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Abstract. — The results of the author’s studies on the morphology, function and
taxonomic value of astrorhizae in the Palaeozoic Stromatoporoidea are presented.
In contradistinction to previous views according to which astrorhizae were con-
sidered as structure formed by stolons or zooids of the Stromatoporoidea, the
author concludes that they are traces of foreign organisms associated with the
Stromatoporoidea. The relationships between both organisms were probably com-
mensal or mutualistic in character, On the basis of associations observed in Recent
sponges and coelenterates, the author has discussed the possibility of a plant (algae)
or animal (non-skeletal coelenterates) nature of the organisms which were associated
with the Stromatoporoidea. Depending on the manner of connecting astrorhizae
with the skeletal tissue of the coenosteum, two types of these structures, i.e.
a) integrated and b) separated, have been distinguished and their morphological and
growth interpretation attempted. The new interpretation of astrorhizae allows one
to eliminate these structures as diagnostic features of the Stromatoporoidea which
may to a considerable extent simplify the taxonomy of this group.

INTRODUCTION

In the course of a taxonomic elaboration of the Devonian Stroma-
toporoidea of Poland (mostly from the area of the Holy Cross Mounta-
ins — Goéry Swietokrzyskie), the present writer encountered certain dif-
ficulties in establishing taxonomic categories based on previously accepted
diagnostic features on specific and, in many cases, generic level. A con-
siderable arbitrariness of the diagnostic features so far accepted is the main
reason why more and more species have been erected, a phenomenon
particularly frequent in works published over the last two decades. New
taxa are described without a critical estimation of the taxonomic value of
fundamental morphological elements of coenosteum which were mostly
determined as early as the late 19th century. With a negligible number
of revisory works, the number of the species described has already
exceeded 1700 (Fliigel & Fliigel-Kahler, 1968). It has been only recently
that several specialists of the Stromatoporoidea have begun to pay
attention to the importance of ecological and microstructural studies
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for the purposes of taxonomy of this group (Stearn, 1966; St. Jean, 1967;
Sleumer, 1968, 1969).

The results of studies on astrorhizae made on the basis of an abundant
and varied material of the Stromatoporoidea, collected from the Devonian
(Givetian-Frasnian) of the Holy Cross Mountains, are described in the
present paper. The data concerning the problem of astrorhizae in the
Ordovician and Silurian Stromatoporoidea have been taken from pub-
lished works. About 500 complete and fragmentary colonies, on part
of which astrorhizae occur only superficially, and about 600 thin slides
with cross sections of astrorhizae have been examined. Valuable informa-
tion concerning the frequency of occurrence of astrorhizae in the colonies
of stromatoporoids was obtained by looking through hundreds of polished
plates of Devonian stromatoporoid limestones stored at the Building Stone
Dressing Plant in Kielce. These plates, made of Givetian limestone,
hewn out at the “Panek” quarry in Bolechowice near Kielce, are com-
monly used in Poland as a decorative stone slab facing.

This paper has been prepared at the Palaeozoological Institute (ab-
breviated Z. Pal.) of the Polish Academy of Sciences in Warsaw, where
the specimens described are housed.

The present writer’s cordial thanks are extended to Prof. Z. Kielan-
-Jaworowska, Director of the Palaeozoological Institute of the Polish
Academy of Sciences, for her scientific patronage and a many-sided help
in the preparation of the work. He also feels indebted to Prof. R. Kozlo-
wski (Palaeozoological Institute of the Polish Academy of Sciences,
Warsaw) and Docent A. Urbanek (Palaeozoological Laboratory of the
Warsaw University) for an extensive discussion and valuable remarks
concerning the text. Separate thanks are due to Miss D. Koscielska,
laboratory assistant at the Palaeozoological Institute, who prepared thin
sections of stromatoporoids.

MORPHOLOGICAL CHARACTERISTICS OF ASTRORHIZAE

The term ‘“astrorhiza”, introduced to literature by Carter (1880) to
replace his previous definition “stellate venation”, was generally accep-
ted. Carter’s definition determines astrorhizae as stellate systems of
canals marked on the surface and in deeper parts of coenosteum of
stromatoporoids. The term ‘astrorhiza”, referring to “hydrorhiza”, was
intended to emphasize a homology between these structures which
existed according to Carter. Carter’s definition was subsequently sup-
plemented by descriptions of astrorhizae presented by many authors
(including Nicholson, 1886; Kiihn, 1927, 1939; Lecompte, 1951, 1952;
Yavorsky, 1955; Galloway & St. Jean, 1957; Fligel, 1959; Nestor, 1964,
1966; Bogoyavlenskaya, 1965).
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In the present paper, citing examples of relationships between astror-
hizae and definite morphological types of coenosteum, the writer purposely
confines himself to the determination of a genus as a taxonomic category
relatively easy to distinguish among the Stromatoporoidea in contradist-
inction to a species, which happens to be ununivocally understood. His
negative attitude towards most species of the Stromatoporoidea, erected
so far, will be justified in a separate paper devoted to the taxonomic value
of the morphology of the skeletal tissue and its microstructure.

Shape of astrorhizae

An astrorhiza is a structure formed as a result of superposition of
a certain number of growth stages, marked by more or less regularly
distributed tabulae and cysts. It consists of a system of stellate canals
branching off from a centrally situated point or area. Lateral canals
of astrorhizae, frequently diverging dichotomously, are disposed parallel,
obliquely or, less frequently, perpendicularly to the laminae of coe-
nosteum. In extreme cases, all the manners of disposition of lateral canals
may be found in one astrorhiza (Pl. V, Figs. 1-2). This fact renders doubt-
full the classification of astrorhizae, according to' which a regular manner
of disposition of lateral canals in relation to the plane of laminae of
coenosteum is assumed (Bogoyavlenskaya, 1968). The present writer also
does not agree with Lecompte’s (1956) view that the tendency to a vert-
ical position of lateral canals is a character of astrorhizae which, accord-
ing to that author, is the most distinct in the Mesozoic forms (Sphaeracti-
noidea) derived from Palaeozoic stromatoporoids. In the representatives
of the genera Hermatostroma and Stromatoporella, examined by the
present writer, bundles of vertical canals are clearly visible next to
horizontal and oblique canals (Pl. V, Figs. 1-2; P1. VIII, Fig. 2). Principal
morphological features of all astrorhizae, observed on the surface of
coenosteum, are similar even in such stromatoporoids which considerably
differ from each other in the architecture of their skeletons. A consider-
able differentiation of astrorhizae is, however, revealed by spatial obser-
vation.

Previous descriptions of astrorhizae distinguish simple forms consist-
ing only of stellate, horizontal canals occurring on the surface of coen-
osteum and complex forms, composed of several superposed, simple
astrorhizae connected with each other by a common axial canal (or,
according to Galloway, 1957 — astrorhizal cylinder). In simple astrorh-
izae, a small depression or, vice-versa, elevation occurs at central point.
An opening which corresponds to an outlet of the axial canal or, in
the case of a bundle of axial canals, several openings are observed in
the central part of superposed astrorhizae (Pl. I, Figs. 1-3; Pl II, Fig. 2;
P1. VIII, Fig. 1).
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Lateral canals of astrorhizae may be straight, not branched or bran-
ched singly, dichotomously or many times. There also occur anastomoz-
ing lateral canals. In the systems of superposed astrorhizae, differences
are observed in the length of lateral canals which at certain levels are
short and at others considerably longer (Pl. IV, Fig. 4).

Despite their usually stellate structure, astrorhizae do not display
symmetry. Traces of hexametric symmetry which may be observed in
some astrorhizae seem to be fortuitous.

In addition to astrorhizae with a stellate system of lateral canals, some
other types occur. So some Ordovician and Silurian stromatoporoids have
a vertical canal with a cross section mostly larger than that of galleries
of skeleton tissue and having short, irregular lateral branching. Such
astrorhizae are considered to be a primitive initial type of strongly bran-
ched ones (Galloway, 1957; Nestor 1964). According to Lecompte (1951,
1956), vertical canals with few, short, lateral branchings and which are
axially or excentrically situated in digitiform and ramose stromatoporoids
(as, for instance, in the genera Idiostroma, Dendrostroma, Amphipora and
Stachyodes), should be also assigned to astrorhizae. In many specimens
of the genus Hermatostroma from the Devonian of the Holy Cross Mount-
ains, strongly concentrated astrorhizae display an irregular pattern of
structure and a lack of a definite orientation in relation to the skeletal
tissue (Pl. VI, Figs. 1-2; Pl. VII, Figs. 1-2).

Astrorhizal canals are usually round or suboval in transverse section.
They may be also more irregular in outline. -

Size of astrorhizae

The size range of astrorhizae is very extensive. The spacing of terminal
ends of lateral astrorhizal canals may vary within limits of 2 and 30 mm
(Galloway, 1957), the smallest of them being recorded in Ordovician and
Silurian stromatoporoids (e.g. Stromatocerium rugosum Hall), and the
largest in Devonian ones (e.g. Stromatoporella eifeliensis Nicholson).
Astrorhizae with the spacing of their lateral canals exceeding 50 mm
(P1. 1, Figs. 1-2) have been found by the present writer in Devonian forms
from the Holy Cross Mountains, belonging to Stromatoporella sp. and
Hermatostroma sp. Accurate measurements of the spacing of lateral
canals on the surface of coenosteum or in tangential sections are more
difficult in the case when canals are obliquely disposed in relation to
laminae. On the other hand, with measurements taken in vertical sect-
ions, it is difficult to place the plane of section in the axis of an astrorh-
iza.

In regard to size, astrorhizae may be divided into the following two
groups: 1) small, with lateral canals spaced 1—8 mm apart, averaging
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4—6 mm; 2) large, with lateral canals spaced 15—50 mm apart, averag-
ing 20—30 mm.

Each of these groups is related to a definite type of the structure
of coenosteum and differs from the other in its relation to the skeletal
tissue (see below).

The diameter of the transverse section of lateral and axial canals is
in principle proportional to the size of the entire astrorhizal structure,
but sometimes astrorhizae happen to have long and narrow axial and
thick lateral canals.

The superposed astrorhizae continue fo run in coenosteum over a space
of a few to some scores of laminae. Their length, measured along the
axis, varies from a few mm to 4 cm and even more. Systems of superposed
astrorhizae are represented in both size groups. The degree of ramification
of lateral canals of superposed astrorhizae frequently varies within part-
icular “floors”.

The concurrence of large astrorhizae of two types: larger ones with
canals set about 50 mm apart, and lateral canals about 1 mm in transverse
section, and smaller ones with canals set about 15—20 mm apart, and
lateral canals about 2.5 mm in transverse section, have been observed by
the present writer on the surface of a few colonies of Hermatostroma
sp. The central zone of the former is of the nature of a broad depression,
and that of the latter — of an elevation on which the outlets of a bundle
of axial canals are visible (Pl. I, Fig. 1). Lateral canals of both types of
astrorhizae do not join each other.

Relationship of astrorhizae to the surrounding skeletal tissue

It was proved by Carter (1879, 1880) and Nicholson (1886) that astro-
rhizal canals have not proper walls and that the space they occupy is
bounded by elements of coenosteum. These observations were later con-
firmed by Steiner (1932), Kiihn (1927, 1939), Lecompte (1951, 1956), Yavor-
sky (1955), Galloway (1937) and others. Characterizing astrorhizae, Nichol-
son (1886, p. 53) maintains that they are fully connected with pores of the
skeletal tissue (according to Galloway, 1957 — galleries). According to
this author, lateral canals of an astrorhiza, bifurcating many times, with
an increase in distance from the center of the astrorhiza, gradually decr-
ease their thickness and finally freely interlace with pores (galleries) of
the skeletal tissue. Such a manner of a connection between astrorhizae and
the skeletal tissue has so far been accepted without reservation.

It is, however, clear from the present writer's studies that the free
connection of astrorhizal canals with the skeleton may occur only in
a few morphological groups of the skeletal tissue, whereas in other groups
astrorhizal canals are isolated from the skeletal tissue and do not join
it at all, or at least, if there is any connection between them, it is con-
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siderably limited. Depending on the degree of connection with the skeletal
tissue, the present writer distinguishes the following two groups of
astrorhizae: 1) integrated type, 2) separated type.

Characteristics

1) The canals of astrorhizae of the integrated type are marked by
a free connection with the galleries of skeleton and occur, for example,
in the representatives of such genera as Actinostroma, Densastroma,
Tienodictyon, Ecclimadictyon, Clathrodictyon or Atelodictyon. Lateral
canals of astrorhizae of the integrated type are usually arranged parallel
to the surface of the laminae of coenosteum, and their thickness does
not exceed a single interlaminar space. The boundaries of canals of such
astrorhizae are usually indistinct and the canals themselves gradually pass
into pores (galleries) of the skeletal tissue (Pl. III, Figs. 1,3; Pl. IV,
Fig. 3). In vertical sections, astrorhizae of the integrated type are marked
only in the form of more or less distinct turbulences in the trace of
laminae, which sometimes leads to the formation of mamelons on the
surface of coenosteum. Tabulae intersecting the canals of such astrorhizae
are on the whole oriented parallel to the trace of laminae (Pl. III, Fig. 2;
Pl. IV, Figs. 2,3; PL. VI, Fig. 3). In regard to size, almost all astrorhizae
of the integrated type belong to the group of small forms. They are related
to what is known as an “open” type of the structure of coenosteum
(Tripp, 1928, 1932) (for further explanation see p. 510).

2) The canals of astrorhizae of the separated type are marked by
their being separated from the skeletal tissue or by a very small degree
of connection with it. They occur, for example, in the representatives of
such genera as Stromatopora, Hermatostroma, Parallelopora, Trupetostro-
ma, Stromatoporella etc. The trace of lateral canals of astrorhizae of this
type is only rarely in line with the arrangement of laminae in coenosteum.
Usually, it is oblique or even perpendicular (Pl. V, Figs. 1-2) and the
thickness of such canals is mostly several times as large as a single
interlaminar space. The canals are usually tightly encased by a skeletal
substance (Pl. I, Fig. 3 Pl II, Figs. 1-2; PlL. V, Figs. 1-2). The ends of
lateral canals do not join galleries and in relation to the thickness of an
entire canal are only slightly contracted, or, on the contrary, frequently
are even bulbously extended (Pl. VII, Figs. 1-2; Pl. VIII, Fig. 2). The
canals of astrorhizae of the separated type are also intersected by irregul-
arly distributed, flat, concave or convex tabulae. Calcareous lamellae of
the nature of cysts are also fairly frequent. However, in contradistinction
to the astrorhizae of the integrated type, here tabulae are arranged dis-
cordantly to the laminae, mostly obliquely or even perpendicularly (Pl
VII, Figs. 1-2). In regard to size, the astrorhizae of the separated type
belong mostly to the group of large astrorhizae and are related to what
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is known as a “closed” type of the structure of coenosteum (Tripp, 1928,
1932) (for further explanation see p. 510).

Mamelons. — Nodules and nipples called mamelons (Galloway, 1957)
frequently occur on the surface of coenosteum of the astrorhizae of both
types. They are formed as a result of a series of laminae being bent
upwards in the neighbourhood of an astrorhiza (Pl. IV, Figs. 1-2). Their
height amounts, on the average, to from a few to a dozen or so mm, with
a basal diameter reaching 10 mm. Many astrorhizae are, however, devoid
of mamelons and no turbulence is observed in the trace of laminae
(Pl. 1V, Figs. 3-4). Mamelons were also formed when the skeletal tissue
overgrew foreign organisms settled on the surface of a colony (e.g. tubes
of polychaetes, corallites of Tabulata), particles of sediment or spont-
aneously as a reponse to a change in abiotic factors of the environment
(e.g. an increase in the deposition of sediment). The outlets of axial
canals of astrorhizae are situated on the apical surface of mamelons, but
frequently excentrically in relation to the mamelon axis (Lecompte, 1956;
Galloway, 1957).

Changes in skeleton in the zone of astrorhizae. — In almost all astro-
rhizae, particularly those of the separated type, a thickening of the
skeleton with a simultaneous partial or complete decay of the lamina-
-pilla system, typical of a given colony, occurs in the contact area with
the skeleton (Pl. 1V, Fig. 3; PL. VI, Fig. 2). A thin sheath of a skeletal
substance of the nature of a pseudo-wall frequently occurs in the
astrorhizae of the separated type in the area where the skeleton contacts
astrorhizal canals. As seen in thin sections, this substance is usually
darker than the rest of the skeleton (?organic substance) (Pl. VI, Fig. 2;
Pl. VII, Figs. 1-2). Likewise, the skeletal substance which fills narrow
spaces between lateral canals and bundles of axial canals in the systems
of superposed astrorhizae is structureless and darker (Pl. V, Figs. 1-2;
Pl. VIII, Fig. 1). A considerable concentration of astrorhizae in coenosteum
may lead to a complete deformation of the system of the skeletal network
typical of a given form.

The distribution of astrorhizae in coenosteum

The astrorhizae are distributed in coenostea at random. A concentra-
tion of astrorhizae in the zone of latilaminae was observed by Lecompte
(1951, 1956). This is confirmed by the observation :of the specimens
from the Holy Cross Mountains. The present writer does not agree
with Kiihn’s (1939) statement that astrorhizae do not appear in early
development stages of the colonies of stromatoporoids. In the material
under study, there are many specimens in which normally develop-
ed astrorhizal canals occur within some first laminae of coenosteum.

Astrorhizae are not constantly related to the specimens of a definite
species or genus of the Stromatoporoidea. It is clear from Fliigel’s (1959)
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studies on a considerable number of the species of Actinostroma that
astrorhizae occur in 65 per cent of the species of this genus, some of
them (e.g. A. verrucosum) displaying an abnormally high degree of con-
centration of astrorhizae. Galloway (1957) found that, in the colonies he
examined, astrorhizae occurred on the average in one specimen out of
every ten. Of 85 species, described by Galloway and St. Jean (1957),
astrorhizae occurred only in 55. According to these authors, out of 18
species of the genus Anostylostroma only 3 had astrorhizae, of Stromato-
porella — about a half of the entire number of species and of Stromato-
pora and Syringostroma — all species. These data contradict a previous
statement of Kiihn (1939) that astrorhizae occur in all species of the
Stromatoporoidea. It is clear from the present writer’s studies that astro-
rhizae almost identical with each other in morphology and size occur
in colonies of different genera (e.g. Actinostroma and Atelodictyon or
Hermatostroma and Stromatoporella).

A REVIEW OF PREVIOUS INTERPRETATIONS OF ASTRORHIZAE

The views of only those authors who, discussing the function of astro-
rhizae, took a now commonly accepted standpoint that stromatoporoids
should be assigned to the Coelenterata (Hydrozoa), are discussed below.
Other views, assuming the relationship of stromatoporoids to other taxo-
nomic groups and being at present of a purely historical importance, are
discussed in detail in the works by Dehorne (1920), Lecompte (1951, 1956)
and Galloway (1957).

All previous interpretations of the function of astrorhizae were based
on the assumption that astrorhizae are traces left by soft parts of colonies
related anatomically to the rest of coenosarc.

View I

Astrorhizae are homologous to coenosarcal stolons (hydrorhizae) of the
Hydroida and Milleporina; the budding of zooids of a colony took place
in their centres.

Discussion. — This view, formulated by Carter (1880), was subse-
quently maintained by Nicholson (1886), Steiner (1932) and Yavorsky
(1955). Such an interpretation is, however, contradicted by the organiza-
tion of a hydrorhiza and of the asexual reproduction of the Recent
Hydroida which develop coenosteum at the base of a colony (Tripp,
1928; Hyman, 1940: Braverman & Schrandt, 1966; Vervoort, 1966, and
others). The stellate arrangement of astrorhizal canals is "absolutely in-
comparable to the irregular network of basal stolons in the Recent
Gymnoblastina (e.g. Hydractinia). Likewise, in the Recent Hydroida no
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increase is observed in the thickness of stolons in the budding area of
a new zooid, whereas the astrorhizal canals frequently exceeds several
times the dimensions of the galleries of coenosteum. The canals of astro-
rhizae are intersected by tabulae and cysts, which are not recorded in
the zone of basal stolons of the Hydroida or Milleporina. The fact that
this conception cannot be used to elucidate the sporadicalness of the
occurrence of astrorhizae or even its lack in many coenostea, is the most
important objection to this interpretation.

View II

The system of astrorhizal canals correspond to branched systems of
stolons in skeletal spines and humps of some Recent Gymnoblastina
(e.g. Hydractinia echinata).

Discussion. — This view, expressed by Tripp (1928), was subsequently
criticized by Kithn (1939) who correctly remarked that the spines of
Recent Hydractinia only superficially resemble the mamilliform struc-
tures, which sometimes occur on the surface of coenosteum of stromato-
poroids and which not always are related with the occurrence of astro-
rhizae. On the contrary, sometimes astrorhizae are situated in distinct
depressions of coenosteum. In contradictinction to the spines of Hydrac-
tinig which function for a short time and then degenerate in the skeleton,
astrorhizae usually continue through a dozen or so successive laminae
of coenosteum. Tripp’s conception is only a completion of view I and
all proofs, quoted above, testify against it.

View III

Astrorhizal canals are traces of special tubes which contained reduced
zooids. These zooids, which performed a function homologous to gono-
phores (blastostyles) of the Recent Hydroida, were connected with
a hydrorhiza by a system of stellate stolons.

Discussion. — This view, based to a considerable extent on the observ-
ations of previous authors, was expressed by Kiihn (1929, 1939) without
a detailed analysis of morphological characters of astrorhizae. He assumed
that some important, soft elements of the colony, most likely fulfilled
a function of reproductive organs, were bound to occur in the place of
astrorhizae. The structure and distribution of gonophores (blastostyles)
in Recent Hydroida (Hyman, 1940; Naumov, 1960) does not, however,
entitle one to compare them with astrorhizae. Gonophores do not ever
substantially differ in size from the remaining zooids in a colony and
frequently are smaller than they. Judging by the dimensions of the
skeletal tissue of coenosteum, the size of possible zooids in stromato-
poroidal colonies was bound to correspond approximately to an average
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size of zooids in the Hydroida. The dimensions (in some cases quite
large) of axial canals of astrorhizae, which were believed by Kiihn to
contain gonozooids, would indicate vast disproportions in the size of
individuals in a colony (Pl V, Figs. 1-2). Kiihn’s hypothesis also does
not explain how to interpret the character of the gonozooid, referred
to above, in the case in which astrorhizae have not an axial canal or
are formed by a bundle of axial canals. Astrorhizae are structures fixed
in coenosteum, whereas in the Hydroida, developing a basal skeleton,
gonophores are not marked in this skeleton and do not take part in its
development either (Tripp, 1928). No marked thickening of stolons and
a system of stellate connections with a hydrorhiza are observed in the
Recent Hydroida with hydrorhizal budding of gonophores, whereas they
are clearly visible in the system of astrorhizal canals. In the skeleton of
Hydractinia with which the coenosteum of stromatoporoids is most fre-
quently paralleled (Tripp, 1928), gonophores bud not from stolons but
on modified hydranths (gonozooids). The shape of reproductive organs
and frequency of their occurrence in the colonies of the Recent Hydroida
are on the whole constant characters, whereas astrorhizae are ephemeral
structures, frequently differing in shape and size within a colony.

Kiihn’s (1929, 1939) conception was modified by Galloway (1957) who
tried to explain the lack of astrorhizae in some specimens of the same
species by the phenomenon of a sexual dimorphism of a colony of
stromatoporoids. He believed that astrorhizal structures might be traces
of female gonozooids. According to his interpretation, the colonies with
astrorhizae would be female ones and those devoid of astrorhizae — male
or sexless ones. Although we cannot preclude the possibility that the
colonies of stromatoporoids were dioecious, but astrorhizae do not seem
likely to indicate this phenomenon. Galloway himself emphasized that
his presumptions were not confirmed by any species described so far
and that nobody succeeded in finding pairs of dimorphic coenostea cor-
responding to each other. Within the range of the Recent Hydroida
described so far, producing a basal skeleton, the forms in which female
and male gonophores would be differently disposed in relation to coenos-
teum are unknown (Hyman, 1940; Naumov, 1960).

Referring to Nicholson’s (1886) guesses, Galloway (1957) did not also
preclude the possibility of interpreting astrorhizae as organs whose
function is similar to that of ampullae of the Recent Hydrocorallina. The
present writer believes that comparing these two types of structure is
baseless. Spherical spaces scattered within the skeletal tissue of some
stromatoporoids and believed by Nicholson (p. 63, Fig. 8) to be an equi-
valent of ampullae, seem to be nothing else but transverse sections of
lateral astrorhizal canals intersected by many tabulae (Pl. VII, Figs. 1-2;
Pl. VIII, Fig. 2).
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A NEW INTERPRETATION OF ASTRORHIZAE

According to the present writer's opinion, all characters of astrorhizae
indicate that these structures may be considered as traces left by orga-
nisms, which during their life time were associated with colonies of
stromatoporoids. This interpretation is based on the following facts:

1) astrorhizae occur in coenostea irregularly, from considerable con-
centrations up to a complete lack;

2) astrorhizae are differentiated morphologically within one and the
same colony;

3) lateral and axial canals of astrorhizae frequently display dispropor-
tions in size as compared with skeletal galleries;

4) the arrangement of lateral astrorhizal canals is usually discordant
with the course of laminae of coenosteum;

5) tabulae and cysts, occurring in axial and lateral astrorhizal canals,
are usually arranged discordantly to the direction of laminae of coenos-
teum; S
6) astrorhizae display a differentiated manner of relationship to the
skeletal tissue of coenosteum (integrated and separated types of astro-
rhizae);

7) in the zone of astrorhizae, the skeletal tissue of coenosteum fre-
quently displays disturbances and deformations.

The main reason why astrorhizae have not so far been interpreted
as traces of foreign organisms were, on the one hand, too superficial
studies of these structures and, on the other, until recently a poor know-
ledge of the phenomena of symbiosis (sensu Allee et al., 1949) between
particular marine invertebrates, sometimes only slightly related system-
atically.

Many authors (including Carter, 1879, 1880; Nicholson, 1886; Clarke,
1907, 1921; Fligel, 1956; Galloway, 1957) described such organisms, en-
crusted by stromatoporoids, as tabulates, solitary tetracorals or tubes of
polychaetes which, without more detailed studies, were considered as
commensals or parasites. In contradistinction to astrorhizae, all these
forms have their own skeletons, clearly outlined in coenosteum and their
relationships to the stromatoporoids are more or less accidental or
facultative. The fact that they commonly occurred independently in
stromatoporoidal assemblages or encrusted skeletons of dead colonies,
shows how loosely were they related to the stromatoporoids.

MORPHOLOGICAL INTERPRETATION OF THE
ASTRORHIZA-STROMATOPOROID SYSTEM

The lack of proper walls in the canals of astrorhizae, which would
separate these structures from the skeletal tissue, allows one to suppose
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that the organism which developed them was a skeletonless form. This
lack may be also indicative of a closer relationship of both associates
than it is the case of the anthozoans and polychaetes mentioned above.

The two types of astrorhizae integrated and separated distinguished
by the present writer, are related with one of the two fundamental types
of the construction of the skeletal tissue in the stromatoporoids, separated
by Tripp (1928, 1932).

Astrorhizae of the integrated type occur primarily in the coenostea
with what is known as “open” (“offene Bauweise”) manner of depositing
the skeleton (e.g. in Actinostroma), observed by Tripp (op. cit.) in the
Recent Hydractinia echinata. The laminae of these forms are built of
a homogenous layer of the skeletal substance deposited only on the
bottom side of the hydrorhizal stolons and which, with the growth of
a colony, successively shifts to higher levels. A relatively thin mat was
here formed by the coenosarc.

Astrorhizae of the separated type are related to coenostea with what
is known as a ‘“closed” manner of building (“geschlossene Bauweise”)
the skeletal tissue, characterized by laminae consisting of two layers
each (e.g. in Stromatoporelia), observed by Tripp in, among other species,
Podocoryne carnea. The skeletal substance is here deposited simultane-
ously on all sides of hydrorhizal stolons so that, as result of apposition
of stolons, bipartite laminae are formed with a median line. The whole
of the coenosarc has here the form of a loose network, some stolons being
situated within the skeleton. The layer of coenosarc is thicker than in the
former case.

Accepting two fundamental types of the organization of the skeleto-
genous hydrorhizal zone in the stromatoporoids, suggested by Tripp, one
may attempt to elucidate on this basis how an astrorhizal guest could be
related to its host. In the present writer’s opinion, an organism correspond-
ing to an astrorhiza of the integrated type settled in the host’s coenosarc
and was probably metabolically dependent on it, which in turn compel-
led it to be shifted upwards together with the coenosarc. Owing to the fact
that the skeleton was deposited only by the lower layer of the hydrorhiza
(Tripp’s “open” type), the canals of the astrorhiza contacted it to a very
limited extent only. Such an interpretation clearly explains a presently
observed free connection between the canals of astrorhizae and galleries of
coenosteum, vague outlines of these canals and a small thickness of lateral
canals, which does not exceed the zone of coenosteum limited by two
successive laminae (Pl. I1I, Fig. 2a; Pl. VI, Fig. 3).

Quite different was the relationship of an astrorhizal guest to the colo-
nies of stromatoporoids which represented Tripp’s ‘closed” type of the
structure of skeleton and in which the layer of coenosarc was correspond-
ingly thicker and its lowermost parts (stolons) were situated within the
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skeleton. An organism, corresponding to an astrorhiza of the separated
type and metabolically dependant on its host, during the growth of the
latter was here contacting for some time the stolons situated within the
skeleton and was gradually walled up by the skeletal substance they
secreted. Such an interpretation allows one to explain a presently observed
isolation of astrorhizae of this type from coenosteum, a considerable
thickness of their lateral canals which usually exceeds the width of the
zone of coenosteum limited by two successive laminae, as well as the
dimensions of entire astrorhizal structures — as a rule generally large —
as compared to the dimensions of coenosteum (Pl. I, Figs. 1-3; Pl V,
Figs. 1-2).

In the case of astrorhizae of the separated type, it might well be that
the organism, which settled on a stromatoporoid, was not metabolically
dependent on it, but only used its host as a substratum. Such an interpret-
ation, is, however, testified against by a usually strongly ramified network
of lateral astrorhizal canals, particularly so in Devonian forms, in which
astrorhizae frequently penetrate a considerable part of the capacity of
coenosteum (Pl. I, Fig. 1).

GROWTH RELATIONS IN AN ASTRORHIZA-STROMATOPOROID SYSTEM

A foreign organism, which settled a colony of a stromatoporoid, had
to adapt the rate of its growth to that of its host. This was caused, on
the one hand, by the necessity to keep in contact with the host’s coenosarc
and, on the other, the guest was exposed to the danger of being stifled
by the growing skeleton of the stromatoporoid. It is clear from the observ-
ations of relationships between astrorhizae and coenosteum that the part-
ner of the stromatoporoid was well-adapted to keep itself in the surface
zone of the colony the most advantageous for it. The superposed systems of
astrorhizae, continuing through a few to several scores of laminae, give
ample evidence that an organism associated with a stromatoporoid did
not for a long time change its position within the colony, except for its
upward displacement caused by the growth of the latter. A variable length
of systems of superposed astrorhizae indicates that the relative lifetime
of organisms lodged in them was considerably differentiated and varied
even in the case of forms, which occurred within one and the same colony.
The functioning of simple astrorhizae with canals restricted to one inter-
laminar space only, was very brief. A steady direction of the growth of
astrorhizal structures in the skeletons of stromatoporoids is one more
proof against interpreting them as traces left by the zooids of stromato-
poroids. It is clear from the studies on the growth of the colonies of the
Hydroida which produce coenosteum (e.g. Bougenvillidae) that the zooids
are short-lived structures which, with the growth of coenosteum, become
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subject to resorption (“‘eingeschmolzen”, Tripp, 1928, 1932) and new ones
bud in a mosaic-like manner at different points of the colony (Mackie,
1966).

The length of lateral astrorhizal canals, variable at different “floors”
of the systems of superposed astrorhizae, was closely correlated with the
rate of growth of a stromatoporoid (P1. IV, Figs. 3-4; Pl. V, Fig. 2). Longer
lateral canals are usually observed in astrorhizae in the zone of latilaminae
which corresponds to the slowing down of the growth.of the skeleton
caused by a deterioration in living conditions. Due to the fact that, in
such cases, coenosarc kept itself on one and the same level for a longer
time than usually, the guest could penetrate the host’s tissue much deeper
than usually. With a normal growth of the host, there was no possibility
of a considerable lateral expansion of the guest and, if such was the case,
the lateral canals were very short and only the vertical axial canals of
astrorhizae were clearly marked (Pl. IV, Fig. 3; PL. V, Fig. 2).

The process of growth of a guest in stromatoporoid colonies was
combined with the deposition, on the bottom side, of many tabulae and
cysts. These are thin (ca. 0.02 mm), structureless calcareous lamellae
which do not differ microscopically from the rest of the skeletal tissue
of coenosteum. Their irregular distribution in astrorhizal canals also
shows that the rate of the guest’s growth was not uniform and depended
on an increase in the host’s skeleton. More densely distributed tabulae
usually occur, therefore, in those parts of astrorhizae in which the lateral
canals are strongly developed (Pl. 1V, Fig. 3; PL. V, Fig. 2).

The discordance in the arrangement of tabulae and cysts in relation to
the laminae of coenosteum, particularly clearly marked in astrorhizae of
the separated type (Pl. V, Figs. 1-2; Pl. VII, Figs. 1-2), shows that they
were formed rather independently of the skeleton of a stromatoporoid.
Tabulae and cysts make up a permanent character of astrorhizal structures
in contrast to bent calcareous lamellae, mostly called dissepiments, which
sometimes occur in the coenostea of stromatoporoids.

Conclusions concerning growth relations of both organisms associated
with each other may also be drawn on the basis of the manner of arrang-
ing laminae in the zone of astrorhizae. In the present writer’s opinion,
a relatively rapid growth of the stromatoporoid resulted in an upturning
tendency of laminae in the neighbourhood of an astrorhiza and, con-
sequently, in the formation on the surface of a colony of mamillary elevat-
ions (Pl. 1V, Figs. 1-2), called by most authors mamelons (cf. Galloway,
1957). With a uniform growth of both organisms the course of laminae
was not disturbed (Pl. IV, Figs. 3-4; Pl. VI, Fig. 3), whereas with the
slower growth of the host’s skeleton laminae surrounding an astrorhiza
were slightly bent downwards and a small depression was formed on the
surface of coenosteum.
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ORIGIN AND BIOLOGICAL CHARACTER OF AN
ASTRORHIZA-STROMATOPOROID SYSTEM

In the light of the interpretation, discussed above, we may attempt to
explain the appearance of astrorhizae in the history of stromatoporoids.

The first astrorhizae appeared in stromatoporoids in the Upper
Ordovician, while the oldest stromatoporoids have already been known

since the Middle Ordovician (Galloway, 1957; Gélloway & St. Jean, 1961;
Nestor, 1964). The first astrorhizae were small and consisted of a single
axial canal and simple lateral canals. Besides, they occurred relatively
rarely (Galloway, 1957; Nestor, 1964). However, it is already during the
Silurian that a considerable increase is marked in their dimensions,
degree of ramification of lateral canals and frequency of their occurrence
in coenostea (Nestor, 1964, 1966). This process reached the summit of its
development in the Devonian forms. The astrorhiza-stromatoporoid
association is, therefore, an example of a gradual invasion of the guest
with a clearly progressive adaptation to an increase in cooperation with
its host, i.e. the stromatoporoid. The first associations of both organisms
were probably accidental and facultative in character and the guest’s
interest in the host resulted primarily from the attractivity of the sub-
stratum, formed by a hard and stable stromatoporoid colony. Initial
epibionts (epizoites) could subsequently pass to a closer cooperation with
the host. A considerable density of population of stromatoporoid assembl-
ages was an important factor favourable to the formation of a partnership
of such type. Frequently, the stromatoporoid colonies occupied an entire
surface of the bottom, almost completely displacing other benthonic
organisms from their biotic niche. Such a situation was probable stimul-
ative to several displaced organisms compelling them in turn to their own
attempts at a settlement on the surface of stromatoporoid colonies. In
régard to population density, stromatoporoid communities are only
comparable to Recent reef communities, which are marked by precisely
such a variety of biotic associations between species living in them.

Having at one’s disposal skeletons as an only available material, it is
difficult to determine accurately the nature of the astrorhiza-stromato-
poroid association in the categories used by ecologists in the studies of this
type. We may only assume one of the following two categories of sym-
biosis:

1) a commensalism: the guest used the stromatoporoid as a sub-
stratum only; astrorhizal canals would correspond to more or less spe-
cialized anchoring organs of the guest; '

2) a mutualism: the guest used the stromatoporoid as a substratum,
but also participated in its host’s metabolic processes; in addition to the
anchoring function, astrorhizal canals would increase the area of contact
with the host.

2 Acta Palaeontologica nr 4/69.
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On the other hand, since no traces of a destructive effect of astrorhizae
on the growth of coenosteum are observed even when they occur in
great concentrations, we may preclude the possibility of a parasitic
nature of the guests of stromatoporoids. Likewise, there are no symptoms
of the host’s defensive responses which would occur in the form of
pathogenic degenerations of the skeletal tissue in the neighbourhood of
astrorhizae.

Assuming that an astrorhiza-stromatoporoid association might fluctu-
ate between commensalism and mutualism, attention should simultane-
ously be paid to the fact that the two types of astrorhizal structures
distinguished in the present paper, i. e. integrated and separated, must not
be interpreted as two separate categories of biotic association. These
terms are only morphological in character and serve to explain the posi-
tion of the guest in relation to the skeleton of the stromatoporoid.

The irregular occurrence of astrorhizae in coenostea indicates that
the relationships of both organisms were facultative in character on the
part of the host, but —if we take into account the guest’s high degree
of specialization — they might be obligate on the part of the latter.
Although some of the astrorhizae seem to be permanently associated with
certain morphological groups of coenosteum, no distinct specifity is ob-
served in the relation of the guest to the host.

ASTRORHIZAE AS STROMATOPOROID SYMBIONTS

An organism inhabiting astrorhizae cannot be reconstructed without
the knowledge of the organization of its soft parts. It is also among Recent
biotic associations that we do not know a system identical with that
consisting of an astrorhiza and a stromatoporoid. The present astrorhizal
structure does not even allow one to state for certain whether an organism
associated with a stromatoporoid was a solitary or a colonial form. On the
other hand, we may state that astrorhizae are a product of non-skeletal
organisms and that most likely they make up traces of their variously
specialized anchoring organs (rhizoids). The rest of the body of these
organisms might be more or less elevated above the coenosarc of the
stromatoporoid. A similar shape of astrorhizae allows one to believe that
the organisms, which developed them, belonged to one and the same
systematic group and differed from each other only in the adaptation
to the symbiotic mode of life with stromatoporoids.

An approximate reconstruction of the systematic position of astro-
rhizal organisms may be carried out on the basis of examples of biotic
associations observed in Recent marine communities. A comparison may
be only made of such Recent organisms whose morphological organiza-
tion and habitat are similar to those of stromatoporoids. Such organisms
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are primarily the Recent sponges and coelenterates. In the present writer’s
opinion, based on examples of some of the forms associated with sponges
and coelenterates, the astrorhiza-stromatoporoid system may be examin-
ed as: 1) a plant-animal association, or 2) an animal-animal association.

1) Astrorhizae as plant traces

Algae are among the most common symbionts of sponges and coelent-
erates. In addition to a well-known phenomenon of an endosymbiosis of
the last-named organisms with unicellular algae (cf. Droop, 1963; Mc-
Laughlin & Zahl, 1966), also known are associations of sponges and
coelenterates with thallophyte algae with a higher degree of organization
such as primarily those of the group of red algae (Rhodophyceae), rarely
green algae (Chlorophyceae) and brown algae (Phaeophyceae) (cf. Buch-
ner, 1953; Fiiller, 1958; Fritsch, 1959, 1961; Droop, 1963). Some epi- and
endozoic thallophyte algae produced structures similar to astrorhizal
canals.

Among the red algae (mostly of the Florideae) associated with sponges
both epi- and endozoic forms are known which range from typically
parasitic, through commensal up to mutualistic (Carter, 1878; Kuckuck,
1897; Darbishire, 1899; Weber-Van Bosse, 1910; Howe & Hoyt, 1916;
Chemin, 1928; De Laubenfels, 1950, and others). The thalli of endozoic
algae are subject to considerable changes which result in a conspicuous
reduction of the vegetative part and development of rhizoid parts. In
extreme cases of this process (e.g. in Marchesettia spongioides, Ceratodic-
tyon spongioides, Jania sp.) the thallus of an alga very densely penetrates
the entire scleroderma of a sponge so that only its fructifying branches
are exposed outside (Hauck, 1889; Zanardini, 1878 — cf. Fritsch, 1959).
In most cases, the sponge-alga associations are of the nature of epibionts
with a tendency to the penetration of rhizoids into the host’s tissue with-
out, however, any close relationship to it.

Red algae of the group Florideae also occur as epizoic (e.g. Rhodochor-
ton membranaceum) and, partly, endozoic (e.g. Acrochaetium, Colacone-
ma) forms on benthonic coelenterates (mostly the Hydroida), to which
they are attached by means of radially spread simple rhizoids or modified
attachment organs in the form of dichotomous ramifications, or what is
called haptera, gathered in bundles.

Tangled, filamentous thalli of green algae (Chlorophyceae) abundantly
occur in the coenenchyme and skeletons of reef corals, i.e. hydrocorals
(Millepora), octocorals and, primarily, in most hexacorals (Odum & Odum,
1955). These algae were previously interpreted as parasitic forms (Duer-
den, 1905), but later they turned out to be mutualistically related to corals
and to play an important role in their metabolic processes (Odum & Odum,

(L.c.).

2%
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It is clear from this brief review of the symbiosis of algae with sponges
and coelenterates that there is a possibility of comparing radial, fre-
quently dichotomously ramified attachment organs of these algae with
astrorhizal structures. Since most associated algae may lead an independ-
ent life and only some of them, extremely parasitic forms which lost
their capability of assimilation, are obligate in relation to their hosts, the
algal character of astrorhizae may also serve as an explanation of their
irregular occurrence in stromatoporoids. Algae may occur in sponges and
coelenterates as individuals markedly separated from each other or in
the form of an irregular, tangled mass of the branches of thalli. Quite
similar is the behaviour of astrorhizae in coenostea. Among epi- and
endozoic algae, there are both annual and perennial forms which, grow-
ing older, successively shift their rhizoids or hapters upwards (e.g. Phyllo-
phora in the shells of pelecypods; Fritsch, 1959). A similar principle could
explain a variable length of the systems of superposed astrorhizae, as
well as repeated extensions of lateral astrorhizal canals periodically, oc-
curring at various levels of the skeleton of stromatoporoids. Algae sym-
biotic with stromatoporoids might unite with each other by their rhizoid
parts, which could elucidate the existence of connections between lateral
canals of zone of the astrorhizae (Nicholson, 1886, Pl. 4, Fig. 2; Galloway,
1957, Pl. 36, Fig. 4). One colony of a stromatoporoid might be settled
by two different algae which may serve as an explanation of the concur-
rence of morphologically different astrorhizae in one and the same coenos-
teum (Pl. I, Fig. 1).

An insufficient extent of knowledge of growth processes in algae
associated with sponges and coelenterates does not allow one to state for
certain, whether or not the lower parts of thallus are, in the course of
growth, capable of developing calcareous lamellae homologous to tabulae
and cysts of astrorhizal canals. A considerable percentage of green and
red algae are capable of encrusting thalli with calcium carbonate and
other mineral substances and, therefore, it might well be that, under
the conditions of symbiosis with a steadily growing stromatoporoid, the
terminations of algal rhizoids periodically deposited tabulae. Such tabulae
might be also deposited, in particular in astrorhizal canals of the inte-
grated type, by low disposed parts of coenosarc of a stromatoporoid which
were in contact with algae.

2) Astrorhizae as animal traces

Among a great number of invertebrates living in various forms of
biotic association with Recent sponges and coelenterates (cf. Carter, 1878;
Pearse, 1932; Hyman, 1940; De Laubenfels, 1950; Dales, 1957, 1966; Hop-
kins 1957; Fiiller, 1958, and others), attention is attracted by some of
the non-skeletal coelenterates.
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Frequent associations of sponges with polyps of the Zoanthidea were
observed by Carter (1878). They occur in sponges as single or double
polyps, as well as gathered to form larger assemblages. Their occurrence
may be limited to the surface of a sponge, but they may be also more or
less sunk in its scleroderma. Among the polyps of the Zoanthidea, Carter
(cit. op.) distinguished forms which are isolated from the scleroderma of
the sponge (“marginated”) and those which are connected with it (“...cir-
cumference of the polyp defined but not marginated”). Some of these
associations are to a considerable extent specific, e.g. Epizoanthus which
occurs only with some of the Hexactinellida (Hyman, 1940). The size of
the polyps of the Zoanthidea, which settle sponges, amounts to
1.5—8.0 mm. The relationship of the Zoanthidea to sponges was provision-
ally determined by Carter as parasitic but, as shown by recent studies,
most of them are epibionts and commensals. Some of the Zoanthidea
settle on juvenile sponges from the early larval stages which, according
to Carter (1878), is indicative of an advanced cooperation of both
organisms.

The same forms of the Zoanthidea (e.g. Palythoa fatua Schultze),
which oceur in sponges, were found by Carter (1878) in coenosarc of some
Gymnoblastina (e.g. Podocoryne sp.).

In addition to the Zoanthidea, the polyps of the Hydroida, which in
contrast to the former penetrate the body of a sponge to a much larger
depth, were observed by Carter. These hydroids (e.g. Spongicola fistularis
Schultze) form concentrations of tangled tubes (?stolons) which penetrate
parenchyma of a sponge and have a common external outlet. Some of
these hydroids are very small (0.25 mm) with strongly ramified branchlets
of the body in parenchyma. Hydroids associated with sponges are also
considered by Carter as parasites. However, he does not accurately ex-
plain their relationships to the host.

Many hydroids are known as epibionts or semi-parasites of gorgonians
and pennatulids (Stechow, 1909; Broch, 1924), as well as of many other
invertebrates and fishes (cf. Dales, 1957; Hopkins, 1957).

Despite the universality of the associations, discussed above, no closer
information is available on morphological relationships of both partners.
Likewise, there are no detailed descriptions and illustrations of structures,
formed in the body of a host as a result of its being settled by a foreign
organism and which could be fully compared with astrorhizae of the
Stromatoporoidea.

The explanation of the presence of tabulae and cysts in astrorhizal
canals is easier on the assumption that the polyps of zoantids, hydroids or
other systematically closely related animals were organisms, which caused
the formation of astrorhizae than in the case of algae since identical
structures are known in Recent and fossil anthozoans. With such inter-
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pretation, the astrorhizal canals would correspond to modified rhizoids
of non-skeletal polyps, which successively shift with the growth of
a stromatoporoid. The arrangement of tabulae in astrorhizal canals is,
in some cases, very similar to that in the Tabulata. In the present writer’s
opinion, it might well be that the symbionts of stromatoporoids derived
from coelenterates similar to the Tabulata, in which, as a result of the
passage to a cooperative mode of life, a complete reduction of the skeleton
took place, with the exception of tabulae that could be useful to the shift-
ing body.

SYSTEMATIC VALUE OF ASTRORHIZAE

Attempting to interpret astrorhizae, several authors tried to de-
termine the importance of these structures to the taxonomy of the Stro-
matoporoidea. Most of them shared the standpoint that astrorhizae were
an important taxonomic element whose rank was, however, not higher
than specific (Carter, 1879, 1880; Nicholson, 1886; Galloway, 1957; Nestor,
1964; Bogoyavlenskaya, 1965, 1968, and others). Many species were erect-
ed only on the basis of astrorhizae despite the fact that the morphology
of their skeletons did not differ from identical forms devoid of astrorhi-
zae. Such doings contributed to a considerable extent to a confusion in
the taxonomy of the Stromatoporoidea. Recent attempts at a classifica-
tion of astrorhizae (Nestor, 1964; Bogoyavlenskaya, 1965, 1968), which
are aimed at a yet more extensive application of these structures to the
taxonomy of the stromatoporoids, are frequently purely formal in cha-
racter and do not explain the biological relationships between taxa in
which astrorhizae occur.

Some other authors assumed that none of the previous interpretations
was sufficient to explain the significance of astrorhizae occurring in
stromatoporoids and, therefore, omitted these structures as diagnostic
feature (Dehorne, 1920; Lecompte, 1951—52; Sleumer, 1968, and others).

Interpreting astrorhizae as traces of foreign organisms associated with
stromatoporoids, we may eliminate them completely as systematic cha-
racters of this group. As a result of a revision of most species, it may
turn out, however, that some astrorhiza-stromatoporoid associations are
very specific and, if such would be the case, these structures might serve
as a secondary diagnostic feature.

Palaeozoological Institute
of the Polish Academy of Sciences
Warszawa, Zwirki i Wigury 93
June 1969
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JOZEF KAZMIERCZAK

NOWA INTERPRETACJA ASTRORIZ U STROMATOPOROIDEA

Streszczenie

W pracy przedstawione sg wyniki badan nad morfologia, funkcja i znaczeniem
systematycznym astroriz u paleozoicznych Stromatoporoidea, przeprowadzonych na
materiale zebranym z dewonu (zywet-fran) Gér Swietokrzyskich, Mimo, ze astrorizy
opisywane byly wielokrotnie od drugiej polowy XIX wieku, autorowi udalo sie
poczyni¢ wiele nowych obserwacji, ktére umozliwily nowa interpretacje funkcji
i charakteru tych struktur.

W przeciwienstwie do dotychczasowych pogladéw, w ktérych bez powodzenia
doszukiwano sie podobieAstwa astroriz do struktur, wytworzonych przez stolony
cenozarkalne badZ specjalne zooidy stromatoporoidéw, autor dochodzi do wniosku,
Zze sg one §ladami po organizmach stowarzyszonych przyzyciowo ze stromatoporoi-
dami. Za taka interpretacjg astroriz przemawiajg nastepujace fakty:

1) astrorizy wystepuja w stromatoporoidach nieregularnie: bywajg liczne lub ich
brak,

2) astrorizy zr6éznicowane sg morfologicznie w obrebie jednej kolonii,

3) kanaly boczne i osiowe astroriz sg czesto nieproporcjonalnie duze w stosunku do
por tkanki szkieletowej,

4) uklad kanaléw bocznych astroriz jest zwykle niezgodny z przebiegiem lamin
cenosteum,
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5) denka i cysty wystepujace w kanatach bocznych i osiowych majg zazwyczaj
przebieg niezgodny z przebiegiem lamin cenosteum,

6) tkanka szkieletowa cenosteum w strefie astroriz wykazuje czesto zaburzenia
i deformacje.

Na podstawie sposobu powigzania astroriz z tkankg szkieletowg, autor wyréznit
dwa typy astroriz: integrata i separata. Pierwszy z nich cechuje sie swobodnym
polaczeniem kanaléw bocznych z porami tkanki szkieletowej, w drugim za§ kanaly
astrorizalne nie lgczg sie z porami szkieletu, badz w spos6éb bardzo ograniczony.

Astrorizy typu integrata sg zwykle strukturami matymi (2—8 mm), separata
za§ duzymi (15—50 mm).

Astrorizy typu integrata wystepuja przede wszystkim w stromatoporoidach
o tzw. ,,otwartym” sposobie odkladania szkieletu (Tripp, 1928, 1932), kt6rym cha-
rakteryzuja sie na przyklad przedstawiciele rodzajéw Actinostroma, Densastroma,
Actinodictyon. Astrorizy typu separata zwigzane sg natomiast ze stromatoporoida-
mi o tzw. ,zamknietym” sposobie budowy tkanki szkieletowej, reprezentowanym
miedzy innymi u przedstawicieli takich rodzajow jak Stromatoporella, Hermatostro-
ma, Trupetostroma.

Srednica kanaléw bocznych w astrorizach typu integrata nie przekracza jednej
przestrzeni miedzylaminarnej, w typie separata za§ jest czesto kilkakrotnie od
niej wieksza.

Zdaniem autora, wystepowanie u Stromatoporoidea dwodch typéw wspomnia-
nych astroriz wskazuje na rézne poloienie organizmoéw zasiedlajgcych kolonie
w stosunku do strefy szkieletotwérezej cenozarku stromatoporoidéw. Astrorizy
typu integrata mogly powstaé w przypadkach ograniczonego kontaktu go$cia ze
szkieletem gospodarza, za$§ separata — gdy byl on pograzony w szkielecie i stopnio-
wo przez niego obrastany.

Z analiz powigzan morfologicznych i stosunkéw wzrostowyc¢h w ukladach astro-
riza — stromatoporoid wynika, ze stowarzyszenie obu organizméw moglo mieé
charakter:

1) komensaliczny — go§é korzystal ze stromatoporoida jedynie jako podloza; kanaly
astrorizalne odpowiadalyby woéwezas organom czepnym goscia;

2) mutualistyczny — gos§¢ korzystat réwniez ze stromatoporoida jako podloza, lecz
jednoczeénie byl z nim zwiazany tkankowo i uczestniczyl w jego procesach me- -
tabolicznych; kanaly astrorizalne powiekszalyby powierzchnie kontaktu obu
partneréw.

Nieregularne wystepowanie astroriz w stromatoporoidach $§wiadczy, ze zwigzek
obu organizméw miat charakter fakultatywny. Przykladéw wyraznej specyficzno$ci
w ukladach astroriza — stromatoporoid nie obserwuje sie.

Organizmy stowarzyszone ze stromatoporoidami byly przypuszczalnie poczat-
kowo epibiontami., ktére przeszly nastepnie do $ciSlejszej kooperacji z gospodarzem.
Ta progresywna adaptacja do symbiotycznego trybu zycia widoczna jest w historii
rozwoju Stromatoporoidea. Rzadkie i proste w budowie astrorizy u stromatoporoi-
déw goérno-ordowickich i dolno-sylurskich, powiekszaly stopniowo swoje rozmiary
i rozgalezienie kanaléw bocznych, wyrazone w peini u form dewonskich.
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Rekonstrukeje przynalezno$ci systematycznej symbiontéw stromatoporoidéw
przeprowadzié mozna w sposéb przyblizony na podstawie przykladéw zwigzkéw
biotycznych, obserwowanych u wspétczesnych gabek i jamochionéw. Przyjmujac, ze
kanaly astrorizalne sj §ladami po organach czepnych (ryzoidach) organizméw bez-
szkieletowych, nalezacych przypuszczalnie do jednej grupy systematycznej, uklad
astroriza — stromatoporoid mozna rozpatrzeé¢ jako: 1) stowarzyszenie ro$lina—zwie-
rze, 2) stowarzyszenie zwierze—zwierze. W pierwszym przypadku istnieje mozliwos$é
algowej interpretacji natury symbiontéw stromatoporoidéw, przedyskutowana na
podstawie przykiladébw stowarzyszen alg plechowych (krasnorostéw 1 zielenic)
z gabkami i koralowcami. Algi te moga wystepowaé jako formy epi- i endozoiczne
i charakteryzujg sie zblizonym do astroriz ukladem ryzoidow, ktérymi lgcza sie
z cialem gospodarza. W drugim przypadku uwage zwracajg niektére bezszkieletowe
jamochlony (Zoanthidea i Hydroida), wchodzace w réznorodne zwigzki biotyczne
Z gabkami i jamochlonami. Zdaniem aufora, nie jest wykluczone, Ze astrorizalnymi
symbiontami stromatoporoidéw mogly byé jamochlony zblizone do Tabulata, u kt6-
rych w wyniku przej$cia do kooperatywnego trybu zycia nastapila redukcja szkie-
letu z zachowaniem zdolnoéci do odkladania denek w trakcie wzrostu.

Interpretacja astroriz jako §ladéw po organizmach symbiotycznych eliminuje
te struktury jako ceche diagnostyczna w badaniach taksonomicznych Stromatopo-
roidea. Stwarza to jednocze$nie konieczno$é rewizji tych gatunkéw i rodzajow
stromatoporoidéw, ktére zostaly wydzielone jedynie na podstawie wystepowania
tych struktur.

033 KA3ZBBMEPYAK

HOBOE OBBACHEHUE ACTPOPU3 ¥ STROMATOPOROIDEA

Pe3zose

B cTaTbe M3J03KEHbI De3yJbTaThl MCCIAENOBAHMA MODPMOJIOTUM, NPUPOAbI ¥ CUCTE-
MaTUYECKOTO0 3HAYEHMA acTpopmu3 y Maseo3oicKux Stromatoporoidea, npoBepeHHOro
Ha MaTepualie u3 AeBOHA (KMBETCKOTO ¥ (DPAaHCKOTo ApycoB) CBeHTOKHINCKUX I'op.

HecMOTpsa Ha TO, YTO, HAYMHAA €O BTOPOIT MOJN0oBMHbI XIX Beka, acTpOpu3bl ObLIN
OIMVCBIBAHLI MHOTOKPATHO, aBTOPY YAAJOCh IIPOM3BECTM HOBBIEe HaOJMIOEeHMA, KOTO-
pble NAKT BO3MOKHOCTh MHAYE OOBACHUTHL (DYHKIMIO ¥ XapaKTep 3TUX CTPYKTYD,
YyeM 3TO ReNaJiochk A0 CUX IIOP.

Bonpeku npuHATBIM B3TJIAAAM, COTJIACHO KOTOPBLIM acCTPOPU3bl CXOAHBI CO CTPYK-

TYypaMM LeHOCAPKAaJBLHBIX CTOJIOHOB MM ABJAKTCA MECTOM OOMTAaHMA 300MOOB CTPO-
MAaTOIIOpOMAeH, aBTOp NMPUXOAUT K BLIBOAY, UTO acTPOPU3b! ABJAIOTCA CJEAaMy Opra-
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HU3MOB, NPHIKU3HEHHO CBfA3AHHBLIX CO CTpoMatonopouzeammu. Taroe oODBACHEeHME
IIOATBEPIKAAKT ciefylolme akThl:
1) acTpopu3bl BCTPEYAIOTCSA B KOJOHUSAX HEPETYJNAPHO: B OOHUX OHM MHOTOYMCJIEH-

HBbI, B APYTMX UX TIOYTU HET,

2) B OJHOM M TOM K€ KOJIOHMM aCTPOPM3bI HYACTO Pa3lMYalOTCA MeXay coboil cBoMM

CTPOEHUEM,

3) COKOBBIE UM OCEBble KaHAJNbI acTPOPMU3 YaACTO HENPOIOPIMOHANLHO KPYIHBI II0O

CPaBHEHUIO C rajjiepessMy CKeJera,

4) pacnonoxenue OOKOBBIX KAHaNOB aCTPOPM3 0ObLIYHO He COIJIacyeTcs C HarpaBie-

HUEM JIAMUH ILI€HOCTEyMa,

5) OPMEHTUPOBKA ITHMIL M TY3bIPbKOB B acTPOPHM3aJbHBIX KaHaJaxXx OObIYHO HE CO-
rJIacyeTcs C PacroJIOKEHMEM JIaMMH LIEHOCTeyMa,
6) cKeJleTHas TKaHb B 30HE acTPOPU3 IPOABIAET BOJHEHUA M AedpopManym.

ITo cmiocofy co4YJIeHeHMSA acTpOpM3 C TajlJiepeAMM CKeJleTa aBTOD BBIZEIUN [ABa
TMna actpopus: integrata u separata. B mepBoMm Tune GOXKOBbIE KaHANLI AaCTPOPU3
C rajllepeAMM CKeJeTa COYJEHAITCA CBOOOZHO, BO BTOPOM OHM BOOGLIE C HUMM He
COUJIEHAIOTCA UM COYJICHAKTCA O4YEHb OrPAHMUECHHO,

AcTtpopussl THna integrata oOprHO Majabl (2—8 MM), a Separata — Goablune
(15—50 Mm).

ACTpOpu3bl THMHa integratc XapaKTepHbI IIPelKAe BCEro AJSA CTPOMAaTOIIOpOUAEit
¢ ,,OrKpbITBIM’ criocobom obpas3oBaHua ckejera (Tripp, 1928, 1932), cBOMCTBEHHBIM,
Hanpumep, NpeAcCTAaBUTENAM POAOB Actinostroma, Densastroma, Actinodictyon u nap.
Ha obopoTt, acTpopu3bl TUIIA Separala CBA3aHBI € ,,3aKPBITBIM’’ CIIOCODOM CTPOEHMSA
CcKeJyleTa, XapaKTepHbIM s poaoB Stromatoporella, Hermatostroma, Trupetostroma.

CorJlacHO MHEHMIO aBTOPa HaJM4Me JABYX TUIIOB aCTPOPU3 YKa3bIBaeT Ha pa3-
INYHOE IIOJIOXKEHMe CUMOMOTHMYECKMX OPraHuM3MOB IO OTHOILUEHMIO K oOpa3ymrouiei
CKeJIeT 30He LieHOoCapKa CTPOMAaTOIIoOpouieil. ACTpOpM3bl THIla integrata BO3HUKAIM
B CJydyasX OTPAHMYEHHOTO KOHTAKTa TOCTEl CO CKEJEeTOM XO03AMHAa, a separata —

Korga rocTtu ObIIM MOrpyzKeHbl B CKEeJIET M IOCTENeHHO uepes Hero IripopacTaliu.

M3 amanm3a MOpPKOIOrMYECKMX ¥ BO3PACTHRIX OTHOLIEHU! B CHUCTEMEe acTpo-
pM3a-CTPOMATOINIOpOMILA CIeAyeT, 4TO ©BA3b OGCMX OPraHM3MOB MOIJIA MMETh Xa-
paKTep:

1) KOoMMENCAAUIMA — TOCTb MCIIOJB30BAJ KOJIOHMIO TONBLKO Kak cyGCTparT; B TaKOM

cliydae acTpopu3aJibHbIC KaHalJlbl OTBEYaAJIM OPraHaM ITPUMKPEIINeHMA rocTH,

2) MYTYAAU3MA — TOCTh YMCIIOJL30BaJl KOJOHMIO TakxKe Kak cybGerpar, HO OAHOBpe-
MEHHO Yy4YacTBOBaJ B. MeTaGoau4ecKMX Mpoueccax Xo03smHa; GOKOBble acTpopu-
3aJbHble KaHAJbLl YBEAWYMBAJYM ITOBEPXHCCThL KOHTAKTa 0DOMX TIapTHEDOB.
HeperynspHoe IPUCYTCTBME AacTpopu3 y CTPOMATONOPOMUAE CBUAETENLCTBYET

0 TOM, 4YTO CcBA3b ODOMX OpPraHM3MOB uMesa (DaKyJbTATUBHBIN Xapaxrtep. IIpumepon

YEeTKO! CrelMUYHOCTM B CHUCTEMaX aCTpopu3a-CTpoMaTomopouaes He Habmaionaercs.

OpranusMbl, CBA3AHHLIE CO CTPOMATONOPOMAESAMM, ObINIM IO BCell BEPOATHOCTU
B Hayajle COXUTEJIbCTBAa KBapTHMPAHTAMM, KOTODbIE IIOTOM Hepeuiny K GoJiee TecHOi
Koonepauumu ¢ X03AuHOM. B mcropmu passutusa Stromatoporoidea Bupna nporpec-
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CHMBHAA afanTalMs 3TUX OPPaHM3MOB K CHMMOMOTHMYECKOV :Ku3HU. Pegrue u npoctbie
acTPOpPMU3bl y BEPXHEOPJAOBMKCKMX M HMIKHECUIYDPMICKMX CTPOMaTOIIPOMUAE IocTe-
MNEHHO YBEJMYMBAJM CBOM pa3Mepbl ¥ Da3BETBIEHMA OOKOBBIX KAaHAJOB, KOTODLIE
ObINM PEe3KO BbIPAXKEHbI ¥ JAEBOHCKUX (DOpM.

TIOHATEP CHMCTEMATHMYECKYIO IPMHALJIEKHOCTb CUMOMOHTOB CTPOMATONOPOUZAEH
MOXKHO NaMATYA O OMOTUYECKUX CBA3AX, HaONIOZaeMbIX ceidac y ryboK M KUILHEeYHO-
IOJIOCTHBIX. IIpMHMMAH acTPOpU3aJbHBIE KAaHAJbI 3a CJEeAbl OPTaHOB IIPUKpPEINEHUSA
(pn30ouA0B) GeccKreJeTHBIX OPraHM3MOB, KOTOPBIE NMOBUAMMOMY NPMHAAJEKAIU K OXA-
HOJ CHUCTEMaTUUYECKOIl TpYyINIe, CUCTEMY acTPOPU3a-CTPOMATONOPOMIES MOIKHO pac-
cMaTpMUBaTh Kak: 1) CBA3L pPACTEHME-2KUMBOTHOE, 2) CBA3b IKMBOTHOE-JKMBOTHOE.
B nepBoM caydae BO3MOMKEH BOAOPOCJIEBBLIN XapaKTep CHMMOMOHTOB CTPOMATOIIO-
pougeit, Ha MOAZOOMEe TOro KakK Yy HEKOTODbIX CJIOEBUIIHBIX BOJOPOCAEN ¢ TrybRamu
M KUINEYHOMOJOCTHBIMU. DTU BOJOPOCIM ABIAIOTCA 3NM- MIM 3HAO3OUYECKMMM M 00-
JamaroT OJAM3KOM K acTpopu3aM CUCTEMOI pPU3OMAOB, KOTODOM OHM COEXUHSAIOTCA
C TeJOM X03AMHA. Bo BTOPOM cJIydae MBICIMMbI HEKOTOpble DeccKeJsieTHble KULISUHO-
rnioylocTHble (Zoanthidea, Hydroida), Bxoadmme B pasaumyHble OMOTHMHYECKHE CBA3N
¢ ry0KaMM M KMILEYHOIIOJOCTHBIMM, II0 MHEHMIO aBTOpa He WCKJIIOYEHO, YTO acTPO-
PU3aJdbHBIMM CHMMOMOHTAMM CTPOMATOIOPOMALH MOTAM OBITh KMILIEYHOIIOJOCTHBIE
6auskne Kk Tabulata, y KoTOpbIX B pe3yibTaTe Nepexofa K KOONEepPaTUBHON MKU3HU
OpOM3OLLIA PEAYKIIMA CKeJleTa C COXPaHEHMEM CIOCODHOCTM K BBIAECJIAHUIO AHMUL
BO BPEMA pocTa.

CumMmbuotuyeckoe OOBACHEHME AaCTPOPMU3 MCKJIIOHUAET STM CTPYKTYPBLI U3 pAxa
CUCTEMATUYECKMX Npu3HAKOB Stromatoporoidea. B cBA3M ¢ 9TMM BO3HMKAaeT HeOO-
XOAUMOCTh B PEBM3MUM BUJOB M POAOB CTPOMATOIIOPOMAEN, KOTOPbIe OBIIM yCTaHOBIIE-

Hbl TOJBKO Ha OCHOBAaHMM HANMNYMA 3TUX CTPYKTYD.
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Plate 1

Two different astrorhizae of the separated type on the surface of a colony
of Stromatoporella sp. In addition to the large astrorhiza, another, much
smaller one and with a different structure of its central part is visible in
bottom right corner of the photograph (Z. Pal. St. I/1¢0 J); nat. size.

A large astrorhiza of the separated type on the surface of a colony of
Hermatostroma sp. (Z. Pal. St. 1/101 J); nat. size.

An astrorhiza of the separated type in a tangential section through a colony
of Hermatostroma sp. Lateral canals markedly isolated from skeletal tissue
and running discordantly to the plane of laminae. Many tabulae and cysts
irregularly distributed in canals (Z. Pal. St. 1/102 J); X4.

Jurkowice, Givetian
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Plate II

Fig. 1. An astrorhiza of the separated type in a tangential section through a colony
of Parallelopora sp. Lateral canals dichotomously ramified, axial canal
lacking. Strongly recrystallized tabulae in canals (Z. Pal. St. I/200 &), Radko-
wice (Soltysia Goéra), Givetian; X8.

Fig. 2. Another astrorhiza of the separated type in a tangential section through
a colony of Hermatostroma sp. A strongly developed system of lateral canals
and a bundle of axial canals with tabulae are visible. Sitk6wka (Z. Pal.
St. 1/300 L), Sitkéwka (“Belkowa” quarry), Givetian; XB6.

3 Acta Palaeontologica nr 4/69.
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Fig. 2.

Plate III

Astrorhizae of the integrated type in a tangential section through a colony
of Actinostroma sp. Lateral canals freely communicating with the skeletal
tissue of coenosteum, consequently their outlines are very indistinct; the
axial zone of astrorhizae poorly outlined (Z. Pal. St. 17400 K), Kowala
(railway cut), Frasnian; X5.

Astrorhizae of the integrated type from a colony of Actinostroma sp.: a
vertical section through coenosteum with lateral canals slightly separated
from the skeletal tissue and a blurred axial zone, b tangential section
through coenosteum with indistinct outlines of lateral canals and a slight
turbulence in laminae in the zone of astrorhizae (Z. Pal. St. I/301 L), Sitkoéwka
“Belkowa” quarry), Givetian; X10.
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Plate 1V

. A fragmentary colony of Atelodictyon sp. seen in vertical section. A strong

curve of laminae of the. nature of a nipple (mamelon) visible near an
astrorhiza (Z. Pal. St. 1/500 B), Bolechowice (“Panek” quarry), Frasnian;
X8.

. A superposed astrorhiza of the integrated type seen in a vertical section

through a colony of Atelodictyon sp. The curve of laminae near the astrorhiza
much slighter than that in Fig. 1; skeletal tissue in the astrorhizal zone
markedly thickened; many tabulae visible in astrorhizal canals (Z. Pal.
St. 17501 B), Bolechowice (“Panek” quarry), Frasnian; X6.

. A superposed astrorhiza of the integrated type seen in a vertical section

through a colony of Atelodictyon sp. A convergent arrangement of canals
with many cysts is visible; the thickness of canals does not exceed the
width of one interlaminar space (Z. Pal. St. I/201 %), Radkowice (Soltysia
Goéra), Givetian; X8.

A superposed astrorhiza of the separated type seen in a vertical section
through a colony of Stromatopora sp. A long axial canal with horizontal
lateral canals detaching themselves from it at irregular intervals are
visible, tabulae irregularly distributed in canals (Z. Pal. St. 1/202 ), Radko-
wice (Soltysia Géra), Givetian; X8.



Plate V

Fig. 1. An astrorhiza of the separated type seen in a vertical section through
a colony of Stromatoporella sp. Lateral canals are clearly distributed
obliquely to the laminae of coenosteum and gathered in a bunch. A very
wide axial zone of the astrorhiza consists of a thick bundle of axial canals.
Many straight and bent tabulae occur in canals (Z. Pal. St. I/302L); X8.

Fig. 2. Another astrorhiza of the separated type seen in a vertical section through
a colony of Stromatoporella sp. A thick bundle of axial canals and long,
horizontal, lateral canals are visible; the thickness of astrorhizal canals is
several times as large as the width of a single interlaminar space. Many,
round, transverse sections of lateral canals of other astrorhizae are visible
in the skeletal tissue. The skeletal substance in the zone of the astrorhiza
is clearly darker than in the rest of the skeleton. In the contact area with
the astrorhiza, laminae are slightly bent (Z. Pal. St. I/303 L); X8.

Sitkowka (“Belkowa” quarry), Givetian
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Fig. 1.

Fig. 2.

Fig. 3.

Plate VI

An astrorhiza of the separated type seen in a tangential section through
a colony of Hermatostroma sp. Astrorhizal canals are not arranged radially
but in a coronary manner and they are irregularly anastomozing; many
tabulae and cysts in canals (Z. Pal. St. 1/104 J), Jurkowice, Givetian; X86.
Fragmentary canals of astrorhizae of the separated type seen in a vertical
section through a colony of Stromatoporella sp. Canals, irregularly penetrat-
ing the entire skeletal tissue of the stromatoporoid, deform the lamina-pilla
system. Tabulae and cysts distributed very irregularly (Z. Pal. St. 1/502 B),
Bolechowice (“Panek” quarry), Frasnian; X&6.

Two astrorhizae of the integrated type seen in a vertical section through
a colony of Actinostroma sp. The presence of astrorhizae in the skeletal
tissue is marked only by the thickening of vertical elements of skeleton in
the zone of astrorhizae and by the occurrence of very thin tabula (Z. Pal.
St. 17401 K), Kowala (railway cut), Frasnian; X10.



Plate VII

Figs. 1-2. Fragmentary canals of astrorhizae of the separated type seen in vertical
sections through a colony of Hermatostroma sp. Canals are sharply separ-
ated from the skeletal tissue by a sort of a pseudowall; many irregular
tabulae are arranged mostly discordantly to the trace of laminae. Terminal
ends of some canals are swollen in a bulblike manner. Many round and

oval transverse sections of lateral canals are also visible (Z. Pal. St. 1/105 J),
Jurkowice, Givetian; X15.
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Plate VIII

Fig. 1. A central part of an astrorhiza of the separated type seen in a tangential
section through a colony of Hermatostroma sp. A transverse section through
a bundle of axial canals and fragmentary lateral canals are visible (Z. Pal.
St. 1/105 J), Jurkowice, Givetian; X15.

Fig. 2. A fragmentary astrorhiza of the separated type seen in a vertical section
through a colony of Stromatoporella sp. A bundle of axial canals and a swol-
len terminal end of a lateral canal are visible; many straight and bent

tabulae occur in canals (Z. Pal. St. I/303 L), Sitkéwka (“Betkowa” quarry),
Givetian; X15.
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