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The fusellar tissue of an Ordovician graptoblast has been studied with TEM. It
was found that It Is solely composed of Cephalodiscus-type fibrils, unknown
hitherto In graptolites. The fusellar tissue of the studied specimen has more In
common with recent pterobranchs than with graptolites.
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INTRODUCTION

The main features of the graptolite periderm ·ultr astr uct ur e were recognized by Towe and Urbanek (1972) and Urbanek and Towe (1974,
1975). As they indicated, the fusellar fabric of graptolites is composed of
coarse, wavy, branched or anastomosing fibrils producing a characteristic
spongy pattern (Urbanek and Towe 1974). In contradistinction to the graptolites, the fusellar fabric of rhabdopleurid and cephalodiscid pterobranchs consists of narrow, straight fibrils never forming an interconnected meshwork (Dilly 1971, Urbanek 1976). The phylogenetic signifi. cance of this and other differences, at the submicroscopic level, between
the periderm tissues of graptolites and pterobranchs has been discussed
in detail by Urbanek (1976), Andres (1980) and Crowther (1981).
. The aim of this paper is to present the first finding of a graptolite
fusellar tissue composed of fibrils very similar to the pterobranch fibrils.
This tissue has been found in the wall of a Llanvirnian graptoblast classed as "Graptoblastoides" sp., which was etched froII1 a glacial boulder of
the Baltic origin. The fine structure of the graptoblasts from this boulder
have also been examined by ' Urbanek, Mierzejewski and Rickards (in
prep.).
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The specimen studied was embedded in Epon 812 and sectioned with
a L.K.B. III ultramicrotome provided with a diamond knite. Sections
were mounted on carbon coated grids and examined in a Tesla BS 500
electron microscope. Sixty kV were used for viewing and taking micrographs. The studies were conducted at the Institute of Zoology (Un iversity
of Warszawa).
Acknowledgements. - I am greatly obliged to Professor Adam Urbanek (Warszawa) for a helpful discussion.

RESULTS AND DISCUSSION

The material of the fusellar fabric of the graptoblast under study is
excusively composed of straight, unbranched and indistinctly banded
fibrils (pI. 15). Each fibril is provided with a large, distinct, lucent central
core (pI. 15: 1-2). The diameter of fibrils fluctuates within the limits
of 90 to 129 nm. The fibrils are irregularly displaced within the fuselli.
In some parts they are loosely packed, forming locally irregular aggregations (pI. 15: 2). Some extremely tightly and parallely packed fibrils
were observed in the trunks of the fuselli. In the graptoblast studied the
fibrils do not form outer lamellae in the fuselli. No traces of an interfibrillar matrix have been found.
The fusellar tissue described above differs distinctly from the same
tissue of graptoblasts examined by Urbanek and Rickards (1974) . To the
same degree it also differs from the fusellar tissue in different orders of
the graptolites. Urbanek and Towe (1974, 1975) have reported the presence of tightly packed unbranched fibrils, lying parallel to one another in
the outer lamella of some graptolites. But these fibrils were always intimatelyassociated with wavy, loosely anastomosing fibrils. Moreover,
straight, unbranched and indistinctly banded fibrils with large lucent
cores have not been found so far either in the fusellar tissue or in the
cortical tissue of graptolites.
The ultrastructure of the graptoblast fuselIar tissue here described
reveals a fabric and pattern very similar to those recognized in living
cephalodiscid pterobranchs. As it has been observed by Urbanek, Dilly .
and Mierzejewski (in prep.) the fusellar tissue of Cephalodiscus solidus
Andersson is also built of nothing but straight unbranched fibrils provided with a large, lucent central core (pl. 16). However, cephalodiscid
fibrils are much thinner. Their diameter varies from 19 to 22 nm.
The graptolite and pterobranch fusellar tissues display distinct
ultrastructural differences. In the opinion of Urbanek (1976) the differences in the fabric, pattern and the assumed mode of se cr eti on of the fuse1lar tissues in both groups form essential obstacles for recognizing homology between them. Recently this opinion has been disputed by Crowther
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(1981) and Armstrong, Dilly and Urbanek (1984). Up to now it was very
difficult and hazardous to discuss the phylogenetic significance of the
above mentioned ultrastructural differences, because the biochemical
composition of the pterobranch fibrils wasob~c~.·T~o types of fibrils
embedded in an electron-lucent matrix in the living Rhabdopleura compacta Hincks were tentatively described by Dilly (1971) as keratin-like.
This opinion .was criticized by several authors (see Urbanek 1976). The
latest - bioche~ical studies on the periderm of Rhabdopleura compacta
Hincks and Cephalodiscus hodgsoni Ridewood, conducted by Armstrong,
Dilly and Urbanek (1984) show that it contains considerable quantaties
of a collagenous material. On the other hand, it is almost certain that
the graptolite fusellar fibrils are of a collagen-like nature (Urbanek and
Towe 1974). Now, one can say that the graptoblast fusellar fibrils discussed above fill the structural gap between the pterobranch and the graptolite fusellar tissues. These fibrils are of a cephalodiscid ultrastructure and
of graptolite dimensions. My observations support the opinion of Armstrong, Dilly and Urbanek (1984) that the ultrastructural differences
between the skeletal tissues of the Pterobranchia and the Graptolithina
are probably of less importance for phylogenetic considerations than it
was suggested earlier.
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WLOKNA TYPU CEPHALODISCUS W TKANCE FUZELARNEJ
GRAPTOBLASTA

Streszczen ie

Metodami transmisyjnej mikroskopii elektronowej zbadano tkanke fuzelarna
ordowickiego graptoblasta. Wykazano, ii: jest ona zbudowana z dlugich, prostych
wlokien. W16kna te charakteryzujq sill zrnienna srednica (90-129 nm) oraz obec.::...
noscia szerokiego rdzenia 0 malej gestosci elektronowej. Do zludzenia przypominaja
wlokna rozpoznane w coenecium wspolczesnego Cephalodiscus (Pterobranchia,
Cephalodiscida), r6i:niq sill natomiast zasadniczo od wlokien fuzelarnych dotychcza s opisanych u graptolit6w, a maiacych postal: wlokien kr6tkich, kretych, rozgalllzionych, 0 jednorodnej gestosci elektronowej.

EXPLANATIONS OF PLATES 15-16
All figures are TEM micrographs
Abbreviations : b - bunch of fibrils, t - transverse section of f ibril.
Plate 15

" Grapt oblast oid es" sp ., Llanvirnian glacial boulder no. MZ/42 from
Orzechowo, Baltic coast
1. Bunch of fibrils, ca 33500.
2. Irregular aggregations of fibrils, ca X 33500.
3. General view of fusellar tissue in low magnification, ca X5600.

Plate 16

Cepholodiscus solidus Andersson, Recent, Souths Shetlands, King George
Island, Admiralty Bay
Fusellar tissue in large magnification showing the shape and structure of fibrils,
ca X 100 000.
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