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AN ATTEMPT AT BIOLOGICAL INTERPRETATION
OF EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES

Abstract. — Problems of morphological organization in graptolite colonies are
discussed and suggestions made as to the supposed genetic mechanisms of their
evolution. The regular astogenetic succession of thecae is interpreted as an effect
of morphophysiological gradients, The spreading of new thecal types in forms
constituting successive evolutionary stages of a lineage are believed to be mani-
festations of the penetrance and expressivity of respective genetic factors.

I. INTRODUCTION

The attractiveness of graptolite studies seems to have been constantly
increasing for some years past. Very probably this is due in a great
measure to the publication of Kozlowski’s excellent monograph (1948)
establishing the systematic position of graptolites. This work is un-
doubtedly an important step towards the full grasping of the nature of
graptolite colonies. Kozlowski’s work completely re-orientated our views
and is highly stimulating for further researches in that direction.

At present, the central problem for understanding graptolite evolution
is the problem of organization of their colonies and the supposed me-
chanisms of their genetic changes. Thus far no publication has appeared
dealing more at large with the above mentioned problems. The majority
of papers so far published deal with more partial problems only, most
particularly the morphological analysis of the various forms and their
stratigraphic distribution. Hence, an attempt to utilize the assembled
evidence in order to reveal broader aspects of the evolution of that
group does not seem to be precocious.

The attempt here made to interpret the evolutionary processes in
graptolite colonies is based not on palaeontological evidence only, but
likewise on ascertained data and theories from the field of physiology,
experimental embryology, and most particularly that of genetics. The
writer’s intention was fo analyse the development and evolution of
graptolite colonies in order to determine some more general laws
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governing these processes. It has become apparent that these laws may
be described in well known biological terms and concepts, and thus
contribute to their explanation. The examination of fossil material from
this aspect will in turn throw some light on a number of important
questions linked with the genetic mechanism of evolution. The genetic
method introduced into palaeontological studies in so excellent a man-
ner by Simpson (1944, 1953) opens up new horizons for research work,
and its use will prove of advantage in the study of numerous problems
waiting to be solved by palaeontologists.

Unfortunately, the material available to the writer, as well as
evidence thus far assembled by other graptolitologists, is not adequate
enough for a description of the evolutionary processes in terms of popu-
lation genetics. Our imperfect knowledge of the condition of environment
in which graptolites lived and of environmental changes during the
evolution of particular graptolite lineages, as well as our incomplete and
merely hypothetical comprehension of the functional significance of the
changing structures — all hamper an analysis of the selective and
ecological mechanisms of these processes. Moreover, possibilities for
interpretation are markedly restricted by lack of data concerning the
most fundamental biological properties of graptolites, e.g. mode of
their reproduction (self- or cross-fertilization?). However, it has been
shown that the analysis of some of the better known processes from
the aspect of physiological genetics and phenogenetics, as well as a com-
parison with the known morphogenetical regularities in living organisms,
may lead to interesting inferences. Though this approach to the investi-
gation of fossil materials is not perfectly new (comp. Swinnerton, 1932),
still it represents a certain novelty in palaeontological literature, and the
use of it has not thus far been adequate. In future, these investigations
will, perhaps, be supplemented by the quantitative analysis, but even
- the present results seem distinctly interesting. The views just considered
may naturally be regarded as a working hypothesis only and they will
be subject to certain modifications in consequence of further studies.
The writer ventures to hope, however, that they will constitute a base
for further discussion on this interesting problem.

It is a pleasant duty of the writer to express his most sincere thanks
to Professor Roman Koztowski, Head of the Palaeozoological Institutes
of the Polish Academy of Sciences and of the Warsaw University, for
the kind interest and most valuable suggestions offered throughout the
preparation of the present paper, also for reading the text and for most
helpful critical comments.

Similar thanks are due to Professor W. Gajewski, Head of the
Laboratory of Genetics at the Warsaw University, for the helpful cri-
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ticism on a number of important genetic problems and his generosity in
not sparing his valuable time for reading the text and a detailed dis-
cussion.

The writer desires to thank Professor K. Petrusewicz, Head of the
Laboratory of Evolutionismm at the Warsaw University, {for the well
founded critical comments and suggestions on some important questions.

To his Warsaw colleagues, the biologists Mr B. Matuszewski and
Mr L. Kuznicki, acknowledgements are due for critically reading the
manuscript and for help in obfaining the necessary biological literature.
The writer also thanks Mrs J. Humnicka for the English translation of
the Polish text.

All these persbns have their share in contributing to improve the
present paper, but the writer alone is responsible for any incorrect
statements or errors that it may contain.

II. THE PRESENT STATUS OF THE PROBLEM AND THE
PALAEONTOLOGICAL EVIDENCE

Evolution of animal colonies is one ol the most interesting biological
phenomena. The complex interrelations in the development of particular
individuals in a colony (0ozooid ontogeny, thecal blastogeny), development
of the whole colony (astogeny i.e. cormogeny, also lateral .branching
l.e. cladogeny) and the phylogenetic changes of astogeny (evolution of
the colonies) — give a good clue into the mutual interdependence of
these processes. Unfortunately, neither the morphology nor the genetics
of colonial animals have been adequately investigated. An exception
here is the excellent study of BeklemiSev (1950), concerning the colo-
nies of Bilateralia.

Graptolite evolution is one of the most striking examples of the
evolution of colonial organisms. As compared with colonies of Ptero-
branchia which most probably come closest to them, graptolile colonies
are distinguished by far greater degree of integration expressed by
a definite structural pattern.

Comparison of graptolite colonies on a wider background of higher
invertebrates shows that various stages of colonialism and the various
stages in development of physiological relations between individuals may
be there encountered (BeklemiSev, 1950). Among pterobranchians, allied
to graptolites, Atubaria is supposedly the only one really solitary
organism which does not produce any swarm-like assemblages, common
in numerous Cephalodiscidae (Sato, 1936). It is just from such forms that
other forms might arise with a tendency to progressive colonialism. The
formation of the clone itself — a group of individuals formed by asexual

3 Acta Palaeontologica Polonica — vol. V/2
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reproduction from one parental individual, the founder of the clone —
may be regarded as the most primitive stage of that process. That
parental individual is usually a corresponding oozooid. The formation
of the clone itself most likely constitutes the indispensable base for
the development of more advanced colonialism. Moreover, in certain
cases, the originating clone forms a short lived assemblage. This for
some time surrounds the parental zooid, to be subsequently dispersed.
Such assemblages of individuals occur e.g. in some of the Loxosomatidae
(Kamptozoa). A somewhat more advanced stage of that process is repre-
sented by various species of Cephalodiscus, particularly by Cephalodz'séus
(Demiothecia) gracilis Harmer. The particular individuals, even though
finally separating from the parent zooid, do not disperse but form stable
assemblages and produce thecae united with the thecae of the oozooid.
This results in a coenecium which is an assemblage of tubes containing
the particular zooids forming a "pseudocolony” (Dawydoff, 1948).
According to van der Horst (1939), owing to the lack of connection
between tissues of the particular individuals, assemblages of this type
correspond ecologically rather to communities of insects, e.g. those of
wasps, than to colonies. Nevertheless such stable population-clones may
be regarded as an initial process subsequently leading to the formation
of true colonies in other pterobranchians and graptolites (BeklemiSev,
1950). A similar or perhaps still more primitive stage of colonialism is
represented by gregarious Phoronis ovalis. Their progeny produced by
architomy grow within a tube which is the continuation of the tube of
parental zooid, thus forming an assemblage of tubes occupied by indi-
viduals of the clone. Individuals making up such swarm-like assemblages
have most likely in a certain way been integrated. This is suggested by
the examination of similar “colonial populations” of insects (Alle,
Emerson et al., 1950). One of the factors here is probably the coenecium,
common to all individuals.

A still more advanced stage of colonialism would be represented by
Cephalodiscus (Demiothecia) sibogae Harmer where individuals produced
by budding remain interconnected and are believed not to be subsequently
separated (van der Horst, 1939; Krumbach, 1937; BeklemiSev, 1950). This
type of colonies would not fundamentally differ from colonies of Rhab-
dopleura where individuals are produced by budding from the stolon
to which they remain permanently attackhed. On the whole, relations here
correspond to those in graptolite colonies (Dendroidea). Hence we may
distinguish the following stages of colonialism:

1. Clone-like populations, supposedly constituting the indispensable
genetic base for the further development of colonialism and the appearance
of a certain stability of the formed assemblages.



EVOLUTIONARY CHANGES IN GRAFTOLITE COLONIES 1381

2. Clones whose individuals form stabilized swarm-like assemblage::
with a common coenecium (pseudocolonies).

3. Colonies consisting of individuals connected by common tissues
which provide the indispensable base for further physiological inte-
gration of a colony (true colonies).

4. Further integration of colonies, among others expressed in
a) reduced individuality of particular zooids, b) appearance of poly-
morphism, ¢) development of colonial organs and of cormidia.

The above mentioned stages of colonialism need not necessarily be
all represented in evolution of all hemichordates. Moreover no adequate
evidence exists indicating which group of hemichordates should be con-
sidered as ancestral for remaining ones. It is therefore possible that
graptolite colonies may have been produced immediately by budding
and the formation of a clone, whose individuals do not separate. In
this latter case, stages 1-2 would be omitted.

Nevertheless, the numerous intergradations between a true colony
and a typical population of solitary organisms consisting of physiolo-
gically more or less independent individuals, do not permit a sharp
delimitation between these various organization types in conspecific
individuals. Ecological data clearly indicate that a certain degree of
integration and organization occurs in every population. Hence colonies
would differ rather in the various quantitative expression of these
properties whose evolutionary changes may have been gradual. Inasmuch
as stages 1 and 2 may undoubtedly be regarded merely as a particular
case of an ecological population, stage 3 may be considered as transient.
Common genetic control and physiological regulation are here an
expression of individual laws governing the colony as a unit; other
phenomena, however, do not permil us to consider a graptolite colony
as a single organism of higher order. This would be confirmed by the
absence in graptolite colonies of such colonial organs as have been
formed e.g. in Siphonophora. Neither has individual polymorphism been
developed, so common in highly integrated colonies of Hydrozoa,
Siphonophora and Bryozoa. Hence it would be incorrect to regard
a graptolite colony as a simple organism of higher order, a super-indi-
vidual whose separate zooids function as organs!.

The peculiar organization of graptolite colonies may rather be
interpreted as a certain organization of a group of individuals, i.e. as

1 An exception here may be the pneumatophors, "the floating vesicles” of some
graptolite colonies (synrhabdosomes), also an organ like the virgula, which may
be regarded as colonial organs. But in this case too, they are more likely a product
of the extra-thecal membrane of tissues, i.e. the analogue of caenosarc rather than
individuals specialized to particular functions.

*3
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a particular type of ecological population. Physiological and genetical
processes occurring in graptolite colonies may be considered either as
individual or populationary. The former of these standpoints may appear
particularly justified in relation to physiological integration and gene-
tical control of colonies, while the latter is especially applicable in
relation to evolutionary changes of the mode of astogeny (comp. p. 169).
These changes do not occur simultaneously in all individuals within
the colony, but are initially manifested in a part of them only. Hence
evolution of a graptolite colony occurs through changes of ontogeny
in the particular individuals and their groups within the colony.

The organization of a colony has thus far been most adequately
ascertained in two graptolite groups: Dendroidea and Graptoloidea.

Dendroidea undoubtedly represent a lower evolutionary stage of
graptolite colonies. Nevertheless, a dendroid colony was already a well
integrated unit as is expressed by its structural pattern, realized by
a definite mode of budding (the occurrence of triads, "Wiman rule”;
Kozlowski, 1948). Moreover, dendroids are characterized by a regular,
constantly dichotomous mode of branching, expressed in the occurrence
of “zones of branching”, especially well marked in Dictyonema Hall
and Anisograptidae Bulman (Bulman, 1950, 1958). Two kinds of processes
are readily observable in dendroids. According to the views advanced
by BeklemiSev (1950), théy may be both regarded as expression of an
advanced stage of colonialism: a) diminished individuality of zooids
expressed by the morphological degradation of bizooids, and b) inten-
sified individuality of colony expressed by a definite pattern of colonial
structure suggesting the occurrence of a definite morphophysiological
integration of the colony. The possible occurrence in graptolites of
certain tendencies to produce a kind of cormidia are perhaps indicated
by occurrence of triads and various other forms of a constant “thecal
grouping”, as e.g. the presence in Acanthograptus Spencer of a twig
grouping of autothecae. However, these tendencies have never been
realized on a scale comparable to that in Coelenterata.

It is in Graptoloidea that we encounter processes distinctly indicating
that these graptolite colonies constitute an integrated unit to which the
structure and the functions of particular individuals have been
~subordinated. In Dichograptidae Lapworth we may observe the signi-
ficance of the structural pattern of the colony, which determines the
number and the mode of lateral branching (Bulman, 1958). Another
process may here be observed, that of the progressive size increase of
the members of the colony, occurring on the particular branches in the
course of astogeny. On the whole, the size of thecae increases with the
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growing distance from the initial part of the colony, i.e. the sicula. In
some graptoloids, however, especially in Phyllograptli, Tetragrapti and
some Didymograpti, thecae secondarily decrease in size at the distal ends
of rhabdosome. This phenomenon seems to be caused by corresponding
growth relations of thecae on growing tips of particular stipes. A series of
budding thecae on different growth stages, showing decrease in size, is
always present at the growing end in young and more mature rhabdo-
somes. When, for some reasons, the growth stops, these growth relations
seem to be responsible for size decrease of most distal thecae in certain
Dichograptidae.

In higher Graptoloidea astogenetic changes are expressed not by
the increase of thecal dimensions only, but moreover by accompanying
changes in the shape, occasionally bearing a distinct character of
allometric changes. Hence, certain morphological characters are either
stressed or reduced, as e.g. in Diplograptidae. In Diplograptus McCoy
the proximal thecae of the rhabdosome are ventrally strongly excavated;
the median ones less conspicuously incised; the distal nearly straight.
These changes take place by gradual modifications of thecal shape without
any sharp morphological discontinuity. '

Among the monograptids, however, these processes are expressed
with strongest intensity. Forms occur here displaying strong differences
of thecal structure within one colony so much so that proximal thecae
differ notably from the distal. The term "biform” has been introduced
by Elles and Wood (1901—1918) with reference to these monograptids.
On analysing data available on astogenetic variability in graptoloids,
particularly in Monograptidae which have been more thoroughly stu-
died in this respect, we may confirm that it is expressed by gradual
modifications in the successive thecae. Through a number of intermediate
stages these modifications lead on to morphologically extreme types
corrésponding to the typical proximal and distal thecae. These changes
most frequently involve the following characters (comp. fig. 1, 2).

A. Size and shape of thecae: size of thecae, length and width of
protheca and of metatheca, léngth of protheca/length of metatheca
ratio, shape of ventral wall, outline of thecal aperture, presence or
absence of apertural processes and their size and shape, degree of
bending of apertural region, overlap of thecae and the extent of their
isolation, inclination angle of thecae to the axis of the rhabdosome,
distance between thecae, mode of thecal budding, presence, degree of
reduction or absence of periderm.

B. Shape of the rhabdosome: straight or provided with a wvariable
ventral, dorsal or dorso-ventral curvature, with variable coiling either
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planispiral or helicoidal, or coiling along the axis of the rhabdosome,
branching frequency of stipes?.

Doubtlessly, there is some interdependence between features of
group A and group B, since the shape of the rhabdosome is occasionally
in a certain sense determined by the structure of thecae and their
succession. A striking example here is that of representatives of
Petalograptinae (fig. 9) of which Cephalograptus Hopkinson is in
Bulman’s opinion (1955) “an extreme development of Petalograptus”
(p. 87). This may be explained by the supposition that the foliate shape
of the rhabdosome in Petalograptus Suess has experienced strong elon-
gation in Cephalograptus. This has been effected by corresponding
allometric modilications of thecae, with a bearing on changes in the
shape of the whole colony.

Among some evolutionary lines of the monograptids, Sudbury (1958)
has likewise been able to correlate the inclination angle of thecae
or their isolation with the curvature of the rhabdosome. In Monograptus
argenteus (Nicholson) e.g. the proximal thecae do not overlap at first,
but do so rapidly after a certain distance, leading to strong local bending
of the rhabdosome (Bulman, 1951; Sudbury, 1958). Similar relations
have been ascertained in many other forms.

Taking into consideration data available on the astogenetic variability
of thecae in Graptoloidea, and particularly so in monograptids, the
following classification of colonies into groups, according to the type
of their astogenetic succession, is proposed.

A. Uniaxiate colonies — with one only rhabdosome branch present.

1. Forms displaying the same thecal type throughout the rhabdo-
some: uniform; astogeny here is expressed by changes of size and some
slight allometric effects only. Many representantives of the mono-
graptids, among others of the genera Monograptus Geinitz and Pristio-
graptus Jaekel, are here referable: e.g. Monograptus clingani (Car-
ruthers), M.communis (Lapworth), M.uncinatus Tullberg, Pristiograptus
dubius (Suess) may be mentioned as those which have been more

2 The changes which some of the just menfioned structural characters undergo,
have been more closely investigated by biometric methods. Urbanek (1953) has
attempted to analyse changes referring to height of rhabdosome and shape of
aperture in Saetograptus chimaera cervicornis Urb.; Kraatz (1958) has thoroughly
studied the astogenetic variability of a number of indices in a monograptid
described by him as Monograptus kallimorphus Kraatz; measurements of thecal

size in some monograptids without overlap and their analysis were also made
by Sudbury (1958).

Fig. 1. — Astogenetic sutcession of thecae in various Monograptidae: A Mono-

graptus argenteus (Nicholson), B M. fimbriatus (Nicholson), C M. raitzhainiensis

(Eisel), D M. triangulatus (Harkness), E M. communis (Lapworth); outline of rhab-

dosomes approx. X 2, thecae approx. X 10, fusellar structure simplified (from
Bulman, 1951, 1958).



135

EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES

é

U

Fig 1.



136 ADAM URBANEK

s SN

/_: i \_\/\

Fig. 2. — Astogenetic succession of thecae in various Monograptidae, based on

specimens dissolved out of their matrix: A Cucullograptus hemiaversus n.sp., B

Saetograptus chimaera (Barrande), C Colonograptus colonus (Barrande), D Mono-

graptus priodon (Bronn), E M. uncinatus Tullberg, ¥ Pristiograptus dubius (Suess).

For each species proximal, medial and distal thecae are shown. From various
Silurian erratic boulders. 4 approx. X 20, B-F approx. X 10.
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fully investigated in this respect. Forms of this type are shown in fig.
1E, 2E,F).

2. Forms whose proximal thecae differ distinctly from the distal
ones: biform. Two types of astogenetic succession may be here distin-
guished:

a) forms whose proximal thecae are distinguished by additional cha-
racters not present in distal thecae, or by more intense manifestation
of some characters less marked in distal thecae. This group comprises
very numerous forms: out of monograptids, many representatives of
Monograptus Geinitz®, Colonograptus Ptibyl, Saetograptus PFibyl; e.g.
species Monograptus revolutus (Kurck), M.argenteus (Nicholson), M.dif-
formis Tornquist, M.triangulatus (Harkness), to a certain extent also
Monograptus priodon (Bronn), Colonograptus colonus (Barrande) and
Saetograptus chimaera (Barrande). Forms of this group are represented
in fig. 1 A-D, 2 B-D;

b) forms whose distal thecae are distinguished by some additional
characters not occurring in proximal thecae, or by stronger intensity of
manifestation of certain characters. Thus far these forms have not been
adequately known. The present writer has, however, ascertained the
occurrence of a form representing that type of astogenetic succession
(comp. fig. 2 A) for which he suggests the name of Cucullograptus
hemiaversus n.sp.?

B. Multiaxiate colonies — colonies with more than one branch.

1. Forms lacking differences in astogenetic succession on the main
and lateral branches, so that the coleny is apparently an assemblage
of wvirtually independent uniaxiate colonies: Dichograptidae, Lepto-
graptidae, Diversograptus Manck, Linograptus Frech, Abiesgraptus
* Hundt.

2. Forms displaying differences of astogenetic succession on the
main branch and on the lateral branches: Cyrtograptus Carruthers
(comp. fig. 10).

Elles (1922) was the first to give an interpretation of the interesting
phenomenon of astogenetic variability of thecae, particularly as it is
expressed in biform” graptolites. According to her hypothesis,
"biformism” is a consequence of the particular mode of evolution of
graptolite colonies”. In Elles’ opinion, biformism is an elfect of the

3 Numerous species of Monograptus distinguished by considerable degree of
biformism have been separated into the genera Demirastrites Eisel and Pernero-
graplus Pribyl. This problem is discussed on p. 207.

4 Forms mentioned in the text as new species or subspecies are described in

an appendix attached to the present paper (see p. 211). :
: 5 The views here stated have not all been “explicite” expressed by Elles, but
may be deduced from examples cited by that author.
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phylogenetic changes in a colony. They occur rather through changes of
individuals in a part of the colony than by simultaneous modifications
in all members of one colony. In certain cases new features are believed

e

e
i

a

Fig. 3. — Supposed evolutionary trend in certain Monograptidae illustrating the

»progressive series” in the sense of Elles. Development and spreading of hooked

type of thecae (1-8); a proximal, b distal parts of rhabdosome (from Elles, 1922;
redrawn with some modifications).

to be first introduced into the proximal part of the colony. According to
Elles, this takes place when new progressive morphological features
are introduced (’progressive series”). In these phylogenetic series we
would be dealing with the gradual spreading of new features, progres-
sively involving an increasing number of individuals of a colony and



EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 139

finally spreading over the whole colony. An illustration of such a series
is provided by the evolutionary line of monograpti which was believed
by Elles to represent the successive stages of the spreading of the hooked
thecal aperture (fig. 3)¢. The process of morphological simplification,
"the retrogressive series” is believed fo occur according to another
mode. The new character, morphologically constituting a simplification
or reduction of the ancestral type of thecae, would then first appear

/5

A B C

Fig. 4. Supposed evolutionary trend in Mono-

graptidae leading from forms provided with

hooked thecae (A) to forms with simple thecae

(C) illustrating the retrogressive series” in the

sense of Elles (from Elles, 1922; redrawn with
some modifications).

in thecae of the distal part of the rhabdosome, subsequently — in a line
of successive generations — involving the whole of the colony. The
various 'retrogressive lines from hook” (fig. 4) postulated by Elles are
examples of these processes.

Of particular importance is here the fact, for the first time stressed
by Elles, that in graptolites changes of thecal type occur by gradual
spreading of the new thecal type within colonies which constitute the
successive stages of given phylogenetic series. These concepts were
subsequently confirmed in papers by other authors, particularly those of

6 It seems that the phylogenetic series suggested by Elles does not constitute
one evolutionary trend. In other words, it is not an unbroken chain of the direct
ancestors and descendants of one stock (O. Abel’s ”Ahnenreihe”), but supposedly
merely represents the successive morphological stages occurring during the evolution
in a number of such trends (O. Abel’s "Stufenreihe”). The occurrence of some
“retrogressive series” are confirmed recently by Sudbury (1958), but the ”retro-
gressive” series, postulated by Elles and quoted below to illustrate her conside-
rations. seems rather doubtful in some respects.
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Bulman (1933, 1951, 1958) and Sudbury (1958) who published new and
reliable evidence to support them. Jaeger (1959) also described pheno-
mena of gradual development of apertural lobes in the gedlogically
youngest monograptids (eyobeds). He has arrived at the conclusion that
in some of lineages distinguished by him, this character was initially
manifested in proximal parts of the rhabdosome, subsequently spreading
toward the distal end. This mode of evolution was determined by
Jaeger as a proterogeny. The opinion advanced by Elles that changes
in thecae are realized by the gradual spreading of a new thecal
type along the rhabdosome seems, therefore, sulficiently sound, while
her other views call for further discussion.

In considering these facts, de Beer (1958 and earlier) attempted to
explain them from the embryological standpoint. He believed that some
modes of the introduction and distribution of new features in graptolite
colonies might be regarded as a case of colonial neoteny” (1958,
p. 86—87T). By using certain analogies we might indeed suggest here
a sort of proterogeny, paedomorphosis or colonial gerontomorphosis. How-
ever, a deeper insight into the problem shows that in respect to
features "introduced proximally”, the "colonial paedomorphosis” would
be expressed by changes affecting particular individuals and bearing
a distinctly gevontomorphic character. For example, in the spreading
of the "hooked"” shape distal thecae acquire mature or gerontic characters
of proximal thecae of their ancestors. Hence it seems that concepts
applicable to individual ontogeny, when used in reference to colonial
development realized by changes of numerous individuals, may lead
to misunderstandings and will not clear up any doubts. Bulman is
thus right in asserting that "concepts borrowed from simple ontogenies
may become misleading when applied to astogeny” (1951, p. 327).

The interesting and important hypothesis advanced by Elles is
actually more a description of certain facts than an analysis of the
supposed causes of these {facts. Hence Westoll’s hypothesis (1950)
attempting a causal explanation of these processes is of marked interest.
Grounding his considerations on de Beer’s views (1940, 1958), Westoll
advanced his potential hypermorph” concept®. He used it in trying to
explain the proble evolutionary mechanism of certain monograptids
which had by Elles been referred to the progressive and retrogressive
series.

7 According to de Beer’s terminology (1940, 1945), hypermorphism may be defined
as a phylogenetic process consisting in the addition of a new stage to the adult
stage of the ancestor (A. N. Severtzoff’s anaboly, prolongation of V. Franz). Wes-
toll’'s (1950) potential hypermorphosis may be defined as a sfate when corres-
ponding morphological modifications might be realized through the addition of
anew stage of ontogeny, but do not actually occur owing to. restricted growth ability.
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According to Westoll, certain features of thecal structure might be
connected with a definite stage of thecal growth or of development attained
by the theca. During the evolution of the “progressive series” in the
various forms, the number ol zooids.attaining that growth stage would
progressively increase (comp. fig. 5: argen--
teus — priodon). During the colonial evo-
lution of graptolites belonging to the "retro-
gressive series”, proximal individuals only
would attain a stage of growth in which
appropriate apertural differentiation occurs.
The other members of the colony not having
attained that stage would — morphologically
speaking — be simplified owing to relative
growth inhibition. The evolution of the re-
trogressive series (comp. fig. 5: priodon —
cf. colonus) would consist just of these chan-
ges constituting an abbreviation of ontogeny,
i.e. a sort of neoteny. The changes may like-
wise be according to Westoll, stated in

terms of de Beer’s paedomorphosis and re- g’

tardation”. % ‘f I {
Westoll’s views were met by criticism on

the part of Bulman (1951). He demonstrated f Jf ?

that they do not adequately explain all the . ’

cases of colonial evolution in monograpti. In e preoden o eanes

Bulman’s opinion, they are notf, in the Fig. 5. — Diagram illustra-

first place, applicable to those processes ting the spreading and loss of

during the introduction and spreading of
new progressive thecal types (Elles’ progres-
sive series). The ’potential hypermorph”
concept accepts the existence of stadial dif-
ferences between the members of one colony
due to absence ol a well developed terminal
segment in thecae with simple apertural parts.
According to Bulman, this is not very likely
since it does not agree with the fact that all
individuals of a colony invariably represent

hooked thecae in ”progressi-
ve” and retrogressive” ser-
ies in monograptids, accord-
ding to the “potential hyper-
morph concept” of Westoll
Hooked shape of aperture is.
believed to be linked with
a defined growth stage of
theca (marked by broken line),
which in some species —
may be attained by all indi-
viduals of a colony, in others
only by .part of them (from
Westoll, 1950).

the same thecal segment, i.e. the metatheca. It is to Bulman too, that we
owe the detailed analysis of astogenetic changes of thecal shape in a num-
ber of monograpti which represent the various stages of certain phylo-
genetic series (fig. 1). In some of these Bulman has ascertained the
well known fact that proximal thecae are morphologically more
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strongly modified than the distal. In Monograptus decipiens Tornquist
and M.communis (Lapworth) that author has observed, however,
that "new features may originate or be dominantly expressed distally,
but an appearance limited to the proximal end is far more com-
mon”. Bulman's investigations have made important progress in the
analysis of the mode of thecal variation in some monograptids and
contribute to the comprehension of a graptolite colony as a unit under
common genetic control. In - result of his considerations, Bulman
(1951, 1938) is inclined to accept the "orthodox view that the new types
are transformations of thecal form introduced proximally into the
rhabdosome with the corollary that the fact concerned loses its potency
as the colony ages” (1951). Bulman believes that hypermorphosis might
possibly explain the ’retrogressive hook series” (1951), but that the
occurrence here “of some factor of gradually decreasing intensity
throughout the colonial unit appears a more probable explanation”
(1958). According to that author (1958), the 'succession of individuals,
appears as something comparable with the varying field of growth
potential of a solitary organism and perhaps finds its closest parallel
among metamerically segmented animals’.

Westoll’'s views were criticized by Urbanek (1958) from another
standpoint, based on his retrogressive series concept. Westoll agrees
with the hypothesis of Elles that the "retrogressive series” would lead
from uniform forms provided with hooked thecae throughout the length
of the rhabdosome te forms with hooked thecae limited to the proximal
part of the rhabdosome. Now, however, we know that the phylogenetic
trend suggested by Elles requires certain amendments, since ancestors
of this series too, i.e. Monograptus priodon (Bronn) are likewise cha-
racterized by some degree of biformism. In the just named form the
lateral processes of proximal thecae differ strongly from those of
distal thecae and, in spite of the uniform character of the apertural
lobes throughout the rhabdosome length, this is undoubtedly a represen-
tative of the "biform” type (comp. fig. 2 D). Hence, within the suggested
evolutionary trend we would not be dealing with an appearance of
biformism but with differences between ancestors and descendants,
consisting in the absence or presence of apertural lobes. Hence, this
example, neglecting even some uncertainties whether it may be consi-
dered as ancestral for the mentioned lineage, is not an illustration of
Westoll’s hypothesis, since within the suggested evolutionary trend the
mode of evolution would undoubtedly differ from that supposed by that
author. :

Urbanek (1958, p. 28) has likewise stressed the strong similarities
of the regular astogenetic succession of thecae in graptolite colonies
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Fig. 6. — Fusellar structure of thecae in Cucullograptus he-

miaversus n.sp. A;-As proximal theca from right and left side,

B;-By distal theca from right and left side (boulder S. 200,
(Rewal), approx. X 75.
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with the occurrence of “growth gradients” and the “growth gradients
potential” concept, such as has recently been postulated by Huxley
(1950). On the other hand, he has also pointed out difficullies encoun-
tered in the determination of the nature of stimulating and inhibiting
factors, controlling the spreading of characters and moreover in the
determination of factors responsible for thecal shape. According fo
Huxley’s growth gradients theory, the decisive factor here would be
the position of theca within the rhabdosome, while Bulman’s consi-
derations suggest rather the colonial age factor.

New light has been shed on the here studied problems by data
resulting from the present writer’s new investigations of regularities
in the evolution of some Silurian graptolites from the Monograptidae,
subfamily Cucullograptinae (Urbanek, 1958). These forms have been
studied mainly from erratic boulders of Scandinavian origin, Ludlovian
in age (comp. p. 176).

A new species, which the writer proposes to call Cucullograptus
hemiaversus n. sp., displays a very peculiar structure. The thecae of
this species are provided with two lateral apertural lobes, initially
nearly symmetric. The subsequent thecae are characterized by pro-
gressive hypertrophy of the left lobe, accompanied by corresponding
distrophy of the right one. Consequently, the more distal thecae display
stronger asymmetry (fig. 2 A & 6). These forms may be, on existing
evidence, traced to ancestors with two symmetric apertural lobes in
thecae .throughout the rhabdosome length. The just mentioned forms
though not very abundant, are encountered within the graptolite fauna
of erratic boulders (comp. p. 179). The hypertrophy of the left lobe
in this evolutionary trend and its overlap onto the right lobe, as well
as the associated distrophy of the right lobe, are all features introduced
distally” in a series of descendants. In a strictly morphological sense,
the hypertrophy of the lobe and the appearance of asymmetry cannot
be recognized as a retrogressive character responsible for structural
simplification. On the contrary, we are more probably dealing here
with progressive modification of the apertural apparatus. This is most
distinctly shown in a form, by the writer named Cucullograptus aversus
rostratus n. subsp.; it is referable to the same evolutionary trend. In
the latter form, the left lobe shows further progressive development
(com. p. 182). However, this {eature, at first affecting the distal thecae
alone (C. hemiaversus n. sp.), subsequently occurs throughout the rhab-
dosome (C. aversus (Eisenack)), hence behaving as new features in
Elles’ “retrogressive series”.

Bulman is in favour of a similar conclusion when he writes: "some
evidence, however, indicates that the thecal changes affect the distal
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part of the rhabdosome alone, and in Cyrtograptus the more conspi-
cuous changes commonly appear to be in the distal thecae” (1955, p. 45).

Thorsteinsson’s data (1935) likewise apparently suggest that through-
out the cyrtograptids the proximal thecae are invariably of a closely
comparable type, and that differences appearing in the distal thecae
cannot be classed exactly as retrogressive” (fide Bulman, 1955, p. 49).

On the other hand, Sudbury (1958) found that the simplification
of rastritiform thecae in the lineage of Monograptus trz'a'rigulatus fimbria-
tus (Nich.) is a character introduced distally into the rhabdosome. This
means that the mentioned mode of intrcduction of new characters is evi-
dently independent of nature of the change being in some cases
“progressive”’, in others ’regressive” in the formally morphological
sense.

Hence the distinction, proposed by Elles of the “progressive and
retrogressive series” on differences in mode of introduction of new
characters, is believed as unconformable with the evidence now available
and hence it requires amendments. Therefore, group A, 2a of mono-
graptids distinguished previously (comp. p. 137) comprises all forms
with stronger modifications in the proximal parts of the rhabdosome,
and their separation into representatives of the progressive and the
retrogressive series does not seem reasonably justified. The last men-
tioned view is based on definite phylogenetic hypotheses which in turn
call for some sound evidence. Should we discard this criterion, the
distinction between ’'progressive’” and ’'retrogressive” characters will
lose its poignancy or perhaps be altogether impossible. Moreover, we
are now in possession of evidence indicating that “progressive” cha-
racters may behave similarly as 'regressive” characters should do
according to the opinion of Elles.

Stronger manifestation of certain morphological characters in the
distal part of the rhabdosome bars the supposition that astogenetic
variability may be due to the aging of the colony as a whole, i e.
determined by the time and succession of budding of particular zooids.
Distal zooids do not at all display lack of capacity for differentiation,
and in some cases on the contrary they represent maximum structural
modifications.

Cucullograptus hemiaversus n. sp. and its relatives moreover indicate
that neither can Westoll’'s “potential hypermorph” concept be used to
explain the evolution of this phylogenetic trend. Even though strong
modifications have affected the apertural apparatus, they cannot be
referred to lack or addition of certain growth stages or absence of
certain thecal segments. Every morphological change of the peridermal
structure in graptolites does indeed lead to growth changes (formation

’

4 Acta Palaeontologica Polonica — vol, V/2 10
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or reduction of fuselli), similarly as in the case of the "accretionary
type of growth” (Huxley, 1932), bearing an additive character. In this
particular case, however, we may be all the more certain that morpho-
logical differences of adjacent thecae cannot be explained by growth

apertural
port
metathect

subaperturol
povt

prothecs

Fig. 7. — Comparison of homologic segments of thecae in Graptoloidea. Metathe-

ca in graptoloids without apertural apparatus represents mere subapertural seg-

ment (A4); metatheca in graptoloids provided with apertural apparatus represents
both subapertural and apertural segments (B).

differences. In Cucullograptus hemiaversus n. sp. the thecae represent
indeed not only the same thecal segment (metatheca) but, moreover,
its apertural part is represented by apertural lobes developed in all
the thecae. Hence it is doubtless that they represent the same growth
_ stage, which would not necessarily always be so, if some thecae repre-
sent the subapertural part of metatheca alone (comp. fig. 7 A), while
others the apertural one too (comp. fig. 7 B). Therefore, in the case
of C. hemiaversus n. sp. growth differences of the wvarious thecae,
doubtlessly representing the same growth stage but nevertheless diffe-
ring strongly, could not be the decisive factor determining the structure
of the apertural apparatus. These differences do not consist in the
absence or presence of the respective thecal segment (i. e. the apertural
segment), but in various modifications of structure of the same segment.

Growth differences, as suggested by Westoll, doubtlessly occur in
many cases, but his interpretation does not seem adequate for some
other ones.

The above remarks might well be supplemented by stressing that
Westoll’s hypothesis, like all previously menticned concepts, fails to
interpret another important process, namely that of the changing
expressivity of given characters, thanks to which evolution in graptolite
colonies involves not only the spreading of a given character among
the members of a colony, but changes of its expressivity too. The
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particular stages of the "progressive series” differ not only in the
number of thecae displaying a given character, but also in the degree
of its expression (comp. also data of Bulman, 1951, Sudbury, 1958;
see p. 175 of the present paper). On the other hand, the occurrence
of regular growth differences in thecae of the rhabdosome, suggested
by Westoll, would necessarily lead to the acceptance of growth -gradients,
and this has not been sufficiently taken into.the account by Westoll.

On the basis of the above considerations, the present writer concludes
that so far advanced concepts do not now adequately explain the available
evidence which indicates that:

1) thecae may display regular morphological succession on the
rhabdosome and these changes may consist either in the presence or
absence of respective thecal segments, and also in different structural
modifications of the same segment;

2) evolutionary changes may initially affect the proximal or the
distal part alone, independently however of their being “progressive”
or 'regressive’ features in the formally morphological sense;

3) in many graptolite groups evolution consists in gradual spreading
of the new thecal type which may [inally be manifested in all the
members of the colony.

These considerations have induced the writer to search for a more
general concept which would explain all colonial organization types
thus far known in graptlolites, and would be based on modern views
concerning the process of integration and biolcgical correlations and
on up to date genctic views. In the discussion that now follows the
writer has availed himself of numerous analogies taken from the study
of living animals and plants, whenever the basic mechanism of these
processes presented reasonable similarities.$

I1II. MORPHOPHYSIOLOGICAL INTERPRETATION OF ORGANIZATION
OF GRAPTOLITE COLONIES

Organization of uniaxiate colonies

The presence in higher Graptoloidea colonies of an integrated
morphological organization, expressed by a definite astogenetic succes-

8 The mode of evolutionary changes in graptolite colonies, realized primarily
by change of a part of the colony, implies some analogy to the genemorph
concept of Lang and Smith, and other authors, based on studies on colonial
Tetracorallia. This interesting conception is, however, in many respects vague
and indefinite, and this is why no comparison is made here with evolutionary
changes in graptolite colonies — far more regular and better known (comp.
Bulman, 1951).

*q
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sion, suggests some striking biological analogies. The gradual modifi-
cation of thecae during astogeny in graptolite colonies of the “biform”
type, leading to conspicuous differences between the proximal and
distal thecae, doubtlessly indicates that in morphophysiological respect
the graptolite colonies were characterized by peculiar polarity and that
they were organized according to an "axiate pattern” (Child, 1941).
During astogeny, thecal changes were manifested in small structural
intergradations of adjaceni individuals, without any morphological
discontinuity and displaying a definite succession, i.e. direction of
changes. These changes were so gradual that it is really never possible
sharply to delimit the particular regions of the rhabdosome (comp.
fig. 1, 2). Hence we may without hesitation accept the appearance in
such graptolite colonies of definite morphophysiological gradients. We
are namely dealing here with regular modifications of properties of
individuals depending on their position in the colony. These facts seem
quite closely to coincide with numerous biological processes which
Child (1915, 1941) attempted to explain by his physiological gradient
theory. The fundamental points of that gradient theory have, in one
way or another, been recognized by a number of authors engaged in
the study of the various branches of biology. They were i a. D’Arcy
Thompson (1952), Horstadius (1935, and later works), Huxley (1932,
1950), Huxley and de Beer (1934), Runnstrom (1928, and later works),
Spemann (1936, and earlier works).

Numerous authors have introduced certain amendments into that
theory. Although Child asserted that the physiological gradients are
expressed by the metabolic activity gradient, i.e. the respiratory
gradient, it has never been possible to prove this, on the contrary, data
are now available showing that in this respect the “dominant region”
does not differ from the surrounding tissues (Needham, 1931, fide 1942;
Huxley, 1932; Polezaiev, 1945). Moreover, there is considerable evidence
indicating that the occurrence of gradients is associated with a corres-
ponding mode of the production and distribution of morphogenetic
substances. The physiological dominance in coelenterate colonies is even
regarded by Barth (1940) and Spiegelman (1945) as competition for
physiologically necessary substances (Spiegelman’s "concept of physio-
logical competition”). The gradual exhaustion of the still available
amount of that substance may, in Waddington’s opinion (1956), be
responsible for the appearance of physiological gradients. This is the
conclusion to be drawn from Spiegelman’s (1945) and Waddington’s
(1956) considerations expressed in mathematical language (comp. also
Tardent, 1956; Tardent & Tardent, 1956; Tardent & Eymann, 1959;
Tweedell, 1958).
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The presence in graptolite colonies of a distinet morphological
gradient likewise seems to suggest that its origin is due to the spreading
of appropriate morphogenetic factors. These are in most cases known
in living organisms, represented by certain substances. Numerous
experiments carried out on coelenterates seem to indicate that the
dominance and physiological gradients may be due to the spreading
of suitable substances. The blocking or restriction of inhibition has
been here obtained by introducing into the coenosarcal cavity of a drop
of oil, or air vesicles, or by ligature of the stolon (e. g. Barth, 1938).
These mechanical factors check the spreading along the stolon of
corresponding substances at the same time blocking the dominance
(inhibition), (Spiegelman, 1945). In view of these facts it may be
accepted that, within graptolite colonies, the gradient of such active
substances would affect not some physiological properties only, but the
morphogenetic too. Hence it seems that the interpretation of graptolite
colonies by the “concept of physiological competition” is more reason-
able than the acceptance of the ”’specific inhibition” concept, recently
advanced by Rose (1957)°.

Independently of these discussions the occurrence of morphophysio-
logical gradients has now been ascertained beyond any doubt (Huxley,
1932, 1950; Polezaiev, 1945; Wagner & Mitchell, 1955). The majority
of authors agree that Child’s hypothesis is a most creative and fruitfui
one. The fundamental points of the morphophysiological gradient theory
(Child, 1915, 1941) are very helpful in interpreting the organization
of graptolile colonies’®. Without going into details of no bearing for
our problems these points may be summarized as follows:

1. Both in solitary organisms and in colonies, gradual and directional
changes of physiological and morphological properties are manifested,
1. e. the occurrence of graded decrease, from the region of the highest

9 This hypothesis postulates that the cells of an organism are all provided
with equal development abilities. Some of them, however, upon attaining suitable
differentiation, will — by way of inhibition — prevent same differentiation
processes, in others thus causing the remaining cells to take up a different
direction of differentiation. The inhibiting factors are manifested by the direct
contact of cells, by way of transmission of some surface changes. This hypo-
thesis contains new and important ideas. They are, however, of greater signi-
ficance with reference to organogeny than to astogeny (formation of colonies).
E.g. it does not adequately explain the astogenetic succession of “uniform”
graptolites, such as those provided with same differentiation, e.g. hooked thecae
throughout the rhabdosome length. Neither does it seem justifiable to postulate
that the direct surface contact of cells is the main way of the transmission of
induction (inhibition) in graptolite colonies. Also the new concept of morphogenetic
fields, based on spatial distribution of successive stages of a common chain of
metabolic reactions, postulated by Abeloos (1955) for interpretation of regeneration
phenomena in annelids, seems to be in a lesser degree applicable to graptolite
colonies than the orthodox physiclogical gradient concept of Child.

10 See next page.
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intensity to the region or regions of lowest intensity (gradients) is
noted.

2. Individual or colonijal integration is realized by control or do-
minance of certain centres over the remaining ones.

3. Physiological dominance or induction is realized by transport
of certain chemical substances, or by transmission of energy changes!!
from centres physiologically dominant to those of lower intensity.

4. In many organisms the efectiveness of dominance decreases with
increase in distance from a given region to the physiologically dominant
centre.

5. The physiological isolation (isolation {rom control) of the different
parts of solitary organisms or colonies varies in connection with the
varying effectiveness of dominant (inducing) factors.

6. The wvarying range of physiological isolation determines the
physiological and morphological properties in the given part of an
individual or of a colony.

The organization of higher Graptoloidea celonies, particularly those
of biform type, may be readily explained by application of the theory
of morphophysiological gradients.

The regular astogenetic succession in “biform” graptolites suggests
the presence in their colonies of peculiar morphophysiological gradients.
In result of gradual modifications, distal thecae differ distinctly from
the proximal, indicating certain polarity within graptolite colonies.
This polarity, similarly as the polarity in living organisms, must have
been associated with the presence of an inducing region. According
to the linear nature of graptolite colonies, this inducing centre may
be searched for in two regions of the colony, i.e. a) the proximal end
(sicular region), or b) the distal end (budding end of the stolon).
A consideration of these alternatives indicates that in graptolite colonies

10 In his considerations the present writer uses the term “morphophysiological
gradient” to supplement the classical meaning given to it by Child when speaking
about "physiological gradients”. The idea of the “morphogenetic field”, dwelt
upon in several papers by Gurwitsch, Weiss, and Huxley & de Beer, does not
necessarily seem applicable to graptolite colonies. "Morphogenetic fields” result
from gradients (Child, 1941) and, in spite of certain suggestions, they cannot be
regarded as a phenomenon independent of the gradient (comp. also Spiegelman,
1945). However, in many cases, these ideas are not accurately defined, being
vague and indefinite (comp. also Polezaiev, 1945, Spiegelman, 1945), even though
they keep up with the spirit of time (physical approach). Therefore, the classical
biological meaning of the term ”gradient”, considerably less ambiguous, is here
perfectly sufficient.

11 The transmission of energy changes, interpreted by Child (1941) as trans-
mission of mechanical, thermal or electrical changes, and, in the first place,
that of nervous excitation, is not here discussed, since these factors could
not in any important measure be responsible for the morphogenetic changes
observed in graptolite colonies.
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it is the sicular region, or rather the siculozooid, that may with most
likelihood be recognized as the inducing region. In this connection
the organization of graptolite colonies would correspond to that in the
basipetal type of colonies of various athecate hydroids where the oldest
zooid would be the centre of physiological dominance. Indeed, in most
graptolites the siculae are of notably constant shape and, with a few
exceptions, they were scarcely affected by any important morphological
changes. This constancy in the shape and structure of siculae contrasts
with the plasticity of thecae of all blastozooids in higher graptolite
colonies. The morphological difference between the sicula, i.e. the
prime theca of the colony and the next thecae, is considerably stronger
than that between the adjacent thecae of the remaining portion of the
rhabdosome. This gives rise to an analogy between the organization
centre and the reacting tissues during individual development of animal
organisms. In graptolite colonies the biological function of the former
factor would be performed by the siculozooid, while the latter would
be represented by the remaining zooids of the colony.

The other alternative, accepting the budding end of the stolon as
the organization centre, does not seem probable. During the budding
process every zooid would be produced in the terminal end of the
stolon and an analysis of relations in the terminal portions of the
growing graptolite branches indicates that budding started from the
actually terminal zooid of a colony (comp. [ig. 8 B) which, in turn,
would produce the next zooid. Analogies with the living pterobranchians
(Cephalodiscus) suggest that budding occurs within a definite zone at
the base of the mother zooid. Hence, should the successive ferminal
zooids be regarded as the inducing centres affecting the descendant
zooids budding from them, we could conclude that the intensity of
this induction and at the same time the extent of physiological isolation
would be very much the same in all the zooids of one colony. Similarly,
relations in Rhabdopleura (comp. fig. 8 4) indicate that buds are pro-
duced at a definite distance from the terminal (leading) zooid, at the
base of its contracting peduncle. The growth of the stolon here is
realized through the intermediary of the permanent immature, terminal
bud, whereby this development type differs from relations common
in graptolites (Koztowski, 1948)'2. This, however, clearly shows that
in any case the variability of thecal shape cannot be explained by the

12 Fundamentally the same relations as in Graptoloidea have been also
ascertained in Dendroidea (Kozlowski, 1948) where the growth of branches occurs
by mediation of stolothecae which are merely the proximal immature portions
of autothecae. The individuals contained in them may be regarded as the terminal
immature autozooids.
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supposition that the actually budding portion of the colony might have
been the inducing centre.

On the other hand, the recognition that the terminal budding end
of the stolon had progressively decreased activity and caused corres-
pondingly diminishing induction in successively budding thecae, would
lead on to the conclusion that the diminishing activity may merely
be an expression of its concealed senescence. This hypothesis, however,
has no sound base since following it we would have to accept weaker
activity of distal thecae as compared with the proximal ones, due to
the origin of the former from tissues of the senescent end of the stolon.
This is, however, contradicted by evidence showing that the distal
thecae attain the greatest dimensions and often produce the most
complex apertural apparatus (e.g. in Cucullograptinae). This requires
additional supplies of the peridermal substance and suggests their high
morphogenetic and physiological activity (comp. p. 156—157)12,

Doubtlessly, the growing budding terminal end of the colony (ter-
minal distal zooid) must have been the centre of intense physiological
activity (formation of new tissues, histogeny). In a certain sense we
might also speak of the occurrence in graptolite colonies of a "double
gradient” (Huxley & de Beer, 1934), similarly as in annelids and
arthropods. Two fundamentally different processes are here manifested
suggesting two independent centres of strongest activity. One of these
consists in the formation of new tissues (distal terminal zooid in grap-
tolite colonies, the subterminal growth zone in annelids and arthropods);
the other is a process of the induction and control of morphogenetic
processes, associated with corresponding specialization of tissues (pro-
bably the siculozooid in graptolite colonies, the head in annelids and
arthropods), (comp. also Bulman, 1951, 1958).

The activity of the first factor displays rather rapid decrease from
the distal to the proximal end, as is indicated e. g. by a series of terminal
thecae of Lobograptus scanicus parascanicus (Kiihne), (comp. fig. 8 B).
The activity of the other factor gently decreases in the distal direction.
Colonies without sicular region (comp. p. 162) indicate even that the
sicular centre, playing an important role in astogenetic development,
is by no means necessary for mere budding and life of the colony.

According to the now accepted views, the action of the sicular
centre is comparable with that of the inductor, while the reaction of

13 Certain structural changes in terminal autothecae of dendroids: abbre-
viation, bending, may however be explained as "senile modifications in terminal
branches (Kozlowski, 1948, p. 28—29). Within terminal autothecae their mani-
festation sometimes regularly increases. These processes do not, however, {o any
considerable extent affect thecal morphology. In Graptoloidea moreover distal
thecae are on the whole longer than the proximal.
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Fig. 8— Comparison of terminal, grow-
g tips of a colony: A in Rhabdo-
pleura (after Lankester, from Grassé,
1948, and after Bulman, 1955; combi-
ned), B in Lobograptus scanicus para-
scanicus (Kuhne), partly reconstructed
irom two combined fragments (boulder
S. 137, S. 181); st stolon, tz terminal
zooid, n-n+7 successive zooids.

') A iB

Fig. 9. — Interrelation of changes in
shape and size of thecae and in shape
and size of rhabdosome in Petalograp-
tinae: A Petalograptus folium (Hisin- .
ger), reverse side; B Cephalograptus
cometa (Geinitz), reverse side. In both
specimens length of 1! is shown with
equal length (based on Bulman, 1955,
fig. 63, 6b and 17b).
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the blastozooid tissues to the inducing factor may be compared with
the phenomenon of competence” or "Reaktionsfihigkeit”, observable
in the developmental physiology (Waddington, 1940, Needham, 1942).

The physivlogical dominance of the sicula in relation to the remain-
ing thecae of the rhabdosome must have been most likely caused by
the spreading along the rhabdosome axis of certain active morpho-
genetic substances, probably produced by the tissues of the siculozooid.
In their biological properties these substances must have resembled
animal hormones and plant growth substances (auxins). Close analogies
surely existed between these factors and certain morphogenetic sub-
stances produced by organizers” in embryonal development of animals
and responsible for the phenomena of embryonal induction. Ample
literature references on this problem are given in papers by Waddington
(1940), Needham (1942), Lehman (1945), Barth (1949) and Wagner &
Mitchell (1953). Such substances seem likewise responsible for definite
growth relations (Huxley, 1932, 1942). Huxley indeed postulates that
this is due to the “partition of some substance responsible for growth
potential” (1950). When the successive thecae differ in allometric
changes, it could be accepted that the substance produced by the
siculozooid might control the mode of growth and the growth relations
in the particular ordans of each successive zooid, their ’’secretionary
behaviour”, hence thecal shape too.

Astogenetic succession in graptolites where it is restricted to ”growth
gradients” may be illustrated on certain pristiograptids, e.g. Pristio-
graptus dubius (Suess), (comp. fig. 2 I"). Thecal modifications here are
expressed by certain allometric changes. In Petalograptinae the relations
are somewhat more complex (comp. fig. 9 A, B). Ceplalograptus Hop-
kinson, belonging here, is distinguished from Petalograptus Suess in
greater elongation of thecae reflected in the shape of the whole rhabdo-
some. Perfectly reliable data regarding the mutual phylogenetic relation
of these forms are not available. However, it is known (Bulman, 1955)
that Petalograptus appeared earlier, while intermediary forms occur,
linking these extreme morphological forms. The nature of the changes
here is readily understandable on bringing these forms to the same
length dimension of th 11, whereby the effects resulting from pro-
portion changes are very much stressed (fig. 9). The presence in these
graptolites of a distinct growth gradient permits to regard their colonies
as an integrated unit under a common physiological control.

In many graptolites astogenetic changes are not confined to such
simple changes concerning the size and proportions of thecae. The
here given examples (fig. 1 A, 2 A—C) illustrate relations occurring



EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 158

when the progressive thecal modifications attain the qualitative stage”
(presence or absence of certain structures, or their deeper changes).
It should be concluded that on the whole such substances might have
altered the degree of the phenotypic manifestation of genetic factors
in particular individuals. The degree of the modifying effect must
have been controlled by the amount of the given substances morpho-
genetically active in tissues of the various zooids.

Certain structural characters of thecae are better stressed either
proximally (group A, 2 a) or distally (group A, 2b), (p. 134, 137). Hence
it reasonably follows that in relation to definite characters or groups
of characters these substances acted respectively as stimulators (group
A, 2a), or as inhibitors (group A, 2b). In the former case, when the
substance produced by the siculozooid has a stimulating effect, certain
characters were phenotypically more strongly manifested in the proxi-
mal portion of the rhabdosome, owing to the highest concentration
(amount) of these substances. In the latter case, when the substance
produced by the siculozooid behaves like an inhibitor, features whose
phenotypical manifestation it affects, would be strongest in the distal region
of the rhabdosome where the concentration (amount) of these substances
is lowest. In both cases, however, the regular decrease of the amount
of morphogenetically active substances, modifying the phenotypic
manifestation of characters, would be responsible for the occurrence
of a definite morphological succession of thecae.

Causes of the regular decrease in the concentration of morpho-
genetic substances along the colonial axis may be of different nature.
The decisive factor here may be the mode of distribution of these
substances {rom one local centre producing them (siculozooid). Accepting
constant activity of the inducing centre, properties of the particular
zooids would be determined by their distance from that ccnire, growing
progressively with astogeny, i.e. by increased physiological isolation.
The mechanism of the distribution of morphogenetic substances might
suggest certain analogies with the process of diffusion thus explaining
the formation at a certain moment of a regular concentration gradient.
On the other hand, however, the spreading of such substances as the
auxins is a process totally differing from that of diffusion. The transport
of these substances ought to have displayed some polarity too, resulting
" in a direction opposite to the action of gravity forces. The available
physiological data (Went & Thimann, 1937, 1945) apparently contradict
that gravitation can actually be an agent determining the biological
polarity. Hence the concentration of active substances in the proximal
end of the colony (physiologically lower part of a colony) cannot be
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regarded as a mechanical effect of the orientation of colonial axis. The
spreading of the active substance along the rhabdosome axis was
undoubtedly connected with the definite mode of its {ransport, and
the growing terminal zooid of the stolon must have been here a certain
"point of attraction”. Nevertheless it would hardly be possible to
account for the constantly diminishing concentration of active substances
by the concentration gradient alone, since it could lead to gradual
equation of differences. Hence, we might perhaps as well agree with
‘Waddington’s (1956) opinion that the regularly decreasing concentration
of morphogenetic substances is referable to the progressive exhaustion
of definite substances, necessary for the budding and growth of the
successive individuals of a colony. These substances, produced in the
tissues of the oozooid and transported along the rhabdosome would be
partly exhausted in the budding process, while the induction would
be in each case realized by the still available amount of substance.
This would diminish regularly with the development of the colony
(comp. p. 148). Physiologically the mechanism of this process would
remind us of the gradual "dilution” of pigment among the progeny
of the flour moth Ephestia, in the case of the absence in the genotype
of gene A which is necessary for the production of pigment. Individuals
aa bred from the crossing of the female Aa, and the male aa dispose
of a certain amount of pigment supplied by the egg cell. Owing to
lack of ability for pigment production, it is dissolved during the process
of cleavage and differentiation of tissues. In result, the individuals
grow paler, while in the following generation the effect disappears
(Kihn, Caspari & Plagge, 1935; Plagge, 1939). In graptolites the morpho-
genetic substance behaves similarly. “Introduced™ into the colony by
an oozooid capable of producing it, this substance would during blasto-
geny likewise become dissolved and exhausted. This would lead to
its regular gradient. The fact that the substance would supposedly be
produced by the oozooid only, is physiologically understandable since
it is the oozooid alone which owes its origin to a sexual process and
which is probably subject to a complex metamorphosis (Kozlowski,
1948), while the budding of the remaining members of a colony cor-
responds to simple blastogeny.

The causes of astogenetic variability may be also looked for in the
gradual senescence of the colony, manifested by the regularly dimi-
nishing reaction ability of tissues, i.e. their ability for phenctypic
manifestation of definite genetic factors and for differentiation. This
is contradicted, however, by such facts as the stronger manifestation
of certain morphological characters in the distal portion of graptolite
colonies, as compared with the proximal portion and, generally speaking,
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by their being “introduced distally” in many phylogenetic graptolite
lineages. This does not at all mean that, with colonial growth, the
successive zooids gradually lose their abilily for phenotypic manifesta-
tion of the respective genetic factors and for differentiation (comp. p.
152). Much more likely are the first two hypotheses claiming lack
of any notable differences in the reactiveness of the successive zooids.
The reactiveness potential of the colony must have undergone changes
"in toto” according to a similar pattern for the whole colony.

Independently, however, of the mechanism of this process, it must
have resulted in the progressive and regular decrease of the amounts
of definite substances available to the successively budding zooids.
The most sound and mutually complimentary hypotheses are those
postulating that the sicular portion was the centre producing morpho-
genetically active substances, and that subsequently these substances
were successively exhausted in the budding process of the individual
zooids of a colony. Hence in further considerations, we assume to be
dealing here with a decreased concentration, connected with the dis-
tribution gradient of the given substances from the proximal part.
The supposition for the regular decrease of concentration of the substance,
produced by the siculozooid, is based on analogous phenomena in
the distribution of growth hormones in plant stems. These likewise
display a more or less regular decrease of concentration, associated
with a constant direction of their transport (Went & Thimann, 1937,
1945). Similar relations occur in many animals. E. g. a regular gradient
of the regeneration rate has been ascertained in Tubularia (Barth, 1938,
1940). Particularly interesting are the investigations of Gast and God-
lewski (1903) who have demonstrated in the colonial hydrozoan Pannaria
cavolinii the existence of a regular regeneration ability gradient,
manifested along the axis as well as on the secondary branches of the
colony. The transport of morphogenetic substances has likewise been
ascertained in many animals, but its mechanism is not very well known.
In Drosophila the hormonal substances are transported by means of the
lymph (Ephrussi, 1942), while in Ephestia streams of such substances
and their probable course have been ascertained by Kiithn and Henke
(1936). Students of these and similar problems have even created such
convenient ferms as "pigment-stream” or “determination-stream” to
emphasize the process of the distribution of the corresponding morpho-
genetic substances (Goldschmidt, 1938). In graptolite colonies the spread-
ing of such substances might in the first place be effected through
the stolon, possibly also the extrathecal membrane connecting all indi-
viduals of a colony.
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Organization of multiaxiate colonies

The nature of the fossil material does not naturally permit ex-
perimental verification of the correctness of the just stated views.
The palaeontologist, however, is not quite helpless in this respect since
he is in a position to examine phenomena deserving to be called the
experiments of nature. Among them we may include the development
of graptolites with secondarily branched colonies which have probably
evolved from forms originally provided with one branch only (Cyrto-
graptus Carruthers, Diversograptus Manck, Linograptus Frech). Out of
these forms, Cyrtograptus alone (fig. 10) has been studied more thorough-
ly. Its cladogeny, i. e. the mode of secondary branching has been recently
described by Thorsteinsson (1955). On this form we can check up the
supposed dependence of the distance of given theca from the sicula
and its shape. In the species studied by Thorsteinsson (C. rigidus var.)
the thecae of the main stipe display normal morphological succession.
In the proximal part they are more strongly bent and provided with
longer apertural spines than distally. Similar relations likewise prevail
in some other structural features of thecae. Thus thecal succession on
the main stipe of the rhabdosome fits into graptolite type A, 2a —
biform — (comp. p. 137), thecal shape being determined conformably
with the stated above hypothesis on its distance from the original
zooid. However, the shape of the first formed cladial thecae no longer
agrees with this pattern. In shape the first cladial theca does not cor-
respond to that in the first theca of the main stipe placed immediately
behind the mother theca of the cladium, but it corresponds with much
more distal thecae, hence being in a certain sense ,retarded”. We are
dealing here with two distinct phenomena. 1) According to Thorsteinsson
(1955) and Bulman (1955, 1958) the formation of the cladium is some-
what delayed. Before the first signs of growth of the first cladial
theca, some 3—4 next thecae have appeared on the main stipe, and
another 3—4 will have been added before the first cladial theca is
completed. 2) Moreover the first theca of the cladium corresponds
closely in shape with that of the theca simultaneously being produced
on the main stipe though the latter is much more remote from the
sicula than the former. Further thecal development on the main stipe
and on the cladium is parallel and occurs at the same rate. In figure
10 thecae joint by broken lines are those occurring on different branches
of the rhabdosome, but budding very nearly simultaneously and closely
resembling one another. Hence it may be supposed that it is not the
distance from the original zooid, i.e. thecal position that determines
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the shape of thecae in Cyrtograptus colonies, but the age of the colony
as a whole, i.e. the time of budding (fig. 10).

Fig. 10. — Diagram showing structure of a complex colony in Cyrtograptus

Carruthers. Approximately contemporaneous thecae are connected by broken lines

(A); B-D shape of proximal, medial and distal thecae shown diagrammatically;

S sicula, I° lateral branches (cladia) of first order, II° lateral branches of second

order; point where twisting of rhabdosome axis occurs indicated by arrow (from
Bulman, 1958; redrawn with some modifications).

In order to explain the first of the here mentioned phenomena,
i.e. that of delayed production of cladial theca, it should be noted
that in Cyrtograptus the budding of the cladium originates indirectly
through the tubular outgrowth of the aperture of one of the thecae
in the main stipe. The tubular prolongation formed by it is the
beginning of the first cladial theca. These facts probably indicate that
the cladium is not produced by the stolon, but by way of budding
from one of the thecae on the main stipe. This sheds some light on
the factors supposedly responsible for the ’retarded” cladial budding
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as compared with that on the main stipe. They may be the biological
analogues of relations observable on the main stem and axillary shoots
of plants. We are here dealing with a sort of dominance of the main
stem over the axillary shoots (apical dominance; Child, 1915; Snow,
1925, 1929; Thimann & Skoog, 1933, 1934, fide Went & Thimann, 1937,
1945)14.

The inhibition of the growth of axillary shoots by the main stem
may be removed by the inhibition of the activity of the centre of
dominance which is known to be in the growing tip. According to
Thimann (1937) this inhibition process may be the direct result of the
influence of auxins produced by the growing tip of the main stem,
also partly of the diminished supply of food substances. In the writer’s
opinion this sheds some light on the mode of cladial generation in
Cyrtograptus. The here noted phenomenon of retarded development of
the cladium as compared with that of the main stipe was most likely
due to a sort of biological inhibition referable to the dominance of
the main stipe over those of the cladium.

The background of the dominance may be found in the fact that
the cladium which buds through the intermediary of the mother zooid
has been supplied with a smaller amount of the active substances,
perhaps of the nutritive too, than thecae on the main stipe which are
directly interconnected by the stolon. The phenomenon that the first
cladial theca corresponds morphologically to the simultaneously pro-
duced thecae on the main stipe — inspite of being much nearer to
the siculozooid — is readily explained by the inhibition of the develop-
ment of the lateral branches. To a certain extent the cladium may be
regarded as the lateral branch of a colony. In many plants (peas, beans)
the simultaneous growth of two shoots is possible only when they grow
at about the same rate and have the same physiological activity.
Otherwise the growth of one of the shoots will be inhibited. Analogously.
in graptolite colonies, the morphogenetic activity of the first cladial
theca must have attained an equal level as that of the just then budding
theca of the main stipe. In the first place the two zooids must have
had at their disposal equal amounts of morphogenetic substances. These
were correspondingly smaller than that controlling thecal growth of

14 Close analogies have been ascertained in many colonial hydroids (e.g.
Child, 1941, p. 319) since, however, the physiological mechanism of dominance
in these forms has not been thoroughly investigated, the use of plant analiogies
is here found to be more convenient. The experiments of Gast and Godlewski
(1903) on the regeneration in the colonial hydroid Pennaria cavolinii of axial
fragments provided with a cladium shows that the cladium may be subject
to degeneration and a sort of resorption, while the tissue material of the
cladium is used wp for the growth of the axial portion. This suggested the
distinct physiological diominance of the awial portion over the lateral branch.
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the main stipe situated at the same distance from the sicula as the
first cladial theca. With stabilized level of the reaction ability of
tissues, the reduced amount of hormones would act analogously as the
appropriately increased distance from the siculozooid. The morpholo-
gical analogies of the first cladial theca with that in the simultaneously
produced thecae of the main stipe apparently suggest that at the time
of budding the concentration of the morphogenetically active substan-
ces was nearly the same in the ends of both branches. Hence the
production of the bud for the cladium would probably be connected
with the attainment of a certain equilibrium of the concentration of
substances in the main and lateral branches. We have here an analogy
with relations in the growth of axillary shoots in plants and colonial
animals and the attainment of a certain equilibrium between the
activity of growing tips displaying simultanecus growth (e. g. in plants,
Child 1915, et alii; in animals similar relations e.g. in Tubularia; Child
& Watanabe, in Child, 1941). This concept correlates the asto- and
cladogeny in Cyrtograptus with those in other monograptids, suggesting
that similar shape of simultaneously budding thecae was caused by equal
amount of morphogenetic substances available for these zooids.

For the particular species of cyrtograpti, provided with several
lateral branches (comp. fig. 10), their mutual spacing is a characteristic
feature (Boucek, 1933; Bulman alter Thorsteinsson, 1958). In C. radians
Tornquist, a cladium is produced by every successive theca, in C. mancki
Boucek — by every second one, in C. ramosus Boucek — by every
third or fifth one'®. The distance of the first branch from the sicula
is a constant specific character too. Spacing of the lateral branches
of the rhabdosome, closer in some species, more distant in others, seems
to be a genetically controlled feature. Hence it seems reasonably sound
to claim that every lateral branch is so to say a centre of dominance
of secondary order affecting some part of the main stipe too. This
would be an analogy with the “correlation chains” occurring in the
embryonal development of animals, whose links are the successive
organizers of decreasing orders (Smalgauzen, 1938, fide 1946). It has
been similarly ascertained that the axillary buds of plants, though
themselves controlled by the main centre of physiological dominance,
in turn exercise a dominance over the main stem preventing the for-
mation of new axillary buds over a certain area (Child, 1915, 1941).
Relations similar to those between the main stipe and the lateral branch
of first order would occur between lateral branches of the first and

1% According to Boufek (1933) in C. ramosus the distance between lateral
branches megularly increases distally,

5 Acla Palaeontologica Polonica — vol. V/2 11
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secondary order in cyrtograpti provided with them. The complete
Cyrtograptus colony, with a complex organization pattern, would then
present an intricate system, self-regulating by way of complicated
physiological gradients.

Somewhat different relations must have occurred in forms where
several independent centribranchiate stipes radiated from the sicula
or the sicular region. To such forms are referable many representatives
from the groups of Dichograptidae and Leptograptidae. Out of the
monograptids, Linograptus Frech (Jaeger, 1959) and also to a certain
extent Diversograptus Manck, may be referred to such forms. The
latter is by many authors claimed to be a graptolite provided with
two stipes independently radiating from the sicula (Manck, 1923; Boudek,
1933; Bulman, 1938; Strachan, 1952; Bulman, 1955). Other authors,
however (Boucek & Priibyl, 1953; partly Jaeger, 1939), question this
standpoint. In these genera the thecae are straight, not distinctly
differentiated (Linograptus), or again hooked, nearly homogeneous over
the complete length of each cladium (e.g. the typical Diversograptus
described by Strachan, 1952). They do not throw any new light on
the here considered problem. In more thoroughly investigaled Dicho-
graptidae thecal succession on every branch is uniform, as if the colony
consisted of an assemblage of independent rhabdosomes, linked by the
sicular region where bifurcation cccurred.

A phenomenon recently stressed by Jaeger (1959 in litt.) seems to
be more interesting. It ascertains the occurrence of monograptid forms
provided with a region of divergence from which divergence of thecae
occurs in two opposite directions. This region, however, is not here
the sicular region. The thécae and their succession are uniform in both
directions. In this form, which might only provisionally be named
”Diversograptus”, the thecae do not show the astogenetic variation, being
virtually analogous in size and shape, and suggesting the lack of polarity
caused by absence of sicula.

Similar cases of the divergence of rhabdosomes have been noted by
the present writer, among others in Lobograptus scanicus parascanicus
(Kiihne). The divergence of rhabdosomes there are distinctly connected
with the preceding damage, breaking off of a part of the colony?!®.

Of some interest is the occurrence in graptolites of rejuvenation
among colonies of Dictyonemo flabelliforme (Eichw.), (Bulman, 1950),
taking place during regeneration of damaged fragments of a colony.
Rejuvenation is marked there by change of branching frequency ap-

16 Such cases show evidently that the presence of sicula is not necessary for
the life of a colony and budding process, being however the factor determining
the course of normal astogeny (comp. p. 152).
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proximating to that at the proximal end of rhabdosome. Such cases are
to a certain extent out of the rule of gradients controlling the graptolite
colonies. However, similar phenomena are observable during regene-
ration of many living organisms where cut and wounded tissues disturb
existing physiological patterns causing the formation of new gradients
(comp. Child, 1941). One may expect here the mobilization of the
amounts of active substance that have still persisted, possibly even
a secondary stimulation of tissues to secretion and origin of a new
gradient in spite of the old one.

Changes in shape and in the mode of development
of the rhabdosome

While changes in thecal structure during astogeny may be readily
accounted for by the morphophysiological gradient theory, those con-
cerning the rhabdosome shape do not seem very easy to explain. In
Dendroidea the shape of the colony is fairly distinctly defined by the
number of branches, their mode of branching and of connection of one
to another. In higher Graptoloidea the colony grows along the thin
peridermal thread representing the virgula. According to Kozlowski
(1948) the nema is formed inside a tubule built up of the soft
extrathecal tissue membrane and coating the nema in the same way
as the insulator envelops the electric wiring. This suggests the action
of some factors whose biological effects resemble those determining
the mode and direction of growth in plant shoots which we know to
be controlled by the distribution of auxins (Overbeek, 1938; Shafer,
1939). Changes in the distribution of auxins have a bearing on the
growth direction of shoots. Similarly, curvatures of the nema or the
virgula might occur owing to changes in the distribution of morpho-
genetic substances in the growing tubule of soft tissues coating the
nema and in turn influence the shape of the rhabdosome. Similar
factors may influence the growth direction of branches by affecting
the position of the stolon and thus determining the mode of growth
of branches as pendent, scandent or intermediary.

Suggested physiological mechanism of changes in the growth direct-
ion of rhabdosome needs, for causal explanation of evolution, the
support of some selective factor. According to Elles (1922) a rather
general tendency of numerous graptoloids trends toward attainment
of a scandent direction of growth is to be seen in the protection of the
nema “which is so vitally necessary in the life history of the organism.
Thus whilst in the earlier pendent graptolites this structure is left

*5
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completely unprotected, the scandent forms even if uniserial protect
it better” (p. 173). Bulman (1933), however, stressed that “although
if it is regarded as an example of Darwinian selection, it must be
admitted that the attainment of the end was a remarkably slow process,
conferring little advantage in its early stages, during which forms with
an unprotected nema survived with considerable success™ (p. 316). The
selective advantage in changes of growth direction of rhabdosome is,
however, to be seen also, as it has been shown by Lapworth, in
feeding-mechanism, probably more effective for animals provided with
lophophore apparatus, directed toward the upper surface of the sea,
and constituting a kind of a screen directed toward the source of
nutritive particles. This may be a factor stimulating any, even small
change in direction to erection of stipes.

The mode of astogenetic development is an important morphological
feature (Elles, 1922; later fully elaborated by Bulman, 1938, 1955). On
the whole, the various types of colonial development are determined

by: 1) mode of thecal budding — the number of alternating thecae
and of crossing canals being generally increased during the evolution
of graptolites; 2) growth direction of thecae and of branches — the

progressive upwards growth being the general trend. In some trends
gradual modifications in the mode of astogeny have been ascertained
(Davies, 1928; Waern, 1948).

In respect of the mode of budding some graptolites may be regarded
as "biform”. They represent a "mixed condition” — proximal thecae
alternate in origin, distal thecae are separated by median septum,
forming two independent series. "Non-septate” graptolites, with alter-
nate type of budding throughout the rhabdosome may be regarded as
“uniform” in respect of the mode of budding. These data suggest the
possibility of manifestation of a certain sort of polarity responsible
for differences in the bﬁdding of proximal thecae as compared with
the more distal ones. The factor responsible for the alternating type of
development would, in augmenting its effectiveness, increase the number
of individuals displaying the alternating meode of budding. We might
surely expect here the occurrence of a gradient associated with a kind
of threshold elfect”. The decrease of the activity of a given factor
below a certain threshold value would bring about, conformably to
the all or none” reaction, a rather abrupt passage from the alternating
to the biserial type of development (comp. p. 185). The development
of the rhabdosome seems to be also an expression of gradients governing
the organization of graptolite colonies.

The reduction of the number of individuals in graptolite colonies
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is an interesting phenomenon of their evolution. In Bulman’s opinion
(1939, 1955) this is the general tendency in graptolite evolution. The
number of individuals is supposedly the greatest in colonies of Den-
droidea, the smallest in-those of Upper Silurian Graptoloidea (Mono-
graptidae). Urbanek (1958) has stressed that this seems applicable to
the Lower Ludlovian forms examined by him with rhabdosomes shorter
than those in the supposedly related Wenlockian forms. Jaeger (1959),
however, has pointed out that forms with extremely long rhabdosomes
occur in the Upper Ludlovian besides those with moderately short ones.
Quite apart from the possible general tendency for a reduction of co-
lonies in all graptolite trends this is particularly striking, however,
in some trends. The family Corynoididae is a good example of this
reduction, ifs representatives having a rhabdosome consisting of the
sicula and 1-—3 thecae only. The genus Nanograptus Hadding displays
strongly reduced colonies too.

It is interesting to note the relative increase of the size of the sicula
accompanying the reduced number of individuals. In Corynites Kozl.
it attains 4.0—4.5 mm, in Nanograptus 2.5—3.0 mm?*7.

Progressive structural modifications associated with the simultaneous
reduction of the colonies sometimes occur also in the sicula which
develops a complex apertural apparatus (Kozlowski, 1953, 1956, in
Corynites). Cases of this kind, by Koztowski called "colonial neoteny”,
suggest that colonial growth has been here to some extent replaced by
the growth and differentiation of its first individual, i.e. the siculozooid.
The colonial organizer of the colony would at the same time become
the reacting centre which might have had some bearing on the reduction
of the colony. The physiological mechanism of these phenomena may to
some extent resemble hereditary dwarfism in plants (Overbeek, 1935,
1938) being an effect of the presence of socme enzymes decomposing
growth substances and causing strong decrease of their amount in
tissues. The considerable use of similar substances by the growing
siculozooid in graptolite colonies may have an analogous influence on
the size of the whole colony.

The reduction of the periderm occurring in some graptolite trends
likewise agreees with the general laws governing the gradients.
A vestigial membraneous periderm persists in the proximal thecae of
many graptolites. In the next thecae this becomes discontinuous and
finally d'isappears completely (particularly so in Reticgraptus Hall and

17 In primitive Graptoloidea the length of the sicula ranges usually from
1-2 mm. Only exceptionally it is below this figure (0.8 mm), occasionally being
up to 3-4 mm, while the maximum length of siculae in Graptoloidea is 5 mm.
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© to some extent in Orthoretiolites Whittington, and Pipiograptus Whit-
tington. These forms may be to some extent termed “biform” in respect
to the presence and absence of periderm in thecae of the same rhabdo-
some. In Archiretiolites Eisenack the sicula only is provided with the
periderm, while the remaining thecae have clathria only. In other
forms the periderm becomes completely reduced throughout the rhabdo-
some length (“uniform” in respect to absence of periderm). We are here
dealing with a gradual loss of the ability to produce periderm, the
factor controlling this ability persisting longest within the proximal
portion. This is an excellent analogy with the picture given by thecal
succession in many graptolites (reduction of periderm is a character
introduced distally”), and must have been caused by similar factors.

From our considerations it follows that graptolite colonies are
characterized by a definite astogenetic succession of thecae hence also
by probable differentiation of individuals of a colony; they may, the-
refore, be interpreted as units integrated by the dominant influence of
the sicular centre. Dominance would be realized through the spreading
of active substances probably produced by the siculozooid, in nature
very much like the hormones. The extent of modification of the parti-
cular zooids would be correspondingly determined by the degree of
concentration of these substances displaying its gradient along the rhab-
dosome axis.

IV. GENETIC ASPECTS OF THE ORGANIZATION OF GRAPTOLITE COLONIES

Supposed genetic nature of graptolite colonies

The supposed genetic mechanism in the evolution of graptolite
colonies may be deduced from 1) the basic biological properties of
graptolite colonies, 2) the basic laws of genetics. Modern views (Ko-
ztowski, 1948) claim that a graptolite colony is represented by 1) the
oozooid which is metamorphosed into the siculozooid, and 2) the remain-
ing zooids, corresponding to blastozooids, i.e. produced in an agamic
pattern by way of budding from the siculozooid. Considering that
a graptolite colony owes 1ts origin to agamic reproduction (buddingj from
a single zooid, the founder of the colony (siculozooid), il may be referred
to as the clone”. Hence, genetically speaking, a graptolite colony is an
assemblage of zooids all displaying the same genotype, that of the
oozooid. This fact bears important genetic consequences. Namely,
individual variability in graptolite colonies may only express the vurying
phenotypic manifestation of genetic factors, characterizing all the
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individuals of a colony, but cannot represent genotypic differences
among the particular individuals of a colony; occurrence of somatic
mutaticn in blastozooids as changes manifested by abrupt irregularity
of thecal succession, is here neglected. Especially the regular morphologic
succession of characters in biform graptolite colonies could only be an
expression of the various degree of phenotypic manifestation of genes
belonging to a genome common to all the zooids of a colony.

Our earlier considerations have led to the conclusion that this
phenotypic effect would be controlled by the amount of certain substan-
ces produced probably by the siculozooid and distribuled along the
colonial axis. Hence this substance would supposedly have the properties
of a ’gene controlled substance”, ie. it would be connected with the
presence of genes acting as stimulators or inhibitors of some other genes
(modifying genes). The action of these genes may be realized by the
production of substances with properties like those of hormones. The
view thal genes are responsible for the production of enzimes, inhi-
bitors or hormonal substances of varying morphogenelic,effect, is an
orthodox concept in genetics (Goldschmidt, 1938, and earlier; Waddington,
1940; Needham, 1942; Wagner & Mitchell, 1955). These facts are widely
known in genetics, beginning with the classical experiments ol Sturtevant
(1920) on the inhibition of manifestation of mutation ’vermilion”
(changing the eye colour) in the gynandromorph of Drosophila under the
influence ol an ovary-produced substance, through thematically similar
studies of Beadle and Ephrussi (compiled in Ephrussi, 1942), of Kihn,
Caspari & Plagge, 1935, et alii (compiled in Plagge, 1939) on factors
controlling the pigmentation in Ephestia, and many others (comp. with
the more comprehensive discussion in Waddington, 1940, Needham,
1942). Hence it seems justifiable to admit that in graptolite colonies
a hormone-like, diffusible substance was the factor modifying the
manifestation of hereditary characters.

The recognition that, in some cases, the morphogenetic substances
spreading along the rhabdosome acted as stimulators and ir others as
inhibitors of the manifestation of certain alleles, coincides with data
from the field of physiology and genetics. Indeed, it is often ascertained
that even the same substance, depending on iis concentration, may
either act as a stimulator or as an inhibitor of certain processes (e.g.
auxins in plants; Thimann, 1937). Moreover, modern genetics claim
that the phenotypic manifestation of a given allele is controlled by
a number of genes and depends on a whole genome. Hence it may be
expected that within various phylegenetic trends various factors con-
trolled the mutual relations of alleles and of their modifiers, the latter
acting either as stimulalors or as inhibitors.
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Waddington's views (1940, p. 62-—653) suggest that the substance
produced by the tissues of the siculozooid would be classified as
a ”localized gene effect”. The morphogenetic substance produced by
definite tissues or organs would subsequently be diffusely localized”
or transported by “blood stream’”, body fluid, and permeate the whole
system ("permeating”). Analogous relaticns as those here accepted for
graptolites have likewise been ascertained amcng insects Drosophila
and Habrobracon.

Moreover genetics have at their disposzal a number of facts indi-
cating considerable morphogenetic effects due to genetic changes which
influenced the amount and distribution of such substances. In plants the
general habitus is determined by the amount of produced auxins. This
may be controlled genetically and cause e.g. dwarfism of plants {Gver-
beek, 1935, 1938). Similarly, the distribution of auxins may be subject
to changes owing to mutations, resulting in the formation of "lazy”
varieties of maize (Shafer, 1939, Gverbeek, 1938). Detailed discussion
on the physiological significance of the growth and morphogenetic
substances in plants is contained in works by Bunning (1953) and Tukey
(1958). In view of the equally strong elfect of substances on animal
organisms (organizers, sex hormones etc.) there seems to be little doubt
that such factors could also control the manifestation of some genetic
factors in graptolite colonies.

The astogenetic’ variability of a definite morphological character in
a graptolite colony would, therefore, express differences in the pheno-
typic manifestation of the same genetic factor or factors. It would
follow that these mutations had a particularly broad range of mani-
festation controlled by environmental changes (amount of hormones!).
Similar facts, however, concerning the varying degree and intensity
of manifestation of definite substances, depending on environ-
mental condition of "reaction”, have been thoroughly studied in a num=
ber of cases. Particularly adequate knowledge has been obtained
concerning the effect of temperature (Harnly, 1936 a, b) on the shape
and size of wings in the vestigial and pennant mutants of Drusophila,
also on the temperature controlled number of eye facets of the bar and
ultrabar mutants of Drosopliila (Hersh, 1930, fide Goldschmidt, 1938;
also comp. the discussion on “'termophenes” in Needham, 1942, and
Wagner & Mitchel, 1955). In Bonellia, the larvae are subject to powerful
morphological modifications; under the influence of the hormone pro-
duced by female proboscis they alter into dwarfed males. The degree
of modification is controlled by the amount of the abscrbsd hormone,
its concentration and the time which they spent on the proboscis
(Baltzer, 1925, 1937, fide Hartmann, 1943). This fact illustrating the
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phenotypic sex determination proves beyond doubt that zooids of
graptolites too may have undergone powerful changes under the influ-
ence of similar hormonal factors.

The supposed evolutionary mechanism in graptolite colonies may,
therefore, consist in genetic changes (mutations) affecting the activity of
modifying genes, responsible for production of stimulating or inhi-
biting substances, or in successive formation of a series of mutations
correspondingly altering the morphogenetic properties of blastozooid
tissues. Changes in the activily of genetic modifiers, e.g. decrease of
inhibition, would be expressed by stronger phenotypic manifestation
of characters in some members of the colony and by their mani-
festation in an increased number cf zooids. Thus, the expressivity of
a definite gene, and, moreover, its penetrance, would be changed in
a population formed by a colony. Given the constant activity of mo-
difiers the same effect will result {rom changed activity of major genes
responsible for changes in the phenotypic manifestation ability of
tissues. E.g. a mutation series of a gene or geres forming a series of
changes characterized by increasing phenolypic manilestation ability
of tissues, will result in approximately similar morphological effects
as a mutation series of inhibiting modifiers, characterized by successively
decreasing activily in production of inhibiting substance. Both these
factors might have a decisive bearing on the mechanism of gradual
changes of colonial organization.

Evolutionary changes in graptolite colonies are, thereiore, expressed
in two ways: 1) by changes of the degree of manifestation of definite
characters in the particular zooids of a colony and, at the same. time,
by 2) changes in the number of individuals in which a definite character
is on the whole phenotypically expressed. Since all individuals are
genotypically identical, these differences are a consequence of changes
in the phenotypical manifestation of same factors. Hence, the evolution
of graptolite colonies is conveniently described by using the terms
“expressivity” and penetrance”. They have been introduced into
genetics by Timoféeff-Ressovsky (1931 and earlier) and excellently
characterize the various effectiveness of the phenotypic manifestation
of genetic factors'S. The process of spreading or progression of a' new
character (thecal form) along the rhabdcsome (comp. p. 139) so many
times described from evolutionary graptolite series, woculd, genetically
speaking, merely be an expression of increasing penetrance of cor-

8 After Needham (1942) these terms might be defined as follows: ”penetrance
— the percentage of animals carrying the genes which manifests its effects
(percentage of phenotypic effect); expressivity — the extent to which an animal
carrying a gene and showing it is affected by it (the relative severity of the effect)”.
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responding genelic factors. Actually a coloeny is an assemblage of
individuals whose genotype is provided with the same genetic factors.
In biform graptolites some of those factors are phenotypically mani-
fested in a part of the individuals only. Hence we may here speak of
incomplete penetrance of the corresponding genetic factors. In the
evolution of many phylogenetic trends we may note that these factors
are phenotypically manifested in a progressively increasing number of
individuals of a colony. This is the phenomenon of increasing penetrance
of corresponding factors. Uniform graptolites, produced by these pro-
cesses, represent forms with complete penetrance of corresponding
genetic factors.

During graptolite evolution ancther process is observable, namely
that of changes in the extent of phenotypical manifestation of a charac-
ter (e.g. that of the degree of apertural ‘curvature of hooked thecae, of
the degree of overlap of apertural processes or of their asymmetry). This
is a process of changes of the expressivity of corresponding genetic
factors.

In graptolite evolution these two phenomena are distinctly linked.
We may always observe here a connection in the spreading of definite
characters over a greater number of individuals of a colony (increase of
penetrance) and the increase of maximum and mean degree of their
phenotypic effect (increase of expressivity). In graptolite colonies the
two phenomena are distinctly correlated and expressed according to
the spatial pattern of the colony determined by the occurrence of
a defined gradient-system. In graptolite evolution penelrance as well as
expressivity are functions of dejinite morphophysiclogical gradients.
These are believed to be an expression of the morphogenetic activity
of definite genes. In solitary organisms there is no such close correlation
of the penetrance and expressivity of definite factors. On the whole,
however, strong penetrance is usually associated with strong expres-
sivity of definite genes (Timoféeff-Ressovsky, 1934), though cases of
distinct independence of these phencmena have heen observed displaying
high penetrance and low expressivity or the other way about (Timo-
féeff-Ressovsky, 1931, 1934). On the other hand, in solitary organisms
we know also genes with mutually linked penetrance and expressivity
{gene "cryptocephal” in Drosophile; Hadorn, 1955). In graptolites genetic
changes are manifested so as to suggest a definite spatial pattern. In

Fig. 11. — Diagram illustrating: A-C spreading of a new thecal type introduced

proximally into the rhabdosome, and theoretical inferpretation of this process,

D-F spreading of a new thecal type introduced distally into the rhabdosome, and
theoretical interpretation of this process. Further explanations in text.
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populations consisting of free-living individuals these processes will
usually lack any spatial pattern*?.

The evolution through gradual changes of penetrance and expres-
sivity seems to be the main way of phylogenetic modifications in
graptolite colonies. But some known cases do not exclude that parti-
cular characters may be manifested simultaneously in all individuals
of the colony. This is suggested e.g. by the structure of asymmetric
thecae in Lobograptus scanicus parascanicus (Kihne) marked by small
hypertrophy of the right apertural lobe. No distinct differences in degree
of asymmetry is noted between proximal and distal thecae. This form
may be regarded as illustrating full penetrance with low and nearly
equal expressivity of a factor determining the asymmetry. Nothing
can be said presently whether this character was introduced proximally
or distally.

The trend of our considerations 1s diagrammatically illustrated in
fig. 11 A-B, representing two successive evolutionary stages in a lineage
in which aperlural processes have spread out gradually?®. This character
was introduced proximally into the rhabdosome. In the ancestor it was
manifested in some proximal thecae only — A (biform), while in the
descendant it spread out over a considerably greater number of thecae
and its manifestation was correspondingly stronger in proximal thecae —
B (nearly uniform). These changes are explained in diagram C. The
curve (thick unbroken line) illustrates the gradient of morphogenetic
substance produced by the siculozooid and acting as a stimulator for
the considered character. At a certain point this curve intersects the
straight line (thin unbroken line) representing the threshold level below
which the concentration of the stimulator is no longer strong enough
[or a phenotypic manifestation of the corresponding character.

The relations shown in fig. 11 B may be interpreted as effect of:
1) the increasing activity of the stimulator (thick broken line), or, when
the stimulator keeps a constant level, 2) by the increased activity of
corresponding genes intensifying the reaction ability of tissues. This
last character would be expressed by a lowering of the threshold level
(thin broken line) i.e. by decreasing amecunts of the substance necessary
for phenotypic manifestation of the given character.

A character introduced distally into the rhabdosome is shown dia-

19 These differences are not absolute and sharply delimited as is shown by
numerous ecologic and geographic gradients (clines), also by others on a different
scale, i.e. gradients of sexuality in the assemblages of gastropod Crepidula
(Hartmann, 1943) etc., which, to a certain extent, are effects of the spatial pattern
in populations of solitary organisms.

20 The diagram is based on the evolulion ascertained within the group of
Saetograptinae (M.colonus and M.chimaera). Certain details have been here
simplified for the sake of better clarity (comp. p. 187).
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grammatically in {ig. 11 D-E?!. Fig. 11D represents the ancestral
form displaying thecal asymmetry within the distal part of the rhabdo-
some only (biform). This stage is interpreted in diagram in fig. 11 E.
The curve (thick unbroken line) represents the gradient of morphoge-
netic substance produced by the siculozooid, which behaves like an
inhibitor.

Fig. 11 E shows a more advanced evolutionary stage represented by
a form with thecae more or less asymmetrical throughout the rhabdo-
some length and whose expressivity is correspondingly increased distally
(uniform). Two alternative interpretations are here suggested: 1) di-
minished activity of the inhibitor (thick broken line): or, when the
inhibitor is at a constant level, 2) increased activity of the corresponding
genes expressed by a rise of the threshold level, i. e. an increase of the
minimum amount of substance necessary to inhibit the phenotypic
manifestation of the corresponding character (thin broken line). In both
cases the distribution pattern of the given thecal character and its
expressivity are controlled by respective relations of the curve of the
gradient decrease and of the threshold wvalue.

An appropriate form of phenotypic manifestation of mutations is
supposed to occur in graptolite colonies in connection with their morpho-
physiological organization evidently characterized by polarity. This mani-
festation shows regular gradient along the rhabdosome axis. If the
penetrance of corresponding genetic factors is incomplete, certain cha-
racters are manifested within the colony in a mode indicating a definite
spatial pattern, without being randomly dispersed within the colony.
The manifestation of a given character is initially strongest in the
proximal or distal end of the rhabdosome, gradually fading away to-
wards the opposite end of the colony. The first of the just mentioned
alternatives seems to be distinctly more frequent than the other one.
Nevertheless it may reasonably be expected that in future we shall
obtain more material illustrating the introduction of new characters
first affecting the distal end, and gradually spreading over the pro-
ximal portion.

Regularities of evolutionary changes in
graptolite lineages and their genetic significance

The here suggested hypothesis for the probable genetic mechanisms
in the evolution of graptolite colonies calls for verification by actual

21 The diagram is based on evolution ascertained within the group of Cucul-
lograptinae. Certain details have been modified for the sake of better clarity
(comp. p. 176).



174 ADAM URBANEK

palaeontological evidence. Though the majority of the studied graptolite
trends is hypothetical, indeed, even speculative owing to our imperfect
knowledge thereof, nevertheless the available material supports this
_concept. Here below the writer states some more thoroughly examined
facts accompanied by conclusions resuiting from their analysis.
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Fig. 12. — Diagram showing evolution of ”triangulate monograptids” in lower
part of Pristiograptus gregarius zone (lower Llandovery, Rheidol Gorge). Note
the considerable modifications of thecae in the lineage leading from Monograptus
triangulatus separatus Sudbury to Rastrites longispinus (Perner). A-S successive
bands of layers in section (from Sudbury, 1958; specific names actualized).

Monograpius trianguiatus
separatis

a) Ewolution of “triangulate monograptids”

The evolution of this group is well known thanks to the investi-
gations carried out by Elles (1922), Bulman (1933, 1951) and parti-
cularly so from Sudbury’s paper (1958). In a very abbreviated form
the results of these investigations may be summarized as follows:
gradual changes leading from monograptids provided with triangulate
distal thecae and rastritiform proximal thecae?? (biform) toward grapto-

22 Such forms have been by Eisel (1911) separated into the genus Demira-
strites (comp. with remarks on p. 206). According to Bulman (1933) and Sudbury
(1958) such forms as the here belonging biform M. triangulatus and its varieties
come from forms (not adequately known) with triangulate thecae throughout the
rhabdosome (uniform).
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lites with rastritiform thecae ihroughout the rhabdosome length (uni-
form), (Rastrites), has been ascertained in succession. The modern
investigation approach adopted by Sudbury has, however, permitted
to distinguish a number of independent lineages differing in the
direction and rate of changes. One of the trends determined by Sudbury
(fig. 12) from her so called group "A” “extends from this form?23
through M. triangulatus triangulatus (Harkness) and M. triangulatus
extremus Sudbury to Rastrites longispinus (Perner) implying the change
from a biform monograptid to a uniform one by way of more extreme
biform types. These forms are each different from their ancestor in
two ways: a) in having a greater number of rastritiform thecae, and
these thecae being more rastritiform; b) in a slight degree of modifica-
tion of the distal thecae in the same ’rastritiform” direction, so that,
although the alternation is most marked at the proximal end, each
stage really shows a modification acting on the whole rhabdosome,
rather than a simple progression of a new character from the proximal
to the distal end” (1958, p. 529). And further: , A second line of evo-
lution occurs higher in succession where M. triangulatus separatus
- Sudbury is believed to rise to M. triangulatus fimbriatus (Nicholson).
Here rastritiform characters of the earlier thecae are lost and they are
all triangular. Again the biform M. triangulatus separatus Sudbury has
produced a uniform type, but the evolution has been in the “opposite”
direction — the proximal thecae have lost their distinctive characters
and have come to resemble the distal thecae” (1950, p. 529), (comp.
fig. 12 and fig. 1 D, B of the present paper).

Group "B” distinguished by Sudbury is represented by several
trends, the general direction of their evolution being thus defined by
that author: "the dominant trends which can be seen in these series
are as follows: 1) loss of overlap in the proximal or in all thecae, 2)
increase in the angle of inclination of the thecae tc the rhabdosome
accompanied by either a) increase in the amount of overlap, or b) com-
plete loss of overlap, 3) reduction in the number of proximal elongated
thecae in forms where all overlap is first lost, 4) hooked thecae spread
along the rhabdosome, 5) increased dorsal curvature of rhabdosome,
6) a tendency in some cases for the thecae to become transversely
expanded at the aperture” (1958, p. 538—539).

The picture of astogenetic evolution in ”triangulate monograptid”
colonies given by Sudbury fully coincides with our previously sug-

o 28 Monograptus triangulatus separatus Sudbury. This and the following spe-
cific names have been actualized according to Sudbury’s note published in the
Geol. Magazine, vol. 96, 2, 1959,



176 ADAM URBANEK

gested concepts. The evolution of the first mentioned trends of group
"A” (fig. 12) may be interpreted as expressing increased penetrance
of genes controlling the ’rastritiform” shape of thecae associated with
more strongly marked phenotypic manifestation of these characters
(expressivity). This process may be understood if we accept that
within this evolutionary trend the substance produced by the siculo-
zooid acted as a stimulator of the phenotypic manifestation of the
genes .controlling the ’rastritiform’ shape of thecae. Hence the evo-
lution here would consist either 1) in progressively increased activity
of the stimulator, or 2) in progressively increased activity of the gene
controlling the ’rastritiform” shape of thecae, or finally 3) in both
these processes.

Scmewhat different relations are suggested by the second line of
evolution in group "A”. Here the most likely hypothesis would be that
the action of the stimulator produced by the siculozooid had notably
decreased or that reverse mutations had occurred reducing the activity
of the gene controlling the 'rastritiform” shape of thecae.

The main evolutionary trend in Sudbury’'s group "B” consists fore-
most in the spreading of hooked thecae from the proximal end onto
the following thecae. This is a typical case of the spreading of a new
character introduced proximally. The occurrence of divergent directions
in some other characters supports, however, the supposition that
spreading of hooked thecae in particular lineages was due to somewhat
different factors and that it was stimulated probably thrcugh a different
complex of genes in each phylogenetic trend.

b) Ewolution of Crwcullograptinae

Sudbury’s materials are of notable significance since they permit
to trace over a relatively long span of time evolutionary changes in
the structure of colonies of immediately allied forms. Some restrictions,
however, have been imposed by the state of preservation, since it has
been possible to ascertain the nature of shape-affecting changes in
forms which have preserved as casts or in semi-relief on the surface
of rocks. More suitable in this respect is the material etched by che-
mical treatment from rocks, mostly boulders of Scandinavian origian',
and lime intercalations in some bore-cores. Fairly numerous forms
recovered from these boulders have been describad and their morpho-
logy thoroughly investigated. An adequate knowledge of the fusellar

24 The monograptids contained in them are, with some exceptions, Liower
Ludlowian in age and come mostly from two graptolite zones (nilssoni and
scanicus). '
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structure, including that -of minor details in the structure of thecal
apertures, makes this material particularly suitable for genetic analysis.
Unfortunately, the stratigraphic sequence of these forms can be only
roughly established. Consequently we must handle here certain morpho-
logical series whose stratigraphic succession is not known in all details.
In spite of these deficiencies the material available to the present
author has often proved highly valuable.

The subfamily Cucullograptinae Urbanek, 1958 (fig. 13) seems to
be one of the most interesting monograptid groups recovered from
erratic boulders. All the forms belonging here are on the whole cha-
racterized by a common type of astogeny. They have long, thin, tubular
proximal thecae, with long prothecae and very short metathecae: in
the course of astogeny they widen out successively, being provided
with a sigmoidal ventral wall and a considerably longer metatheca. The
forms here referred have the apertural processes fundamentally similar,
consisting in simplest cases of two lateral lobes made up of arcuately
curved fuselli. During the evolution of this group, however, these
processes were subjected to various modifications; therefore, the par-
ticular species and their groups belonging here are characterized by
strong modifications (comp. genera Lobograptus Urbanek and Cucullo-
graptus Urbanek). The elaboration of asymmetry is an interesting evo-
lutionary process in this group. Besides the most recently discovered
forms, with symmetric apertural lobes (fig. 13 A, B) as the primitive
Lobograptus simplex n. sp. and somewhat more specialized L. exspec-
tatus n. sp., other forms are known with different degree of hypertrophy
of the right lobe (Lobograptus scanicus parascenicus (Kiihne), (fig. 13 C),
and L. scanicus scanicus (Tullberg), (fig. 13 D) (comp. note on p. 218).
Within another evolutionary trend (Cucullograptus) we note hypertrophy
of the left lobe and dystrophy of the right one (C. pazdroi Urbanek,
fig. 13 H) or even its atrophy (C. aversus Eisenack; fig. 13 F, G). In all
these forms thecal structure and their astogenetic succession are funda-
i mentally similar, hence there is little doubt that they are products of
‘the divergence of a common ancestral form, or group of closely allied
forms, who had symmetric paired apertural lobes throughout the
rhabdosome.

The present wriler has lately succeeded in etching out from erratic
boulders a form corresponding to the above supposed picture. It repre-
sents a new species which the writer proposes to name Lobog-’raptus
stimplex n. sp. The overall thecal structure and astogenetic succession
of thecae leaves no doubt but that it is a primitive representative of
Cucullograptinae (comp. fig. 13 A4, 14 A4, 19, 20, and pl. I). The structure

6 Acta Palaeontologica Polonica — vol. V/2 12
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Fig. 13. — Diagram illustrating supposed relationship and astogenetic succession
of various Cucullograptinae. For each species or subspecies sicula with th 1,
proximal and distal thecae are given. Based on the present writer’s material,
unless otherwise stated. A Lobograptus simplex n.sp., B L.exspectatus n.sp.,
C L.scanicus parascanicus (Kihne), D L.scanicus scanicus (Tullberg), sicula after
Walker, 1953; E Cucullograptus hemiaversus n.sp., F C.aversus aversus (Eisenack),
after Eisenack, 1942; G C.aversus rostratus n.subsp., H C.pazdroi Urbanek. At the
top of F and G magnified simple thecae are given to show differences in the
structure of apertural apparatus.
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of the apertural apparatus is particularly interesting. It consists of two
lateral lobes made up of arcuately curved fuselli and somewhat over-
lapping the aperture. These lobes are of the same size, and do not touch
with its free margin, each being separated from the lobe on the opposite

Fig. 14. — Comparison of apertural apparatus of thecae occupying approximately
the same position in rhabdosome: A Lobograptus simplex n.sp., B L.exspectatus
n.sp., C Cucullograptus hemiaversus n.sp.,, D C.aversus rostratus n.subsp.; 1 right
side view, 2 left side view. Increase in size of left lobe, its growing overlap and
rudimentation of the right loke (A, C, D), approx X 50.

side by a distinct fissure (comp. fig. 19 D). Hence no asymmetry pattern
is observable. This fact and the fusellar structure of lobes indicate that
forms characterized by hypertrophy either of the right or of the left
lobe may both be traced back to ths just described form. This latter
view has been confirmed by the discovery by the present writer of
a form which is intermediate between Cucullograptus aversus (Eisenack)
and Lobograptus simplex n. sp. with symmetric apertural processes (fig.
13 E). Forms thus far described may be arranged in a fairly continuous
phylogenetic trend whose particular links represent successive stages
of astogenetic modifications.

1. Lobograptus simplex n. sp. — a form provided throughout the
rhabdosome with wholly symmetric apertural lobes, made up of arcuately
curved fuselli (fig. 13 4).

2. Cucullograptus hemiaversus n. sp. — a form in which the prox-
imal thecae are with nearly symmetric apertural lobes, while the follow-

*6
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ing thecae display gradual succession expressed by hypertrophy of
the left lobe becoming more or less hood-like and dystrophy of the
right one (increase of asymmetry). In the successive thecae the left
lobe overlaps the right one which is subjected to partial rudimentation
forming a notch on the ventral margin (fig. 13 E).

3. Cucullograptus aversus aversus (Eisenack), (Eisenack, 1942) —
a form in which thecae on the whole rhabdosome are provided with
the left apertural lobe only. This strongly overlaps the right side of
theca, while the right lobe displays atrophy and forms only a narrow
lip extroverted from apertural margin and covered by left lobe (fig.
13 F).

4. Cucullograptus aversus rostratus n. subsp. (described by Urbanek
(1954, 1958) as Cucullograptus aversus). — From the typical form it
differs in stronger overlap of the left lobe, the free margin of this lobe
being folded, and in the presence of an outgrowth on the left lobe
in medial and distal thecae representing a further stage in the de-
velopment of the left lobe (fig. 13 G).

Morphological differences between Lobograptus simplex n. sp. and
Cucullograptus hemiaversus n. sp. are stronger than those occurring
in the other members of that lineage. It is not out of the question that
new forms will be discovered in the future which will fill up a certain
discontinuity between these two species25. Even now, however, the
presence of symmetric forms intergrading between symmetric Lobo-
graptus and Cucullograptus aversus suggests that evolution here would
consist in the gradual increase of asymmetry and the associated modi-
fications of the apertural apparatus.

This conclusion is apparently confirmed by stratigraphic data (comp.
also Appendix, p. 211). Lobograptus simplexr n.sp. occurs in an assem-
blage suggesting the scanicus zone, as currently defined, most probably
its lower horizons or boundary with the nilssoni zone. Cucullograptus he-
migversus n.sp. occurs in an assemblage suggesting the scanicus zone
(presence of chimaera group), but the lack of true scanicus in its
assemblage may suggest rather higher horizons of this zone. This is
confirmed by the fact that in a bore-core (deep-boring Mielnik, Eastern
Poland) forms determined as C. cf. hemiaversus and preserved in semi-
-relief on rock surfaces occur at depth of 953 m, just above the top of the
scanicus zone as currently defined. Zone of occurrence for Cucullo-

26 German palasontologists Dr W. G. Kiihne and Dr H. Jaeger (Berlin) are
in possession of material representing similar and identical forms which, to
a certain extent, probably complete the here presented picture of the evolution
of the Cucullograptinae,
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graptus aversus aversus (Eisenack) cannot be determined more precisely;
it was described by Eisenack (1942) in association with Pristiograptus
frequens Jaekel, being most probably a junior synonym of Pristio-
graptus dubius (Suess), (comp. Kiihne, 1955). Scarcity of associated
forms in erratic boulders and lack of scanicus also suggest a horizon
above the true scanicus zone. Still higher horizons are suggested for
Cucullograptus aversus rostratus n. subsp., which was found in limy
intercalations in the core of deep-boring Mielnik, at depth of about
920—925 m, approx. 9 m above the zone of occurrence of M. cf. leint-
wardinensis (Hopkinson), and 15 m above the last appearance of
Saetograptus chimaera cf. salweyi (Hopkinson), and some 30—35 m above
the scanicus zone proper! The stratigraphic succession of these forms,
although their first appearance cannot be fixed precisely, seems to
fully agree with the postulated morphological sequence?®.

Hence in this group evolution consisted in gradual modifications
of thecae and in astogenetic changes. Only slight morphological diffe-
rences of the 3 successive members cf that trend (2—4) suggest that
we are dealing here with a continuous evolution (’gleitende Evolution™).
A continuity of evolution is indicated also by small but distinet diffe-
rences existing between populations of Cucullograptus aversus rostratus
n. subsp. from particular samples: degree of overlap, size and bending
of outgrowth on left lobe, slight increases in populations from boulders
S. 121 and S. 205, the expressivity of these characters being the strongest
in sample from bore-core Mielnik, at its higher horizons (comp. p. 217).
The morphological differences of the particular forms here regarded —
conformably with the accepted practise — are ranked as corresponding
to specific or subspecific level. The question whether they are to be
recognized as separate species or subspecies only is a purely academic
problem without any real bearing on the here considered matter.

Forms representing these successive evolutionary stages are expres-
sed by: 1) spreading of asymmetric thecae characterized by hypertrophy
of the left lobe, from the distal to the proximal end of rhabdosome
(character introduced distally); 2) stronger expression of characters of
these thecae manifested by increasing maximal degree of overlap and
folding of the free margin of the left lobe; 3) dystrophy or reduction
of the right lobe, depending on the dégree of hypertrophy of the left
lobe; 4) further development of the left lobe, expressed by formation
of an outgrowth on this lobe in distal thecae of Cucullograptus aversus

26 Distribution of remaining OCucullograptinae cited above may be defmed
as the scanicus zone, or probably this zone.
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rostratus n. subsp. The latter character is lacking in proximal thecae,
being evidently introduced distally into the rhabdosome. ]

An analysis of morphological changes and of astogeny in this evo-
lutionary trend of monograptids leads to interesting conclusions as to
the probable nature of genetic changes. It provides convincing evidence
proving that the evolution of graptolite colonies occurs in way of
increased penetrance and expressivitiy of genetic factors among indi-
viduals of a colony. The more strongly asymmetric are thecae, the
greater is the number of individuals in a colony affected by it. Within
the Cucullograptinae group colonies primarily consisted of symmetric
thecae only (Lobograptus simplex n. sp.; fig. 13 4, 14 4), ("uniform”),
later asymmetric thecae appeared in the distal and medial portion

(Cucullograptus hemiaversus n. sp. — "biform” — incomplete pene-
trance), (fig. 13 E, 14 C), subsequently to involve the whole rhabdosome
(C. aversus — "uniform” — complete penetrance), (fig. 13 F), and again

secondarily ’"biform” through the presence of outgrowth on left lobes
in more distal thecae of C. aversus rostratus n. subsp. being a new
character introduced at distal end of rhabdosome (fig. 13 G, 14 D). The
maximum phenotypic elfect increased simultaneously, e.g. the extent
of overlap of the free margin in the left lobe and its folding in given
thecae increases in a number of these forms (comp. fig. 14 A, C, D),
i. e. the expressivity of the character grows stronger.

Similar relations have been ascertained by Sudbury (1958). Within
a group of species passing from M. iriangulatus separatus Sudbury to
Rastrites longispinus (Perner) we may observe a gradually increasing
number of rastritiform thecae in which the rastritiform character
becomes progressively more strongly manifested. The more strongly
rastritiform are the thecae, the greater is the number of individuals
in a colony manifesting this character (fig. 12).

In the lineage of Lobograptus scanicus, however, thecae do not dis-
tinctly differ in degree of their asymmetry. These forms may be
regarded as nearly uniform in this respect and representing. full pene-
trance and rather low expressivity of factor determining asymmetry.
Nothing can be presently said whether hypertrophy of the right aper-
tural lobe was a character infroduced proximally or distally (comp.
also p. 172).

An analysis of development of the asymmetric Cucullograptinae
suggests further interesting genetic implications. The asymmetry in
the lineage of Cucullograptus aversus results from hypertrophy of the
left apertural lobe. The right lobe is subjected to rudimentation de-
termined by the size and degree of overlap of the left lobe onto the
right one.
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We are probably dealing here with antisymmetric manifestation of
determined genetic factors. These are supposed to consist in such
phenotypic manifestation whose occurrence in one of the antimeres
excludes the occurrence of effect in the other antimere (Timoféeff-Res-
sovsky, 1934). In Cucullograptinae, however, we are dealing not only
with antisymmetry which excludes the bilaterally simultaneous mani-
festation of the given factor, but also with determined antisymmetry
which causes the given character to affect a determined antimere only.
This consists of hypertrophy either of the right side of the zooid alone
(Lobograptus scanicus) or of the left side (Cucullograptus). In the pre-
sence of two, symmetrically placed lobes, this factor has the potential
ability of bilateral manifestation, actually however it affects one of
the lobes only. We must infer that different factors determining the
symmetry type and the mode of the manifestation of mutations must
have occurred in the above mentioned phylogenetic trends. The whole
genotype, probably substantially different in the two groups, may be
regarded to represent these factors. Genetic data indicate that the mode
of manifestation of determined genetic factors in relation to symmetry
is controlled by hereditary factors (Astauroff, 1929; Timotéeff-Ressovsky,
1934) and may be altered under the action of artificial selection. This
throws some light on the supposed genetic mechanisms which have
determined the type of antisymmetry that has stabilized within the
particular trends ol Cucullograptinae.

From the morphophysiological viewpoint it is most probable that
the asymmetric structure of the apertural apparatus in Cucullograptinae
reflected the asymmetric shape of the soft organs of the zooid, parti-
cularly so of the lophophore arms. When comparing these processes
with similar ones in living organisms we sec that reduction of a certain
number of analogous organs is in most cases compensated by hyper-
trophy of the remaining ones which complement their physiological
function. An interesting illustration of this phenomenon is provided
by hydrozoans in which the number of tentacles may be reduced to
two or even one (Lar sabellarum and Monobrechium parasiticum; Dogel,
1954). Organs subjected to numerical reduction (oligomerization) may,
subsequently, be subjected itu secondary compensating development,
“polymerization”, hypertrophy or ramification (Dogel, 1954). The most
likely hypothesis here would be that claiming the occurrence within
Cucullograptinae of mutations responsible for some degree of reduction of
the lophophore. These mutations occurred either on the left side (Lobo-
graptus) or on the right side (Cucullograptus) causing a correspondingly
compensating hypertrophy of the opposite side of the lophophore.
Depending on the varying “gene environment” in which they were
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expressed or,on their different character in the particular phylogenetic
trends these mutations were more or less strongly manifested either on
the left side (Lobograptus) or on the right side (Cucullograptus). This
would be an expression of pseudopleiotropy, i.e. the effect of mutations
on a number of correlated characters. Actually it could only be the
expression of certain regulating processes manifested during the growth
of the zooid. In that case, atrophy of the right lophophore would result
in correspondingly strong hypertrophy of the right lophophore in order
to accommodate it (lineage of C.aversus). The whole complex, therefore,
of modifications affecting the apertural apparatus would be the result of
one mutation with strong "'pleiotropic” activity. This may be explained
as a chain of mutually linked correlations, in which changes of one organ
cause the corresponding changes in another organ (Smalgauzen's morpho-
genetic correlation, 1946)27.

¢) Modifications of astogeny in diplograptids

A most interesting picture of directional changes is provided by
phylogenetic series known in numerous diplograptid lineages with
gradually modifying thecal budding. The most suggestive observations
made by Davies (1929) and Waern (1948), (comp. p. 164), will be here
discussed and interpreted more at large.

Davies has with some details described this process in Glyptograptus
aff. persculptus (Salter). Mutations of this species collected.from suc-
cessive horizons of the Ystradifin section, Carmarthenshire (Wales), are
represented by forms in which the median septum 1is gradually
shortened on the reverse side, while the number of thecae with
alternating budding 1is consequently increased. Davies’ data are
diagrammatically shown in fig. 15. On the X-axis thecae are shown at
whose level the median septum begins in the successive mutations.
The f{irst 5 mutations are represented by forms from Ystradffin
(Glyptograptus persculptus zone), the 6th by one from Torver Beck
in the Lake District. These mutations represent forms with different
degree of biformism in respect of the mode of budding. However, in
the top of the higher zone with Akidograptus acuminatus (Nicholson),
Davies has noted the presence of forms (mut. omega) probably lacking
the median septum (uniform in respect of the mode of budding).

The resulting morphological and stratigraphic succession is a very
suggestive one. The successive mutations are characterized by an in-
creasing number of alternately budding thecae and a corresponding

2T A detailed analysis of the structure of forms belonging here and of
their evolutionary changes will be given in the writer’s paper just preparing.
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shortening of median septum on the reverse side (fig. 15). This character
was introduced proximally and gradually spread distally in a series
of forms constituting the successive evolutionary stages, suggesting
a certain polarity of the rhabdosome in this respect too. The activity
of the factor controlling the alternate budding of thecae was gradually
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Fig. 15. — Interprelation of progressive shortening of median septum in the

lineage of Glyptograptus aff. persculptus (Salter), (data after Davies, 1929). In

6 successive zonal mutations median septum begins at the point where effecti-

veness of corresponding morphogenetic factor decreases below the threshold
value (line parallel to X-axis). Further explanations in text.

increased in the evolutionary lineage. Values indicated in the Y-axes
‘in fig. 15 are proportional to their morphological effects, i.e. to the
number of alternating thecae, and at the same time represent the
relative activity of factors determining the mcde of budding. In
graptolite colonies the factor responsible for the mode of budding would
display a certain gradient along the rhabdosome. Where the amount
of the required substances drops below a certain threshold level (thin
line parallel to the X-axis), two independent thecal series are supposed
to begin, separated by the median septum. When the activity of genetic
factors is sufficiently strong, the rhabdosome will be aseptal throughout
its length (broken uppermost line).

The observations of Waern (1948), based on data from the Kullatorp
boring, Kinnekulle in Vestergétland, Sweden, are very much analogous. He
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has ascertained that ”Climacograptus scalaris v. transgrediens forms
a transition between Cl.scalaris v. normalis and Cl.medius with regard
to the time of its appearance as well as to its anatomical characteristics.
Cl.scalaris v. transgrediens occurs simultaneously with and somewhat
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Fig. 16. — Interpretation of progressive shortening of median septum in the
lineage of Climacograptus scalaris var. mormalis Lapworth (data after Waern,
1948). 1-2 relative values for Cl.scalaris normalis for successive zonal mutations
of Cl.scalaris transgrediens (@-d), 3-4 for Cl.medius. Further explanations in text

and fig. 15. Upper right corner — corresponding zonal mutations and their
distribution in the bore-core (from Waern, 1948),

later than Cl. scalaris v. normalis, first forma u appears, then forma B, v
and the last surdiving specimens are contemporaneous with the earlier
occurrence of Cl.medius” (p. 450), (comp. fig. 16 of the present paper).

Data concerning the shortening of median septum on the reverse
side of rhabdosome are particularly interesting. Waern’s measurements are
shown diagrammatically in fig. 16. That author did not only ascertain
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the theca at whose level the median septum arises on the reverse side,
but moreover indicated the exact point of its beginning in per cent
figures of thecal length. Waern’s data, though based on 30 specimens
only, seem {o be quite reliable. Mean values (Waern, 1948, p. 450)
have been used by the present writer to plot the diagram. The pro-
gressive delay in formation of median septum on the reverse side in
successive forms is shown on the straight line parallel to the X-axis
illustrating the constant threshold level. The delay is referred to the
activity of the corresponding genetic factor (Y-axis). This results in
a picture very similar to that provided by the here above described
example of Glyptograptus aff. persculptus (Salter).

Both these examples clearly show the process whose successive
stages seem to have been caused by fundamentally analogous factors,
with g/radually increasing activity, causing the appearance and gradual
spreading of a new mode of budding. The only factors that may actually
be here taken into account are changes of multiple-factors (modifiers)
acting as stimulators of a certain basic gene controlling the alternate
budding of thecae, or a mulliple alleles szries of a “major gene”
responsible for the directional changes of the activity of a determined
factor and for the reactiveness of tissues?8.

d) Fvoiution in Saetograptinae

An interesting exampie is provided by the evolution of apertural
processes in subfamily Saetograplinae Urbanek, 1958, represented by
two Ludlovian genera: Colonograptus Piribyl and Saetograptus Pribyl.
A typical representative of the former genus (Colonograptus colonus
(Barrande)) is characterized by the presence of paired apertural pro-
cesses on proximal thecae (first 3—4 thecae), which are triangulate
ear-like structures (fig. 17 q, b). The following thecae are provided with
a rather small elevation on the apertural margin only, while beginning
with thecae 14-15 the margins are perfectly smooth and thecae simple,
“pristiograptid”. Such forms may be regarded as representatives of
the "biform” type (comp. fig. 2C). In a typical representative of the
other genus (Scetograptus chimaera (Barrande)) the thecae are, on the
whole rhabdosome length, provided with apertural processes. In pro-
ximal thecae (first 9—10 thecae) these are in shape of long spines,

3% In connection with this problem, Davies has made another interesting
observation (1929 that in Glyptograptus aff. persculptus it ”is interesting to note
that the mutations at higher horizons are much more uniform in nature and
the variation between specimens from same bands typical of the lower horizons
is not seen” (p 14). This might have been associated with a kind of variability
reduction, noted 1n many other groups too, and by Simpson (1044, 1955) explained
as result of natvral selection. .
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gradually shortened in the next thecae to an elevation of apertural
border in distal thecae (comp. fig. 2 B, and 17d-j). In many respects
these genera are similar enough to be regarded as closely allied
(Pribyl, 1942, and parlicularly Urhanek, 1958, here modified according
to new available data).

Fig. 17. — Series of apertural processes in Saetograptinae representing
successive stages of reduction of their peridermal membrane: a-b
Colonograptus cf. colonus (Barrande), ¢ transient between Colonograptus
and Saetograptus, d-e Saetograptus chimaera chimaera (Barrande), (in
sense of Urbanek, 1958), f S.chimaera cervicornis Urbanek, g-h S.chimae-
ra cf. cervicornis Urbanek, i-j S.chimaera cf. salweyi (Hopkinson).
Borders between the processes and their basis marked by thick line,
borders of fuselli, when uncertain or conjectural, marked by broken
lines. All processes represent th 1 of young rhabdosomes (boulders
S, 19, S. 36, S, 38, S.-54, S. 149, S. 201), approx. X 50.

Stratigraphic evidence concerning Europe indicates ‘that Colono-
graptus appeared earlier. It was present in the lower part of the
Lower Ludlovian nilssoni zone, while forms referred to Saetograptus
did not appear before the uppermost part of the nilssoni zone and are
typically present in the higher scanicus zone (Great Britain: Elles &
Wood, 1901—1918; Boswell, 1926, 1928; Blackie, 1928; Lawson et alii,
1954; Barrandian: Horny 1958; Holy Cross Mountains, Poland: Tomczyk,
1956; Thuringia, Germany: Jaeger, 1959). Within the particular regions
the faunal! succession of the ILower ILudlovian assemblages differs
slightly but it seems quite safe to generalize that Colonograptins made
its appearance earlier than Saetograptus.

The available data very clearly suggest that evolution occurred
by gradual changes from forms with apertures of the Colonograptus
type to those with apertural spines of the Saetograptus type. Forms
belonging here and etched by the present writer from erratic boulders
of Scandinavian origin may be arranged in a continuous morphological
series mutually differing in modilications of apertural processes (fig. 17).
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These modiiications are affected through reduction of the surface of
apertural processes owing to: 1) tubular folding of the anterior margin
of the process (Urbanek, 1953, 1958), 2) reduction of the posterior
margin, surrounding the more protruding lappets of the apertural
process. The latter are placed on the lines of contact between the
particular fuselli, constituting a kind of frame for particular lappets.
The reduction of the process may continue along this line until the
complete disappearance of the ‘free peridermal wing of the process which
persists merely as fine hair-like rudiments only. These elements
constitute a strongly attenuated membrane folded into a tubule. The
formation of such tubule-like peridermal structures is a form of
rudimentation of the fusellar periderm. They occur in other graptolites
(e.g. in Cucullograptus hemiaversus n.sp. and C.aversus rostratus
n.sp., where the reducing and attenuated portion of the right apertural
lobe is altered into a tubular lip of this kind, extraverted on the margin
of aperture).

In fig. 17 processes of th 1 all belonging to young rhabdosomes in
stages 1-4 thecae are shown for a better comparison of their structure.
This permits to avoid the effect of possible secondary changes due to
thickening of the periderm owing to the superimposition of the addi-
tional substance. The fusellar structure of the processes could be suf-
ficiently well examined in most cases. Broken lines indicate poorly
discernible or conjectural fusellar boundaries. -

The series shown in fig. 17 is readily explained as an expression
of the gradual reduction of the peridermal membrane due to inhibition
of peridermal growth. Hence, the anterior margin, formed by the
secondarily attenuated membrane, is folded (probably owing to me-
chanical factors) below the thicker portion of the periderm, while the
posterior margin is reduced first by the formation of a number of
incisions, later on by complete reduction of periderm. Wherever this
process manifested stronger activity (first 3 thecae in S.chimaera
cervicornis Urbanek and their greater number in S.chimaera cf. salweyi
(Hopkinson)), we note strong destruction of the periderm, and more
spine-like processes. Where the process did not attain such intensity,
it was manifested merely in the narrowing of the surface of peridermal
membrane of the processes (fig. 17 b, ¢). The various forms shown in
fig. 17 are referable either to the genus Colonograptus (fig. 17 a, b) or to
genus Saetograptus (fig. 17 d-j), or they represent morphological trans-
sients (fig. 17 ¢). Forms shown in fig. 17a,b) occur in an assemblage
probably suggesting the lower nilssoni zone, those shown in fig. 17 f-h, j
in an assemblage indicating the overlying scanicus zone, while horizons
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in which forms fig. 17 c-e and i occur cannot be more exactly identi-
fied2®.

It is, however, quite doubtless that these are closely allied forms
belonging to the same evolutionary trend. This is, moreover, confirmed
by the fact that, wheresoever it has been possible to ascertain, the free
part of the process protruding above the apertural margin is invariably
made up of the same number of fuselli (6). Where this number could
not be quite surely determined, the possible deviation ought not to
exceed 7 1. The strikingly stabilized structural pattern of processes
apparently indicates that in this trend structure of apertural processes
was genelically controlled and that its possible zonal variations occur
in the way of mutation. The more thoroughly studied geological sections
of the Ludlovian all seem to confirm that forms with the Colonograptus
type of process did, indeed, appear earlier and are associated with the
lower part of the nilssoni zone, while forms with more or less reduced
periderm of processes of the Saetograptus type are associated with the
higher part of that zone and with the upper scanicus zone. No reliable
evidence, however, is available as to whether the latter forms (Saeto-
graptus) are contemporaneous or whether they attained dominance in
successive horizons from the lower to the higher. Material recovered
from erratic boulders does not provide sufficiently detailed stratigraphic
data, while material known "in situ” does not, on the whole, permit
the distinction of such subtle differences in the shape of apertural
processes®°.

It is, however, rather noteworthy that besides boulders containing
forms representing various reduction stages (e.g. fig. 17c-e, from

2 The assignment of the various boulders to corresponding graptolite zones
on their graptolite assemblages is to a certain extent arbitrary. Actually, the chan-
ges in faunal composition are gradual and at the boundary of two horizons
index forms and associated fauna are often encountered, characteristic of both
the lower and the higher horizons. This is suggested by many statements and
data of various authors, particularly so Elles & Wood, 1901-1918; Boswell, 1920,
1928; Blackie, 1928; Hede, 1942; Lawson et alii, 1954. On the other hand, the
absence of a given index form from a boulder may be also merely random, because
they hardly are really representative samples of a determined horizon.

30 There is some evidence, however, showing that Saetograptus .chimaera
salweyi (Hopk.), though very likely representing the most advanced morphologic
stage, is to be encountered already in the upper part of the nilssoni zone,
Subsequently it passes into the scanicus zone, occurring there together with the
type form and with its other varieties (Boswell, 1926, 1928; Blackie, 1928). The
typical form S.chimaera chimaera (Barrande) is also reported from the nilssoni
zone (Elles & Wood, 1914). The picture became more complicated by the data
of Elles (1944) who indicates at least two mutations of salweyi — ”"limp” one
from nilssoni zone and ’rigid” one from higher beds (scanicus zone — base of
leintwardinensis). Probably there are some local stratigraphic differences and
both these forms of S.chimaera were presumably more or less contemporaneous,
the salweyi surviving longer. :
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boulder S. 54) there are others in which one particular type of process
dominates. These would probably correspond to populations with
a determined genetic structure (Urbanek, 1958). The time succession
of these forms suggests that we are here dealing with an evolutionary
process. Hence this series of processes cannot be explained by the
direct influence of environmental factors, though occasionally they do
cause modifications giving the semblance of genetic changes (Gold-
schmidt (1938) described these phenomena in respect to the various
mutations of Drosophila). A direct environmental influence may have,
however, intensified the range of variability of the forms here.

When analysing changes occurring in this evolutionary trend we
will be able to conclude that differences between Colonograptus and
Saetograptus consist of: 1) structural changes in the apertural processes,
the peridermal membrane of processes in Saetograptus being reduced
gradually; 2) numerical increase of thecae provided with processes,
l.e. of proximal thecae in Colonograptus Pribyl and throughout the
rhabdosome in Saetograptus Pribyl. The maximal length of processes
increases too.

The [first process results in a morphological picture very much like
that of the destruction of wing chitine in the series of multiple
alleles — "'vestigial’™ in Drosophila (fig. 18). There too, reduction occurs
owing to the formation of local ’marginal incisions” between the
nervures on the wing surface. According to Goldschmidt (1938 and
earlier) who has examined the developmental mechanism of these
changes, the wings in mutants first develop quite normally. Later on
in a stage determined for each mutation, the chitine is subjected to
resorption or tfo lytic processes. Wings are thus formed, displaying
a varying extent of scalloping. The reduction of wing chitine in a "ves-
tigial” series is by Goldschmidt (1938) explained as the manifestation
of various activity of particular alleles in the production of a substance
necessary for the normal development of wings or in the formation of
lytic substance displaying a localized specific action.

The second process may be readily explained by the hypothesis
that the penetrance (number of thecae provided with processes) and
expressivity (length of processes) of genetic factors responsible for the
origin of processes had been increased in that evolutionary trend. In
Saetograptus we would be dealing, however, with a certain state of
equilibrium between factors determining the degree of penetrance as
well as the expressivity of apertural processes and those controlling
the extent of the destruction of periderm in processes. Hence the re-
lations here are apparently more complex than those described in
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regard to the reduction of wings of Drosophila in the "vestigial” alleles
series (Mohr, 1932; Goldschmidt, 1938). There it had been possible to
ascertain the direct relation between the penetrance of one allele and
its potency expressed in the degree of destruction of wings (degree
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Fig. 18. — A series of modal phenotypes of the wings and balancers

in all diploid combinations of the allelomorphs of "vestigial” in

Drosophila melanogaster, as an example of directional effect of multiple

allelomorphs: nw no wing, vg vestigial, no notched, ni nicked, +vg

wild type. Percentage of penetrance and relative value of activity for
each combination given below (after Mohr, 1932).

of phenotypic effect, comp. fig. 18). In our problem it is hardly to be
supposed that the same genetic factors are responsible for both these
processes, particularly since they are physiologically opposite (formation
of processes — reduction of processes) and more or less independent
in their activities. Most probably at least two independent factors are
here involved. We may simultaneously observe here the high penetrance
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of the factor responsible for the presence of apertural processes and
the manifestation of the factor determining the reduction of the mem-
brane in these processes (Saetograptus). Among the many possible in-
terpretations of this doubtlessly complicated phenomenon, the simplest
one would be that accepting a certain state of dynamic balance of
genes, analogous to the state of “epistatic minimum” in sex determi-
nation of gypsy moth — Lymantria dispar {Goldschmidt, 1938). In these
graptolites this would correspond to the stage in which the penetrance
of the gene, responsible for the formation of processes, is sufficiently
high, while the simultaneous fairly active manifestation of destruction
processes of their periderm is determined by other genetic factors.

In this trend similar changes in the penefrance of genes might have
been an important factor contrciling the astogenetic succession of
thecae. E. g. we know certain forms described as separate species or
subspecies, such as Saetograptus chimaera semispinosus (Elles & Wood)
in which cnly some proximal thecae are provided with apertural spines
lacking in the distal thecae of the rhabdosome. This form has been
recorded- from the scanicus zone. Similarly, Colonograptus wvarians
(Wood) from the.nilssoni zone is characterized by the low penetrance
cf the factor responsible for the formation of apertural processes. We
may reasonably expect that, in case of further reduction of the pene-
trance, the just mentioned forms might give rise to forms completely
lacking apertural processes. This stage might not even necessarily
mean the occurrence of amorphic mutations of the corresponding gene
but result from the action of modifiers. In connection therewith it is
interesting to note differences in the number of thecae provided with
apertural processes (retroverted thecae) in Colonograptus varians
from various lecalities in the Long Mountain District, where they are
provided with one, two or even three of such thecae (Elles & Wood,
1914). They would correspond to differences of penetrance of definite
mutations in stocks from various areas (Timoféeff-Ressovsky, 1934).
The relations here match best those in the mutation of venae trans-
versae interruptae (vti) in Droscphila funebris. In some of its stock this
mutation is not phenotypically expressed. Its phenotypic manifestation
occurs solely in the presence of some other mutations acting as modi-
fiers and occurring in certain races only with a definite geographical
distribution,

e) Supposed genetic mechanisms of evolutionary changes in graptolite
colonies B '
" The here above discussed cases of evolution in several phylogenetic
graptolite lineages clearly indicate that their development passes from

7 Acta Palaeontologica Polonica — vel. V/2 13
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primarily uniform forms, through various stages of biformism, to forms
secondarily uniform. An example of such processes is the evolution of
monograptids towards the genus Rastrites Barrande. It is assumed that
it led from uniform” graptolites having triangulate thecae on the
whole rhabdosome, through forms with varying degree of biformism
to species provided with rastritiform thecae throughout the rhabdosome
length, i.e. to secondarily uniform forms (Sudbury, 1958). Similarly,
among Cucullograptinae, forms originally uniform (Lobograptus sim-
plex n. sp., ‘with symmetric apertural apparatus on the whole rhabdo-
some) may lead to biform species (Cucullograptus hemiaversus n. sp.,
with asymmetry of apertural apparatus in distal and medial thecae),
and from these — to species in which the apertural apparatus is asym-
metric throughout the rhabdosome length (Cucullograptus aversus aver-
sus (Eisenack)) — secondarily uniform. In the next stage the rhabdosome
becomes secondarily biform through introduction at the distal end of
a new character in Cucullograptus aversus rostratus n. sp.

Hence, the difference of primarily uniform forms from the biform
ones lies in the appearance of a new character, i.e. the occurrence of
corresponding mutations. On the other hand, the difference of biform
forms and their secondarily uniform descendants consists in the degree
of spreading and manifestation of corresponding features which, as is
shown, may be regarded as an effect of various expressivity and pene-
trance of the corresponding genetic factors.

Thus, biform graptolites may be regarded as species with genetically
controlled incomplete penetrance of definite genetic factors, while the
corresponding secondarily uniform forms would be considered as species
with genetically controlled complete penetrance of definite genetic
factors.

In graptolites, whose evolutionary process passes through these two
stages, new mutations would initially produce alleles with low pheno-
typic expression. The activity of their phenotypic manifestation would
increase in the course of evolution®!. For certain forms, however, the

31 The increasing activity in the phenotypic manifestation of corresponding
genetic factors in graptolite colonies to some extent suggests analogies with
the process of evolution of genetic dominance. The latter process may be under-
stood either as an expression of the selection of corresponding modifiers (Fisher
et alii), or that of stronger activity of the same ’basic” gene (Wright et alii),
(comp. discussion in Smalgauzen, 1946; Wagner & Mitchel, 1955). Relations
prevailing in the evolution of a graptolite colony answer well the gradual
changes which must have affected activity of each definite genetic factor first
manifested as semidominant and later becoming fully dominant. These data
seem to represent sound evidence for Goldschmidt’s statement (1946) that “the
evolutionary process begins with mutants of low penetrance and expressivity”,
but have no distinet relation to his supposition that this mutation must neces-
sarily be a “large” one (comp. Simpson, 1953).
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biform stage may have meant stabilized conditions and not a transition
towards secondary uniformism. Bulman e. g. believes that Monograptus
decipiens Tornquist is one of these species.

Though we have seen that in many phylogenetic graptolite lineages
evolutionary changes are expressed by gradual spreading of the new
thecal type, it is not impossible that other mutations may occur at
once characterized by complete penetrance, i.e. those spreading simul-
taneously over all the individuals of a colony. This would be associated
with the appearance of alleles of sufficient activity (comp. p. 172).

Since, however, within many graptolite lineages, evolutionary changes
occur through gradual spreading of corresponding characters, analogies
of the genetic mechanism of these changes with those of penetrance
and expressivity is very probable.

Genetic data indicate that changes in penetrance and expressivity
may be influenced by genetic factors and definite environmental
factors. The latter consist of temperature and trophic factors (Hadorn,
1955). These cannot be considered responsible for long-lasting and
directional evolutionary changes ascertained in graptolites (comp. p. 199).
Genetic factors are much more probable. Two of them have the
greatest significance: 1) modifying genes altering the activity of phe-
notypic manifestation of definite genes, responsible for the appearance
of certain features; 2) changes of the ”"major genes” themselves, respon-
sible for individual morphological effects of directional character.
Among them, the multiple alleles series, often resulting in directional
phenotypic effects, should be placed foremost.

The significance of modifying genes for the activity of phenotypic
manifestation of genetic factors has been shown in works of Timo-
féelff-Ressovsky (1931, 1934 and earlier), Hadorn & Gloor (1943, fide
Hadorn, 1955) et alii. Experiments with the use of the artificial
selection method clearly show how easily stocks may be produced,
characterized by determined "genic balance”, hence by determined
expressivity and penetrance of a given gene. Moreover, changes in
genic environment which determines the mode of phenotypic mani-
festation of a definite gene may result from the mutations of other
genes. E. g. Morgan has shown that the eyeless” mutation in Droso-
phila, expressed by reduction of eyes, will, after a sufficiently long
line of generations, gradually revert to the normal state, i.e. its eyes
will scarcely differ from those of the wild form. It has been ascertained
that this is not a case of reverse mutation but of the mutation of other
genes altering as modifiers the character of the genotype and affecting
the phenotypic effect of the “eyeless” mutation (Smalgauzen, 1946).
Such functions may be carried out in the genotype by very diverse

*7
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genes changing the ’“genetic environment” (e. g. as shown by the
investigations of Hersh (1929, fide Carter, 1951/1954) on manifestation
of the ”bar” mutation in Drosophila. The activity of phenotypic ma-
nifestation of a given character controlled :by natural selection is
determined and changed by way of corresponding selection of definite
mutations. The picture presented by the history of numerous evo-
lutionary trends of graptolites indicates beyond doubt that similar
genetic mechanisms could have determined graptolite evolution too.
It should then be recognized that when this supposition is taken into
account, the growing expressivity of certain morphological characters
are merely “Expressivititstufen” (Hadorn, 1953) of the same basic
gene whose individual phenotypic effect is intensified by the action of
modifiers. This series of changes is well illustrated by the apertural
processes in some Cucullograptinae, which represent the successive
steps in the development of asymmetry (fig. 14 4, C, D). The thecae
have been selected so that the basal width of metatheca is approxima-
tely the same, indicating that they occupied approximately the same
position in the rhabdosome. The existing differences may be regarded
as resulting from definite evolutionary changes and independent of
astogenetic variation. Fig. 14 C, D show apertural processes differing
in the degree of expression of the same features (hypertrophy and
- overlap of the left lobe, atrophy of the right lobe). They might be
regarded as a result of changes in phenotypic expression of the same
genetic factor or factors.

On the other hand, when considering changes of definite characters
occurring over a sufficiently long period of time (evolutionary changes
ascertained by Sudbury, 1958, within the M. triangulatus (Harkness)
group; changes of astogeny described by Davies, 1929, in Glyptograptus
cf. persculptus (Salter)), we may conclude that they involve not necessarily
the intensity of phenotypic manifestation of one "basic allele” (oligogene)
only, but a whole series of such alleles keeping to a definite direction
of changes.

When considering the evolution of some simple morphological cha-
racter (e.g. thecal shape or structure of apertural apparatus), we are
referring to features which deserve to be called "unit characters” or
"biocharacters” (as used by Swinnerton, 1932, 1947/1950). Modifications
which affect such a character in the given lineage would justifiably be
named bioseries” (Swinnerton, 1947/1950) and would represent the
successive evolutionary stages of a definite character whose morpho-
logical nature does not forbid it being determined by a single gene. Such
changes, having a constant direction, and differing, indeed, merely in
the degree of manifestation of the same features, may be regarded as
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resulting from mutations bearing the character of multiple - alleles.
The latter are known often to form long series of mutations, whose
individual members may successively produce one another. Their phe-
notypic effects are often distinguished by a regular increase or de-
crease of the activity of manifestation of certain characters.

Illustrations of such allelomorph series, representing a picture
strikingly similar to the genetic changes probably occurring in grapto-
lite colonies, are provided, among others, by the following series: the
"vestigial” allelomorph series, to a various extent reducing the wings
of Drosophila; the "white’”” mutation series changing eye colouration from
a dark-red "wine” colouration to a completely white one; the ’’bar”
mutation affecting the number of facets and the eye-shape, etc.

The "vestigial” allelomorph series (fig 18) is that particularly
interesting and instructive in our case. It has been very thoroughly
investigated by Mohr (1932) and interestingly interpreted by Gold-
schmidt (1938) and Carter (1951). A phenotype series of the particular
mutations, constituting the allelomorphs of one gene, represents struc-
tures ranging from a nearly normal “nicked” wing to the short 'no wing”
rudiment. According to Carter, such mutations ought not really to be
defined each as "different types of change in the gene, but. as more
or less extreme forms of the same change” (1954, p. 67). Multiple alleles
series are just those frequently producing a picture of directional
phenotypic effects and they may be relatively closely correlated with
the character of evolutionary changes noted in graptolites. They show
that “phenotypic effects of all members of the series are of the same
general nature, varying only in the extent of their differences from
the normal (non-mutated) type — varying, that is to say, only in the
intensity of their action” (Carter, 1954, p. 65). In the case of certain
multiple alleles series it has been ascertained that the gradual intensi-
fication of phenotypic effects is accompanied by correspondingly in-
creased penetrance of that allele. Moreover, certain alleles series are
regarded as an expression of changes in the amount of produced
morphogenetic substances. i.e. 'they are referred to quantitative
differences (Goldschmidt, 1938, for 'vestigial” series). This coincides
quite well with the relations ascertained in graptolites.

On the base of fossil material only it is hardly possible critically
to discuss the significance of either of the two just mentioned pos-
sibilities. Even though the picture provided by many of graptolite
lineages strikingly resembles the phenotypic effects in multiple alleles
series, still these analogies do not in the least prove similarities of the
genetic mechanism of these processes. Generally speaking, changes in
modifiers (multiple factors, i.e. polygenes) may with equal probability
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be considered as responsible for these changes. We should, however,
take into account investigations postulating that these factors do not
by any means mutually exclude one another, but may combine, while
differences between multiple alleles may have been intensified by
corresponding modifiers. This may be inferred from works by Sirks
(1926, 1931, fide 1956) on the heredity of quantitative characters in
Vicia Faba. That author has ascertained that the varying shape‘of
leaves in this plant is determined by 4 genetic factors, each of which
produces a multiple alleles series. On the other hand, these factors
produce two polymeric pairs whose phenotypic effects are mutually
intensified (anisomeric polymery). It has been ascertained through the
research work of Jenkins (1939, fide Schwanitz, 1954) on plant genus
Crepis that taxonomic specific characters are based on a multiple
alleles series. Hence they may constitute the basis of phylogenetic
trends. In a number of other cases it has been proved that infraspecific
heteromorphism consists of multiple alleles series.

At the present knowledge of this problem it is perhaps not too risky
to advance as a working hypothesis the bold supposition that in
graptolites directional evolutionary changes consisted in orthoselection
of modifiers changing the phenotypic manifestation of a definite ’major
gene” (oligogene) or in the selection of mutation forming series of
multiple alleles, each of them with distinct phenotypic effect, eventually
modified by morphogenetic substances showing gradient along the
rhabdosome. The choice of one out of the two alternatives is impossible
on palaeontological evidence, but genetic data indicate that both these
processes may have participated in evolution.

In view of the nearly complete lack of knowledge of the environment
in which graptolites had lived, we are unable to determine the way
of action of natural selection in their evolution nor the environmental
factors of this evolution.

Since the time of Lapworth it is a common belief that Graptoloidea
were epiplanktonic organisms who lived in open seas and oceans (comp.
Ruedemann, 1934; Bulman, 1955, 1957 with References). On the whole,
it is hardly to be expected that bottom sediments in which the
graptolile remains are buried, could provide reliable information con-
cerning the life conditions of Graptoloidea because they were deposited
outside the biotope in which graptolites lived. Moreover, a number of
cases distinctly suggests transport of graptolite remains and it may
be consequently supposed that they had been buried in a different area
than that in which they had lived (Bulman, 1955, 1957). With respect
to graptolites, which are epiplanktonic organisms, we may reasonably
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suppose that the distinct majority of fossil graptolite assemblages re-
present ’subprimire Lage” (Seitz & Gothan, 1928). This means that
they had been transported "post mortemi” and that probably a part of
necrocoenoses constituted true tanatocoenoses (DavitaSvili, 1945). This
is indicated by the general lack of surfaces of the attachment and of the
distal portions of the virgula, suggesting breaking off from the place
of attachment and consequent transport by water currents. Similarly
striking is the fact that graptoliles cannot be associated with any defi-
nite sediment since they occur in almost every deposit (Bulman, 1935,
1957). All this evidence hardly permits a correlation between changes
of sediments containing graptolites and changes of their abiotic
environment. Only very large scale changes of the abiotic environment
(change of facies, change of current relations) may be here sufficiently
indicated and taken into account, such as e.g. those eventually respon-
sible for a more or less general extinction of graptolite faunas (comp.
Jaeger, 1959). Doubtlessly, changes in the abiolic environment had
a decisive bearing on graptolite evolution, nevertheless data now avail-
able may permit to determine these connections in regard to changes
of whole faunal complexes (migrations), but never in regard to evolu-
tionary changes in definite phylogenetic lineages.

An analysis of faunal changes in graptolite facies shows that in
graptolite evolution the directional evolutionary processes are not, as
a rule, accompanied by distinctly directional changes of given sedi-
ments. The latter display a cyclic pattern and, sometimes, they long
remain practically unchanged over extensive areas. Nevertheless, in
such series, we note intense changes of the graptclite fauna even though
considerable stability of the abictic environment over large areas is
apparently suggested by the nature of sediments.

Factors of evolution in particular graptolite lineages cannot be
merely identified with any particular abiotic factor, but are doubtlessly
to be expected in ecologic and selective mechanisms connected rather
with biotic environment. The functional significance of changes in the
shape of the rhabdosome and of thecae, however is not closely deter-
mined. One cannot adequately explain the physiological meaning of
a number of observed changes and that hampers causal interpretation
of graptolite evolution.

This explains why Bulman (1933) encountered such difficulties in
determining the adaptive nature of graptolite evolution: "In such of
the thecal elaboration trends as have been considered here, it has been
suggested that they are not due to any direct environmental influence
(which is, however, seen in local geographical variations in each series)
and against the view that they are adaptive is the fact that at least
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three types are initiated simultanecusly, all under apparently the same
conditicn of environment, and that regular regressive series also occur.
Either they are not adaptive, or we must assume that the trends repre-
sent forms which did in fact live under slightly different conditions
of environment (e.g. suspended in some way at different depths in the
water and perhaps possessing some specialized feeding mechanism) for
which view there is cerfainly no evidence. ...As concerns the graplolites,
1 offer the view that there is very little evidence that any of the trends
originated in response to external conditions; they seem, on the contra-
ry, far more readily referable to some internal factor” (Bulman, 1933,
p. 332).

Some of the difficulties emphasized by Bulman (1933) have now to
a certain extent been reduced. :

An attempt is here made to illusirate this on example of evolution
in the Cucullograptinae (comp. p. 176). This group was subject to intense
differentiation bearing distinctly the character of an “adaptive radiation™.
Morphological differentiation is most strikingly expressed here in
modifications of apertural apparatus of thecae. There seems to be
little doubt that this differentiation was linked with adaptations to
various feeding-mechanisms and each apertural apparatus was a kind
of hydrodynamic tunncl which enabled better utilization of th=
food-supply available to microphages to whom graptolites most likely
belonged (Urbanek, 1938).

This differentiation was realized in a time-span to which in
deep-boring Mielnik, Eastern Poland. correspond deposits with total
thickness approx. 90 m. In the lcwer parls they correspond to the
scanicus zone (some 60 m) and in the upper part to 30 m-thick series
of sediments above this zone. These deposits consist of more or less
regularly spaced intercalations of argillaceous shales and of marls
or impure limestones each some 10—20 cm thick. This series iepresents,
therefore, a good example of rhythmic sedimentation.- Marly and lime-
stone intercalations lithologically correspond well to Scandinavian erratic
boulders containing the same fauna and there is no doubt that the
latter were derived {rom analogous series, where most probably they
formed corresponding horizons of concretions and lenses in graptolite
shales. Such conditions must have been stabilized over extensive areas
of the Upper Silurian sea in Ludlovian times. This  may indicate that
evolution of graptolites had occurred in the relatively stable conditions
of abiotic environment, with only some cyclic éhanges in facies distri-
bution. Evolutionary changes, therefore, cannot be considered as a mere
response to the changing conditions of abiotic environment; but are
evidently connected with the evolution of biocoenosis, with gradual -octu=
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pation of ecological niches of a given biotope, with further specialization
of feeding-mechanism. :

Palaeontological evidence indicates that some evolutionary processes
are distinctly connected with changes of abiotic conditions (e.g. in the
evolution of Ostrea — Gryphaea Joysey, 1959; Turkostrea — Fatina Gek-
ker, 1953), while others occur in nearly constant abiolic conditions (e.g.
faunal evolution within the Chalk Series of England, stressed by
Bulman, 1933). Changes of the abiotic factors do net seem to be indis-
pensable for every one of the evolutionary changes and most probably
they were not directly connected with all the changes. Some processes
were perhaps in the first place associated with changes of the biotic
environment which may but do not have to occur at the background
of changes in abiotic environment (distribution and ecology of- sea-
weeds, changes in biocoenosis resulting from migration and evolution
of other groups and allied evolutionary lineages). An analogy may be
here drawn with certain North Sea associations of now living orga-
nisms. According to Schéfer (1957) they are characterized by biotically
conditioned changes in faunal structure at stabilized abiotic conditions.
Such relations may also have occurred in those cases of graptolite
evolution which cannot be proved to be truly connected with the
supposed changes of the abiotic envircnment.

The morphological character of modifications in Cucullograptinae
suggests rather striking resemblance to the process of divergence
observable in adaptation of some groups to different modes of life,
biotopes and food supplies. This results in a picture rather similar to
that of radiations in such groups as the well known Darwin's [inches
in Galapagos Islands; the Hawaiian honey-creepers; the [ishes  in
African lakes.

In all these cases evolution is expressed primarily through modi-
fications of the feeding apparatus and feeding habits. .

In Cucullograptinae modifications concentrated on apertural ap-
paratus leave no doubt thalt the latter factor was decisive. There
seems little doubt that evolution of Cucullograptinac represent a good
example of adaptation to particular ecologic niches in a common but
intensively differentiated biotope. The dilferentialion of the biotope
in a simplest way may be expressed by some stratification (as sug-
gested by Bulman, 1933), which may be vertical or horizontal. It is
known in the majorily of marine biotopes (comp. Alle et alii, 1950),
where nearly each species has its own zone of occurrence. Such
stratificalion was encountered in recent sea-weeds, which may create in
this way a number of independent ecologic niches of a biotope. Such
a slratification, well marked in recenl seas, was probably mecre sharply
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stressed in ancient, palaeozoic seas due to lack of ecologic specializations
in the particular sea-weed groups, each of them was adapted to rather
sirictly determined conditions of life (Zernov, 1949).

Common occurrence in the same assemblages of some species of
Cucullograptine (e.g. Lobograptus scanicus parascacicus + Cucul-
lograptus pazdroi; L. scanicus scanicus + C. pazdroi) indicates that they
lived contemporaneously in the same biotope but must have probably
occupied different ecologic niches, being an example of different
direction of specilization. Some facts indicate, however, that Cucul-
lograptus hemiaversus — C. aversus aversus — C. aversus rostratus
represent successive stages of the same lineage and gradually are
replacing each other in the course of evolution. This is confirmed by
the fact that the presence of one of these forms excludes another
from the known associations. Occurrence of some forms in the same
fossil associations does not indicate that they really lived "'side by side’.
E.g. since it is nct excluded that some of them are secondary accumu-
lations. Hence, in their life-time these forms may have occupied sepa-
rate w<ccological miches though their remains were subsequently secon-
darily accumulated. These facts would accont for the contemporaneous
securrence within the same association of forms representing various
evolutionary trends.

The evolution of Cucullograptinas is fully understandable on the
ground of the natural selection theory. Diferentiation of a common
ancestral group seems to be an effeat of fractionating selection
(Simpson, 1933); some directional trends are most probably due to
orthoselecticn. The action of selection in the latter case must have
occurred according to a similar pattern as that in the experiments of
Timoféeff-Ressovsky (1934) and of Hadorn & Gloor (1943, fide Hadorn,
1955). These indicate that through artificial selection some genetic
stocks may be easily obtained, with stabilized system of modifiers, or
"major genes” with a definite activity.

The apparently paradox fact of the simultaneous progressive and
regressive development within definite genetic trends of representatives
belonging to the same association may be also accounted for by other
genetic phenomena. It is, indeed, frequently encountered that the
behaviour cf some genetic factors varies in related species. In somg
it merely causes normal morphological phenomena, while in others it
leads even to hypertely and hypertrophy, or is manifested as a semi-
lethal or lethal factor (frequently discussed experiments on the mani-
festation of the same allele in various species of cotton (Gossypium), e.g.
Harland, 1936; Smalgauzen, 1946; Wagner & Mitchell, 1955; manifestat-
ion of the "migra” gene responsible for pigmentation in various genera
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of small fishes Platypoecilus and Xiphophorus, causing normal pigmen-
tation in the former and tumors and hypertely of tissues in the latter;
Harland, 1936; Dodson, 1952; heterosis etc.).

Differences in genomes and corresponding differences in genic
balance” within various graptolite lineages may have been responsible
for the adaptivity of certain factors in one case, while in another their
phenotypic expressivily was extinguished by genetic selection since
they proved to be inadaptive (phenomena analogous to the action of
suppressors controlling the development of a “normal” phenotype in
spite of the presence of mutations controlling the occurrence of a new
mutant phenotype; Smalgauzen, 1946, Wagner & Mitchell, 1955). These
may be the reasons determining e.g. the progressive development of
rastritiform thecae within the evolutionary trend M.triangulatus trian-
gulatus (Harkness) — Rastrites longispinus (Perner), while within the
line M. triangulatus separatus Sudbury — M. triangulatus fimbriatus
(Nicholson) they are, according to Sudbury (1958), subjected to secon-
dary regression. The phenotypic manifestation of a mutation controlling
the rastritiform structure of thecae has been here “extinguished” by
other genes or a whole assemblage of genes.

Thus, certain processes in graptolite evolution, at first sight not
immediately understood from the viewpoint of the genetic theory of
natural selection, may he explained by previously recognized genetic
mechanisms.

V. TAXONOMIC CONSEQUENCES

The acceptance of a definite viewpoint concerning the mode of evo-
lutionary changes in graptolite colonies permits us in a different light
to consider some problems pertaining to their systematics.

The examples discussed here above seem to prove that in a number
of graptolite evolutionary trends structural changes of thecae occur
gradually and the extreme morphological types may be united by a line
of intergrading forms, which differ quantitatively only. These cases
clearly indicate that originally uniform forms may, in result of modi-
fications affecting a part of thecae, become ’biform” forms. These, in
turn, after complete penetrance of the new thecal type, will secondarily
become uniform. Numerous examples of such processes have been illu-
strated in the works of Bulman (1933, 1951) and Sudbury (1958) more-
over, they may be infered from the research work by Davies (1926) and
that of the present writer in respect to the previously cited examples
of Cucullograptinae and Saetograptinae.
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These studies reasonably suggest that on the whole "biform”
forms are a transient intermediate stage of evolution, leading to
secondary uniformism of thecae. In most cases this is the apparent
condition. Exceptions from this rule, however, are encountered, showing
the stabilized nature of some biform forms which do not lead to the
formation of secondarily uniform ferms. Bulman (1951, p. 326-7) gives
an example of this kind when he writes that M.decipiens Tornquist
“seems to represent a relatively stable condition of half-developed
Rastrites (like the relation of Sub-Holostei to Holostei among fishes)”.
Most probably we are dealing here with differences in the rate of
evolution in varicus evolutionary lines. Some of the progressive lines
relatively quickly attained secondary uniformism, others more slowly,
while certain of them have been arrested at a definite evolutionary
stage. Moreover, Sudbury (1958) cites examples .of the 'reversibility”
in evolution of certain thecal characters. They concern graptolites
provided with rastritiform proximal ihecae which are lost during later
evolution (Monograptus triangulatus separatus Sudbury — Monograptus
triangulatus fimbriatus (Nicholson)). All these data confirming that
uniform types may originate from biform lypes, and the other way
about, contribute to make still more intricate the picture of graptolite
evolution. _ .

One of the first problems here js that of the significance and
importance of the establishment of taxonomic units (genera) differing
from related forms in strongly expressed biformism and characterized
by the occurrence of thecae encountered in other genera. As examples
of such genera one may mention here Diplograptus McCoy (Diplograpti-
dae), also Pernerograptus Pribyl and Demirastrites Eisel (Monograpti-
dae)®2. From a strictly morphological viewpoint these genera are a tran-
sition between two other genera in which fundamentally the same type
of thecae occurs on the whole length of the rhabdosome. Diplograptus e.g.
intergrades between Amplexograptus Elles & Wood (proximal thecae)
and Orthograptus Lapworth (distal thecae); Pernerograptus unites the
characters of Monograptus Geinitz (proximal thecae) and those of Pristio-
graptus Jaekel (distal thecae), while Demirastrites is a transient form
intermediate between Rastrites Barrande (proximal thecae) and Mono-
graptus Geinitz (distal thecae).

The position of Diplograptus is the most uncertain nne and we do not
know whether forms here referred are actually intermediary links

U2 Genera Colonograptus PFibvl and Scetogroptus Pribyl, differing in the
extent of biformism, are not discussec here since their main diagnostic character
is not the degree of biformism but structural differences of apertural processes
(PEibyl, 1942; Urbanek, 1958).
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between those with amiplexograptid or orthograptid thecae on the whole
length of the rhabdosome. Discontinuous stratigraphic distribution (break
in the Upper Ordovician!) apparently suggests that this either is a hete-
rogeneous group probably representing an analogous stage in the evo-
lution of various diplograptid lineages, or else partly an assemblage of
these forms distinguished by stabilized biformism.

The position of the genus Pernerograptus P¥ibyl seems to be somewhat
more clearer. It has been demonstrated in the case of at least some forms
here referred (genoholotype: Monograptus argenteus (Nicholson)) that
they are indeed links of an evolutionary chain, distinguished by gradual
spreading of "hooked” thecae. Hence, the attainment during this evo-
lution of a stage with this thecal type on the whole rhabdosome length
secems quite probable®? (data of Bulman, 1951, and particularly of Sud-
bury, 1958). In this meaning at least a part of the forms here referred
are transient between those referred to Pristiograptus Jaekel and Mono-
graptus Geinitz. Next to them is probably grouped a certain number
of forms branching from the main stock, which need not necessarily have
led to "secondary uniformism’. o

In many respects similar changes in the structure of apertural
apparatus must have occurred in different lineages leading to formation
of similar but not necessarily homologic structures. This is confirmed
by the presence in the Lower Ludlovian of some forms (Monoclimacis
micropoma (Jaekel)) with apertural lobes not representing the prolon-
gation of interthecal septum of their own metatheca and with peculiar
microstructure and therefore unhomological to apertural lobes in Mono-
graptus (Monograptus), (Urbanek, 1958). Similar conclusions are sug-
gested by the interesting data of Jaeger (1939) concerning the geologi-
cally youngest monograptids (ey-beds). According to Jaeger, the gradual
spreading of apertural lobes -— from the proximal toward the distal
part of rhabdosome — has taken place in two lineages distinguished by
him (comp. p. 139). In result of such changes the apertural apparatus has
acquired a "hooked” appearance and is even termed by Jaeger as the
“uncinatus type” of thecae. According to Jaeger, apertural lobes in these
forms (M.hercynicus Perner, M.uniformis Pribyl, M.praehercynicus
Jaeger) are formed when building of the next theca has just only started,
therefore, as in typical Monograptus (Monograptus). Whether they cor-
respond fully to apertural lobes of the latter genus remains, however,
somewhat uncertain. Jaeger’s figure (1959, fig 16f) seems to clearly
indicate that in distal thecae of M.uniformis apertural lobes cannot be
considered as direct prolongation of interthecal septum. Also the regular

338 The connection of argentus series (Pernerograptus) with the priodon one
(Monograptus) is, however, to some extent uncertain (Bulman, 1951).
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size decrease of lobes distally, noted in forms described by Jaeger, is
not known in true Monograptus (Monograptus). Some analogy, however,
may exist between modifications observed in Jaeger’s monograptids and
processes of the gradual spreading of "hooked” thecae in Pernerograptus,
without any clear evidence that in both cases apertural apparatus are
really homologous. .

The genus Demirastrites Eisel is by some students regarded as a group
independent of Rastrites Barrande. Its evolution is claimed to be parallel
to that of Rastrites Barrande but not constituting an evolutionary
transition from Monograptus Geinitz to Rastrites (Pribyl & Mdinch, 1941).
This opinion has been weakened by the investigations of Bulman (1933,
1951) and still more so by those of Sudbury (1958) proving the existence
of direct connection of the "triangulate monograptids” (group of M.trian-
gulatus (Harkness)) as the genolectotype of Demirastrites Eisel (Pribyl
& Miinch, 1941) and the typical representatives of Rastrites Barrande.
With regard to some forms assigned to Demirastrites, such as M. decipiens
Tornquist, it is probable that they were not a transition to rastritiform
forms, but represented stabilized biform types (Bulman, 1951).

On the whole, however, both Pernerograptus Pribyl and Demirastrites
Eisel may be regarded as grouping various species, some of which were
probably true transitions between the two genera. They represent
a definite evolutionary stage, on the whole adequately reflecting the
course of evolutionary events. It is, however, quite doubtless, that they
are an assemblage of different evolutionary lineages and that, as mor-
phological groups representing a defined stage of evolution, they are
intersected by them. The same is, however, applicable to uniform forms
which likewise are groups representing only a definite morphologic stage
of evolution and, moreover, heterogeneous assemblages of species. The
tendency to base systematics on true evolutionary lineages seems to be
unrealistic owing to the intricacy of that evolutionary picture and the
predominance of the hypothetical element in the determination of
these lineages. Hence morphological groups, only partly natural, used
as the base for systematics, seem to be a necessary concession. The fact,
however, that groups established on biformism of thecae may, at least
partly, be regarded as transitions, arouses numerous doubts as to
whether we should attempt to separate them, or — on the contrary — to
include them into their ascendant or descendant genera.

The reasons against the separation of such forms are as follows:
a) that they are morphologically transient forms, b) that they are hetero-
genic assemblages consisting of a certain number of phylogenetic lineages.

Reasons supporting the separation of such forms are: a) they are not
all fransient forms, at least some of them had displayed a stabilized
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biformism, b) groups of uniform graptolites are heterogenic too, while
some of the biform genera represent a definite stage in the evolution
of certain lineages and, on the whole, provide reliable information as to
its direction (Pernerograptus, Demirastrites).

Should we think justifiable the establishment of such biform genera
as Pernerograptus and Demirastrites, we must keep in mind that other
genera will unite both biform and uniform forms (e.g. Cucullograptus).
The separation of biform genera would be reasonable only when they
involve sufficiently numerous groups (a score or so of species and varie-
ties referable to several evolutionary lineages and representing an
important trend in evolution). When, however, these forms are nume-
rically restricted and representing probably a small number of separated
evolutionary lineages only, the separation of biform forms from the
uniform would hardly be reasonable.

In the light of these considerations the recognition of biformism
as reliable ground for generic distinction in monograptids is hotly
disputed and open to further discussions. In order not to anticipate its
solution the writer does not use here respective generic names. He
believes that besides its fundamental significance this problem has its
conventional aspect which ought to decide as to which alternative
should be accepted in formal taxonomy?3*,

Generaly speaking, however, the writer believes there is sufficient
ground for the separation of such biform genera as. Pernerograptus Pribyl
and Demirastrites Eisel, though their separation into distinct subfamilies
(Pribyl, 1946) does not seem reasonably justified. The following is
a comparative table of similarities between the supposed hypothetical
ancestors, the intermediate forms represented by these genera and their
hypothetical descendants.

1. Uniform forms with Biform forms with Uniform forms with
straight thecae  on hooked proximal the- hooked thecae on
the whole rhabdo- ——3 cae and  straight ——3 the whole rhabdo-
some length — Pris- distal thecae — Per- some — Monograp-
tiograptus nerograptus tus s.s.

2. Uniform forms with Biform forms with Uniform forms with
triangulate  hooked rastritiform proximal rastritiform  thecae
thecae on the whole thecae and triangu- on the whole rhab-
rhabdosome  length late hooked distal — > dosome length —
— Monograptus s.s. thecae — Demira- Rastrites

strites

34 The latter aspect is closely linked with the general problem of taxonomy
of genus Monograptus s.l. The writer is convinced that the division of this genus
into several independent genera is by all means a sound concept, but the
realization of the division is a matter for discussion and appropriate convention.
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It follows that differences between originally uniform forms (ance-
stors of biform forms) and their biform descendants are morphologically
speaking more substantial (appearance of a new character absent in the
ancestors), than those between the biform forms and forms secondarily
uniform (descendants of biform forms differing from them in the
quantitative spreading of a character previously present in ancestors).
Forms such as Pernerograptus in this respect come closer to the genus
Monograptus — since differences between them seem to be quantitative
(degree of manifestation of the same character) — than to the genus
Pristiograptus (presence or absence of a given character). Hence it would
seem more reasonable to assign them to the subfamily Monograptinae
than to separate them, after Pribyl (1946), into an independent subfamily,
the Pernerograptinae. Correspondingly it would perhaps be more correct
to refer the genus Demirastrites Eisel to the subfamily Rastritinae than
to separate it into the subfamily of Demirastritinae (Pribyl, 1946). This
proposition is suggested by the boundary between ancestors of these
genera being more pronounced than between them and their descendants
where it is less sharp and rather quantitative.

The problem of the taxonomic signilicance ol proximal and distal
thecae is associated with the here discussed questions. Elles and Wood
(1901-1918) based their division of monograptids into groups of species
rather on the structure of "mature thecae”. Subsequently, however,
Elles (1922) arrived at the conclusion that proximal thecae are of par-
ticular significance in the evolution of that group (comp. p. 138). When
going into that problem Sudbury {1958) and Urbanek (1858) indepen-
dently drew the conclusion that in monograptids proximal thecae are
of greater practical significance, though the distal ones may, obviously,
have some definite significance foo. In the light of new data this con-
clusion requires to be supplemented since in certain groups (Cucullograp-
tinae, Cyrtograptinae?) it may well be reversed. Taking into account now
available data, the following would be a reasonable conclusion: evolutio-
nary changes in graptclite colonies (particularly so in monograptids) are
initially manifested at one end of the colony only, hence thecal structure
in that end is of foremost importance in explaining the direction of
evolution and the nature of the occurring modifications, as these anti-
cipate further evolution. Thecae in the opposite end of the colony, whose
structure remains approximately unchanged, provide information regard-
ing the structure of ancestors. Since, however, thecae may be "intro-
duced proximally or distally” in the particular lineages, either the
proximal or the distal thecae may adequately supply the necessary
evidence. The appearance of new characters, absent in ancestors, is the
base for establishing minor taxonomic units; hence greater significance
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should be assigned to thecae in which these changes are manifested pri-
marily. Since in the majority of cases they are manifested in the proximal
end, the attention of the taxonomist is most {requently focused on them,
though this cannot be accepted to be the rule. The most appropriate
method will doubtlessly be correctly to interpret the structure of both
the proximal and the distal thecae and to compare their structure with
that in other related forms.

V1. CONCLUSIONS

In many Graptoloidea thecae display a regular morphologic succession
along the rhabdosome. It is manifesied by gradual modifications of thecal
structure, consisting either in the presence or absence of the correspond-
ing thecal segment, as well as in various structural modifications of
the same thecal segment. After analysing these astogenetic modifications
we are led to suppose that they express corresponding morphophysiolo-
gical gradients. In agreement therewith colonies of Graptoloidea display
a certain polarity in their organization pattern. This was most likely
determined by the mode of the formation and distribution of certain
morphogenetic substances which had a decisive bearing on.the structure
of the successive zooids. These substances, supposedly produced by the
siculozooid, would spread along the rhabdosome, showing a definite
gradient. The siculozooid would probably be here a centre of physiological
dominance over the remaining individuals of the colony. This working
hypothesis is applicable to both, the uniaxiate and the multiaxiate colo-
nies. The main stipe and the successive lateral branches (cladia) in
Cyrtograptus may be regarded as centres of dominance of higher orders
which control in turn the rate of budding and the morphological suc-
cession on the next branches.

As has been ascertained in a number of lineages of Graptoloidea,
their evolution consists in the gradual spreading of the new thecal type
which at first is introduced either proximally or distally into the
rhabdosome. Since a graptolite coleny is a kind of clone, the morpholo-
gical differences between the individuals of a colony express only the
various phenotypic manifestation of the same genome. Graptolite evo-
lution would consist in modifications of astogeny, and these modifications
would, therefore, express only the varying degree of penetrance and of
the expressivity of the particular genetic factors within the colony. These
changes would be probably caused by mutations of genes controlling
the development of definite thecal characters, or altering the amount
of morphogenetic substances produced by the siculozooid. Genetically, the

8 Acta Palacontologica Polonica — vol. V/2
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latter act as stimulators or inhibitors of the phenotypic manifestation of
definite genetic factors, i.e. they behave as if dependent on definite
modifiers. When in ancestors new characters are at first introduced
distally only, later spreading over the proximal part, we must accept
that modifiers control the production by the siculozooid of the morpho-
genetic substance which acts as an inhibitor of these characters. During
phylogeny, in result of successive mutations, the activity of genes res-
ponsible for the development of a definite character would increase,
or the activity of the inhibitor would decrease. When, on the contrary,
in ancestors the new character is at first introduced proximally only,
later to spread distally too, we must accept that modifiers, and at the
same time the substance produced by siculozooid, behave like sti-
mulators of the given character. The activity of genes determining
a given character or that of the stimulator would increase during the
evolution of such forms. An analysis of evolutionary changes within some
phylogenetic lineages ascertains that they affect a definite complex of
characters and retain a definite direction. Hence, they behave similarly
as 1) cumulative factors (modifiers), or as 2) multiple alleles constituting
series of alleles with directional effect of phenotypic manifestation and
with varying activity. Thus the general genetic mechanism of changes
in graptolite colonies would consist in the occurrence of mutations, in
which the phenotypic manifestation of alleles was first low, while later
the penetrance and expressivity gradually increase.

The present work, moreover, contains discussions on the taxonomic
consequences of the new concept regarding the organization of grapto-
lite colonies and the probable genetic mechanisms of their evolutionary
changes.
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APPENDIX

DESCRIPTION OF NEW SPECIES AND SUBSPECIES CITED IN THE TEXTS306

Family Monograptidae Lapworth, 1873
Subfamily Cucuilograptinae Urbanek, 1958
Lobograptus Urbanek, 1953
Lobograptus simplex n. sp.
(pl. 1, fig. 1 a-c; text-fig. 13 4, 14 A, 19, 20)
Holotypus: pl. 1, fig. 1 a-¢, medial part of rhabdosome.

Paratypus: fig. 19 A -As, single distal transparent theca.
Derivatio nominis: simplex — Lat. simple, uncomplicated.

Diagnosis. — Cucullograptid with straight sicula provided -with well
developed dorsal process; proximal thecae thin, tubular, slightly over-
lapping, with straight ventral walls and probably a dorsal curvature;
distal thecae distinctly expanded in metathecal portion, with distinctly
sigmoidal ventral wall and notable overlap; thecal apertures throughout
the rhabdosome length provided by two symmetric lateral apertural
lobes which do not touch above the aperture.

Material. — Several dozens of short, mostly unflattened rhabdosome
fragments; the longest one with 7 thecae. Several siculae with the Ist
theca. State of preservakion adeguate for reconstruction of astogeny.

Description. — Sicula 1.52—1.40 mm in length including the dorsal
process (without it 1.48-1.36 mm), terminating below the aperture of
1st theca (fig. 13 A). Dorsal process of metasicula distinct. First theca
length of 1.56-1.76 mm. Proximal thecae thin, tubular, 1.72-1.76 mm
in length, prothecae 1.40-1.48 mm in length, 0.12 mm in breadth, meta-
thecae 0.28-0.32 mm in length (the apertural apparatus included),
maximum breadth of metathecae 0.20 mm. Distance between apertures of
adjacent thecae about 1.50 mm. Slight bending of proximal fragments
of rhabdosome suggests the presence of its dorsal curvature. Distal
thecae distinguished by notably sigmoidal curvature of the ventral

35 These species will be more at length described in a paper by the present
writer, now under preparation, on the morphology and evolution of the Cucullo-
graptinae group.

*8
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wall — breadth of protheca 0.20-0.28 mm, maximum breadth of meta-
theca 0.44-0.52 mm. Length of distal thecae 2.08-2.28 mm, length of
protheca 1.56-1.72 mm, length of metatheca 0.52-0.60 mm. Distance
between adjacent apertures of distal thecae 1.52-1.68 mm. Nearly 7 the-
cae fit into 10 mm of the medial part of the rhabdosome.

Fig. 19. — Structure of thecae in Lobograptus simplex n.sp.

A fusellar structure of distal theca: 1 right side view,

2 left side view; B apertural part of distal theca, ventral

view; C apertural part of distal theca, dorsal view; D aper-

tural part of distal theca, top view (boulder S. 219, Lublin),
approx. X 70.

Thecal apertures provided with two distinc{ly symmetric apertural
lobes (fig. 19 A), overlapping the aperture (fig. 19 B, C) but not touching
each other and fairly widely separated by a fissure (fig. 19 D). Lobes
made up of few, arcuately bent fuselli (4 to 7), some of which (1 to 4)
thin out dorsally without reaching the thecal wall, and giving the pro-
cesses the shape of triangular ears (fig. 20). Fusellar structure of lobes
strikingly resembles that of apertural lobes in Lobograptus exspectatus
n.sp. and of L.scanicus parascanicus (Kihne), (fig. 20).

Occurrence. — ’In situ” not recorded. Etched from a Silurian
erratic boulder, of Scandinavian origin, S. 219, collected at Lubin in the
island of Wolin, Western Pomerania. The associated graptolite assemblage
consists of Pristiograptus dubius (Suess), and Monoclimacis cf. micropoma
micropoma (Jaekel). This assemblage does not reliably indicate the
exact stratigraphic horizon from which the collected boulder is derived,
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but the presence of M. cf. micropoma suggests the scanicus zone. Most
probably it is the lower part of that zone or the upper part of the
nilssoni zone.

Systematic position. — The symmetry of apertural lobes and their
slight development justifies the view that L.simplex n.sp. may have led
to L.exspectatus n.sp. and, by way
of further development of the
apertural lobes and the introduc-
tion of asymmetry, also to the
remaining Cucullograptinae. The-
cal structure and the supposed
presence of dorsal curvature in
the proximal part of the rhabdo-
some apparently suggest that
L.simpler n.sp. is linked with
other forms from erratic boulders,

displaying simpler structure of
Fig. 20. — Fusellar structure of apertural

apertural lobes. This may. pOSSIbly lobe in Lobograptus simplex n.sp., illus-
suggest that Cucullograptinae des- trated by isolated and transparent right

- ; : . lobe: A side view, B top view (boulder
ce1.1d from forms with simple S, 219, Lubin); approx. X 105,
pristiograptid thecae, and not, as
has been heretofore believed, from those with the hocked type of aper-
tural lobes (comp. Urbanek, 1938, p. 23).

Lobograptus exspectatus n.sp.
(pl. II, fig. 1 a-b, 3, 4; text-fig. 13 B, 14 B)

Holotypus: pl. 11, fig. 1 a-b, rhabdosome fragment, probably a nearly distal part..
Derivatio nominis: exspectatus — Lat. expected.

Diagnosis. — Cucullograptid with straight sicula, provided with
a moderately marked dorsal process; proximal thecae tubular, thin, with
very small overlap; distal thecae in metathecal portion expanded and
provided with gently sigmoidal curvature of the ventral wall and with
distinct overlap; thecal apertures on the whole rhabdosome length pro-
vided with two symmetric lateral apertural lobes overlapping the aper-
ture and medially touching one another.

Material. — Some dozens of short rhabdosome [ragments, the longest
one with 7 thecae, several siculae with the 1st theca. Well enough pre-
served for reconstruction of astogeny.

Description. — Sicula about 1.40 mm long, terminating at the level
of 1st theca. Apertures of proximal thecae spaced approx. 1.04 mm.
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Breadth of protheca in these thecae about 0.08-0.12 mm, breadth of me-
tatheca 0.20 mm. Apertures of distal thecae spaced about 0.96-1.44 mm.
Breadth of protheca here approx. 0.28 mim, that of metatheca about
0.44-0.64 mm. Approx. 7 thecae {it into 10 mm of the distal part of the
rhabdosome.

Thecal apertures provided with two lateral apertural lobes (fig. 14 B),
seemingly downhanging, cverlapping the aperture (pl. 1I, tig. 3 a-b). The
lobes form a sort of roof cver the aperture. Antero-ventral margin of
lobes bluntly terminated, nearly straight. Median margins of lobes may
slightly overlap, the right lobe being sometimes overlapped by the left
or the other way about. This seems an at random arrangement. Hence
there is no definite asymmetry noted in the lobes either with regard to
overlap or size, and practically speaking, they are symmetric throughout
the rhabdosome. The {usellar structure of lobes strongly resembles that
of apertural lobes in Lobograptus simplex n.sp. and L. scanicus para-
scanicus (Kihne), (pl. II, fig. 4). The lobe here is made up of arcuately
bent fuselli, gradually shortening, so that the last ones thin out dorsally,
at about the middle of the lobe.

Certain bendings of the proximal fragments seem to suggest a slight
ventral curvature of the rhabdosome.

Occurrence. — Thus far unknown "in situ”. Etched out of a Silurian
erratic boulder of Scandinavian origin, S. 210, collected on the sea-
-beach at Ustka, Western Pomerania. The accompanying graptolite
assemblage consists of Pristiograpius dubius (Suess), Saetograptus chi-
maera cf. cervicornis Urbanek, Monoclimacis micropoma nannopoma
(Jaeger) and some few specimens of Mcnoclimacis haupti (Kihne). Two
(?) other new species have, moreover, been ascertained.

The composition of this assemblage suggests that the boulder is most
likely referable to the lower part of the scanicus zone, but neither is the
uppermost part of the nilssoni zone to be excluded.

Systematic position. — In the fusellar structure of apertural lobes
this form approaches nearer ic the genus Lobograptus Urbanek than
to Cucullograptus Urbanek. Typical representatives of the former ge-
nus (L. scanicus scanicus (Tullb.) and L. scanicus parascanicus (Kithne))
differ, however, in more straight arrangement of lobes and their asym-
metry. From L. simplex this species differs above all in further deve-
lopment of lobes, touching over the aperture.

Mest probably, the form described by the writer (Urbanek, 1958,
fig. 43-44, p. 74-76) incorrectly as Lobograptus parascanicus (Kithne) is
conspecific with Lobograptus exspectatus n.sp.
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Cucullograptus Urbanek, 1954
Cucullograptus hemiaversus n. sp.
(pl. I, fig. 2 a-b; text-fig. 2 4, 6, 13 E, 14 C)

Holotypus: pl. II, fig. 2a-b, a fragment of the nearly distal part of the
rhabdosome.

Derivatio nominis: hemi — Lat. half; aversus — Lat. turned. Extent of overlap
of the left lobe smaller than in Cucullograptus aversus (Eisenack).

Diagnosis. — Cucullograptid with straight sicula, nearly lacking the
dorsal process; proximal thecae thin, tubular, hardly overlapping, distal
thecae notably broader, in the metathecal portion with a distinct sig-
moidal curvature of the ventral wall and sirongly overlapping; thecae
provided with two apertural lobes, proximally nearly symmetric, in the
medial thecae the left lobe characterized by hypertrophy and a pro-
gressive overlap of the right lobe, in distal thecae it overlaps two thirds
of the right lobe margin which is partly reduced.

Material. — A score or so of simple thecae and rhabdosome fra-
gments, two siculae without the first theca. Reconstruction of astogeny
possible.

Description. — Sicula about 1 mm long, probably terminating below
first theca (fig. 13 E). Length of proximal thecae over 1.60 mm, probably
up to 2.40 mm. Breadth of protheca here approx. 0.08 mm, that of me-
tatheca 0.20 mm, length of metatheca about 0.08-0.12 mm. Length of
distal thecae approx. 2.12 mm, breadth of protheca here 0.20 mm, that
of metatheca about 0.36 mm, length of metatheca approx. 0.80 mm.

Right lobe made up of arcuately bent fuselli, flattened; left lobe
with similar fusellar structure gently domed, provided with a small
beak. In medial and distal thecaec the convexity of the left lobe increa-
ses similarly as its overlap onto the right lobe ({ig. 6). By folding the
- margin the right lobe forms an incision in the antero-ventral portion
to accommodate the expanding left lobe. Fusellar structure and shape
of the left lobe (fig. 6) conspicuously analogous to the structure of that
lobe in Cucullograptus aversus rostratus n. subsp.

Occurrence. — "In sitw”’ unknown. Etched out of a Silurian erratic
block, of Scandinavian origin, S. 200, collected on the sea-beach in Re-
wal, Western Pomerania. The accompanying graptolite assemblage con-
tains Pristiograptus dubius (Suess), Saetograptus chimaera cf. salweyi
(Hopk.) and S. chimaera cf. cervicornis (Urb.). Most likely this erratic
block was derived from the upper part of the scanicus zone. Similar
forms (C. cf. hemiaversus) have been found in deep-boring Mielnik
(ccmp. p. 180).

Systematic position. — Structure of thecae, most particularly that
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of apertural lobes, leaves no doubt that this species belongs to the same
evolutionary trend as Cucullograptus aversus (Eisenack), but that it
represents a lower morphclogical stage expressed only in partial reduc-
tion of the right lobe and smaller hypertrophy and overlap of the left
lobe.

Cucullograptus aversus rostratus n. subsp.
(pl. 111, fig. 1-5; text-fig. 13 G, 14 D, 21)

1954, Monograptus aversus Eisenack; A. Urbanek, Observations on some Mono-
graptidae, p. 297-300, fig. 9-12.

1958. Cucullograptus aversus (Eisenack); A. Urbanek, Monograptidae from erratic
boulders, p. 70-72, fig. 36-39.

Holotypus: pl. 111, fig. 5, single distal theca.

Paratypus: pl. 111, fig. 3, single medial theca.

Derivatio nominis: rostrum — Lat. beak; provided with a beak-shaped process
of the left lobe in more distal thecae.

Diagnosis. — From the typical form, Cucullograptus aversus aversus
(Eisenack), (Eisenack, 1942, pl. 2, fig. 1-10; also pl. II, fig. 6 of the pre-
sent paper), it differs in doming of the left lobe, stronger folding of
its free margin, and in the presence of a well developed spade-like
outgrowth forming a distinct beak on left lobe; in the distal thecae
this outgrowth attains a lenglh equal to that of the left lobe, in medial
thecae it is smaller, in proximal lacking. These differences are distinct
enough to permit the separation of that form into a new subspecies.

Material. — Simple thecae from erratic boulders arid very numerous
fragments, including siculae from bore-core Mielnik. Reconstruction of
astogeny possible.

Description. — Thecae on the whole resembling those of Cucullo-
graptus aversus aversus (Eisenack); sicula straight, tubular, 1.00-0.80 mm
long, provided with a very poorly developed dorsal process. Proximal
thecae thin, tubular, 2.00-2.12 mm in length, length of protheca 1.96-
-1.84 mm, that of metatheca including the apertural lobe 0.16 mm. width
of protheca 0.06-0.12 mm, that of metatheca 0.12-0.16 mm. The most
distal ones among the known thecae are provided with a strongly
expanding metatheca, but are without a distinct curvature of the vent-
ral wall. Length of more distal thecae 1.80-2.20 mm, length of protheca
here 1.80-1.44 mm; length of metatheca including the Ilobe 0.36 to
0.40 mm, breadth of protheca 0.12 mm, maximum breadth of metatheca
0.20-0.24 mm?3% There are 7 thecae in 10 mm of the medial part of
the rhabdosome.

36 Measurement data based on the better preserved specimens from a core
from the Mielnik boring.
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Apertural apparatus composed of the left lobe only which displays
hypertrophy and overlaps the aperture. Right lobe vestigial, represent-
ed merely by a narrow and folded apertural lip, covered by the left
lobe (fig. 21, broken lines). Left lobe of median and distal thecae pro-
vided with a terminal outgrowth either in the shape of a short spade
(boulder S. 121, comp. pl. III, fig. 1,2), or somewhat longer and sharply
pointed (boulder S. 205, comp. pl. III, fig. 3-3; also specimens from the
bore-core of the Mielnik boring). This outgrowth may be either nearly
straight or sinistro-dorsally bent with a tendency to slight spiral coiling.
The size of the outgrowth increases successively in the distal direction
(fig. 21 C), while the most proximal thecae are without it, but provided
with additional membrane on ventral wall ‘(iig. 21, A, B,m).

Remark. — The writer’s specimens (1954, 1958) strongly resemble
forms described by Kuhne (1953, fig. 13, p. 389-391), which seem rea-
sonably referable to the subspecies rostratus, even though their out-
growth ‘on the left lobe is slightly less well developed than that in
typical forms. :

Occurrence. — Thus far known [recm numerous rhabdosome frag-
ments and single thecac. In the writer’s material known from Silurian

Fig. 21. — Astogenetic variation of thecae in Cucullograptus

aversus rostratus n.subsp. A first theca, B medial theca,

C more distal theca, all left side view; m additional membrane

on ventral wall (deep-boring Mielnik, depth 925 m); approx.
X 70.

erratic blocks of Scandinavian origin, S. 121 and S. 205, collected at
sea-beaches at Jaroslawiec and Ustka, Western Pomerania. In the first
of the named boulders this form is not accompanied by any other grap-
tolite fossils, while in 5. 205 it occurs in an assemblage containing
Pristiograptus dubius (Suess) and some badly preserved forms, possibly
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referable to Monoclimacis cf. haupti (Kiihne). Quite recently it has also
been discovered in a bore-core (deep boring at Mielnik on the Bug, at
depth between 920 and 925 m). It occurs there in association with
Pristiograptus dubius (Suess) and P. bohemicus (Barr.), also Scolecodon-
ta. The presence of this form is characteristic of a layer occurring 9 m
above a bed with M. cf. leitwardinensis (Hopkinson), some 15 m above
the latest occurrence of Saetograptus chimaera cf. salweyi (Hopkinson)
and 30-35 m above the true scanicus zone. This suggests the upper part
of the Lower Ludlovian as the probable stratum typicum” or, in any
case, horizons distinctly higher than the top of the scanicus zone.

Systematic position. — Doubtlessly this form is very closely allied
with Cucullograptus aversus aversus (Eisenack), (pl. II, fig. 6) from
which it differs, however, in stronger expressivity of a number of cha-
racters and more advanced development of the apertural apparatus.
Hence 1t may be considered as a more advanced evolutionary stage of
the same phylogenetic lineage.

* £

¥

The name Lobograptus scanicus scanicus (Tullberg) is here applied
to a form identical with that described by Bulman (1953) as Monograp-
tus scanicus Tullberg. The relation of that form to Tullberg’s originals
(type specimens) described from Scania (Cardiolaskiffern, Marianelund;
Skanes graptoliter, II. 1883, pl. 2. fig. 38-44) have not, however, been
as yet determined. These specimens were not accessible to the writer,
and probably were lost, while the Ask specimens, by Tullberg identified
as M. scanicus, which were made available through the courtesy of Dr F.
Brotzen [rom Sveriges Geologiska Undersékning, Stockholm, are not
sufficiently well preserved to permil a perfectly reliable decision as to
whether they may be referred to Bulman’s M. scanicus Tullberg or
rather to M. parascanicus Kithne. Therefore it is suggested to retain
for these forms the names given by Bulman (1953) and Kithne (19553).

Palaeozoological Laboratory
of the Polish Academy of Sciences
and of Warsaw University
Warsaw, March 1960
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ADAM URBANEK

PROBA INTERPRETACJI BIOLOGICZNEJ ZMIAN EWOLUCYJNYCH
W KOLONIACH GRAPTOLITOW

Streszczenie

Analiza budowy kolonii w wielu grupach Graptoloidea pozwala stwierdzi¢, ze
teki ‘wykazujg wzdluz rabdozomu regularng sukcesje morfologiczng. Roznice mor-
fologiczne tek moga polega¢ zaréwno na braku lub obecnoici okreslonych segmen-
tow teki, jak i na modyfikacjach budowy tego samego segmentu. Te ostatnie wy-
razajg sie¢ stopniem manifestowania sig¢ szeregu cech, okres§lajacych wielkose,
ksztalt i symetrie przydatkéw aperturalnych. Analiza zmian ewolucyjnych w po-
szczegblnych liniach filogenetycznych wykazuje, ze polegajg one na stopniowym
rozprzestrzenianiu si¢ nowego typu teki, ktory poczatkowo wystepuje tylko w czesci
proksymalnej lub dystalnej. Sposob poczatkowego manifestowania sie nowej cechy
nie jest jednak zalezny od tego, czy jesl ona z morfologicznego punktu widzenia
cechy ,progresywna” lub ,,regresywna”.‘ Hipotezy Elles (1922) i Westolla (1950),
wysunigte dla objasnienia zjawisk ewoluc)i kolonii graptolitéow, nie mogg byt
wiec uznané obecnie za wystarczajgce. Opierajgc sie na nowych badaniach nad
graptolitami oraz na danych fizjologii, mechaniki rozwoju i genetyki, autor wysuwa
nowa hipoteze robocza, objasniajacg organizacje morfofizjologiczng kolonii grapto-
litow i przypuszczalne mechanizmy zmian genetycznych, jakim podlegaly one w pro-
cesie ewolucji.

Z Dbiologicznego punktu widzenia, kolonie graptolitow mogg by¢ uwazane za
calosci zwarcie zintegrowane. Integracja osobnikow zachodzilaby przez domino-
wanie fizjologiczne osrodka sikularnego. Dominowanie to realizowaloby sie przez
rozprowadzanie wytworzonych przez sikulozoida substancji morfogenetycznie aktyw-
nych, zblizonych do hormondéw. Substancje te bylyby rozprewadzane wzdiuz osi
kolonii, przypuszczalnie przy pomocy stolonu. Stezenie tych substancji wykazy-
wailoby regularny spadek, czyli gradient wzdiuz osi kolonii. Okreslona sukcesja
astogenetyczna tek, tak charakterystyczna dla wyzszych Graptoloidea, znajdowalaby
wyjasnienie w §wietle - teorii gradientow {fizjologicznych, wypowiedzianej przez
Childa (1915, 1941) i podjetej przez szereg badaczy. Posta¢ zooida, a co za tym
idzie — takze teki, bylaby zalezna od ilo$ci substancji morfogenetycznych, dziala-
jacych w danej czesci rabdozomu. Tiumaczy to zarazem regularng sukcesje astoge-
netyczng tek, w szczegélnosci wérdéd graptolitéw o Kkoloniach dwuksztaltnych
(,,biform”).

Proces kladogenezy u Cyrtograptus Carruthers, zbadany przez Thorsteinssona
(1955), pozwala zanalizowaé sukcesje astogenetyczng tek przy powstawaniu odga-
fezien bocznych rabdozomu. Stwierdzono, ze pierwsze teki galezi bocznej odpowia-
dajag swym typem morfologicznym tekom bardziej dystalnym, niz wynikaloby to

9 Acta Palaeontologica Polonica — vol. V/2 15
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z ich odleglosci od sikuli. Zjawisko to mozna zrozumiet przez analogie ze zja-
wiskami hamowania wzrostu galezi bocznych przez ped glowny y roslin. Podobne
przyczyny powodowaly opoéZnienie w tworzeniu sie galezi bocznej w stosunku do
glownej u Cyrtograptus. Ponadto rozwijalaby sie ona dopiero po osiagnieciu réow-
nowagi w stezeniu substancji aktywnych na wierzchotkach obu galgzek. Tlumaczy
to z kolei jednakowag posta¢ tek, paczkujacych jednoczeénie na obu gatgzkach.
Boczne gatgzki stanowilyby odpowiednio osrodki dominujgce I, II i ewentualnie
wyzszych rzedoéw; hamowalyby one tworzenie si¢ pgczkéw na pewnej odleglosci
od siebie, warunkujac mniej lub bardziej stale wzajemne odleglosci galazek bocz-
nych dla poszczegdlnych gatunkéw Cyrtograptus.

Z genetycznego punktu widzenia, kolonia graptolitow moze byé uwazana za
pewnego rodzaju klon, tj. zespé! organizmoéow majacych ten sam genotyp._ Zrézni-
cowanie astogenetyczne osobnikéw kolonii stanowiloby zatem jedynie wyraz réznego
fenotypowego przejawiania sie tego samego genomu.’ Ewolucja graptolitow polega-
taby na modyfikacjach astogenezy, przy czym (z genetycznego punkiu widzenia)
odpowiadalyby one zmianom stopnia penetracji i sily przejawiania sie (ekspre-
sywnosci) poszczegolnych cech w obrebie kolonii. Zmiany te wywolane bylyby
mutacjami gendéw, kontrolujacych powstawanie okreslonych cech teki, lub zmie-
niajacych 1ilos¢ produkowanych przez sikulozoida substancji morfogenetycznych.
Te ostatnie pod wzgledem genetycznym wplywaja stymulujgco lub hamujgco na
przejawianie sie fenotypowe okreslonych genoéw.

Material kopalny, w szczegdélnosci obraz zmian astogenezy w liniach filogene-
tycznych doktadniej poznanych, potwierdza w zupelnosci te zalozenia teoretyczne.
W konkretnych liniach rozwojowych, kolejno po sobie nastepujgce formy roéznig
sie stopniem penetracji i ekspresywnosci okre§lonych cech. Gdy nowe cechy poja-
wiajag sie u przodkow poczatkowo tylko w czes$ci dystalnej, obejmujgc dopiero
nastepnie czes¢é proksymalna, nalezy przyjg¢, ze modyfikatory warunkuja wytwa-
rzanie przez sikulozoida substancji morfogenetycznej, zachowujacej sie w stosunku
do tych cech hamujgco. W filogenezie, w wyniku kolejnych mutacji, wzrastataby
aktywno$é gendw lub malalaby aktywnos¢ inhibitora. Gdy, przeciwnie, nowa
cecha pojawia sie u przodkow poczatkowo tylko u tek w czesci proksymalnej, aby
nastepnie dopiero objgé takze teki dystalnej czesci rabdozomu, nalezy przyjaé, ze
modyfikator i zarazem substancja produkowana przez sikulozoida zachowuje sie
jak stymuylator danych cech. W ewolucji takich form wazrastalaby aktywnosé genow
odpowiedzialnych za powstanie odpowiednich cech, lub wzrastalaby aktywnosé sty-
mulatora.

Analiza zmian ewolucyjnych w konkretnych liniach filogenetycznych wyka-
zuje, ze przejawiaja sie one w okreslonym zespole cech i utrzymujg okreslony kie-
runek zmian. Zachowujg sie one przeto podobnie jak 1) czynniki kumulatywne
(modyfikatory), lub tez jako 2) allelomorfy wielokroine, tj. mutacje jednego genu
(locus), tworzgce serie z réznym efektem fenotypowego przejawiania sie i réing
aktywnoscig alleli,
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Ogoélny mechanizm genetyczny zmian kolonii graptolitow sprowadzalby sig
zatem do wystgpowania mutacji poczatkowo stabo przejawiajgcych sie fenotypowo,
a nastepnie dopiero zwiekszajgcych swa penetracje i ekspresywnos$¢. Obraz ten
sklania do przyjecia wniosku, ze w wielu szczepach graptolitow ewolucja doko-
nywala si¢ przez mikromutacje o stopniowc zwiekszajagcym sie w szeregu potomkow
efekcie fenotypowym.

Regularng zmiane postaci kolejnych osobnikéw kolonii, ktora zdawata sie sta-
nowi¢ ceche swoistg graptolitéw, mozna w $wietle naszych rozwazan zrozumieé
jako przejaw bardziej ogoélnych prawidlowosci biologicznych. Stanowi ona przy-
puszczalnie wyraz odpowiednich gradientéw morfofizjologicznych.

Tak jak przyczyny zmian filogenetycznych organizméw osobniczych zdajg sie
polega¢ na modyfikacjach ich ontogenezy, tak ewolucja graptolitow jako organiz-
mow kolonijnych zachodzila na drodze modyfikacji astogenezy, tj. przez zmiany
sposobu rozwoju kolonii, wyrazajgce sie zmianami poszczegélnych osobnikéw.
W ostatecznym ujeciu, przyczyny tych modyfikacji daja sie sprowadzi¢ do zmian
penetracji i ekspresywnosci czynnikow genetycznych, przejawiajacych sie w ko-
loniach, stanowigcych jednostki podlegajace wspolnej kontroli genetycznej.

Z naszych rozwazan wynika, ze w wielu liniach ewolucyjnych graptolitow,
z form pierwotnie uniformicznych powstajg formy cechujace sie réznym stopniem
biformizmu, a z nich — formy wtérne uniformiczne. W zwigzku z tym, specjalnego
rozwazenia wymagajg rodzaje, grupujgce gatunki cechujgce sie silnym bifor-
mizmem — Demirastrites Eisel i Pernerograptus Pribyl. Proponuje sie raczej
utrzymac te rodzaje jako reprezentujgce okreslone stadium morfologiczne, poprzez
ktore przechodzita ewolucja wielu linii filogenetycznych, lecz nie wydzielaé tych
rodzajow w odrebne podrodziny (jak to proponowal Pfibyl, 1946). Biformiczne
rodzaje mniej sie roéznig od swych wtornie uniformicznych potomkow (Pernero-
graptus Pribyl od Monograptus Geinitz, Demirastrites Eisel od Rastrites Barrande),
niz od swych pierwotnie uniformicznych przodkéw. W pierwszym przypadku roz-
nice sg raczej ilosciowej natury (stopien penetracji i ekspresywnosci danych cech),
w drugim zas — bardziej jakosciowej (obecnos¢ lub zupelny brak danych cech).
Odpowiednio do tego proponuje sie zaliczenie Pernerograptus P¥ibyl do podrodziny
Monograptinae, zas Demirastrites Eisel — do podrodziny Rastritinae.

Do tekstu dodano opis nowych gatunkow graptolitow: Lobograptus simplex
n.sp., L. exspectatus n.sp., Cucullograptus hemiaversus n.sp. oraz Cucullograptus
aversus rostratus n. subsp.

OBJASNIENIA DO ILUSTRACJI

Fig. 1 (p. 135)

Przyklady sukcesji astogenetycznej tek u réznych Monograptidae: A Mono-
graptus argenteus (Nicholson), B M.fimbriatus (Nicholson), C M.raitzhainiensis
(Eisel), D M. triangulatus (Harkness), E M.communis (Lapworth). Zarysy rabdozomu
X 2, pojedyncze teki X 10; budowa fuzellarna uproszczona (wediug Bulmana, 1951,
1958).

*9
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Fig. 2 (p. 136)

Przyklady sukcesji astogenetycznej tek u rdéznych Monograptidae, oparte na
okazach izolowanych ze skal: A Cucullograptus hemiaversus n.sp., B Saetograptus
chimaera (Barr.), C Colonograptus colonus (Barr.), D Monograptus priodon (Bronn),
E M.uauncinatus Tullb.,, F Pristiograptus dubius (Suess). W przypadku gdy nie sg
znane diuzsze fragmenty, przedstawiono kolejno proksymalne, medialne i dystalne
teki. R6zne glazy narzutowe. A ca X 20, B-F ca X 10.

Fig. 3 (p. 138)
Linia ewolucyjna Monograptidae reprezentujgca ,,progressive series” w ujeciu
Elles. Widoczny rozwdj i stopniowe rozprzestrzenianie sie tek typu "hooked”
(1-8); a czesci proksymalne, b czesci dystalne (wedlug Elles, 1922).

Fig. 4 (p. 139)
Przyklad ewolucji Monograptidae, od form o tekach “hooked” (A) do form
o tekach typu pristiograptusowego (C), reprezentujgcych ’retrogressive series”
w ujeciu Elles (wedlug Elles, 1922).

Fig. 5 (p. 141)

- Schemat ilustrujgcy rozprzestrzenianie si¢ i zanik tek typu ,hooked” w serii
»progresywnej” i ,retrogresywnej”, wedlug koncepcji ,potencjalnej hypermorfozy”
Westolla. Posta¢ apertury , hooked” zwigzana jest z odpowiednim stadium wzrosto-
wym teki, jakie osigga¢ moga u pewnych gatunkow tylko niektére z nich, u in-
nych za$§ wszystkie (wediug Westolla, 1950).

Fig. 6 (p. 143)
‘Budowa fuzellarna tek u Cucullograptus hemiaversus n.sp. Ai-A4As teka proksy-
malna widziana od strony prawej i lewej, Bi-B2 teka dystalna widziana od strony
prawej i lewej (glaz S. 200, Rewal); ca X 75.

Fig. 7 (p. 146)

Poréwnanie homologicznych odeinkow teki Graptoloidea. Metateka graptolitow
pozbawionych przydatkéw aperturalnych (A) reprezentuje tylko segment subaper-
turalny; metateka graptolitdw opatrzonych takimi przydatkami (B) sklada sie
z segmentu subaperturalnego i aperturalnego.

- Fig. 8 (p. 153)

Porownanie terminalnych, rosngcych czesci kolonii: A u Rhabdopleura (wedlug
Lankestera, w Grassé, 1948, i Bulmana, 1955; kombinowane), B u Lobograptus
scanicus parascanicus (Kilhne), czesciowo rekonstruowane z dwu wzajemnie uzu-
pelniajgcych sie fragmentéw (giaz S. 137 i 181); st stolon, tz zooid terminalny,
n-n-+7 kolejne zooidy.

Fig. 9 (p. 153)
Wplyw zmian allometrycznych ksztaltu tek na postaé¢ rabdozomu u Petalo-
graptinae: A Petalograptus folium (His.), strona ,reverse”; B Cephalograptus
cometa (Geinitz), strona ,reverse”. Oba okazy sprowadzone do tych samych wy-
miarow dlugoéciowych th 1* (oparte na fig. 63, 6b, 7b u Bulmana, 1955).

Fig. 10 (p. 159)

Schemat budowy zlozonej kolonii Cyrtograptus. Teki pgczkujace w przybliZzeniu
jednoczesénie potlgczono liniami przerywanymi (4); B-D schematyczne przedstawienie
postaci tek w proksymalnej, medialnej i dystalnej czesci galezi gldwnej; S sikula,
I° galgzki boczne (cladia) I rzedu, II° galazki boczne II rzedu; strzalka pokazuje
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miejsce, w ktérym zachodzi skrecenie galazki giléwnej (wedlug Bulmana, 1958,
objasnienia uzupeiniono). :

Fig. 11 (p. 171)

Schemat ilustrujgcy: A-C rozprzestrzenianie sie nowego typu tek od czesci
proksymalnej rabdozomu i interpretacje teoretyczng tego zjawiska, D-F rozprze-
strzenianie sie nowego typu tek od czesci dystalnej rabdozomu i interpretacje teo-
retyczng tego zjawiska; o$ X-o0w — dlugosé rabdozomu, 0§ Y-6w — aktywnosé
substancji morfogenetycznej. Objaénienia szczegdélowe — w tekscie.

Fig. 12 (p. 174)

Schemat ewolucji jednej z grup ,triangulate monograptids” z dolnej 'c'zeéci
poziomu P.gregarius (d.llandovery, Rheidol Gorge), opracowanych przez Sudbury.
Nalezy zwréci¢é uwage na modyfikacje tek w linii prowadzacej od M.triangulatus
separatus do Rastrites longispinus. A-S kolejne warstwy profilu (wedlug Sudbury,
nazwy gatunkowe zaktualizowano).

Fig. 13 (p. 178) .

Schemat ilustrujgcy przypuszezalne stosunki rodowe i typy sukcesji astogene-
tycznej u Cucullograptinae. Uwzgledniono kolejno sikulg i pierwszg teke, teki
proksymalne i dystalne kazdego gatunku.. Oparte na materialach autora, jesli nie
wskazano inaczej. A Lobograptus simplex n.sp.,, B L.exspectatus n.sp., C L.sca-
nicus parascanicus (Kilhne), D L.scanicus scanicus (Tullberg), sikula wedlug Wal-
ker, 1953; E Cucullograptus hemiaversus n.sp., F C.aversus aversus (Eisenack),
wedlug -Eisenacka, 1942; G C. awersus rostratus n.subsp., H C. pazdroi Urbanek.
Nad F i G podano pojedyncze powiekszone teki dla wykazania réinic w budowie
aparatu aperturalnego. :

Fig. 14 (p. 179)

Porownanie czesci aperturalnych tek, pochodzacych w przyblizeniu z tych
samych czeéci rabdozomu: A Lobograptus simplex n.sp., B L.exspectatus n.sp.,
C Cucullograptus hemiaversus n.sp., D C.aversus rostratus n.subsp.; I od strony
prawej, 2 od strony lewej. Widoczny wzrost stopnia nasuniecia i podwiniecia plata
lewego oraz rudymentacja plata prawego (4, C, D); ca X 50.

Fig. 15 (p. 185)

Interpretacja zjawiska przykracania sie septum medialnego w linii ewolucyjnej
Glyptograptus aff. persculptus (Salter), (wedlug Davies, 1928). Na osi Y-6w —
przypuszczalna aktywnosé czynnika genetycznego, kontrolujgcego ilos¢ tek alternu-
jageych u 6-ciu kolejnych mutacji tego gatunku (I1-6); na osi X-6w — kolejne teki
wraz z zaznaczonym poczatkiem septum medialnego, wlasciwym dla poszczegodl-
nych mutacji. Septum zaczyna sie w tym miejscu rabdozomu, w ktéorym ilosé
substancji morfogenetycznej spada ponizej poziomu progowego (linia réwnolegla do
osi X-6w). Inne obja$nienia — w tekscie. '

Fig. 16 (p. 186)

Interpretacja zjawiska przykracania si¢ septum medialnego w linii ewolucyjne)
Climacograptus scalaris var. normalis Lapw. (wedlug Waerna, 1948). Na osi Y-6w —
przypuszczalna aktywnoéé czynnika genetycznego, warunkujgcego ilo$¢ tek alternu-
jacych u Cl. scalaris normalis (1-2), kolejnych mutacji Cl. scalaris tmhsgrediens
(a-8), Cl. medius (3-4); na osi X-6w — Kkolejne teki z zaznaczonym poczgtkiem
septum medialnego, witasciwym dla poszczegélnych mutacji. W prawym gérnym
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rogu odpowiednie mutacje i ich wystepowanie stratygraficzne w rdzeniu. Inne
objasnienia — jak fig. 15, i w tekscie.

Fig. 17 (p. 188)

Seria wyrostké6w aperturalnych w grupie Saetograptinae, reprezentujgca ko-
lejne stadia redukeji perydermy wyrostka: a-b Colonograptus cf. colonus (Barr.),
¢ postaé morfologicznie przej$ciowa miedzy Colonograptus i Saetograptus (transient),
d-e Saetograptus chimaera chimaera (Barr.), (w pojeciu Urbanka, 1958), f S.chimaera
cervicornis Urbanek, g-h S.chimaera cf. cervicornis Urbanek, i-j S.chimaera cf.
salweyi (Hopk.). Granica miedzy wyrostkiem i jego podstawa zaznaczona linig
zgrubialg; granice fuzellus6w Zle widoczne lub konwencjonalne zaznaczono liniami
przerywanymi., Wszystkie wyrostki reprezentujg th 1 miodych rabdozoméw (glazy
S. 19, S. 36, S. 38, S. 54, S. 149, S. 201); ca X 50.

Fig. 18 (p. 192)

Postacie modalne skrzydetek i przezmianek (halteres) we wszystkich mozli-
wych kombinacjach allelomorféw serii ,vestigial” u Drosophila, jako przykiad
morfologicznego obrazu alleli wielokrotnych; nw no wing, vg vestigal,?no notched,
ni nicked, +wvg wild type. Ponizej procenty penetracji i warto$ci okreslajace
wzgledng potencje (aktywno$é¢) danej kombinacji genow (wediug Mohra, 1932)

Fig. 19 (p. 212)

Budowa tek u Lobograptus simplex n.sp. A budowa fuzellarna teki dystalnej:
1 z prawej strony, 2 z lewej strony; B czes¢ aperturalna teki dystalnej, od strony
wentralnej; C cze$¢ aperturalna teki dystalnej, od strony dorsalnej; D Ezeéé aper-
turalna teki dystalnej, od gory (glaz S. 219, Lubin), ca X 70.

Fig. 20 (p. 213)

Budowa fuzellarna plata aperturalnego u Lobog'ra'ptus simplexr n.sp., na przy-
kiladzie odpreparowanego i odbarwionego plata prawego: 4 z boku, B od gbry
(glaz S, 219, Lubin); ca X 105.

Fig. 21 (p. 217)

Zmiennosé astogenetyczna tek u Cucullograptus aversus rostratus n.subsp.
A pierwsza teka, B teka medialna, C teka bardziej dystalna, wszystkie widziane od
strony lewej: m dodatkowa blona na $ciance wentralnej (wiercenie Mielnik n. Bu-
giem, gleb. 925 m), ca X 70.

PL 1

Lobograptus simplex n.sp., fragment medialnej czesci rabdozomu: la od strony
prawej, 1b od strony lewej, Ic wentralnie (glaz S. 219); ca X 15.

Pl II

Fig. 1. Lobograptus exspectatus n.sp., fragment medialnej czesci rabdozomu:
a od strony prawej, b od strony lewej (glaz S. 218); ca X 15.

Fig. 2. Cucullograptus hemiaversus n.sp., fragment czesci dystalnej rabdozomu:
a od strony prawej, b od strony lewej (glaz S. 200); ca X 15.
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Fig. 3. Lobograptus exspectatus n.sp, budowa fezellarna plata aperturalnego,
oparta na wypreparowanym i odbarwionym placie prawym, widzianym « z boku,
b z gbéry (gtaz S. 218); ca X 95.

Fig. 4. Lobograptus exspectatus n.sp., rekonétrukcja wygladu piata aperturalnego
w postaci rozpostartej w jednej plaszczyinie. Oparte na fig. 3 a-b; ca X 95,

Pl IIT

Fig. 1-5. Cucullograptus aversus rostratus n.subsp., teki i aparaty aperturalne od
bardziej proksymalnych do bardziej dystalnych, widziane a od strony prawej,
b od strony lewej (1-2 glaz S. 121, 3-5 glaz S. 205); ca X 40.

Fig, 6. Cucullograptus aversus aversus (Eisenack), reprodukecja fragmentu
wedlug Eisenacka (1942, pl. 2, fig. 1), teka dystalna; ca X 40,

AIDAM YPBAHOK

TIOIIBITKA BHOJOTMYECKOM MHTEPHNPETAIUM 3BOJIIOLMOHHBIX
VISMEHEHUW B KOJOHMAX TPAITOJUTOB

Peatomse

OCHOBBIBAAICL Ha HOBEHMLIMX VICCJIEAOBAHNAX TPANTONWTOB M JAHHBIX (DHU3MOJOTHM,
MEeXaHVWKHM Pa3BUTHMA W TeHEeTHKN, ABTOP MNPEJACTABHMJ HOBYIO pabodyr Trumoresy,
OOBACHAIOLYIO MOPMOJIOTHYECKYIO OPTAHM3ALVIIO KONOHMH TPAMNTONMTOBR M BO3IMOXK-
Ible MEXaHM3MEI TeHeTUYECKWX W3IMEeHEeHWH, KaKuM [OABepralych ST KOJIOHII
L TIpOTlecce 9BOJIOLNUM,

¥ ainHornx Graptoloidea TeKu nposBAAKT BLOJbL pablocoMbl NMPaABUJIBHYK MOpPdO-
JIOTUHECKYIO TOCHEAORATENBHOCTL, [IPOABJAETCA OHa B ITOCTENEHHBIX BUAOM3MEHC-
HUAX CTPOEHNMA TeK, KOTOPhLIE MOryT COCTOATE B OTCYTCTEWMM WMJW TIPHCYTCTBIH
COOTBETCTBYIOLIErO0 CEPMEHTA TEKHM, PABHO KaK Ha pasjiMdHbIX EWAOM3MEHEHIMEX
CTPOEHHMA 9TOr0 ¥Ke cerMeHTa TeK, XapaKTep 3THX AaCTOTeHeTHYECKUX BUAOU3MEHe-
HHIT JOMYCKAaeT [PeAIONOKEHNE, UTO OHHM — COMJIaCHO C M3BECTHOI Teopuen Yaunabia
(Child, 1915, 1941) — ABIAIOTCA NPOABJIEHWEM COOTBETCTBEHHEIX Mopdodu3nono-
rudecgux rpanuentoe, COOTBETCTBEHHO 93TOMY, KOJOHMA TPANTOJUTOB MNPOABJIAET
HEKOTOPYI0 MOJIAPHOCTE CBOEN opraHm3annu. Onpegenasack OHa TOBUAWUMOMY CIO-
coGom BbIpaGaTbIBAHMA U PACIPOCTPAHEHUA UBBECTHLIX MODPMOreHeTH4YecKux cyo-
CTAHIMKI, ONpeAeNSIOMX CTPOEHME TMOCIAEHAOBATEJNILHBIX 300MAOB, ITH cybcTaHINY,
BLIpabaTblBaeMblé BEPOATHO CHKYJO30MAOM, pacnpoctpaHanuce 6wl BAOJB pabgo-

COMBI, MPOSABNAA ONpPeneNleHHb1 rpaaueHT. CHUKYJIO30MA COCTARJIAN TYT BEPOATHO
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LEeHTD, (DUIMONOTMHUECKM NOMUHUPYIOWIMIT HaJ OCTAJbHBIMIM 0COBAMM KONOHUM. ODT1a
runoTesa INPUMEHMMa PaBHO KaK  [JJIA  OXHOOCEBBIX, TAK W  MHOTOOCEBLEX
(Cyrtograptus) KOJOHMIA IPanTOAMTOR. IJIaBHAas BETBL M NOCJEeZOBaTENbHbIE DOKOBLIE
gerBu y Cyrtograptus crnepyer Cd4uTaTh Kak Pa3HOro TMOPAAKA AOMMHUPYIOL(HE
UEHTPb!, KOHTPONUPYIOLLME IOCIef0BaTENILHLII TeMIl anKOBaHnﬂ u oBycaoBIMNBAIO-

umue Mopdponor‘nqecxylo MOCNEROBATENIBHOCTL B TeKaX DOKOBBIX OTBETBJEHMIA.

Kak ycranosneHo B pAxy dunoreHerudeckux mauHuit Graptoloidea, sBosrouis
COCTOUT B MOCJIENOBATENIBHOM PACIPOCTPAHEHMMU BAOJL PadbjocoMbl HOBOTO THUIA TEK,
KOTOPBIA NMEePBOHAYANBHO NPOARBJAETCA TOJNLKO B MPOKCHMMANbHON NMBO AUCTATBHON
yacTy. Tak Kak KOJOHMA TParTOJUTOR COCTABJIAET HEKOTOPOro POoJa KJIOH, noa'r_’omy
acToreHeTnyecKkue pPas3indMa MEXKAY O0Co0AMU KOJIOHWK: ABJIANIUCL CAMHCTBEHO- MPO-~
ABJIEHIEM PA3HOr0 QEHOTUITMHECKOTO Bblpamex-wm'"voro JKe CAMOTrG TeHOMa. DBOIG-
LIMA TIPanTOJUTOR OCHOBBLIBAJach Obl HAa aCTOTEHEeTUYECKUX MoAMdUKALMAX, KOTO-
pble B OTHOWEHWM I'CHCTHHECKOM COCTABJANM Obl MIMEHEHMA CTENeHM IlIeHeTPaHT-
HOCTM MJM TNPOLEHTa NPOABJEHWUA, J CTEMEHM BLIDAYKEHMA WM OKCNPECCMBHOCTH
reHeTHYEeCKnX (PAKTOPOR B IMpejesax KOJOHWM. VI3MeHeHumsa 5Tu BbI3BaHLI Oblas
MOBUAMMOMY MYTaUMerl IeHOB, KOHTPOJMDYIOIINX BO3HMKHOBEHME OIpPEeJEeNeHHL!IX
NPU3HAKOB TEKM MM HIMEHAIOLUMX KOJUECTEO BbLIPAadaTbIBAEMbIX CHKYJIO30MIOM
MOPOTreHEeTUYECK X CYOCTAaHLMiA. OTH [OCHEAHHE B TrEHETUYECKOM OTHOLUIEHMU
BJAMAIT CTUMYJUpPYIoue JHOOo CAepmKnBawLlle Ha (eHOTUNIMYEeCcKoe MNPOABJEHIE
OINPEAENIEHHBIX [EHETUYECKUX (PAaKTOPOB, T. €. BeLyT cebs Kak 3aBMCAIME OT ONpe-
JeJIeHHbIX TreHOB-moaudukaropos. Korpa y NpeikoB HOBbIE NNPUM3HAKU MOABJIAITCA
MepBOHAYANBHO JUILUL B AMUCTAJNLHOM YaCTH, TOJLKO [OTOM ODHMMAA U ITPOKCHUMAJDb-
HYI YacTb, CAEAYyeT MPUHATbL, 4TO MOAUMUKATOPbLl O0YCJHOBIMBAKOT BbipabaTbiBanlie
CUKYJI030UI0M MOP(OTeHeTHHeCcKo cyBcraHimy, Beayuuein c¢ebA B OTHOWEMH
(PEeHOTUIIIECKOr0 NPOABJIEHUA STUX NPU3HAKOB Kak marmburop. B dunorenesnce,
R PE3YJBbTATC MOCHEJOBATENLHLIX MyTauMil, Bo3pacraja Obl aKTHWBHOCTH TEHOB, Of-
BETCTBEHHbLIX 34 BO3HMKHOBEHME ONPENACJEHHOro MNpu3HdKa, Jgubo yMenbluagack Obl
AKTUBHOCTL MHIMOMTOpA. Korpa ke HOBBIM NPU3HAK TIOABAAETCA y INMPEeJKOB B Ha-
yajie TOJBKO B TIIPOKCHMAJbLHON YHacTH, cJaeAyerT OIPUHATb, dYT0 MOAMMUKATOPLI,
a BMmecTe ¢ TeM u cybcraHumA, BbipabarTbiBaeMas CHUKYJNO30MA0M, Bejxer ceba Kax
CTUMYNATOP (DEHOTUIMHECKOTO MPOABIEHUA JAHHBIX MPU3HAKOR. B 2BOJIIOLMM TaKMX
hopMm Bo3pacTana Obl AKTHBHOCTL TEHOB, ONPEAENAIOLIMX AaHHbIl NOPU3HAK, WAM
Bo3pacraia Obl AKTHMBHOCTL CTUMYJNATOPA. AHAIWU3 3SBOJIOUMOHHBIX M3MEHeHiin
E KOHKpEeTHbIX (PUIOTEeHeTHYECKUX JIMHMAX YKA3bIBAET, YTO OHM MPOABIAIYCA
B ONPEJEJIEHHON COBOKYMHOCTM [PU3HAKOE W COXPAHAIOT ONPEAEJIEHHOE HampasJe-
nue. Begyr oHu ceba nosromy Kak 1) RymysasTuBHble hakTophl (MoguduraTopbl),
MM Ke KaK 2) MHOMKeCTBeHHbIE annenomMopdbl, ofpa3syromue cepuy ajjenoMopdos
¢ Pas3iIMYHBIM 3PPERKTOM (PEHOTHIMYECKOr0 NPOABJAEHUA U Pa3JUYHOI Mopdoreus-
TUYECKO AaKTUBHOCTBIO.

OBwMit reHeTUYECKMI MeXaHU3M WM3MEHEHUH KOJOHWY [PANTOJUTOB COCTOAN Obl,
p

CNeNOBaTetbHO, B MNPOABJEHMM MYT3LMi, HOEPBOHAYAJNBLHO .clabo IPOABIAIOLMXCHA
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PEHOTHUIIMUECKY, M TOJBKO I[10CHEAOBATENIbBHO YBENMYMBAIOWIMX CBOIO TNEHETPAHT-
HOCTb U 9KCIIPECCHBHOCTB.

B pabore obcyxaaoTcs Tagxe TaKCOHOMMYECKMe MOCHeACTBUA HOBOTIO BO33PEHUA
HOQ OPraHu3auMIo KOJIOHMM TPANTONMTOB, Ha BEPOATHLIE IEHETHYECKUE MEXaHM3MbI
MX SBOJIIOUMOHHBIX M3MeHeHWI M A00aBJieHb! ONMMCAHWA HOBBIX BHJOB [PanTOJMTORB:
Lobograptus simplex n. sp., L. exspectatus n. sp, Cucullograptus hemiaversus
n. sp. 1 C. gversus rostratus n. subsp., BOCHOMWHMAEMBIX B TEKCTE.



EXPLANATIONS OF PLATES

PL I

Lobograptus simplex n.sp.

Fragment of the medial part of rhabdosome: la right side view, 1b left side view,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1c ventral view (boulder S. 219); approx. X 15,

PL 1T

1. Lobograptus expectatus nsp. fragment of medial part of rhabdosome:
a right side view, b left side view (boulder S. 218); approx. X 15.

2. Cucullograptus hemiaversus n.sp., fragment of distal part of rhabdosome:
a right side view, b left side view (boulder S. 200), approx. X 15,

3. Lobograptus exspectatus n.sp., fusellar structure of apertural lobe, based
on isolated and transparent right lobe: a lateral view, b top view (boulder
S. 218); approx, X 95.

4. Lobograptus exspectatus n.sp., reconstruction of apertural lobe spreading
on a plain; based on fig. 3 a, b; approx. X 95.

Pl 111

1-5. Cucullograptus aversus rostratus n.subsp., thecae and apertural apparatus
in more proximal and more distal thecae: a right side view, b left side
view (1-2 boulder S. 121, 3-5 boulder S. 205); approx. X 40.

6. Cucullograptus aversus aversus (Eisenack), (reproduction of a fragment
from Eisenack, 1942, pl. 2, fig. 1), distal thecae; approx. X 40.
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