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Abstract. — The results of studies on the structure and palaeoecology of the bra-
chiopod Horridonia horrida (Sowerby) from Lower Zechstein of the Holy Cross
Mountains (Géry Swietokrzyskie) are discussed in the present paper. The life po-
sition preserved in some individuals, allowed the author to elucidate the adaptative
character of several morphological elements of the shell and the range of their
variability.

INTRODUCTION

The occurrence of Productus horridus Sowerby (recte: Horridonia
horrida) in the area of the Holy Cross Mountains (Gory Swietokrzyskie)
has already been mentioned by Pusch (1833). More detailed information
on the Zechstein faunal assemblages of this region is given in the works
by Czarnocki (1913, 1923) who also mentions Productus horridus found
in the environs of Galezice and Kajetanow. Czarnocki’s works are, how-
ever, geological in character and they lack descriptions and illustrations
of the cited forms. A few specimens of the species referred to above have
also been found by Czarnocki (1916) embedded in the cement of the Zech-
stein basal conglomerate in the region of Galezice, which was later con-
firmed in the work by Czarniecki, Kostecka and Kwiatkowski (1965).

The material, described in the present paper has been collected in
summer of 1964, in an old quarry at Kajetanéw and in the Zechstein
outcrops in the western part of the Galezice -— Kowala syncline (Sachty,
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Skaltka and Beséwka Hills). In the Holy Cross Mountains these are the
sole surface exposures of the Zechstein deposits in the limy-marly facies
which contain brachiopods.

The present work was prepared at the Palaeozoological Institute of the
Polish Academy of Sciences, where also the described collection is kept,
marked with catalogue numbers Z. Pal. Bp. IX/1—1317.

The present writer extends his warmest thanks to Professor Roman
Kozlowski, Prof. Z. Kielan-Jaworowska and Doc. Dr. G. Biernat (Palaeo-
zcolcgical Institute, Folish Academy of Sciences), for their critical
remarks on the manuscript, as well as to Prof. T. G. Saritsheva (Palaeon-
tological Institute in Moscow) and Doc. Dr. A. Urbanek (Chair of
Palaeontology, Warsaw University), for their valuable advice and discus-
sions. Thanks are also due to Mrs. K. Budzynska for a careful inking of
author’s pencil drawings.

METHODS

The microfacies analyses of the deposit from the Galezice and Kaje-
tanow sections have been carried out by the present author on the basis
of 25 thin sections and of about 30 kg of rock samples, dissolved in the
hydrochloric acid. The hydrochloric acid, used to dissolve the samples,
had a concentration of 80 per cent and was mixed with water at a ratio
of 1 part of acid to 10 parts of water. The dissolution process, started at
an initial temperature of about 60°C, was hereafter continued for a week
at 20°C. The application of this method allowed the author to leach fine
organic particles and microfauna out of compact limestones. The speci-
mens of Horridonia horrida were prepared by hand, partly by means of
an electromagnetic vibrator of the “Vibro-tool” type. Serial sections of
the studied brachiopods were fixed, by means of peels, on a diapositive
microfilm and magnified by taking photographs, directly from the enlar-
ger on the paper, from which drawings were made subsequently.

DESCRIPTION

Family Dictyoclostidae Stehli, 1954
Subfamily Horridoniinae Muir-Wood & Cooper, 1960
Genus Horridonia Chao, 1927
Horridonia horrida (Sowerby, 1823)

(Pl. 1, Figs. 1—9; Pl. II, Figs. 1—12; Text-figs. 1—3)

1823. Productus horridus J. Sowerby; J. Sowerby, The Mineral Conchology... p. 17,
Pl. 319, Fig. 1.

1961. Horridonia horrida (J. Sowerby); D. J. Gobbett, The Permian Brachiopod...
p. 43, Pl. 3, Figs. 1—12; Pl. 5, Figs. 5, 7—8, 13 a-c. (with earlier synonymy).
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1965. Horridonia horrida (J. Sowerby); S. Czarniecki, A. Kostecka & S. Kwiatkowski,
Horridonia..., p. 468, Pl. 44, Figs. 1—5.

Material. — Thirty seven complete and 52 damaged specimens, as well
as a few separate ventral and dorsal valves in different ontogenetic stages.
The material comes from the Lower Zechstein bituminous limestones
from Kajetanoéw and also Lower Zechstein, bicdetritic limestones and
marls of the environs of Galezice (Skatka and Sachty Hills). Elements
of internal structure are, in many specimens, destroyed as a result of the
recrystallization processes.

Measurements of the Horridonia horrida (Sowerby) shell (Table 1) and
direction diagram of these measurements (Text-fig. 1) are given below.

Fig. 1. — TLCiagram of the shell measurement directions: d length, di length of
the ventral valve curvature, s width, h height.

External characters. — Concave-convex shell generally subpentagonal,
sometimes suboval in outline. The largest width corresponds to the length
of hinge margin. The largest convexity occurs in the middle part. Lateral
and hinge edges of shell are sharp. Lateral lobes of valves strongly inflec-
ted towards the dorsal valve. Ears large, triangular in outline. Hinge
margin straight. Anterior margin bent and forming a single fold. Trail
moderately developed and, only in a few specimens, completely pre-
served.

Ventral valve strongly convex, now and then geniculate. Umbo large,
broad, with a different degree of inflection, slightly protruding outside
of the hinge margin. Umbonal angle, 78—80°. A broad shallow sulcus,
running from the umbonal part and gradually disappearing near the
anterior margin, is marked in the visceral region.

Dorsal valve slightly concave, seldom geniculate and, in visceral part,
almost flat. In the middle, there is a slightly outlined not very broad fold,
disappearing towards the trail. This fold corresponds to the sulcus of the
ventral valve,

10 Acta Palaeontologica nr 2/67
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Table 1

Measurements of the Horrridonia horrida (Sowerby) shell (in mm)

| .
Length | | Width-

|
of arch | _ ) ' length n 9L 4
Z. Pal, Cat, | Length | . . . . Width | Height ratio convexity
No. Bp. IX/ ' d valve 5 . " | s g
dg | [ E_ di
— ! _— — —_— ! - — e -
24 K 16 23 26 7 1.62 | 069 |
| 49K 16 18 28 7 1.79 0.88
| 44K 17 ‘ 25 L2 6 1.41 | 0.68
10 K 20 w 27 r 27 9 1.35 i 0.74
57 K 21 | 28 | 30 ' 10 1.43 ! 0.75
34 G 25 41 32 |13 128 . 061
26 G 29 | 45 36 :- 18 1.24 i' 0.67
25 K 31 63 ‘ 52 | 27 1.67 | 018
3K 33 ! 57 40 [ 16 1.22 . 058
61 K 34 | 57 6 | 22 135 0.59
16 K 35 | 63 46 24 | 120 | 056
. 326 36 : 60 47 19 1.30 L 0.60
. 13K 39 | 75 46 27 118 | 0.52
| 31G 40 71 49 24 1.22 . 056
| 1K 43 74 50 25 1.16 0.57 _
| 56K a3 | 80 - 11 28 116 | 054 |
[ 17K i 44 & 76 | 48 25 1.10 | 058 |
' 4K | 47 ' 80 56 26 1.19 057 '

Ornamentation little varied, the shell is virtually smooth. Concentrical,
irregular wrinkles are clearly visible. They are particularly well-outlined
in the lateral and auricular region of the shell. Growth lines, irregularly
spaced, are rather densely distributed. Towards the anterior part of the
shell, their trace gradually becomes more and more irregular which
results in the formation of numerous thickenings. In many specimens,
in the anterior part of the valve, there are visible, more or less distinct,
irregularly distributed radial costae. Monticules, occurring occasionally
on some ventral valves, seem to be an initial phase of the formation of
spines. i

Spines are very characteristically distributed over the shell surface.
On both valves, there occurs a row of spines running along the hinge
margin, with 4—6 spines in each row. Thick, long, auricular spines occur
on the ears of both valves. The length of spines increases from umbo to
ears, the longest being the auricular spines which, in a few specimens,
exceed the dimensions of the shell. On the valve, there occur single spines
which, in general, are related with its anterior part, where sometimes
they form irregular rows (Pl. I, Fig. 7). Inside of each spine, there
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Fig. 2. — Horridonia horrida (Sowerby). Transverse serial sections through the
dorsal valve: pc cardinal process, Ir lateral ridges, ds dorsal septum, bi brachial
impressions, X 6 (Bp. IX/125 K); Kajetanbéw.

10*



244 JOZEF KAZMIERCZAK

occurs a central canal. The microstructure of spines does not differ at
all from that of valves.

The thickness of valves, in particular that of the ventral one, is
variable and depends on the ontogenetic stage. In general, ventral valves
are more massive and reach a thickness of 1.0—5.3 mm, the umbonal part
and the region of muscle fields being the thickest. The thickness of the
dorsal valve amounts resp. to 0.8—3.0 mm and reaches its maximum in
the anterior part.

Internal structure. — Ventral valve has a narrow elevated platform
with oblong scars of adductor muscles, separated from each other by
a shallow groove (Pl. II, Fig. 11). On both sides, in spacious depressions,
there are visible radial marks of the diductor muscle fields.

Dorsal valve has triangular muscle fields, separated by a narrow, low
septum (Text-fig. 2) of the breviseptum type, which does not reach the
base of a cardinal process and is separated from it by a shallow alveolus.
This septum is situated in a narrow groove and terminates at 2/3 of the
length of the visceral region. The linoproductid (according to Muir-Wood’s
and Cooper’s classification, 1960) type cardinal process is sessile, massive,
with the median lobe more strongly developed and divided by a sulcus
(Text-fig. 3). On the ventral face, it is bilobed and, on the dorsal, trilobed
with muscle scars on myophores. It is connected with lateral ridges,
running almost parallel to the hinge margin and gradually disappearing
towards the ears. Brachial ridges indistinct, mostly not outlined at all.
The entire visceral surface, except for muscle scars and brachial ridges,

imm

C e : d \

TFig. 3. — Horridonia horrida (Sowerby). Cardinal process: a ventral view, b poster-
ior view, ¢ dorsal view, d lateral view (Bp. 1X/66 K), e transverse section (Bp.
I1X/125 K); Kajetandéw.
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is covered with nipple knobs, whose size increases towards the anterior
margin and ears (Pl II, Figs. 8 and 12). From the geniculate bent of the
valve, these knobs pass into oblong endospines, with their sharp ends
pointing anteriorly.

Variation. — The individual variation in adult specimens is displayed
only in the external morphology of the shell, whose width is related to
a different degree of the development of ears. In individuals with larger
ears, the length of the hinge margin is slightly smaller than the largest
width of the shell. The degree of the shell coiling is markedly variable
(PL. 1, Figs. 1—3). The sulcus on the ventral valve displays a tendency to
disappearance. Except for the hinge margin and ears, the spines occur
irregularly, most individuals being devoid of them at all. In many cases,
the costae are not outlined on the anterior part of the ventral valve.

The growth changes, observed in the external morphology, are expres-
sed by a gradual increase in the degree of the shell coiling and by a suc-
cessive decrease in the ratio of length. Certain disturbances in a concen-
trical disposition of the growth lines along the anterior margin and the
formation of irregular, oblong costae (Pl. I, Fig. 4) are probably related to
a gerontic stage.

Remarks. — The individuals of Horridonia horrida (Sow.), known from
literature, display a great variation of the external morphology. In an
extensive discussion, Gobbett (1961) analyzed the genus Horridonia Chao
and declared the erection of several species and subspecies to be ill-
grounded. According to this author, the changes in the external morpho-
logy of the shell, in particular such ones, as the number and manner of
distributing the spines, are phenotypic in character. Gobbett refers to the
idea of Chao (1927) and ascertains that only two species, that is Horri-
donia horrida (Sow.) and Horridonia timanice (Stuckenberg) should be
left within the genus Horridonia. The forms, coming from Zechstein of
the Holy Cross Mountains, display a complete similarity to Productus
(Horridonia) horridus var. hoppeianus Eisel, described from Zechstein of
Germany and Lithuania (Eisel, 1909, fide Malzahn, 1937; Stepanov, 1959).
The specimens described are also identical with forms, known from Per-
mian of Eastern Greenland (Frebold, 1931, 1933; Dunbar, 1935, 1961). The
costae on the anterior part of the ventral valve, considered by Dunbar
to be the most important character of the genus Pleurohorridonia erected
by him, occur on many specimens of the collection of the present writer.
The forms under study differ from other varieties of this species, distin-
guished by Eisel, in a lamellate micro-ornament and few spines in the
visceral region of some ventral valves which — in var. geranus and bufo-
ninus — cover the entire surface of the ventral valve. As compared with
English forms, figured in King’s work (1850, Pl. 11, Figs. 1—10), the
specimens coming from the Holy Cross Mountains have only one row of
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hinge spines on both valves, a shallower sulcus and a smooth surface of
the shell with widely scattered, long spines, occasionally occurring on
the ventral valve. Nelson (1962) described — from Permo-Pennsylvanian
of Yukon, Canada — two groups of forms which, in the shell morphology
and distribution of spines, are similar to Horridonia horrida on the one
hand, and to Horridonia timanica — on the other. In one of these groups,
the hinge spines occur only along the hinge margin of the ventral valve
and, in the other, along the dorsal. Numerous spines occur, in addition,
in the visceral region of the ventral valve.

Horridonia timanica, occurring in the Permian-Carboniferous deposits
of Arctic and the Ural Mountains, differs from H. horride in the lack of
hinge and aurical spines on the ventral valve, granular ornamentation of
the shell, more massive hinge process and generally larger dimensions.
Malzahn (1937) considered it to be a starting species for H. horrida and
several of its varieties, separated by Eisel, as transitional forms.

Geographic and stratigraphic distribution.— H. horrida is a well-
known index species for marine deposits of Upper Permian (Zechstein)
of Europe and it has not been found so far in the Arctic Europe and
Russia. It occurs almost always in the calcareous-marly facies and only
few specimens have been found in the mudstone and coarse-clastic sedi-
ments.

In Poland, in addition to the Holy Cross Mountains (Galezice and
Kajetan6éw), H. horrida occurs in Lower Zechstein (Werra cyclothem) of
the Outer Sudetic Basin. Recently (Klapcinski, 1964), the representatives
of this species have also been found in the bore-holes, drilled in the
Zechstein deposits of the Fore-Sudetic Monocline.

Type specimens of this species come from Zechstein of Middle England
(Marl Slate, Magnesian Limestone). In Germany, Horridonia horrida
occurs in cupriferous shales (Kupferschiefer) and limestones (Zechstein-
kalk) of Lower Zechstein. Of the North-eastern Europe’s Zechstein, this
species has been described from the bore-holes in Lithuania.

Outside Europe, H. horrida is known from Upper Permian of Eastern
and Northern Greenland. In Arctic America, it has been described from
the Permian deposits of Melville and Ellesmer islands.

The stratigraphic range of H. horrida has not so far been accurately
determined because of difficulties of correlating the Permian deposits of
Europe and Arctic Regions. On the basis of recent investigations (Dunbar,
1955), one may assume that faunal horizons of Permian of Arctic Regions
which — among other species — contain H. horrida, probably correspond
to Zechstein of Europe, although they also contain several faunal elements
characteristic of the Sakmarian and Artinskian stages of the classical
Permian of Russia.
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GEOLOGICAL CONDITIONS AND PALAEOECOLOGY

STRATIGRAPHY AND FACIES

On the basis of lithological criteria, Czarnocki (1923) divided Zechstein
of the Holy Gross Mountains into three members. Pawtowska (1964) who,
in addition, had at her disposal materials coming from bore-holes, situ-
ated in the northern and southern parts of the Holy Cross Mountains,
undertook an attermpt to separate on this area four cyclothems correspon-
ding to the division, accepted for the regions of evaporitic sedimentation
of the Zechstein basin (Richter-Bernburg, 1955). The occurrence of Horri-
donia horrida in Zechstein of the Holy Cross Mountains is limited to
Lower Zechstein, according to Czarnocki’s division, or to the lowermost
cyclothem (Z,), according to Pawlowska’s division.

Our remarks, concerning the lithology of Lower Zechstein are con-
fined to the observation of sedimentological parts of the section, contain-
ing H. horrida, essential for the reconstruction of the environment of
the productids described and characteristics of biocenotic conditions
during the development period of these organisms. It has been to a con-
siderable extent that the present writer suplemented his own studies
by Czarnocki’s (1923), Pawlowska’s (1964) and Szaniawski’s (1965) obser-
vations.

The lithological sequence in the two most important places of occur-
rence of Horridonia horrida, that is at Galezice and Kajetanéw, is pre-
sented, together with the list of faunal assemblages, in the sections
enclosed (Text-figs. 4 A-B).

The horizons of Lower Zechstein in which the specimens of H. horrida
have been found, are developed on the whole in two lithofacies.

Clastic lithofacies

This facies is mostly represented by conglomerates and detritic lime-
stones, widely distributed and with a variable thickness. A turbulent
character of this environment was probably one of the factors which
limited the development of life in this zone of the sea. Single specimens
of H. horrida, found in these sediments, were probably redeposited —
during the periods of more intensive turbulence of water — from nearby
habitats. Such an interpretation is testified to by the sporadicalness of
occurrence and fragmentary state of preservation of H. horrida found in
these places. The occurrence of H. horrida in basal conglomerate of
Zechstein allowed one to determine the age and marine character of the
environment in which these sediments were deposited, at least for the
western part of Gatezice-Kowala syncline (Czarniecki, Kostecka & Kwiat-
kowski, 1965).
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Calcareous and marly lithofacies

This facies is not only characteristic of the section of Galezice and
Kajetanéw, but also it constitutes an equivalent of the Zechstein lime-
stone horizon with fauna, which directly overlays the basal conglomerate
in other regions of Poland, in Germany and in Lithuania. The boundary
bhetween Lower and Middle Zechstein in the Holy Cross Mountains has
keen placed by Czarnocki (1923) in the top of deposits of this facies,
assumed by him as such a boundary on the basis of the disappearance of
fauna. It is also Pawlowska (1964) who considers these deposits to termi-
nate the lowermost cyclothem (Z,) in the environs of Gatezice. This facies
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Fig. 4. — Sections through Lower Zechstein strata: A4 quarry at Kajetanéw, B en-

virons of Gatlezice (Skatka Hills); 1 Horridonia horrida, 2 Pterospirifer alatus,

3 Strophalosia, 4 Dielasma, 5 Lamellibranchiata, 6 Gastropoda, 7 Bryozoa, 8 Echino-

dermata, 9 Holothurioidea, 10 Ostracoda, 11 Foraminifera, 12 scolecodonts, 13 fish

teeth, 14 remains of land plants, 15 conglomerate, 16 sandy marl, 17 biodetritic

limestone, 18 pelitic limestone, 19 dolomitic limestone, 20 marly limestone, 21 limy
siltstone, 22 shale, 23 laminated limestone with chalcedones.
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comprises dark, often bituminous marly, dolomitic and biodetritic lime-
stones. The occurrence of fauna is limited almost exclusively to the
lowermost lithological members of the entire cycle of the Zechstein sedi-
mentation which testifies to the fact that only during that period there
existed conditions favourable to the development of few animal groups.

In the Zechstein profile of the quarry at Kajetanéw, H. horrida occurs
in a few beds of a black, bituminous, pelitic and biodetritic limestones
(Text-fig. 4 A). The middle part of each bed forms an almost pure pelitic
limestone, whereas towards the bottom and top, the structure of the rock
passes into a more detritic and the colour becomes distinctly brighter.
In this place, together with horridonias, there occur numerous brachio-
pods of the genus Strophalosia King and, less frequently, Dielasma King.
Of other faunal elements, noteworthy are also abundantly occurring fora-
minifers of the families Ammodiscidae, Miliolidae and Lagenidae, often
preserved in the form of galena and pyrite cores, fragments of the colonies
of Bryozoans (Cryptostomata), various elements of the jaw apparatus of
polychaetes (?Kalloprionidae Kielan-Jaworowska), plates, spines, pedicel-
lariae of echinoids, sclerodermites of holothurians and; finally, teeth and
scales of fish. In the detritic intercalations on the boundaries between
beds, there also occur indeterminable remains of the carbonized plants.
The pelitic cement contains a considerable admixture of clay particles,
muscovite and terrigenous quartz that does not exceed the silt fraction.
Within pelite, there are numerous threadlike or nestlike accumulations
of organic matter to 0.7 mm_ in size.

The specimens of H. horrida from the Galezice section (Textfig. 4 B)
have been found in bright biodetritic limestones forming intercalations
within dark, dolomitic limestones. Of other brachiopods, in addition to
horridonias, a few specimens of Spirifer (Pterospirifer) alatus Schlotheim
have been found by the present writer. Crushed fragments of the Echi-
nodermata 0.2—0.3 mm in size are microscopically the main faunal com-
ponent of these rocks. Fairly fragment were foraminifers, among which
such genera were identified as Ammodiscus, Agathammina, Dentalina,
Nodosaria and Geinitzina. Fragments of valves and spines of brachiopods
are also abundant and, occasionally, spicules of sponges may be found.
Except for some foraminifers, all the biodetritic remains display a consi-
derable degree of mechanical crushing. By chemical treatment some teeth
and scales of fish were isolated, which should be probably assigned to the
Paleoniscidae. In addition to organic remains, attention was also attracted
by few intraclasts and grains of quartz to 0.5 mm in size, without signs
of wear. The cement consists of a fine- gralned calcite with a small admix-
ture of a pelitic substance.

Grey marly limestones in which a few specimens of H. horrida have

11 Acta Palaeontologica nr 2/67
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also been found, reposed on the section discussed above. This rock differs
from that which underlies it in a much smaller content of detritic ele-
ments. The cement, developed in the form of a little-differentiated, pelitic
groundmass, in which there are widely scattered foraminifers of the fami-
lies of Ammodiscidae and Lagenidae, detritus of Echinodermata and
fragments of valves of brachiopods, makes up in this place about 80 per
cent of the entire volume. There is also a relatively high contént of the
terrigenous quartz of the silt facies and single grains to 0.4 mm in dia-
meter. In thin sections, this rock displays an indistinct laminate texture,
expressed by a parallel disposition of the detritus and a laminate cha-
racter of the cement.

PALAEOECOLOGICAL CONCLUSIONS

Characteristics of biotopes

The sea transgression on the territory of the Hply Cross Mountains,
that took place in Lower Zechstein, invaded an area morphologically
differentiated by Hercynian folding (Czarnocki, 1923), which brought
about the formation of a complex shoreline with the land deeply indented
by bays. Faunistic observations, combined with a lithological analysis
and distribution of facies, allow one to presume that, in contradistinction
to central areas of the basin with an evaporative sedimentation, the
Zechstein sediments in the Galezice and Kajetanow sections were formed
in the littoral zone. The palaeoecological observations, made on the indi-
viduals of H. horrida and faunal groups, accompanying them, are in
a complete conformity with Czarnocki’s conclusion (1923) that in Zechstein
of the Holy Cross Mountains there exists a littoral zone with two bays:
~ the Gatlezice-Bolechowice and the Kajetanéw bays, marked by a slightly
different facial development.

All specimens of H. horrida in the Kajetanow section usually occurred
on the lower surface of beds, forming characteristic, nodular swellings
and always have preserved spines. The individuals, observed in beds were,
in all cases, resting on convex ventral valves and the bending of layers,
which preserved the imprint of their shape, testifies to the fact that such
was their life position (Text-fig. 5). In addition to horridonias, numer-
ously represented, bentonic foraminifers, built of a fine detritic material
abundantly occurring on the bottom, were probably another component
of the biocenose. A fragmentary preservation state and irregular distri-
bution of other organic remains in the sediment indicate that they are
rather allochthonous of this biotope and were driven here by water
currents.

On the basis of a microfacial analysis of the deposit, containing horri-
donias, one may conclude that during the period of the existence of bio-
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bottom mud and turning in the axial plane. Such a distribution of spines
is a common feature, met with in all the specimens examined, but a
certain per cent of adult individuals has, in addition, long spines on the
surface of the ventral valve, mostly in its anterior part (Text-figs. 6
and 7; Pl I, Figs. 5—7). The last-named spines are disposed almost per-
pendicularly to the surface of the ventral valve and, on the whole, distri-
buted very irregularly, sometimes forming larger groups. On the basis
of the variable situation of these additional spines, one may draw the
conclusion that they were formed as a supplementary resistance element
since, with the growth of an individual, the anterior part of its shell
was sunk in the sediment. In the case of the genera Diaphragmus and
Muirwoodia, a similar role is ascribed by Muir-Wood and Cooper (1960)
to single spines cccurring on the anterior part of the ventral valve. The
development of accessory spines was usually accompanied by an intensive
increase in the degree of the shell coiling. On the basis of the material
examined, the present author believes that, depending on effectivity, the
first or the second of these two ways of protection against sinking was
actually used and, sometimes, even both of them occur simultaneously.
On the surface of the ventral valve of a few specimens, there occur
variously sized monticules, which make up a sort of rudimentary spines,
whose formation was arrested when the stability of the shell was obtained
by an increase in the coiling (Pl. II, Fig. 9).

The material, reviewed from the viewpoint of the problems discussed,
comes from one bed only and, therefore, an equal influence was exerted
by abiotic factors on all individuals of the population. Thus, it should

A R . o D

Fig. 7. — Horridonia horrida (Sowerby). Reconstruction of different life positions
in sediment, made on the basis of field observations: A—D diagrams, showing a
variable degree of coiling of the shell and the resistance role of spines; Kajetanow.

be assumed that within a homogenous biotope, there existed local diffe-
rences in the hardness of the bottom, which exerted an influence on the
morphology of shells reposing on it, or that the observed variability in
the occurrence of accessory spines and in the degree of the shell coiling
was a result of different positions of individuals in the sediment, taken
in the earliest development stages. It should be also emphasized that the
specimens, found in district limestones of the Gatezice section, do not
display the presence of accessory spines on ventral valves, and the degree
of their shell coiling is much smaller. In their case, the bottom.of the
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basin was covered with a sufficiently “harder” sediment as not to compel
horridonias to use this additional protection.

The structure of the horridonias shells also reveals several other
manners of adapting them to the life on a soft bottom. A large area of
the ventral valve, increased by well-developed ears, formed a conside-
rable resistance surface, while the geniculate, inflected lateral lobes and
the anterior lobe of the shell assured a maximum rise of the mantle
margin above the bottom surface. An almost tangent adherence of val-
ves in the anterior and lateral parts provided a guarantee of a tight
closure of the shell and — with an oblique position of the dorsal valve —
helped remove the depositing clayey-mudy sediment, as it has been des-
cribed by Grant (1966) in the genus Waagenoconcha. Nipples and fine
spines, covering the inner surface of the anterior part of valves, might
operate — with a small opening of valves — as a filtration system (Muir-
-Wood & Cooper, 1960, p. 34). The lack of costae on the surface of the
specimens examined is probably secondary in character, since their fun-
ction of a mechanical reinforcement of the shell structure was, with a
partial burying of a horridonias in the sediment, unnecessary. The occur-
rence of indistinctly outlined costae on the anterior part of the ventral
valve of adult specimens may be interpreted either as gerontic disturban-
ces (Saritsheva, 1949), or as elongation of the mantle margin by folding,
by which its respiratory area was increased (Schmidt, 1937).

Since, among Recent brachiopods, there are no ecological counter-
parts of productids, the attention of the present writer was focussed on
other group of animals, with their mode of life and structure of shell
similar to those of horridonias. The recent and fossil mussels of the genus
Gryphaea Lamarck (Joysey, 1959; Hecker, 1962), whose structure, mode
of life and plastic adaptability to abiotic factors display a far gone simi-
larity to the brachiopods described, turned out to be a good comparative
material. Grypheids, like horridonias, belong to the sessile benthos, free-
-laying on the bottom surface and, to a considerable extent, depending
on its character. The bottom usually consists of a limy-clayey, quaggy
sediment, on which the grypheid characters of these molluscs tend to
develop to an extreme extent. The grypheoidal lines, occasionally deve-
loped from the conservative stem of Ostrea, as a result of an influence
exerted by the environment have already become a classical material
for the studies on interesting processes of the heterochronic parallel
convergence (Urbanek, 1957). A lack of ornamentation, convex and
strongly coiled ventral valve, well-developed ears and trail, as well as
a relatively large dimensions of the shell, are the main morphological
features of horridonias in which, among other characters, they are si-
milar to grypheids. Such a great convergence with grypheids induced
the present writer to presume that horridonias may constitute a coun-
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terpart of the “grypheoidal” line within Productoidea and, strictly speak-
ing, Dictyoclostidae. On such an assumption, the most “grypheoidal”
form should be ascribed to the most coiled forms with strongly developed
ears and devoid of ornamentation. The forms with a small degree of the
coiling and with the surface of both valves, ribbed and covered with
spines, were probably the starting point of the ‘“grypheoidal” line of
horridonias. Hiatuses in records do not allow one to determine an accu-
rate moment of the appearance of the “grypheoidal” trend and to trace
successive development stages of this line. Several varieties, separated
by Eisel (1909) from the individuals of Productus (Horridonia) horridus,
which were collected in different Zechstein beds of the Gera Basin and,
hereafter, identified by Malzahn (1937) as transitional forms from Pro-
ductus (Horridonia) timanicus to Productus (Horridonia) horridus, seem
to represent different stages of the functional adjustment to the environ-
ment conditions variable in time. The example of German form reveals
also that the trend in morphological changes in H. horrida was marked
by an adjustment character of acquired features, capable of recapitula-
tion in the cases of changes, occurring in biotope. Such reversions con-
sisted in the appearance of costae, decrease in the degree of the shell
coiling and development of spines, distributed all over the valve surface.
A similar capability of morphological reversions is also characteristic
of the Ostrea-Gryphaea line (Joysey, 1959). The structure of the shell
in the individuals, described in the present paper, seems to indicate that
they represent this development stage rather distant from the hypotheti-
cal initial form.

Palaeozoological Institute
of the Polish Academy of Sciences
Warszawa 22, Zwirki ¢ Wigury 6
November, 1966
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JOZEF KAZMIERCZAK

MORFOLOGIA 1 PALEOEKOLOGIA PRODUKTUSA HORRIDONIA HORRIDA
(SOWERBY) Z CECHSZTYNU POLSKI

Streszczenie

Praca dotyczy gatunku Horridonia horrida (Sowerby, 1823) — brachiopoda cha-
rakterystycznego dla morskich osadéw permu Europy i niektérych obszaré6w Arktyki;
wykonana zostala na podstawie materialéw zebranych przez autora z cechsztynu
Gor Swietokrzyskich (Galezice i Kajetan6w). Wystepowanie gatunku ograniczone jest
do dolnego cechsztynu (Czarnocki, 1923), wyksztalconego giéwnie w facji wapienno-
marglistej.

Typowa Horridonia horrida opisana zostala po raz pierwszy pod nazwg Productus
horridus Sowerby w 1823 r. z cechsztynu $rodkowej Anglii. W 1927 r. Chao utworzy?
w obrebie produktidéw nowy rodzaj Horridonia, w ktérym Productus horridus przy-
jal za genotyp. Gobbett (1961), po rewizji rodzaju Horridonia, uznal za dobrze zde-
finiowane jedynie gatunki Horridonia horrida (Sow.) i Horridonia timanica (Stuck.).
Inne gatunki i podgatunki, wydzielone na podstawie réznic w morfologii zewnetrz-
nej sa, jego zdaniém, fenotypami wymienionych wyzej. Formy z cechsztynu Gor
Swietokrzyskich sa identyczne z Productus (Horridonia) horridus var. hoppeianus
Eisel, opisanymi z cechsztynu Niemiec i Litwy. Od innych ré6inia sie one, niekiedy
znacznie, morfologig muszli, brakiem ornamentacji oraz iloscig i rozmieszczeniem
kolcobw.

Zmiany wzrostowe, jakim podlega muszla, sg niewielkie i zaznaczajg sie w stop-
niowym wzroscie skrecenia i stalym zmniejszaniu wskaznika szerokosci. Zmiennosé
osobnicza zbadanych form dotyczy jedynie cech morfologii zewnetrznej muszli i jest
wynikiem duzej podatnos$ci tych brachiopodéw na zmiany biotopu. Zmiennos$é ta
uwidocznia sie szczegblnie w réznym stopniu skrecenia muszli i nieregularnym wy-
stepowaniu kolcéw na obszarze wisceralnym skorupki wentralnej.

Wystepowanie horridonii w biocenozie umozliwilo autorowi przeprowadzenie
obserwacji paleoekologicznych, wyjaéniajacych funkcjonalne znaczenie szeregu ele-
mentéw morfologii zewnetrznej muszli. Horridonia horrida nalezy do grupy brachio-
podéw swobodnie spoczywajacych na dnie (Ivanova, 1958; Muir-Wood & Cooper,
1960). Paleogeografia cechsztynu $wietokrzyskiego, powigzana z analizg mikro-
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facjalng sedymentu, wykazala, Ze horridonie zyly w przybrzeine] strefie zbiornika,
w ktorym deponowane byly osady wapienno-ilaste, z duzg zawartoscig substancji
organicznych i kwarcu terrygenicznego. Konstrukcja muszli horridonii, podobnie jak
u innych produktidéw nalezgcych do tej samej grupy ekologicznej (Saryteva, 1949;
Muir-Wood & Cooper, 1960, i in.), charakteryzuje sie nastepujgcymi przystosowa-
niami, zabezpieczajagcymi przed pograzaniem w miekki osad podloza:

1) wydatny stopien skrecenia i zgrubienia w cze$ci dziobowej, ulatwiajace
uniesienie brzegu przedniego nad dnem; _

2) duza powierzchnia oporowa muszli, zwig¢kszona przez dobrze wyksztalcone
uszka;

3) kolankowato zagiete platy boczne i styczne przyleganie skorupek, zabezpie-
czajace przed zanieczyszczeniem przez osad z boku i z géry;

4) welon oraz brodawki i drobne kolce, pokrywajace gesto wewnetrzng po-
wierzchnie skorupek i funkcjonujgce jako system filtracyjny;

5) wachlarzowato rozlozony system kolcow zawiasowych i uszkowych, chronigcy
przed pograzeniem i stabilizujgcy poloZenie w osadzie.

W wypadkach naruszenia réwnowagi osobnika w okresie wzrostu wytwarzane
byly przez brzeg plaszcza dodatkowe kolce na skorupce wentralnej, podpierajgce
muszle od strony przedniej. Cze$ciej jednak w takich sytuacjach stabilno§é uzyski-
wana byla przez intensywniejsze skrecenie muszli. Asymetryczne skrecenie muszli
niektérych osobnikéw i1 wytwarzanie dodatkowych kolcow z jednej tylko strony
spowodowane zostalo nierébwnomiernym pograzaniem w osadzie.

Przeprowadzone obserwacje wykazaly, Ze zmiany osobnicze zwigzane byly silnie
z typem sedymentu, na ktérym lezaly horridonie. Formy znalezione w wapieniach
detrytycznych z Galezic nie majg dodatkowych kolcéw na skorupce wentralnej
i skrecenie muszli jest u nich znacznie mniejsze. Scisla zalezno$¢ wystepowania
kolcéow od warunké6w srodowiskowych obniza znacznie ich przydatnoéé jako diagno-
stycznej cechy gatunkowej.

Autor przeprowadzil badania poréwnawcze z wspdlczesnymi i kopalnymi mal-
zami rodzaju Gryphaea Lamarck, ktérych budowa, sposdb zycia i plastycznosé przy
zmianach czynnikéw abiotycznych wykazuja duze podobienstwo do horridonii.
Gléwne cechy morfologii horridonii, upodabniajace je do Gryphaea, to wypukla
i wydatnie skrecona skorupka wentralna, brak urzeZbienia, wydatne uszka i duze
rozmiary muszli. Autor wysuwa przypuszczenie, ze horridonie mogg stanowié linie
»gryfeidowsa”, powstala na przelomie karbonu i permu z pnia Productoidea. Na
przykladzie osobnikéw Productus (Horridonia) horridus opisanych z Niemiec (Mal-
zahn, 1937) mozna sadzié, ze zmiany morfologiczne w historii tego gatunku mialy
charakter przystosowawczy i, podobnie jak dla linii Ostrea — Gryphaea, mogly
uiegaé rewersji przy zmianach biotopu.
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IOBE® KA3BPMEPYAK

MOPPOJIOTUA U ITAJEOBKOJOTUA IIPOAYKTYCA HORRIDONIA HORRIDA
(SOWERBY) U3 LUEXIUTEMHA ITOJBIIN

Pezwusme

Pabora nocBaweHa Buay Horridonia horrida (Sowerby, 1823) — Gpaxuomnoga xa-
PAKTEPHOIO AJIA MOPCKMX OTJIOXKEHMI MepMu EBPONEBI 1 HEKOTOPBIX PailOHOB APKTHUKN.
VccnenoBauua OCHOBAaHbI HA MaTepuasie coOpaHHOM aBTOPOM K3 Hexmreitna CBEHTO-
kpxuckux op (Iamsu3amue u KaeTtanys). PacnpocTpaHenue Buia OrpaHMyeHO K HUK-
nemy uexwreiny (Czarnocki, 1923), pa3BuTOMy riiaBHbIM 00pPa30M B U3BECTKOBO-MeEp-
reJIMCTON halmu.

Tunnyuaa Horridonia horrida 6puia onmcaHa BIEPBLIe Noj Ha3BaHneM Productus
horridus Sow. B 1823 r. u3 loexmTeiHa ueHTpasgbHOM AmnHrammn. B 1927 r. Hao
(Chao) ycraHoBUJ B mpenesiax INPOAYKTMA HOBbIM pox Horridonia, npuHumas Pro-
ductus horridus xak renotrun. ['o66ert (Gobbett, 1961), nocne peBusum poxa Horri-
donia, IpU3HaN MPaBUJIbLHO ONpeNeIeHHbIMM TOJLKO BuAbl Horridonia horrida (Sow.)
u Horridonia timanica (Stuck.) .JAuele Buasl M MOABUALI, BbIAEJEHHbIE HA OCHOBAHUU
pa3nIMyMii BHEIUHe! Mopdosormu, No MHEHMIO 3TOTO aBTOPA, ABNAKTCA (deHOTHMIIAMM
BBIIIEYKA3aHHBIX. POPMBbI U3 LexiuTeliHa CBEeHTOKPKUCKUX TOp MAEHTUYHBI ¢ Pro-
ductus (Horridonia) horridus var. hoppeianus Eisel, onmucaHHbIMM M3 LeXlUTeHa
TepmaHunu M JIMTBbI. OT MHBIX OHM OTJAMYAKTCHA, MHOTA2 3HAYMTENBLHO, MOPQOJIOrMeit
PaAKOBMHBI, OTCYTCTBHUEM cxynbmypbr, a TAKKe KOJMYECTBOM M pPa3MelLUeHUEeM MIJL.

BG3pacTHble CMeHbl PAaKOBWHBI HE3HAUYMTEJbHBIE U IIPOABIAITCA B IOCTENEHHOM
yBenudyeHun m3rmba M NOCTOAHHOM YMEHbUIEHMM yKasarend LuMpUHbL. MEAMBUAYadb-
HafA M3MEHYMBOCTb M3Yy4YeHHbIX (POPM OTHOCHUTCA JUIUb K NPM3HAKAM BHEUIHEN MOp-
conotum pakOBMHBI U ABJNAETCH DPE3yJbTaToM OOJbILON MOAATAMBOCTM STUX Opaxu-
o Ha cMeHbl 6uorona. M3MeHYMBOCTL 9TA NPOABNAETCH O0COOEHHO B DPA3NMYHOM CTe-
neHy n3rnba PaKOBMHLI M HEPEryJSPHOM DACIIOJOMKEHUM MIJI Ha BUCLEPAJNBLHOM YacTH
BEHTPAJIbHOI CTBOPKM.

ITpucyrcreue rOppMAOEMM M OMOLIEHO3E f[aJI0 aBTOPY BO3MOIKHOCTL IPOBECTM Ila-
Neo3KoNnorndeckue HabGJOAEHNA, BhIACHAIOWME (PYHKUMOHANLHOE 3HAYEHNE pAAaA 3Je-
MeHTOB BHelLuHell mopdoisornmn pakosuHbl. Horridonia horride npuHaanexur K Gpa-
XMOTogaM CBOOOAHO pPacHoJIOXXEHHBIM HA Aue (VBanoBa, 1958; Muir-Wood & Cooper,
1960). ITaneoreorpadusa CBEHTOKPXKXMCKOrO LEXNITEMHA B YBA3KE C MHKpodaimalb-
HbIM aHaJNM30M CefUMEHTa yKasaJa, YToO roppuponuu oburanu B npubepexuoir obaa-
ctr GacreiiHa, B KOTOPOM OTJIarajMch MIBECTKOBO-TJIMHUCTbIE OCajkM, GoraTble Ipu-
MeCbI0 OPTaHMYECKOro BellecTBA M TePPUreHHOro Kpapua. CTpoeHMe PaKOBMHBI rop-
PUIOHUM, TAK KaK M MHBIX NPOAYKTHJ NPMHAAJNEIKAIMX K 3TOM CaMOit SKOJIOrUYeCcKOi
rpynne (CaperyeBa, 1949; Muir-Wood & Cooper, 1960 1 ap.), XapakKTepusyercsd cjle-
AYIOLMMY IIPUCTIOCOOTIEHUAMY, 00€CNEYNBAIOIMMY NIEPE]] IIOrPYIKEHUEM B MATKMIT Oca-
HOK cyberpara:
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1) BBIAArOINAACA CTENEHb U3rnba ¥ yYTOJIEHME TIOJIOCTM OKOJIO MAKyLIKM, 4TO objer-
4aeT NPUAORHATHE NepeAHero Kpad Haj cybcerpartom;
2) Onnpwiadg oropHas 1I0BEPXHOCTL PAKOBUHBI, YBEJIMYEHA XOPOLIO pPa3BHUThIMU

YILKaMH;

3) KoJIeHuaTO COTHyThble OOKOBbLIE JIONACTH M TECHOE CONPHMKOCHOBEHME CTBOPOK, obec-
neduBallee Nepex 3arpA3HeHMeM OCAJKOM C BepXHei ¥ HOKOBBIX CTOPOH;
4) 1uneitd u takxke OYTOPKM 11 MEJIKME MIJIBI TYCTO ITOKDPBIBAIOLIME BHYTPEHHIOI [10-

BEPXHOCTb CTBOPOK M JeMCTBYIOLUME KaK (PUALTPAUMOHHAA CHUCTEMA;

5) BeepoobpasHo pacnoJokKeHHad CUCTeMa 3aMOYHBIX MIJ M Ha YLUKax, obeciie-

UyMBarlas repej TIOrpyzKeHuem M CTabuaM3upyloiad noJioxkeHue B Ocajke.

B cnyyae mapylueHMa paBHOBeCUsA 0COOM B TEHEHMM POCTA, HA BEHTPANLHON CTBOPKE
Obiy: oOpa3oBaHLI MAaHTUITHBIM KpaeMm A00aBOYHbIE WMIJIbI, KOTOPbIE MNOAAEPIKMUBAIN
PaKOBMHY C NEpefHei cTOPOHLI. OAHAKO 4Yallle B TAKMX CIY4YasdX CTaOMIBHOCTL IIpu-
obperasnack Colee MHTEHCMBHBIM M3rMOOM DPAKOBMHBI. ACUMMMETPUYECKMIT M3rnd pa-
KOBMHBbI HEKOTODBLIX 0co0eit u obpa3zoBaHue FZOGABOYHBIX UIJ TOJbLKO C OAHOM CTOPO-
POHBI BBI3BAHO OBbINI0O HEPABHOMEPHBLIM IIOTPYIKEHMEM B OCAJKe.

IIpoBepenHble HADNIOAEHMA yKa3anu, YTO MHIMBUJYAJbHbIE CMeHbl OblIM CHUIABLHO
CBA3aHbI C TUIIOM OCAAKa, HA KOTOPOM JIE€KAJM roppuAoHUK. DOPMBI HallHeHHbIe B ge-
TPUTOBBIX M3BECTHAKAX 3 TajisH3uy He uMeIT A0ODGABOYHLIX MIJ HAa BEHTPANLHOMN
éTBopxe ¥ u3rnb pakoBMHBI ¥ HMX 3HAYUTENBLHO MeHblUMi. TecHas 3aBUCHMMOCTL TIPU-
CYTCTBUH WUIJ OT YCJOBMM Cpelbl 3aMETHO TIOHMXKAeT MX AWArHOCTUYECKOe BHUIOBOE
3Ha4YeHHe.

ABTOpP NIPOBEJ CPABHUTEJbLHbIe U3YUYEHMUA C COBPEMEHHBIMU U MCKOMAeMbIMU JBY-
CTBOpPYATbIMU MOJLIIOCKaMu poja Gryphaea Lamarck, KOTopeIxX crpoeHue, obpad Ku-
3HM M [NJACTUYHOCTb NPM CMeHax abuoTH4ecKMUX (PAaKTOPOB NpPOABIAIT GoJblioe
CXOACTBO K TOPPUAOHMAM. I'NIaBHBblE MOPQOJIOTHMYECKUE NPU3HAKM TOPPMUAOHMIL, YNO-
ao6n:omme ux K Gryphaea, 9TO BBINYKJAd M 3HAYUTEJIbHO M3OTHYTAA BEHTDaNbHAA
CTBOPKA, OTCYTCTBME CKYJBNTYPBHI, Bbinaxomnecn YLKa M KpPYIHble pPa3sMepbl pako-
BUHBLI. ABTODP NPEArONaraeTr, YTo [OPPUAOHUM MOTLYT NPEACTABIATL ,IPUEUAHYIO"
JMHUKD NPOAYKTUL, KOTOPAA BO3HMKJIA HA IepelioMe KaMEHHOYIOJBHOI'O M l1I€pMCKOro
nepuona. Ha npumepe ocobeit Productus {Horridonig) horridus, ormcadnbiX us Iep-
MaHMM, MOIKHO II0JIaraTb, YTo MOPCOJIOTMUYECKME CMEHBI B MCTOPMM STOr0 BUAA MMEJIN
npucnocabauBalolIMii xXapaKTep ¥, TakK Xak uiasa jgunaum Ostrea-Gryphaea, Morau
TNOABEPraTbCA PEBEPCUMM TIpU cMeHax Buorona.



PLATES



Plate I

Horridonia horrida (Sowerby)
(Kajetandéw)

Figs. 1—3. Three adult specimens with a different degree of the shell coil, viewed
laterally (Bp. IX/25 K, 19 K, 1 K).

Fig. 4. Adult specimen, viewed ventrally; in the anterior part, indistinct costae
(Bp. IX/56 K).

Figs. 5—7. Three different specimens, viewed ventrally; irregular distribution of
traces of ventral spines visible (Bp. 1X/25 K, 106 K, 19 K).

Fig. 8. Adult specimen, viewed ventrally (Bp. I1X/2 K).

Fig. 9. Adult specimen, viewed dorsally (Bp. IX/1 K).

All natural size
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