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BLUE-GREEN ALGAE FROM THE TREMADOCIAN OF THE HOLY
CROSS MOUNTAINS (POLAND)

Abstract. — Schizothrichites ordoviciensis n. gen., n. sp., a Tremadocian blue-green

alga, with exceptionally well preserved microscopical structure is described. It was

etched from the chalcedony of the Holy Cross Mountains. Its close similarity
to recent genus Schizothrix (Cyanophyceae) is shown.

INTRODUCTION

In Ordovician sandstones of the Holy Cross Mountains (Goéry Swie-
tokrzyskie), assigned by Samsonowicz (1916) to the Tremadocian, there
are intercalations and lenses of the chalcedony. In this rock Kozlowski
(1948) discovered excellently preserved faunal remains, those of grap-
tolites in the first place. Dark-brown agglomerations of filamentous
blue-green algae were also encountered in the same material which
Professor R. Kozlowski kindly put at my disposal for investigation.
My sincere thanks are due to Professor Kozlowski for this material.

After splitting up the sub-transparent siliceous rock, dark stains
can be seen up to 3 cm in diameter. Under a strongly magnifying bino-
cular lens separate filaments are distinguishable in those agglomerations
(pl. I, fig. 1). After dissolving the rock in hydrofluoric acid, the residuum
yields balls of tangled filaments, convenient for further study. Thus,
by means of Kozlowski's (1948) method of etching the fossil remains
in the chalcedony, perfectly preserved material may be secured. It is
considerably elastic and suitable for preparations which can then be
conveniently investigated at a chosen magnitude under the microscope.

The blue-green algae etched from the rock have the appearance
of brown, coiled up and tangled filaments of a rather band-like shape,
more rarely in the shape of a tube. During careful preparation separat2
fragments of filaments, well fit for a more detailed description of
morphological features for determining the genus and species, can be
extracted by means of thin needles. The shape of the filaments and their
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structure show that the Ordovician blue-green algae closely resemble
the recent genus Schizothrix. In viiew of the age of material, however,
I consider these blue-green algae as belonging to the new genus Schi-
zothrichites. By means of that name I wish to stress the strong similarity

of morphological features with the recent blue-green algae of the genus
Schizothrix.

SYSTEMATIC DESCRIPTION

Type Cyanophyta
Class Hormogoniophyceae
Order Oscillatoriales
Family Oscillatoriaceae
Genus Schizothrichites n. gen.
(text-fig. 1; pl. I, II)

Diagnosis. — Thalli dark-brown, composed of loosely coiled and tangl-
ed filaments. Filaments long, repeatedly branched, composed of 1-4
trichomes situated in a common sheath (pl. I, fig. 2-4; text-fig. 1, 1, 2).

Brown or black-brown sheaths, stratified, with undulating strata,
externally uneven and rough, sometimes fimbriated, have the appearance
of an irregular net on the surface, closed at the apex, narrowed, some-
times sharpened (pl. I, fig. 3-5; pl. II, fig. 1-6).

The trichomes are composed of cells, mostly shorter than broad,
less frequently nearly square. Granular formations arranged on the
circumference of the central body (centroplasm) are preserved in the
cells. They correspond to the cyanophycin granules, perhaps also to
volution and the so-called metachromatic bodies in the cells ¢f the pre-
sent blue-green algae. Transversal walls of the cells are not visible,
however, and the peripheral part of the protoplasm of cells, the chro-
matoplasm, is not preserved. The young and growing apical cells of
trichomes are not preserved.

In the older parts of the filaments 2-4 trichomes are usually enclos-
ed in the sheath, but only one trichome can be seen in the apical
branches. The trichomes are twisted loosely, cord-like, sometimes divided
into segments.

Type species: Schizothrichites ordoviciensis n. sp.

Schizotrichites ordoviciensis n. sp.
(oL.IT, fig. 2, 3)

Description. — Thalli composed of tangled filaments, branched ac-
cording to the Schizothrix type. Filaments consisting of 1-4 trichomes,
surrounded by a common, distinctly parallelly stratified sheath. External
parts of the sheath are sometimes fimbriated and have an irregular
net on the surface.
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Fig. 1. — 1,2 Typical shape of branched filaments; 3,4 fragments of filaments more
strongly magnified, showing cells of various length; 5 fragment of filaments with
loosely disposed and partly overturned cells; 6 diagrammatic restoration of filament
and cells structure.
s sheath, ¢ centroplasm, ch chromatoplasm (reconstructed).
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The breadth of the filaments ranges from 13 to 35 x, but filaments
16-26 1 broad with one or two trichomes are the most common. Older
segments of the filaments may, however, exceed 35 u in breadth. The
trichomes are usually 8-10 x broad. These dimensions are repeated re-
gularly in nearly all investigated specimens. The cells are mostly 3-4 =z
long, occasionally nearly square. These dimensions are only approximate,
since the transversal walls of the cells are not preserved. The central
body, determined by an agglomeration of granules, probably cyanophycin
and perhaps also volutine, is readily visible in the cells, but the chro-
matoplasm cannot be distinguished. Cells, loosely disposed in the sheath
or overturned, can be seen in some of the filaments (pl. II, fig. 2, 3).
As can be clearly observed from this arrangement, the granular ag-
glomeration are mostly situated on the periphery of the central body,
in a similar manner as the metachromation bodies and the cyanophycin
granules in the cells of recent blue-green algae. No apical cells of tri-
chomes were found which, in recent blue-green algae, always have
a definite shape and are an important taxonomic character. They are
growing cells containing a small amount of resistant reserve material
and presumably that is why they were entirely destroyed, similarly
as the- chromatoplasm. Parts of cells containing agglomerations of re-
sistant reserve material are the only ones that remained.

Locality and horizon. — Wysoczki near Bogoria in the Holy Cross
Mountains (Géry Swietokrzyskie) in central Poland. Tremadocian.

Holotype. — Typical specimens are kept in the Institute of Palaeo-
zoology of the Polish Academy of Sciences. Warszawa, Zwirki i Wigury, 6.

Paratype. — Preparations of the same material are also kept in the
Department of Hydrobiology of the Jagellonian University, Krakoéw,
Oleandry 2a.

DISCUSSION

The material, excellently preserved in siliceous rocks and prepared
after dissolying the rock in hydrofluoric acid, allowed the present author
to clearly enough determine all the basic details of the structure of fila-
ments and cells of the blue-green algae. A simplified reconstruction of
the investigated blue-green alga is presented on text-fig. 1, 6. In the
blue-green algae of the recent order Oscillatoriales the filament (filamen-
tum) is composed of trichome (trichom) and a sheath (vagina). The tricho-
mes are composed of a system of cells disposed in one row and having
durable cellulose membranes. The lateral membranes are thicker, the
transversal ones delicate; they adhere closely to the protoplasm and are
of a pellicular character. The protoplasm is differentiated into a peripheral
part in which pigments active in photosynthesis are dissolved (chlorophyll,
carotenoids, phycocyan and phycocoerithrin) and which is therefore called
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the chromatoplasm, and a medial part, usually colourless, called the
central body or centroplasm. In this part the chromatin substance is
present, as is shown by the presence of ribo- and desribonucleic acid.
On the circumference of the central body are concentrated granular
metachromatin bodies, as well as reserve material in the shape of blue-
green algae starch, volutin and cyanophycin granules. As compared with
starch, cyanophycin granules and volutin represent a substance singularly
resistant to the action of strong acids and alkalies. There is no cell nucleus
in blue-green algae and no sexual reproduction. The recent blue-green
algae of the genus Schizothriz occur as a rule in the shape of smaller
or larger turfy, bushy or tuft-like concentrations of filaments. They occur
all over the globe, in fresh wuaters, seas, as well as on land, soil and
damp rocks.

The Ordovician blue-green algae have the same structure as the
recent ones. Sheaths with their chracteristic stratification, partly also
lateral cellular membranes and granular agglomerations, probably cya-
nophycins, perhaps even volutines concentrated on the circumference
of the central body, are perfectly preserved in the investigated material.
The delicate transversal walls separating the cells in the trichomes, the
chromatoplasm and other plasmatic parts have disappeared. No apical
cells of trichomes were found. As growing cells, they were decomposed
like chromatin. The granular concentrations still existing in the cells are
situated on the circumference of the central body. This can be seen on
pl. II, fig. 2 which presents loosened and overturned cells. In flat-lying
cells granulosity surrounding an interior of a lighter colour can be noticed.
Even these details correspond to the cell morphology of blue-green algae,
in which granular elements (reserve material) are assembled, in the first
place, on the circumference of the central body, in the adhering chro-
matoplasm.

It must be stressed that all the morphological details mentioned above
were clearly visible in the material etched from chalcedony. This can
be seen on microphotographs (pl. 1I, fig. 2) taken by means of oil im-
mersion 60 X and a compensating ocular 10 X.

Schizothrichites ordoviciensis n. sp. shows close similarities with the
recent blue-green algae of the genus Schizothrixz in the following cha-
racters:

1) The thalli are turf-like, composed of tangled filaments.

2) The filaments are branched in a manner typical of the genus
Schizothrix.

3) The sheaths are strong, durable, longitudinally stratified, closed
at the apex, often ending sharply.

4) The trichomes are placed in the sheaths in a manner typical of the
genus Schizothrix.

3 Acta Palaeontologica Nr 4
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The agreement of the structure of filaments and cells and, lastly, that
of the whole association of features pertaining to the genus Schizothriz
with the Ordovician material is astonishing. This material dates back
to about 500 million years ago. We have here a very ancient group of
plants which in very distant geological epochs had attained a high degree
of morphological differentiation and preserved it till now. The preser-
vation of the details of cellular structure is probably due, on the one
hand, to a rapid and compact impregnation of the blue-green algae grow-
ing at the bottom of the Ordovician sea with siliceous gel, in which the
plants were enclosed and only partly decomposed; on the other hand,
to the skilfull preparation of remains found in the rock by means of
Professor Koztowski’s chemical method.

Nearly all the descriptions of fossil blue-green algae from old geo-
logical periods were based on macroscopic specimens or on slides, on
which a resemblance to colonies and thalli of recent blue-green algae
could be observed, but details of the structure of thalli and cells could not
be accurately distinguished. None of the previous lists of fossil blue-green
algae, those of Pia (1927), Némejc (1959) and others, also the last list
of algae remains found in U.S.S.R., elaborated by Vologdin (1962), and
a special list of Ordovician algae from calcareous rocks worked out by
Johnson and Hoeg (1961) — have supplied any new details concerning
the morphology and structure of these plants. All the authors, while
stressing the fact of a very ancient appearance of blue-green algae, at
the same time state that the knowledge of their morphology and sys-
tematics is inadequate. On the base of their purely external features,
fossil blue-green algae are comparable with such recent families as the
Chroococcaceae, Nostocaceae, Oscillatoriaceae, and Rivulariaceae, but the
details remain unknown. It appears that material obtained from limestone
is preserved only in its external outline, without any details of internal
structure. Material enclosed in a siliceous mass is much better preserved.
This is also postulated by Croft and George (1959) in a paper concerning
blue-green algae from the Middle Devonian in England. These authors
publish good microphotographs and figures illustrating many details of
the structure of filaments and cells of blue-green algae of the order
Stigonematales. The outlines of the central body in the cells, those
of the membrane and sheath of filaments, are visible on the pho-
tographs, similarly as in our Tremadocian blue-green algae. It is inte-
resting to note that these investigations were carried out on small frag-
ments of rock examined under a microscope in cedar ail, and not on
1naterial isolated from the rock. The work of Croft and George is probably
the only one that contains more accurate morphological details concerning
old fossil blue-green algae. The material etched from the Tremadocian
rocks of Poland furnish, however, considerable more details and permit,
in the first place, to distinguish with sufficient accuracy parts of the cells.
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This confirms the supposition, already expressed by many scientists, that
fossil blue-green algae do not differ greatly from the living forms.

Department of Hydrobiology
of the Jagellonian University
Krakéw, May 1963
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KAROL STARMACH

SINICA Z TREMADOKU GOR SWIETOKRZYSKICH

Streszczenie

Opisano nowy rodzaj i gatunek sinicy kopalnej na podstawie okazéw, wy-
trawionych za pomocg kwasu fluorowodorowego z chalcedonu, wystepujgcego wsrod
piaskowcow tremadockich w Wysoczkach kolo Bogorii w Gorach Swiegtokrzyskich.

Sinice te tworza w skale ciemne skupienia, zlozone ze skigbionych nici, ktore
po rozpuszezeniu skaly sg na tyle elastyczne, ze mozna je czeSciowo rozplgtaé
i sporzadzi¢ preparaty mikroskopowe. Na podstawie szeregu preparatow podano
charakterystyke rodzaju i gatunku, ktory dzieki 'daleko idgcej zgodno$ci z dzis
zyjacymi sinicami z rodzaju Schizothrix nazwano Schizothrichites ordoviciensis
n. gen. n. sp.

Typ Cyanophyta
Rodzina Oscillatoriaceae
Rodzaj Schizothrichites n. gen.

Diagnoza. — W skale zawarte sa bezksztaltne, darniste skupienia nici wielo-
krotnie rozgatezionych, luzno pozwijanych i splatanych ze soba. Nici zlozone sg
z 1-4 trychom6w umieszczonych we wspdlnej pochwie. Pochwy sg brunatne lub

3%
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czarno-brunatne, warstwowane, o warstwach przebiegajgcych falisto, na zewnatrz
nieréwne, niekiedy postrzepione, na szezycie zamkniele, zwezone i czasem zaostrzo-
ne. Powierzchnia pochwy ma czesto wyglad siatki o nieregularnych oczkach.
Trychomy zlozone sa z komorek przewaznie krotszych od szerokoéci, rzadziej prawie
kwadratowych.

W komoérkach zachowaly sie ziarniste utwory ulozone na obwodzie ciala central-
nego (pl. I, fig. 2), odpowiadajgce widocznym w komorkach dzisiejszych sinic
ziarnom cyanoficyny (moze réwniez wolutyny?) oraz tak zwanym cialom metachro-
matynowym. Nie sg widoczne delikatne §cianki poprzeczne komorek, nie zachowala

sie tez chromatoplazma oraz szczytowe komoérki trychomow.

Schizothrichites ordoviciensis n. sp.

Diagnoza. — Nici 15-35 p szerokosei, najczesciej spotyka sie jednak nici 1-2
trychomowe, szeroko$ci 16-26 u. Trychomy szeroko$ci 8-10 u, komoérki przewaznie
3-4 u dilugosci, rzadziej prawie kwadratowe. Inne cechy podobne jak w diagnozie
rodzaju.

Wystepuje w chalcedonie z 'dolnego ordowiku (tremadok) w Wysoczkach kolo
Bogorii w Goérach Swietokrzyskich.

Opisane sinice majg budowe plech i komoérek podobng jak sinice dzisiejsze.
Zachowane szczegoély w komorkach dowodzg, ze mialy one taki sam schemat budowy,
jak sinice zyjgce dzisiaj, co przedstawiono na fig. 1, rys. 6. Komorki mialy wiec
obwodows cze$¢, czyli chromatoplazme (nie zachowanag) oraz cialo centralne,
na obwodzie ktérego gromadzily sie ziarniste skupienia materialéw zapasowych,
ktére sie w materiale ordowickim doskonale zachowaly (pl. II, fig.2). Schemat bu-
dowy trychomoéw, plech, nici i rozgalezienia nici odpowiadajg w zupelnosci zyjagcym
dzi$§ sinicom z rodzaju Schizothrix.

Dowodzi to, Ze sinice juz w odleglych epokach geologicznych uzyskaly wysoki
stopien zroznicowania morfologicznego, ktory zachowat sie do dazis.

OBJASNIENIA DO ILUSTRACJ

Fig. 1 (p. 453)

1,2 Typowy pokroj rozgatezionych mnici; 3,4 fragmenty nici przy silniejszym
powiekszeniu (widaé komorki rdznej dlugosci); 5 fragment nici z luzno uloZzonymi
i czeSciowo poprzewracanymi komorkami; 6 schemat budowy nici i komorek:
s pochwa, ¢ centroplazma, ch chromatoplazma (rekonstrukcja).

Pl 1
Fig. 1. Szlif tremadockiego chalcedonu z nagromadzonymi niémi sinicy. Ciemne
kulki — konkrecje opalu; X 35.
Fig. 2,3. Rozgalezione nici X 112; 3 rozgalezienie typowe dla sinic z rodzaju
Schizothrizx.
Fig. 4,5. Szczyty rozgalezionych niei, X320.

Pl 1I

Fig. 1,4,5. Najczeiciej spotykane fragmenty nici o komoérkach réznej diugosci
i pochwach warstwowanych, na zewnatrz nieréwnych lub postrzepionych.
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Fig. 2,3. Trychomy z rozluznionymi i cze$ciowo poprzewracanymi komérkami; 2
skupianie sie ziarn cyanoficyny na obwodzie ciala centralnego.
Fig. 6. Powierzchnia pochwy tej samej nici, ktéra przedstawia fig. 5.
Wszystkie zdjecia pl. II X 1200

KAPOJb CTAPMAX

CUHE-3EJEHASA BOILOPOCHL U3 TPEMAITOKA CBEHTOKPXKMCKIUX T'OP
(IIOJIBIIA)

Pezone

OnucaH HOBBLIM BUJ U POJ CUHE-3CJIEHON BOAOPOCHM HA OCHOBAHMM OOpa3loE M3~
BJI€YCHHBIX IMJIABMKOBOI KIICHOTOM M3 XanuezoHa. XaJjueAoHbl BBICTYMAKT Ccpeau
TPEMAIOKCKMX MEeCHaHUKOB B Bblcoukax orkoyo Boropum B CBeHTOKpucKkux T'opax.

Bopopocay 5TU BBICTYMAKT B XaNUEAOHE B BUAE CIYTaHHBIX HUTEMN, KOTOpLIE
MOCNe PACTBOPERUA MOPOABI COXPAHAKT B TAKOM CTENEHM CBOIO NEPBUYHYH 3JIaCTUU-
HOCTb, YTO UX MOXHO YACTHYHO PA3ZMOTATL M NPULOTOBUTH MUKPOCKONUUYECKUE npera-
paTsl. Ba3dupysace Ha MHOTMX IIpEnaparax aBTOP XapPaKTepu3yeT BUI M POJA, KOTOPLINA
BBUAY 3HAYUTENBLHOTO CXOJACTBA C COBPEMEHHOI CHMHE-3EJIEHON BOJOPOCIBIO, IPUHAAJNE-
XKaweit poay Schizothrix, wassan Schizothrichites ordoviciensis n. gen. n. sp.

Pon Schizothrichites n. gen.

Huazrno3. — HuTu MHOTOKPATHO pa3BETBJIEHHDbIE, CBOOOAHO CIIyTaHHbIE, B BHUAe 6e3-
POPMEHHBIX, TEPHUCTBIX CRONIEeHNA. Huth ciioxedHa U3 1 —4 TPUXOMOB, COAEPIKUMBIX
B oO1yeM Bjaranuie. Brarajiuila KOPUYHEBbIE UM UEPHO-KOPUUYHEBLIE, CIIOMCThIE, CO
CJIOAMY BOJHMCTBIMM, HEPOBHBLIMM CHapPYKM, MHOTAS OOTPENAaHHLIE, 3aMKHYTLIC HA
BEPXYLIKE, CYKEHHBIE M MHOrAa 3a0CTpPeHHBle. IIOBEPXHOCTL BJAarajuilla MMEET HacTo
BMJ| CETOYKM C HEPETrYJADHBIMM SYEHMKaMM. TPUXOMEI CJOXKEHbl U3 KIETOK, NMpeuMy-
ecTBEHHO 6oJiee KOPOTKMX YeM MX IUMPUMHA, PEXXE — ITOYTU KBAJPATHBIX.

B kJnerkax coxp'aﬂu.nucx; 3EPHUCTBIE BKJIYEHUA BOKPYrL IEHTPAJLHOrO Tejaa
(. II, cour. 2). OTU BKIIOYEHUA COOTBETCTBYIOT NDPUCYTCTBYIOIIUM Y COBPEMEHHBIX
CUHE-3€JIEHBIX RBOJOPOCHENl 3epHaM (uKoOUMaHa (MOXKET ObITb TaK’Ke BOJIIOTMHA?),
U TAK Ha3blBAa€MbIM METaXPOMAaTMHOBBIM TejlaM. TOHKME IIONEepeYHbie CTEHKU KJETOK

HEBYAMMBI, XpOMATOINJNa3Ma M BEPUIMHHBIE KJETKU TPUXOM HE COXPAHUJIMUCH.

Schizothrichites ordoviciensis n. sp.

Huaeno3. — Huru 15—35 u MPHHOIA, HO Yallle BCEro BbICTYNAKOT 1—2 TPUXOMOBBIe
HUTHU KUPUHOM 16—26 w. Tpuxompr 8—10 p IUMPUHOIM, KJIETKM NIPEUMYINECTBEHHO

3—4 u paMHOM, pexke MouTH KBaapaTHble, OCTaNbHbIE NPU3HAKM KAK B AMArHO3€ POAA.
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BricTynaer B XaJlefoHE HMIXXHEro OpAOBUKaA (Tpemajaoxa) B BbIicoykax - OKONo
Boropmm B CBEHTORKpPKUCKUX T'opax.

OnucaHHbIE BOJOPOCIHM CTPOEHMEM CBOEr0 CJIOEBUILA M KJIETOK ITOXOXM HA cCOBpe-
MEeHHbIE CHHe-3eNeHble hopMbl. CoXpaHeHHbIE B KJETKax MOAPOGHOCTH KOKA3bIBAIOT,
YTO MX MUKPOCTPYKTYpPa NPACTABNANA TAKOil e MJaH KaK y COBPEMEHHBIX CHHEe-3eJe-

HBIX Bogopocaei (dpur. 1, puc. 6). B KreTrrax mumesach 06BOAHAA HACTL MUJAU XPOMATO-
nnasMa (He COXPAHMEBLIAACH) UM LEHTPAJNbLHOE TeJjo, BOKPYT KOTOPOro cocpeaoTaudusa-

JIMCh 3EPHUCTBIE OTJIOMKEHMA 3aMn2CHBLIX MATEPMAJIOB, XOPOUIO COXPAHMBLUUXCA B UCKO-
naembix obpasnax. CxeMa CTPOEHUA TPUXOM, CJIOEBUILE, HUTE ¥ Pa3BEeTBICHUA HUTEN
COOTBETCTBYET CEBPEMEHHBLIM CHMHE-3eJleHbIM BOAOPOCHAM poxa Schizothrix. DTo moxa-
3LIBAET, YTO YKE B OYEHb OTAAJIEHHBLIX TEONIOTMYECKUX MEPUOJIaX CHHE-3eJICHbIe BOAO-
POCJIM OCYLLIECTBMIM BBICOKYIO CTeleHb Mopdosornyeckoi nucbcbepeﬂunauun, KOTO-
pasd coXpaHuJach X0 HalIero BPEMEHM.



PLATES



PL 1

Fig. 1. Thin section of Tremadocian chalcedony with blue-green algae filaments.
Dark spheres — opal concretions; X 35.

Fig. 2,3. Branched filaments, X 112; 3 branches typical for blue-green algae of the
genus Schizothrix.

Fig. 4,5. Tips of branched filaments; X 320.
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Pl I

Fig. 1,4,5. Most common fragments of filaments, with cells of various length and
stratified sheaths, externally irregular or fimbriated.

Fig. 2,3. Trichomes with loosened and partly overturned cells; 2 cyanophyecin granules
concentrated on the circumference of the central body.

Fig. 6. Surface of the sheath of the filament shown on fig. 5.

All figures X 1200.
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