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REMARKS ON THE STRUCTURE CF THE APICAL SYSTEM
OF IRREGULAR ECHINOIDS

Abstract. — The author presents the results of an analysis of the test in Pygomalus
ovalis, P. analis, Pygorhytis ringens, ‘Collyrites sp. and Disaster n. sp. where she has
observed the presence of the 5th genital plate. Its displacement is discussed and
is shown to be similar to that occurring in ;he ontogenetic development of Echino-
cardium cordatum. Moreover, in order to homologize the plates of the apical system
in echinoids, the writer has also used the crystallographic method, on the ground
that the optic axis of the particular plates displays a fairly constant inclination
angle. It is supposed that in some genital plates the inclination angle of the optic
axis is determined by its position in the remains of the larval skeleton around ‘which
these plates arise.

INTRODUCTION

One of the most noteworthy features in echinoid evolution is the
migration of the periproct away from the apical system and its progressive
shifting towards the oral side. It is generally recognized that in the
majority of irregular echinoids this fact is responsible for the disappearance
of the 5th genital plate lying in the path of the periproct migration.

An examination of the material, collected between 1954 and 1958
from Bathonian, Callovian and Lower Oxfordian beds in the Krakéw-
Czestochowa Jurassic, sheds some light on the history of that genital in
certain irregular echinoids. The presence in these forms of a vestigial 5th
genital has, moreover, been confirmed by crystallographic studies.

The present paper has been prepared at the Palaeozoological
Laboratory of the Polish Academy of Sciences in Warsaw, under the
guidance of Professor Roman Kozlowski, for whose most valuable and
helpful suggestions the writer here wishes to convey her very sincere
thanks.

She also thanks Miss St. Maczynska and Mrs. E. Popiel-Barczyk for
the loan of Cretaceous echinoids, much needed as comparative material.
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The crystallographic analyses have been carried out by the staff of
the Institute of Petrography of the Geological Survey of Poland.

DESCRIPTION

The Disasteridae Gras! belong to one of the oldest families of
irregular echinoids. Their morphology, however, is far removed from that
of their regular ancestors. Among others, this is expressed by the complete
separation of the periproct from the apical system. During its backward
migration the periproct was accompanied by two ambulacra (I and V)
responsible for the disjunct type of the apical system which is an essential
character of the Disasteridae.

Representatives of this family have been described in many papers,
of which the most comprehensive one is K. Beurlen’s monograph (1934).

Nevertheless, a close examination of the test of individuals belonging
to genera Pygorhytis, Pygomalus, Collyrites and Disaster has revealed the
presence at the base of the periproct of a plate so far never described. Here
below are data provided by the study of this plate in several representatives
of the Disasteridae.

Pygomalus ovalis Leske (Bathonian)
(pl. I, fig. 1, 2)

Plate relatively large, cresoentic. Its upper tips are in contact with the
elongate ocular plates I and V (not shown in the photo). These 3 elements,
surrounding the periproct, are in extremely loose contact with the
remaining parts of the test; they are rarely preserved. Hence after they
have fallen off, the shape of the periproct, originally pear-like, becomes
irregular (pl. I, fig. 2). In thin section under crossed .nicols, at full turning
of the stage (360°) this plate displays strong, fourfold enlightenment, while
the adjacent elements of the test remain dark.

Pygomalus analis Agassiz (Bathonian)
(fig. 14)

Plate considerably smaller than in preceding form, variable in shape.
Essentially it is crescentic, but the hollow may be much deeper and the
tips longer. Occasionally the two tips are not uniformly elongated (fig. 14).
Sometimes, viewed externally, it looks like a narrow list, being then

' The writer retains the systematics adopted by T. Mortensen (1950). She does
not see sound grounds for the separation of this family into the Disasteridae Gras
and Collyritidae d’Orbigny, as suggested by J. W. Durham and R V. Melville (1957).
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very thick. Owing to the coalescence with the adjacent plates it is
preserved in all specimens. To ascertain its presendea it is necessary to
emphasize the sutures by colouring with methyl blue and coating with
glycerine. Under crossed nicols this plate behaves as that described above.

Pygorhytis ringens Agassiz (Bathonian and Lower Oxfordian)
(fig. 1B)

Plate relatively large, tips not much elongate, rather broad. Not
intimately united with the test (clearly delimited), often preserved.

Fig. 1. — A Pygomalus analis, B Pygorhytis ringens, C Collyrites sp.; am ambu-
lacrum, ie interambulacrum, g crescentic plate, o ocular plate, pp periproct.

Behaviour under crossed nicols as that of the preceding forms. Structure
of specimens from Bathonian and Oxfordian is in this respect similar.

Collyrites sp. (Callovian)
(fig. 10)

Plate extremely small, constituting only a small segment of the
periproct rim. Not contacting with the oculars which, in this genus,
together with the distal ambulacra, are considerably removed from the
periproct. The plate is not readily discernible owing to its coalescence with
the surrounding plates. Due to the unsatisfactory state of preservation it
has not been possible to ascertain whether it is present in every specimen.
As in the previously described specimens, it is. clearly visible under crossed
nicols.
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Disaster n. sp. (Lower Oxfordian)
(pl. I, fig. 3; text-fig. 2)

Plate of variable size, centrally sometimes moderately raised, at others
ferming only a narrow list (fig. 2a). Viewed internally, it has the appearance
of a small ridge (fig. 2b); when broken off the test, it leaves a distinct

) 1mm
Fig. 2. — Disaster n. sp. periproctal area: a external view,

b internal view, g crescentic plate, pp periproct.

depression on the mould. Strongly united with the test, present in all
specimens. Readily discernible under crossed nicols (pl. I, fig. 3).

GENERAL REMARKS

When analysing the structure of the test near the periproct, as seen
in the described forms, it may be noted that the considered plate does
not belong to the system of interambulacral plates surrounding the
periproct. It is symmetrically placed in relation to the suture connecting
the two series of the interambulacral plates. Neither it is referable to the
periproctal plates since it lies distinctly outside the periproct. In shape it
greatly resembles (particularly so in Pygomalus ovalis) the 5th genital of
such forms, as e.g. Acrosalenia angularis (fig. 3A). In the latter form we
may observe the deformation of the 5th genital in forms with a tendency
to periproct migration outside of the apical system.

The history of the 5th genital during further migration of the periproct
has not, so far, been studied in fossil specimens. Its presence has not been
recorded in the most ancient irregular echinoids, even those where the
periproct is in contact with the apical system (Pygasteridae, Galeropygi-
dae). Hence the inference that it had been completely removed by the
shifting periproct. Some scanty information on this question is given by
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H. L. Hawkins (1943). In a specimen of Plesiechinus from the Middle Lias
«©of Nevada he noted the occurrence of a vestigial 5th genital at the base
of the periproct in the form “of a slender rim”. No further details,
however, are available, since this material has not yet been described. The
presence of a 5th genital in the Holectypidae and Discoidiidae constitutes
‘a separate problem which will be discussed in a chapter dealing with the
crystallographic study of echinoid test.

Some light is shed on the migration mechanism of the periproct, as
well as on certain consequences of this phenomenon by studies on the
ontogeny of Echinocardium cordatum (I. Gordon, 1927). The presence of

‘Fig. 3. — A Acrosalenia angularis (after Cuénot, 1948), apical system; B Echinocar-

dium cordatum (after Gordon, 1927), young specimens; C Echinocardium cordatum

(after Gordon, 1927), periproct; gs 5th genital plate, pp periproct. All the figures
redrawn with some modifications.

five incipient genitals has been ascertained in the early development
stages, though four only persist in the apical system of adult individuais.
The.5th genital plate is gradually shifted by the periproct which, with
individual growth, continues to retreat farther away (fig. 3B) from the
‘centre of the apical system where it is initiated. Finally the periproct will
‘occupy a supramarginal position (analogous to that in the above described
Disasteridae), while the 5th genital is not eliminated, but becomes one of
the periproctal plates (fig. 3C). Hence it may be concluded that the
periproct migration need not have destroyed the 5th genital, but displaced
it and deprived it of its original function.

On these suggestions we may suppose a similar migration mechanism
to have operated in the periproct of the Disasteridae. The results of this
evolutionary process, however, are different inasmuch that in the
Disasteridae the 5th genital did not become one of the periproctals, but
was incorporated into the test as an element surrounding the periproct.
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On morphological observations supported by embryological data the
writer feels justified to recognize the plate noted in Pygomalus, Pygorhytis,
Collyrites and Disaster as the vestigial 5th genital. Crystallographic studies
have confirmed this conclusion.

The use of the optical methods in the study of the skeleton of
Echinoderms is based on the widely known fact that every one of the
skeletal elements is a separate calcite crystal. This has been proved on
optical properties and characteristic cleavage. Further confirmation has
" been provided by X-ray examination (C. D. West, 1937). This particular
property of the echinoderm skeleton has, among others, been taken into
consideration when studying the skeletons of Ophiuroidea and Crinoidea
-(S. Becher, 1914). In the case of echinoids the crystallographic orientation
was helpful in determining the origin of the particular elements of the
lantern of Aristotle (H. L. Hawkins, 1934). The optical properties of the
skeleton of echinoderms have proved valuable when tracing the growth
stages in representatives of this type of animals. Under crossed nicols the
contours of plates are very distinct, facilitating detailed observations.

During examination under crossed nicols of the early growth stages of
the skeleton of Echinus miliaris, J. Gordon (1926) ascertained that in the
apical system of a markedly small individual the 3rd and 5th genitals long
remain readily distinguishable by their pale colouration. Without detailed
discussion of this feature, she interpreted it as a difference in the texture
of plates. Similar observations have been made by that author during the
studies on the ontogeny of Echinocardium cordatum (1927) when she noted
that in young individuals the 3rd genital and the so-called plate Y
(subsequently proved to be the 5th genital) are distinctly lighter than the
remaining genitals.

On the difference of colouration mentioned by J. Gordon, L. v. Ubisch
suitably shaded the plates of the apical system figured by him (1927, p. 555,
fig. 13). Similarly as Gordon, Ubisch did not search for the causes of this
feature, but only stressed its symmetry in relation to the “Primordial-
ebene” established by him in 1913. Gordon’s observations are associated
with the orientation of the optic axis in the particular plates of the apical
system. This problem has been lately dealt with by Lucas (1953). That
author has investigated the genitals of some recent and fossil regular
echinoids. Information resulting from his studies may be summarized as
follows.

In three genital plates (the so-called B group) the optic axes are
vertical to the surface, while in the remaining one (group A) they are
parallel. The composition of the two groups (A and B) presents two
variants, resulting in two types of crystallographic symmetry of the apical
system of echinoids.
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Type I. Group B consisting of the 1st, 2nd and 4th genitals (numbering
after Loven), while the 3rd and 5th plates make up group A.

This scheme permits the plotting of a plan of the crystallographic
symmetry which extends through the IInd ocular and the 4th genital.

Type 1I. Group B consisting of the 1st, 3rd and 4th genitals, while
group A is made up of the 2nd and 5th plates.

Here the plane of crystallographic symmetry extends through the 1Vth
ocular and the 1st genital.

On these data Lucas has advanced a concept concerning the origin of
the apical system in echinoids. This is not mentioned in the present paper
since it is outside its scope.

Lucas’ method was adapted by A. Devriés (1954) in the study of the
apical system of irregular echinoids, particularly those of genus Hemiaster.
The absence from the apical system of the studied forms of the 5th genital
was confirmed by him through optical methods.

RESULTS OF THE AUTHOR’'S OBSERVATIONS

By ascertaining the constant position of the optic axis in the particular
plates of the apical system, new possibilities have been provided for their
homologization. From this standpoint it has been deemed interesting and
recommendable to investigate the position of the optic axis in the plate
observed in some Disasteridae, which -on morphological and embryological
observations has been recognized as being the 5th genital, removed from
its original position in the apical system by the migrating periproct.

Measurements of the position of the optic axis were taken on universal
rotating stage mounted into Row’s microscope. Since the maximum
deviation of the stage here is 60°, it was not possible to give more accurate
results for higher magnitudes of angles. These examinations were made in
thin sections, and involved not only the periproctal area, but the apical
systems too. Other fossil and recent echinoids were analogously measured
for comparative studies.

The obtained results are tabulated on p. 346 (tab. 1).

In items 1-4 measurements concerning the 5th genital are those
ascertained in a plate found at the base of the periproct. On item 8, on
Cordon’s suggestions, one of the periproctal plates has been recognized
as the 5th genital plate.

The quoted results only to a certain extent agree with those obtained
by Lucas and call for a more detailed discussion.

The apical systems in the examined echinoids belong to type I,
differentiated by Lucas, in which group B is composed of the 1st, 2nd and
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‘4th genitals, while group A is made up of the 3rd and 5th. The following
discrepancies have been noted as compared with the data stated by Lucas.

1. ‘According to that author, the magnitude of the angle in group B
should be equal or near to 90°, indicating a vertical position of the optic
axis. In most of the investigated specimens, however, the axes considerably
deviate from a vertical positien. The angle at which they meet the surface
of the plate is not lower than 50°.

Table 1
Inclination angles of the optic axis in the particular genitals and plates of the 5th
interambulacrum
. | Genital plates
Species — - m———————=———===———xa| J[A§

S T 3 4 5

; |
1. Pygomalus analis ‘ 81° 1‘ 520 <309 60° 400 83°
2. Pygomalus ovalis | 69° J 540 390 740 340 90°
3. Pygorhytis ringens 86" l 68¢ 340 4 710 320 85"
4. Collyrites sp. 750 | 580 330 i 81° <300 83°
5, Conulus sp |80 . 55 35° 69° — —
6. Pyrina sp. w 740 | 510 <300 60° e —
7. Psammechinus miliaris | 80° 62° <30° | 54° <300 — '
8. Echinocardium cordatum} 83° 64° <2300 i 76° 40° 82° }
i |

2. In group A the optic axis is in several cases most certainly not
parallel to the surface of the plate (as given by Lucas) and may meet it at
an angle of even 40°. Nevertheless within certain limits (40°-<{30°) this
-seems to be a constant magnitude.

3. Lucas state that the optic axes of ambulacral and interambulacral
plates (by that author referred as radial and interradial, respectively) meet
the test surface at a low angle. However, in the examined plates of the 5th
interambulacrum the axial position is vertical or subvertical, while the
deviation angle from that position never exceeds 10°. In addition to
measurements made on universal rotating stage, numerous fragments of
various parts of the test (including ambulacrals) of many echinoids have
“been examined in convergent light. Every examination revealed black cross
placed <centrally or subcentrally in the field of view, this being
a characteristic representation of the vertical or subvertical position of the
optic axis in the examined object.

The final definition of rules establishing the position of optic axes in
the particular test plates of the examined echinoids would seem to be as
follows.

1. In genitals of group B (lst, 2nd and 4th plates) the optic axes are
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oriented so that the angle at which they meet the surface of plates always
exceeds 50°.

2. In plates of group A (3rd and 5th genitals) the analogous angles
are equal or lower than 40°.

3. In ambulacral and interambulacral plates the position of the optic
~axis is nearly vertical. Deviations range up to 10°.

The obtained data provide an affirmative replay to the question
whether the plate observed at the base of the periproct in the Disasteridae
may actually be recognized as the 5th genital. The angle of its optic axis
is analogous to that of the 3rd genital, in which it distinctly differs from the
adjacent plates of the interambulacrum.

Measurement data for Disaster n. sp. are lacking in the above discussed
table. Crystallographic studies of the apical system of this form have
shown that it does not belong either to type I or type II of apical system,
where group B is composed of the 1st, 3rd and 4th genitals, and group
A — of the 2nd and b5th. Representatives of type II have not been
encountered by the present writer among the material in her possession.

The following numerical data have been obtained by examining the
apical system and the periproctal area of Disaster n. sp. (tab. 2).

Table 2

Inclination angles of the opfic axis in the particular genitals and plates of the 5th

]
'
interambulacrum in four specimens of Disaster n. sp. !
]

[ . ‘ ’ Genital plates [

! Specimens — T IA 5

' 1 | 2 | 8 | & | s

N o o 1 |
1. Disaster n. sp i 69° | 500 \ 530 | <300 ‘ <30° | 830
2. " 640 | 450 | 400 | <300 | — 850
3. . 630 | 430 S 43 | <300 | <30° | 87 |
4, . | oee i 440 I B )

— | <30°

In the light shed by these results, from the standpoint of
crystallographic analyses, Disaster n. sp. undoubtedly constitutes another
type — III — in which group B is composed of the 1st, 2nd and 3rd
genitals, while group A contains the 4th and 5th. Owing to:inadequate
material it has not been possible to ascertain whether this type of apizal
system is proper for this species only, or whether it is a generic feature.
Moreover, it should be noted that the inclination angle limit (50°) in
genitals of group B, proper for type 'l of the apical systems, has been
exceeded in Disaster 1. sp., where the respective magnitudes are somewhat
below 50°. Investigation of more copious material is needed for the
elucidation of this question. o



348 WANDA JESIONEK-SZYMANSKA

Nevertheless, it should be stressed that in all the three so far
ascertained types of apical systems, the 5th genital is always included in
a group of plates showing strong axial inclination, and being thus easily
identifiable. Doubtlessly this is an important feature in tracing the history
of the 5th genital in irregular echinoids.

In view of the constant occurrence of certain inclination angles of the
optic axes in the particular genitals, it might prove interesting to investigate
from this standpoint the apical system in genera Holectypus and Discoidea.
It is a known fact that though the periproct in these genera is already
completely or partly on the oral side, nevertheless a complete set of 5
genitals is still present. Without going into a detailed discussion on the
process of periproct migration in these forms, we should note that this is
a problem as to whether the 5th genital here is the original genital plate,
or whether possibly it is another element of the echinoid test, shifted into
its place and, if perforated, taking over the function of the genital.

The following data have been obtained by examining the angles of the
optic axes (tab. 3).

Table 3

Inclination angles of the optic axis in the particular genitals

Genital plates

Species e = == S
1 1 | 2 | 3 | 4 | 5

1. Holectypus depressus 60° | 700 | <s30° | 59 | 800 !

2. Discoidea subucula | 720 t

60° 520 <30° 750

The above data indicate that the apical systems of these forms belong
to type I (with strong axial inclination in the 3rd plate), but that the 5th
plate conspicuously deviates from the angle proper for it (below 40°).

As the strong axial inclination in the 5th genital is an extremely
constant feature, no modified even by the far reaching migration of that
plate in the Disasteridae, it seems most likely that the 5th genital in above
considered forms is not homologous with the original plate. We are dealing
here with another element of the echinoid test which was shifted into its
place and took over its function.

It should be noted that data obtained by the writer for Discoide«
subucula do not agree with those given for that species by Lucas. According
to that author, the optic axis of the 5th genital is here parallel to the
surface. This should constitute a cardinal and very important difference.
However, we may suppose that Lucas may have mistaken another form
for Discoidea subucula. This supposition is suggested by his assignment
of this species to the group of regular echinoids, which we know to be
incorrect.
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CONCLUSIONS

The constant position of optic axis in the particular skeletal elements
of echinoids is a very interesting fact calling for more detailed analysis.
The data given by Lucas, as well as those presented in this paper, are very
fragmentary in view of small numker of genera covered by measurements,
and their fortuitous choice. Even in this meagre material not all the plates
have been investigated (e.g. the oculars). Neither is it out of the question
that when more copious material has been investigated, the here given
magnitudes of angles of optic axes characterizing the various plate groups
may prove inaccurate, thus modyfying the here differentiated subdivision.

Moreover, thus far, no sound interpretation has been advanced
concerning the constant position of the optic axis in the various plate
groups. It is not excluded that a solution of this problem might be possible
in connection with studies on the early development stages of the skeleton.
We know that some plates of the apical system develop jointly with the
larval skeleton, while others as well as ambulacral and interambulacral
plates are initiated as independent centres of calcification. One can presume
that in the former group of plates the pocsition of the optic axis is
determined by the position of this axis in the remains of the larval
skeletcn with which the plates in question are associated. It should be
mentioned too that the originally determined position of the optic axis
does not change with growth stages (Becher, 1914).

The solution of the problem discussed calls for further investigations
and the above considerations must be treated as merely tentative.

Palaeozoological Laboratory
of the Polish Academy of Sciences
Warszawa, May 1959
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WANDA JESIONEK-SZYMANSKA

PRZYCZYNEK DO ZNAJOMOSCI TARCZY SZCZYTOWEJ JEZOWCOW
NIEREGULARNYCH

Streszczenie

Dokladna analiza pancerzy jezowcoéw nieregularnych: Pygomalus ovalis, P. ana-
lis, Pygorhytis ringens, Collyrites sp. i Disaster n. sp. z batonu, keloweju i dolnego
oksfordu Jury Krakowsko-Czestochowskiej pozwolila stwierdzi¢ obecno$é u podsta-
wy peryproktu nie opisanej dotychczas plytki. U wszystkich wymienionych form
plytka ta ma ksztalt péiksigzycowaty, o mniej lub bardziej wydtuzonych rogach;
polozona jest ona symetrycznie w stosunku do szwu, lgczacego dwa rzedy plytek tyl-
nego pasa interambulakralnego (fig. 1 i 2). U wiekszoséci jest ona zwigzana dosé
silnie z pancerzem, a tylko u Pygomalus otalis stabiej, w zwigzku 2z czym u tego
gatunku rzadko sie zachowuje (pl. I, fig. 1 i 2). Obecno$é¢ tej plytki przy tylnym brze-
gu peryproktu nasuwala przypuszczenie, ze jest to pigta plytka genitalna, zepchnie-
ta do tego polozenia przez przesuwaiacy sie peryprokt. Wniosek ten zyskuje popar-
cie w faktach obserwowanych na wczesnych stadiach rozwojowych Echinocardium
cordatum. U jezowca tego stwierdzono (Gordon, 1927), ze migrujacy peryprokt spycha
stopniowo przed sobg pigta plytke genitalna, ktéra ostatecznie staje sie jedng z ply-
tek peryproktalnych (fig. 3 B, C).

Uznanie plytki znalezionej u wspomnianych na poezagtku form za pigtg geni-
talng zyskalo takze poparcie na drodze badan krystalograficznych, w ktérych wyzy-
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skano ostatnio skonstatowany fakt (Lucas, _1953)‘, ze 0$ optyczna poszczegblnych ply-
tek genitalnych ma staly kaf nachylenia w stosunku do ich powierzchni. Plytka
pigta odznacza sie bardzo silnym pochyleniem osi optycznej (kat, z reguly, poni-
Zej 40°) i jest latwa do odroéznienia w éwietle‘sbolaryzowanym od plytek ambula-
kralnych i interambulakralnych, u ktérych o$ optyczna jest prawie prostopadia do
powierzchni (pl. I, tig. 3). Szlify cienkie okolicy peryproktalnej wymienionych form,
zbadane ta metodg na stoliku Fedorowa, wykazaly obecno$¢ w nich piatej plytki
genitalnej (tab. 1 i 2). Podobne badania tarcz szczytowych Holectypus depressus
i Discoidea subucula (tab. 3) wykazuja, Zze obecna u nich pigta plytka genitalna nie
jest pierwotng, lecz stanowi jaki$ inny element pancerza, ktéry wszed! na jej miejsce
i przeja! jej funkcje (przypuszczenie takie bylo juz w literaturze echinologicznej
wypowiadane).

OBJASNIENIA DO ILUSTRACJI

Fig. 1 (p. 341)

A Pygomalus analis, B Pygorhytis ringens, C Collyrites sp.; am pas ambulakral-
ny, ia pas interambulakralny, g plytka polksiezycowata, o plytka ocelarna, pp pe-
ryprokt.

Fig. 2 (p. 342)

Disaster n. sp., fragment pancerza: a -widziany z zewnatrz, b od wewnagtrz,
¢ plytka péiksiezyvcowata, ie pas interambulakralny.

Fig. 3 (p. 343)

A tarcza szczytowa Acrosalenia angularis (Cuénot, 1948); B mlode stadium
Echinocardium cordatum (Gordon, 1927), C peryprokt Echinocardium cordatum (Gor-
don, 1927); 95 pigta plytka genitalna, pp peryprokt. Wszystkie figury przerysowane
i nieco zmodyfikowane.

Pl I

Fig. 1. Okolica peryproktalna Pygomalus ovalis z wyrazng pélksiezycowaty plyt-
ka u podstawy peryproktu.

Fig. 2. Okolica peryproktalna Pygomalus owvalis bez plytki, lecz z widocznym
wecieciem po jej wypadnieciu,

Fig. 3. Szlif okolicy peryproktalnej Disaster n. sp. ogladany przy nikolach
skrzyzowanych. Plytka pélksieZzycowata wyraZnie jasniejsza, niz otaczajace jg od
dolu plytki interambulakralne.
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BRH[A ECEH3K-LLMMRHLCKA

K U3YVYEHUIO ATIUMKAJBHOTO IIOJSI HEMNPABUJIBHBIX MOPCKUX EXEN
Pesome

OOGCTOSTENIbHBI aHaNM3 NaHUbIPell HenpaBUNLHLIX MOPCKMX exei: Pygomalus
oval's, P. analis, Pygorhytis ringens, Collyrites sp. m Disaster n. sp. u3 6ara, Xeajo-
Bes U HMIKHero okcdoppa Kpakoscko-"UeHCTOXOBCKON IOPbI al BO3MOMKHOCTb YCTa-
HOBUTBH NPUCYTCTBME y OCHOBAHUA NEPUITPOKTA HE ONUCAHHON JO CEero BPEMEeHM Iac-
TUHKM., Y BCeX TPUBESEHHBLIX MOPCKUX €¥Kell [IacTUHRA 9Ta umeeT (opMy MoJay-
MecAua ¢ Oojgee UM MeHee YNIMHEHHLIMM DPOTaMM UM PACIIONOXKEHA CUMMETDIYHO

OTHOCUTEJIbHO WIBA, COEAUHAMOLIEro ABa DAJa JIACTUHOR 3afHero uHTepambynakpa
(bur. 1 n 2). ¥ O0OAbLIMHCTBA (DOPM OHA CRBA3aHA J[AOBOJILHO IIPOYHO C IMAHObIPEM

u Tonbko y Pygomalus ovalis coepgunenue Gonee caaboe, B CBA3M C YeM paccMaTpu-
BaeMas IlIaCTMHKA O4YeHb PefKo cbxpaHHe'rCH y storo Buaa (. I, dour. 1, 2). Hamnuue
5TOM TNJACTUHKMU Yy 3aJHEro Kpasi I1€PUNPOKTA 3aCTaBAAET NPEeAIoaraTb, 4TO OHA
ABJIAETCA NATOM FeHUTANbHOM NJACTMHKON CABMHYTONI B STO IOJIOKEHMeE IepeMellaro-
L{MMCS [IEPHTIPOKTOM.

3aKkJoYeHne 9TO HAXOAUT [OJKPerieHre B akTax HabIogaeMblX Ha PaHHUX
craamuax pasButus Echinocardium cordatum., ¥ 3TOr0 MOPCKOrO €3a YCTAHOBJIEHO
(Gordon, 1927), uTo MMIPYDYOILUMII IMepPUNPOKT CABMTAET ITOCTENIeHHO mepey coboit
OATYIO TEHUTAJNLHYIO IUIACTMHKY, KOTOpasd B KOHLE KOHLOB CTAaHOBUTCA OJHON U3
MepunpoKTanbubIX miacTuHok (cdpur. 3 B, C).

B noss3y TONKOBAHMA IJIACTMHRU Y ynomar'ry'rmx B Hayane (opM, KaK IATOU
TeHUTAJIBHOI, TOBOPAT TOXKE PE3yJbTATbl KPUCTAJJIOTPAPUUECKUX MUCCIEAOBAHMY, ITPU
KGTOPBIX MCNONB3GBAHO YCTAHOBJEHHBIN B nocyiefHee BpeMmsa dakT (Lucas, 1953), 4ro
onTMYeckKas OCb OT/eNIbHbIX TeHWTAJbHbIX IJACTUHOK WMEeT I10CTOSHHBLIN Yrojl Ha-
KJIOHa OTHOCUTEJBLHO UX NOBEPXHOCTU. IIATas IJIACTMHKA OTJIMYAETCA OYeHb OOJBbLLIMM
HAKJOHOM OIITUYECKOM ocu (Kak IpaBUI0 — yron muxe 40°) M Jerko oramyuma
B NOJIAPM3OBAHHOM CBETE OT aMOyNaKpaJbHLIX U MHTEpaMOyJaxpalbHbIX IJACTUHOK,
Y KOTOPbIX ONTHUYecKas OCh IOYTK IEPHEHAUKYJAPHA K NoBepxHocTy (r. I, cbui“. 3).
Toxrue nndbl NePUNPOKTANBHON 00JIaCTM YRAZaHHLIX BbIMIe (DOPM, MCCJIEeLOBAHHBIE
3TUM METOJOM Ha (DELOPOBCKOM CTOJIMKE, OOHAPYRMUIM HAJAM4EMe B HUX [ATONA TeHu-
TanpHoit ruiacTuHKM (tab. 1 u 2). Pesysabrtarel nmopgobHoro poja wmcCCHENOBaHMII Hax
anuxkaabHbiM nojiem Holectypus depressus mu Discoidea subucula (rab. 3) yka3sniBaror
H& TO, 4YTO MMEIOMAACA y HMX IATAaA TeHMTalbHafA IUIACTHHKA HE FABJAETCA INepBUY-
HOi1, HO KAKMM TO APYIMM OJIEMEHTOM MAHLbIPA, KOTOPLLA 3aHAN €e MECTO ¥ IeperAl
ec hynknuio. (Tagoe TIPEANONOKEHNE YKe BbICKAa3bIBAJOCh B EXMUHOJOTUYECKON
JuTepaTtype).
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. Pygomalus ovalis, periproctal area showing the distinct crescentic plate at

the base of the periproct.

2. Pygomalus owvalis, periproctal area without the crescentic plate showing the

incision left by the fallen out plate.

. Disaster n. sp., thin section in periproctal area under crossed nicols. Crescentic

plate distinctly lighter than the interambulacral plates surrounding it at
the base.
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