bs) opening into the autotheca of the preceding
generation, while the stolotheca (s3) is an unusual one. It is normally
developed but does not produce a triad. A constriction is observable
(x-x) where thecae sy and b4 should have budded but failed to do so.
Only the autotheca (as) developed in continuation of this stolotheca.
In this case further growth of the stipe was made impossible.
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Fig. 9.— Bifurcated end of stipe shown in three positions; stolothecae dotted (boulder 0.334).

'dS "N “NAD ‘N STQIOTOLIVHD WAHANIAXATIVD
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Though the size and shape of the whole rhabdosome of Calyxden-
drum are not known, the largest available fragment (fig. 11) suggests
that the rhabdosome was distinguished by frequent bifurcation of stipes.
As many as 5 bifurcations have been noted on one specimen, in direct
succession. The angles formed by the bifurcation of stipes vary but
slightly, with the average at 55°. '

<mm

Fig. 11. — Largest collected rhabdosome frag-
ment (boulder 0.31).

Fig. 10.— Anti-apertural view of the terminal

part of a stipe. Terminal stolotheca (s3) lacking

bithecal and stolothecal buds in spite of pre-

sence of characteristic constriction (x-x) where

the buds ought to have been produced (boulder
0.340).
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GENERAL REMARKS

The here described graptolite is an interesting form since in it are
linked some characters of two orders: Dendroidea and Graptoloidea.
It throws some light on the mode of realization of the structural pat-
tern characterizing the latter order from that common in the former.
Calyxdendrum graptoloides n.gen., n.sp. displays the following features
characteristic of dendroids: 1) triad budding according to Wiman’s rule,
2) presence of bithecae, 3) presence of distinctly differentiated stolothe-
cae, 4) uniformity of shape and size of autothecae throughout the rhab-
dosome length.

The graptoloid characters displayed by our form are: 1) conical
sicula provided with a nema, 2) probable lack of chitinized stolons and
basal parts of thecae.

The most important feature of our form in which it differs from
typical dendroids is the presence of a graptoloid sicula, i.e. conical and
provided with a nema. Even though this nema -— at least in the
preserved proximal part — is thicker than it is commonly observable
in siculae of Graptoloidea, still it is an organ, fundamentally differing
in its morphology and function from the basal disc in the sicula of
Dendroidea. The replacement of the basal disc by the nema was pro-
bably connected with a radical change of mode of life of the graptolite
colony. The morphology of the rhabdosome in Dendroidea suggests
that colonies of this type were adapted to a sessile benthonic life,
similarly as the dendroid colonies of bryozoans, and their thecal aper-
tures were directed upwards. On the other hand, for rhabdosomes
provided with a nema one can hardly imagine another attitude than
that of being suspended on the nema and turned downwards. Indeed all
the graptolitologists agree that this type of rhabdosome structure implies
a planktonic mode of life. The history of graptolites indicates that the
acquisition by certain dendroids of the conical sicula with a nema- was
a modification which had a decisive bearing upon their further evo-
Iution.

Our knowledge of the morphology of forms intergrading from
Dendroidea to Graptoloidea is not sufficient to permit the clearing up
of that important problem as to the mode of transition from the
cylindrical dendroid sicula to the conical graptoloid type. This trans-
formation must have taken place during the larval stage corresponding
to the prosicula. Were intermediate stages realized between these two
types of the sicula? Up to date observations have not provided a defi-
nite reply to that question. Rhabdosomes of intermediate forms between
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Dendroidea and Graptoloidea are nearly all known from flattened spe-
cimens which are not suitable for an adequate examination of the
shape and structure of sicula. It is, howevar, rather probable that the
transition of the sicula from the dendroid to the graptoloid type occur-
red rapidly, inasmuch that this transformation was connected with
a radical change of environment of graptolite colonies.

On the other hand, it is hardly probable that this was a unique
phenomenon during the evolution of the dendroid group. The grapto-
loid sicula has been recorded within the genus Dictyonema as early
as the Lower Tremadocian. The form here described is suggestive of the
independent origin of a sicula of this type within the genus Dendro-
graptus too, to which Calyxdendrum closely approaches. The deve-
lopment of a graptoloid sicula within this line must have been realized
much later than in the line of Dictyonema, since our form comes from
the Middle Ordovician. The thecal morphology and the type of sicula of
Calyxdendrum does not indicate a closer genetic relationship of that
genus with Tremadocian representatives ol the genus Dictyonema. The
sicula provided with a nema was an adaptive improvement for the
benefit not so much of the larva as of the colony. Hence this was
a kind of prospective adaptation which did not affect the evolution of
the whole colony until later on.

Another character, besides the sicula, in which Calyxdendrum dif-
fered from typical dendroids, is the probable lack in its stolothecae
both of a chitinized stolon and of the basal internal parts of theca. In
Dictyonema flabelliforme (Eichwald), D. canadense Lapworth and pro-
bably in most of the anisograptids the chitinized stolon and the inter-
nal bases of thecae were still present, as is the case in typical den-
droids. If future studies based on more ample material than that
available to the present writer would ascertain that Calyxdendrum
lacked the chitinized stolons, it will suggest that in this respect its
evolution had been more advanced towards the graptoloid type than
that in the above mentioned Tremadocian graptolites with a gi‘apto—
loid sicula.

The mode in which individuals producing bithecae were eliminated
from a graptolite colony is another important probleim that has not so far
been cleared up. Stages distinctly intermediate between forms with nor-
mally developed bithecae and those lacking them completely are
unknown. Thus far observations are obviously in support of Bulman’s
opinion (1950, p. 68) claiming that bithecae were eliminated indepen-
dently in the particular lineages conducing from the Dendroidea to
the Graptoloidea.
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The frequently noted process of opening of the bithecal aperture
in the interior of autotheca may perhaps express a tendency for the
elimination of bithecae. This is observable among many species belong-
ing to various dendroid genera and referable to various stages of the
Ordovician. In Calyxdendrum all bithecae, the first (b1) excepted, open
normally into the interior of autothecae. A visor-like brim is formed
above the bithecal aperture in older autothecae which emphasizes the
tendency for the isolation of the bithecal individual from external
environment and its consequent closer union with the autothecal zooid.
In certain cases when the bithecal aperture retarded its union with
the autotheca the bitheca remains like underdeveloped. Exceptionally,
as has been observed in Dictyonema longilingue Kozl. (Koztowski, 1948,
p. 127, fig. 31 E) from the Tremadocian, two bithecae, belonging to two
different generations, may open up into the interior of the same auto-
theca.

In what the stolothecae of Dendroidea are concerned it is quite
doubtless that their equivalents in Graptoloidea are the so-called pro-
thecae. In Dichograptidae the protheca retains some degree of inde-
pendence in relation to the metatheca developing as its prolongation
(Koztowski, 1954, fig. 7 and 8 C). In diplograptids and monograptids,
however, the boundary between these segments is not sharp.

In Dendrograptidae the stolotheca buds on the side of the preceding
stolotheca, symmetrically to the bitheca. At first its position in relation
to the autotheca of the same generation is asymmetric. Later on, how-
ever, it is shifted to the centre of the dorsal autothecal wall to
occupy the position of the protheca in Graptoloidea. In relation to the
stolotheca of Dendroidea, the protheca in Graptoloidea is very much
shorter.

If specimens suitable for etching are collected, it may be hoped
that investigations on the representatives of Anisograptidae will-clarify
the processes leading from forms provided with bithecae and typical
stolothecae, to those lacking bithecae and in which stolothecae have
been transformed in prothecae.

So far observations indicate that the evolution of various characters
in the passage from the Dendroidea to the Graptoloidea was realized.
at different rates. In Dictyonema flabelliforme and similar species the
graptoleid type of sicula occurs already in the Lower Tremadocian
when the other characters of these forms, i.e. the presence of bithecae,
of chitinized stolons and chitinized basal portions of thecae are still at
the dendroid stage. In Calyxdendrum, the rhabdosome is typically den-
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droid, whereas the sicula is graptoloid and it is not impossible that
the stolon here had already lost its chitinous sheath, as is the case in
Graptoloidea.

Palaeozoological Laboratory

of the Polish Academy of Sciences
and of Warsaw University
Warszawa, January 1960
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ROMAN KOZELOWSKI

CALYXDENDRUM GRAPTOLOIDES N.GEN, N.SP. — GRAPTOLIT POSREDNI
MIEDZY DENDROIDEA I GRAPTOLOIDEA

Streszczenie

Podano opis nowego graptolita, Calyxdendrum graptoloides n.gen., n.sp. pod
pewnymi wzgledami posredniego miedzy przedstawicielami rzedow Dendroidea
i Graptoloidea. Okazy tej formy, dos¢ fragmentaryczne, lecz na ogdél dobrze zacho-
wane, wypreparowano z sze$ciu wapiennych glazow narzutowych wieku srodkowo-
ordowjckiego, zebranych w latach 1950-1960 w réznych miejscowosciach Polski
(vide p. 108 tekstu angielskiego).
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Calyxdendrum graptoloides n.gen., n.sp. cechuje sie, jak typowe Dendroidea,
paczkowaniem odbywajgcym sie triadami wedlug reguly Wimana i normalnie wy-
ksztalconymi autotekami, bitekami i stolotekami. Sikula jego natomiast jést typu
graptoloidowego, tj. stozkowata i opatrzona nemsg. Czes¢ prosikularna ma zazna-
czong linie helikoidalng, a cze$¢ metasikularna odznacza si¢ nieregularnym uloze-
niem fuzelluséw, bez wyraznie uksztaltowanych linii zygzakowatych. Porus otwiera
sie zapewne w $cianie prosikuli, lecz tuz przy jej granicy z metasikulg. W stolo-
tekach nie stwierdzono obecnosci schitynizowanych stolonéw i podstaw tek. Jezeli
brak tych czesci nie jest wynikiem stanu fosylizacji, nalezaloby przyjgé, ze pod
tym wzgledem opisana forma realizuje stadium graptoloidowe. Ujécia bitek, précz
pierwszej (b1), otwierajg sie do wnetrza autotek i w stadium dojrzatym odgrodzone
sg od zewngtrz rodzajem daszka.

Zastgpienie sikuli typu dendroidowego, tj. subcylindrycznej i opatrzonej dys-
kiem bazalnym, przez sikule typu graptoloidowego, stozkowata, zakonczong nemgs,
bylo niewatpliwie udoskonaleniem przystosowawczym przy przejéciu od trybu zycia
bentonicznego do planktonicznego. Przeobrazenie to musialo nastgpi¢ w stadium
larwalnym, ktoéremu odpowiada prosikula. Formy posrednie miedzy tymi dwoma
typami sikuli nie sg znane. Przej$cie od jednego do drugiego odbylo sig zapewne
w szybkim tempie, tym bardziej ze byio zwigzane z radykalng zmiang trybu zycia
kolonii graptolilowej. Zmiana ta wywaria nastepnie decydujacy wplyw na dalszg
ewolucje graptolitow. '

Sikulabgraptoloidowa powstala wedlug wszelkiego prawdopodobienstwa nieza-
leznie w kilku liniach ewolucyjnych Dendroidea i w réznych momentach okresu
ordowickiego. W obrebie rodzaju Dictyonema mialo to miejsce w tremadoku,
a w obrebie rodzaju Dendrograptus — od ktorego wywodzi sie przypuszczalnie
Calyxdendrum —— w ordowiku érodkowy.m.

Nie wyjasniony pozostaje nadal proces, drogg ktorego wyeliminowane zostaly
biteki w szezepach wiodaeych od Dendroidea do Graptoloidea.

OBJASNIENIA DO ILUSTRACJI

Fig. 1 (p. 111)

Sikula (okaz A) z niekompletnie jeszcze rozwinieta metasikulg: A; od strony
lateralnej, A» od strony wentralnej (dorsalnej?). Linig przerywang zaznaczono
cze$é, ktora ulegla zniszczeniu po wykonaniu rysunku Ay; x-x zaznacza granice
miedzy prosikulg a metasikula (glaz 0.166).

Fig. 2 (p. 111) i
Sikula (okaz B) z calkowicie rozwinigtg metasikulg i ze stolotekg S,. Okaz
znacznie splaszczony i uszkodzony. Linig przerywang oznaczono przypuszczalng
granice prosikuli i metasikuli (glaz 0.29).

Fig. 3 (p. 112)
Mlody rabdozom (okaz C), rozwidlony, z zachowang sikulg (si); holotyp. 4; od
strony aperturalnej, As od strony antyaperturalnej, nieco schematycznie; stoloteki
zakropkowane (glaz 0.26).
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Fig. 4 (p. 113)
Fragment rabdozomu, parokrotnie rozwidlony: A; od strony aperturalnej, As od
strony antyaperturalnej, nieco schematycznie; stoloteki zakropkowane (glaz 0.26).

Fig. 5 (p. 114)
Czesé okazu ilustrujgca paczkowanie triady ze stoloteki (glaz 0.31).

Fig. 6 (p. 115)
Autoteka: A; od stron_y wentralnej, As z profilu, Ag zarys apertury (glaz 0,29).

Fig. 7 (p. 116)
Autoteka a» okazu fig. 10, z widocznym ujsciem biteki bs, w stadium mato
zaawansowanym (giaz 0.340).

Fig. 8 (p. 116)
Ujécie biteki do wnetrza autoteki, w stadium zaawansowanym; » daszkowaty
brzeg biteki (glaz 0.29).

Fig. 9 (p. 117)
Rozwidlone zakonczenie galazki, widziane w trzech pozycjach; stoloteki za-
kropkowane (glaz 0.334).

Fig. 10 (p. 118)
Zakonczenie galgzki od strony antyaperturalnej. Koncowa stoloteka (sg) pozba-
wiona pgczkéw biteki i stoloteki, pomimo charakterystycznego przewezenia (x-x)
w miejscu, gdzie powinny sig one byly pojawié¢ (glaz 0.340).

Fig. 11 (p. 118)
Najwiekszy znaleziony fragment rabdozomu (gitaz 0,31).

POMAH KO3JOBCKMU

CALYXDENDRUM GRAPTOLOIDES N. GEN., N. SP. — HPOMEXYTOYHbBI
TPATITOJIUT MEZXJAY DENDROIDEA U GRAPTOLOIDEA

Pe3toue

B pabore mado onmucaHMe HoBoro rpanronmra — Calyxdendrum graptoloidszs
n. gen., n. sp. ABIAOLIErocA B HEKOTOPBIX OTHOLIEHUAX ITPOMEXKYTOYHON OpPMON
Mexay npeacraBurenaMyu  otpAxoB Dendroidea u  Graptoloidea. O6pazuer 9Tovt
dhopMEI MOBONBLHO (PPAaTrMEHTAPHBI, HO B OOILEM XOPOILEH COXPAHHOCTH, OTIpPenapi-
DPCBaHbLI U3 JIECTH BANYHOB OPAOBMKCKOIO M3BECTHAKA, COBpPAaHHBIX B rojax 1950-—
1960, B pa3Heix MecTHOCTAX Iloybiuu.

Calyxdendrum graptoloides n. gen., n. sp. ornu4yaercd, TAKKE KAK U TUIMNYHBIE
Dendroidea, NoyKoBaHMEM IPOVCXOAAILMM TPUANaMM, COTJACHO TIpaBuly Bumaua,
¥ HOPManbLHO PDA3BMTBIMU aBTOTEKaMU, OurekamMu i _crojorekamu. OAHAKO CUKYJIA

rpanTpJOMAHOTO THMIIAa — KOHYcooOpal3Haa M cHabrkeHHada HeMoi. Ha mpocuRyISpHONM
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GACTI BHAHA FCTKOLBaA AMHKUA, @ HacTbh METAacHKYJAPHAA OTAMYAETCA Heperyasp-
Hbin pacnonoxeriem ysenaycos 6e3 OTYETAMBONI 3Mr3aroobpasnoit sunun. Ilopyc
OTI"PLICACTCA TORNAMMOMY B CTEHKE IPOCUKYNbI, HO BO3JIE €€ TPaHuubl C METaCUKY-
J0i. B CTONOTCKAX HE HaNAeHO XWUTMHM3O0BAHHLIX CTOJIOHOB U OCHOBAaHUM TeK
Fiemit 0TCYTCTBME OTMX 4YACTEl He ABJSETCA CleAcTBueM ocobeHHocTu hoccunmaanmi,
TaK HAAO NOJATATb, YTO B 3TOM OTHOLIEHUM ONMUCAHHAaA OpMa OCYLIECTBJAET rpamn-
TONOWAHYIO CTafuw. YcThA OMTEK, Kpome nepBoy (b)), OTKpPbIBAaIOTCA BHYTDb aBTO-
TOK W HA 3DENOI CTaAMM OTTPAHUYEHBLI CHAPYXU CBOEODPA3HOM KPBLILLIEYKOI,

3amerene CRy sl ACHAPOULHOTO TUIIA, T. €. CyOUMIMHAPUYECKON M CHabxKeH-
HOY Da3aNLNLINM QHMCKOM, CUKYJION IPanToJOMAHOIO TUINA, KOHYCO0Opa3HOM, OKOHYEH-
107D HEMOM. 610 DHe3 COMHEHUA IIPUCNOCOOUTENbHbIM YCOBEPLIEHCTBOBAHUEM IIPA
nepexcge or GEHTOHHOrO X IJIAHKTOHHOMY o06pa3y XKU3HUM. OTO npeobpa3oBanue
JAOJEHO OBLLIO COBEPWUTHCA Ha JNMUYMHOYHON CTafuM, KOTOPO COOTBETCTBYET NPO-
curyna. IpomeskyTouHble OPMbI MEXKAY ITUMU ABYMS TUNAMU CUKYJ HE M3IBECTHbLI.
[lepexoa OT OAHOro K JAPYromMy MNpOM3OLUEN BEPOATHO O4YEHb ObICTPO, TEM GoJjee, YTO
Gbl1 CBA3AH C PCE3KUM M3MEHEeHMeM obpa3a >XM3HM KOJOHMM TPanToJuToB. VM3MmeHe-
HHWE 3TO PELIANOLIe MOBMUANO Ha JNAJbHENWMIT XOJ4 3BOJIIOLMU [PATTOIMTOB.

TpanTosoujgHaa CHMKyJNa BO3HMKJA M0 BcCefl BEPOATHOCTHM He3aBMCMMO B He-
CKOJIBKUX O9BOJIIOLIMOHHBIX JMHUAX JAEHApOUAeir M B pPa3dbIX MOMEHTAX OPAOBUK-
ckoro nepuoga. B npepgenax poga Dictyonemaynpoy30ilyio 3TO B TPEMamoKe, a y
pona Dendregraptus, M3 KOTOPOro BeAEeT OOBHIAMMOMY CBOIO pojocnoBHyio Calyx-
den’rum, B CpeJJHEM OpPAOBUKE.

He pa31 s CUCHMBLIM OCTAETCA MNPOLECC, KOTOPLIM MPUBEJ K HCYHE3HOBEHMIO OUTEK

B IuBKAX BCAywmx or Dendroidea x Graptoloidea.
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