A C T A P A L A EONTOTULUOGTITCA P O L O NTICA

Vol. VI 1961 No. 1

GERTRUDA BIERNAT

DIORYGMA ATRYPOPHILIA N. GEN,, N. SP. — A PARASITIC
ORGANISM OF ATRYPA ZONATA SCHNUR

Abstract. — A boring annelid-like parasite associated with Atrypa zonata Schnur
from the Givetian shales of the Holy Cross Mountains (Goéry Swigtokrzyskie, Po-
land) is described under new generic and specific name — Diorygma atrypophilia.

INTRODUCTION

The aim of the present paper is to describe some curious traces of
the activity of burrowing animals, which infected the interior of the pe-
dicle valve of Atrypa zonata. According to my knowledge, such occurrences
have not been previously described in brachiopods.

These peculiar traces have been encountered in Givetian shales from
the Holy Cross Mountains. Although in this horizon a very rich
brachiopod fauna occurs, the mentioned traces are so far restricted to
specimens of one species of atrypids only. They are believed to have
been made by some worm-like animals living in shallow marine water.

In dealing with the borings in question I have endeavoured to give
as fairly as possible a detailed description of them.

This paper was prepared in the Palaeozoological Laboratory of the
Polish Academy of Sciences in Warsaw, being under the guidance of
Prof. Roman Kozlowski, to whom I extend my sincere thanks for
his interest in the problem. It is a pleasure to record my thanks to Dr
D. Atkins from Marine Laboratory at Plymouth for his kind and helpful
advice concerning some parasites of invertebrates. To Dr M. House of
University of Durham the thanks are due for some suggestions and
kind corrections of the English of the present paper.

The photographs are the work of Miss M. Czarnocka, the inking of
the drawings of Mrs K. Budzynska, the thin sections have been prepared
by Miss M. Witkowska.

MATERIAL AND METHODS

While studying rich collections of atrypids from the shales of the
locality Skaly in the Holy Cross Mountains (Biernat, 1959) I observed
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on the internal surfaces of the pedicle valve of Atrypa zonata Schnur
some curious structures. These were distinct and very prominent ridges,
one or two in number, disposed always on the lateral sides of pedicle
muscle area. It seems to be remarkable that when one ridge only is present
it is usually placed on the left side of the pedicle muscles, being very rarely
recorded on their right side. These excrescences never occur in the
brachial valve.

At first the ridges might be interpreted as some internal elements of
the atrypid structure, e.g. excessively developed calcareous elevations
limiting the pedicle muscles. More detailed studies reveal that they
correspond to canals due to the burrowing activity of some animals
infesting living brachiopods. Each ridge contains two canals, opening
internally by double apertures very similar to burrows of some polychaete
annelids. No doubt they have served as convenient habitat of a parasite
throughout the life of the brachiopod.

Although hundreds of specimens of different brachiopods washed
from numerous marl samples were examined, the ridges in question were
found only in Atrypae zonata. I have not seen them in any other species,
although the Givetian shales contain a great number of brachiopods
of different families and genera.

The ridges in question were common and occur on a considerable
number of separate valves and closed shells of the brachiopod. Nearly
1/6 of all specimens of Atrypa zonata show them (100 specimens with both
valves closed and 36 separate pedicle valves).

As it was desirable to know the frequency of occurrences of the
ridges in closed shells of Atrypa zonata, their umbonal portions were
etched from the exterior for a few seconds with dilute hydrochloric acid.
As a result of this procedure the valves become transparent and show
the presence of the tubes (see pl. IV, fig. 3). The ridges are always well
preserved. Sometimes they are broken at the front end and allow the
study of their structural characters. Serial cross and longitudinal sections
of the shells with developed ridges were prepared in order to show the
appearance of the tubes, the arrangement of their limbs and to study
their internal structure.

GENERAL CONSIDERATIONS

The nature of Palaeozoic boring animals still remains obscure.
Although they occur rather rarely in Palaeozoic sedimentary rocks and
especially in the shells of invertebrates a lot of attention has been given
to them. As a result many cases are described of infestation of shells by
ancient marine parasites, but the knowledge about them is still too
fragmentary to allow a safe identification. It seems to be obvious that
most of the identifications need revision.
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The tracks of fossil burrowing animals are of many kinds, usually
preserved as burrows, tubes or trails. But these fossil records are at
present insufficient to allow the exact elucidation of the kind of animal
which might have built and inhabited them. It is necessary to increase
the knowledge about them by new discoveries. Also informations
concerning recent marine annelids, their habits and conditions of life,
need to be more complete. No doubt, they will be very useful and
importané for the students interested with these fossils. Only then will
an attempt to establish the systematics of parasitic shell-boring animals
be possible.

It has been mentioned that the borings described here are regarded
as caused by some marine shallow water worm-like animals of minute
size. Judging from the general character and structure the burrows in
question seem to bear a very close resemblance to those formed by
sedentary polychaete annelids. A somewhat similar structure has been
illustrated by Solle (1938, fig. 8) as ,,Wirmspuren” — Clionclithes sp.,
distributed on the external surface of the shell of Awicule from Upper
Coblenz, Germany. But no description or even explanation has been
given by the mentioned author. However, as far as it can be judged,
definite comparisons cannot be made. A study of available literature
shows that the questioned structures cannot reasonably be identified
with any formed by previously described parasitic forms.

The distinctive features considered to be of generic importance are:
the appearance of the tubes and their enclosing ridges, their general
shape and particularly their symmetrical arrangement in the shell. On
the basis of these characters it is concluded that the parasite described
below should be distinguished by a special name, that of Diorygma
atrypophilia n. gen., n. sp.

A few general observations concerning this form are as follows:

1. The described worm-like Diorygmae atrypophilic might be
considered as an example of a parasitic organism associated with
a brachiopod.

2. All specimens of Atrypa zonata bearing the ridges were also
covered with a few tubes of Spircrbis and sometimes with numerous tra-
ces of burrowing animals, resembling to some extent those made by the
annelid described as Conchotrema by Teichert (1945), or borings of
Clionolithes (see Solle, 1938 = Olkenbachia hirsuta Solle). But the
mentioned traces were observed only on the external surface of the
brachiopod.

3. It seems to be certain that the parasites could attack and infect
brachiopod shells of young and also mature individuals.

4. The general character of the tubes and surrounding ridges in all
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infected shells seems to be the same. The observed variability is insigni-
ficant, concerning to some extent the degree of divergence of the limbs,
the position of bifurcation of the tube and the distance between the
two apertures placed on the free end of the ridges. It might be suggested
that all tubes and ridges are of the same origin, bored and built up by
a parasite of one species.

5. As has just been mentioned, the limbs of the tube of each
ridge run side by side and bifurcate only once. In all probahility it is
a specific character of this boring parasite. But it might be explained by
an increased activity of the pedicle mantle in secreting the shell substan-
ce. The mantle of the brachiopod, excited to some extent by the unusual
presence of the foreign animal, quickly secreted a great thickness of
calcium carbonate to surround the tubes and to restrict the degree of
divergence of the limbs. If may be due to this quick covering by shelly
deposit that the tubes do not branch more. In recent polychaete annelids,
mainly Lanice burrowing in sediment, the tubes branch a few times
and are very often W-shaped (Seilacher, 1951, p. 274, 276).

6. All infected shells are identical with those of non infected shells
of the same species. The general appearance and degree of development
of internal structures of both are identical. This seems indicate that the
unusual presence of these parasitic forms did not disturbed the normal
process of growth of the brachiopod shell.

DESCRIPTION

Diorygma n. gen.
Derivation of name: Gr. dis — twofold, orygma — tunnel.

Diagnosis. — A boring in the pedicle valve of Atrypa zonata Schnur
(pl. 111, fig. 1 a, b) consisting of minute, smooth, nearly V-shaped tube.
widening slightly anteriorly, burrowed through all the shell substance
and all the length of a prominent internal ridge, placed on the lateral
sides of the pedicle muscle area. The tubes are opened to the interior
of the brachiopod shell by two apertures lying on the anterior, free
extremity of the ridge.

Type of genus — Diorygma atrypophilia n. sp., described below.

Diorygma atrypophilia n. sp.
(pl. T —1V; text-fig. 1—4)

Holotype: pl. I, fig. 6 (Z. Pal. No. P/1).

Derivation of specific nume: atrypophilia — loving Atrypa (Atrypa — generic

name, Gr. philos — loving).

External appearance of the ridges (pl. I, III, IV; text-fig. 1). — On
the internal surface of the shell the tubes of the boring parasite are
marked by very stout ridges, round in transverse section (pl. III, fig. 2;
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pl. 1V, fig. 2). One of the most peculiar features is their symmetrical
arrangement (pl. I, fig. 1-6). The ridges are elongated running along the
pedicle muscle area, diverging and projecting anteriorly. Their free ends
raised upwards (pl. III, fig. 3a) to the brachial valve always bear two

\ \

Fig. 1. — A-C Three anterior free ends of the ridges illustrating different distance
between two apertures of the tube (¢); approx. X 21.

round or slightly elliptical apertures (pl. I, fig. 6). In the majority of
cases one aperture which is usually larger lies some distance in front
and beneath of the other (text-fig. 1 B, C). In some ridges, however,
as is shown on text-fig. 1 A, two apertures can be in direct contact. As
shown by numerous thin sections, the ridges are an integral part of
the pedicle valve, secreted by the mantle of the brachiopod (pl. III,
fig. 3 a, b; pl. IV, fig. 1). They are intimately fused with the bottom of the
pedicle valve along the length of the muscle area. As a rule, the length of
the ridges reaches a half or more of the length of the pedicle valve.
Their total length in adult specimens (20 mm long) attains 11.3—12.2 mm
and their thickness at the anterior end — 2.5 mm. The ridges arise anterior
to the apical cavity, nearly at the level of the teeth and on their inner
sides, where they are scarcely elevated. Towards the front they become
thicker, as well as more elevated (pl. I, fig. 1-6). In general, the thickness
of the ridges is connected with the individual age of the brachiopod.
Thin, but always prominent in young, they tend to be thicker in fully
grown individuals.

Structure of the ridges (pl. 1I-IV; text-fig. 2-4). — Longitudinal
sections of a ridge show the presence of very narrowly, nearly V-shaped
tubes (pl. II, fig. 1). They are single and minute. Exteriorly they appear
as continuous linear and slightly flexuous tracks, having a hook-like
form, being more or less bent at their posterior part, projecting anteriorly
from the pedicle umbo (pl. IV, fig. 3). As shown by serial transverse
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sections, the tubkes arise at the apical part of the pedicle valve as a single
canal, which promptly becomes bifurcated. At the place of the bifurcation
the tubes in transverse section look like a number 8 (text-fig. 2; pl. II,
fig. 3) which usually can lie obliquely. Originally, the tubes are buried
within the shell substance and obliquely to it, running across the shell

(((

Fig. 2. — A-D Four serial transverse sections of the pedicle valve showing successive
changes in the outline of the tubes connected with their bifurcation: approx. X 16.

layers, subsequently they lie embedded in the ridge, continuing through
all their length (pl. I, fig. 1; pl. III, fig. 3b; text-fig. 3). The tubes appear
to be thin-walled, covered with clear additional shell deposits of a great
thickness. These calcareous shell layers are arranged obliquely to the
lateral sides of the limbs and are of similar microstructure as are the
internal shell layers of the brachiopod (pl. II, fig. 2; text-fig. 4). The
border between the limbs of the V-shaped tube and the enclosed shell
substance constituting the ridge is thin but sharp and smooth (no
annulation being seen). Unfortunately, the wall is so thin that it is
impossible to detect.its particular microstructure.

The limbs of the tube are greatly elongated, a little tapering at
their posterior end and slightly but gradually broadening anteriorly.
They can be straight or insignificantly wavy. Their diameter is small.
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At the anterior end the limbs are two or three times larger than at their
beginning, attaining 0.3—0.4 mm. In all ridges studied the limbs are nearly
of the same diameter and character.

In all cases the limbs run side by side (pl. II, fig. 2, 3; text-fig. 3 B
and 4). The distance between them is restricted, filled up by calcareous
substance identical to that of the teeth or cardinals of brachiopods. The
limbs of one tube become converging at a half or more or less of their
length and to some extent progressively diverge anteriorly (text-
fig. 3 C, 4). In some cases, however, they run parallel to each other being
in direct contact for all or 4/5 of all their length. In some ridges the limbs
tend to be slightly divergent at their anterior end only (text-fig. 3 B), in
others they do not diverge anteriorly (pl. III, fig. 3 b; text-fig. 3 A).

A

Fig. 3. — A-C Longitudinal thin sections of three ridges illustrating some differences
in the degree of deviation of the limbs; approx. X 5
a beginning of bifurcation of the tube, b beginning of deviation of the limbs, ¢ two apertures
of the limbs, d shell substance, filling up the space between the limbs.

The limbs may be filled with mud, nearly identical with the enclosed
sediment on which the brachiopod lived, with calcium carbonate, or
partly with mud and calcium. In some cases they seem to be partly
empty and can look as if they were chambered.

Process of boring (pl. 111, fig. 2). — No doubt the parasites infested
the brachiopod interior from without. This may be explained by the
anchored mode of life of specimens of Atrypa zonata. Their shells in
life were raised some distance above the muddy see bottom by a pro-
truding pedicle. Owing to this, the umbonal portions of the mentioned
brachiopods were directed downwards to the bottom of the sea and could be
especially subject to attacks of the annelids which crawled on the surface
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of the mud. The parasites started their borings on the external surface of
the brachiopod invariably on one or both umbonal slopes of the pedicle
valve and bored at first one or two minute holes. These appear very
distinctly on the exterior surface after etching the umbones of pedicle
valves of infected shells with dilute hydrochloric
acid. The holes are round or elliptical and usu-
ally scarcely definable because of their small
size. At all events they might be considered as
the entrance of the parasitic annelid. They have
a connection with the interior of Atrypa zonata
by a system of single tubes.

Fig. 4. — Longitudinal thin section of the ridge showing
its microstructure and appearance of the limbs of the
tube; approx. X 10
a beginning of bifurcation of the tube, b beginning of devia-
tion” of the limbs, ¢ two apertures of the limbs, d shell sub-

stance filling up the space between the limbs, e wall of the
limbs, f shell layers of the ridge.

The annelid on making an entrance to the brachiopod interior then
bored one tiny and short canal through the shell layers, directed usually
a little towards the apex of the pedicle valve. This canal runs for a short
distance (0.5—1.0 mm) and then it turns in a semicircle or in an acute
angle running forwards and as a rule soon becomes bifurcated (see p. 22).
The unusual presence of a foreign animal provoked the formation of
a projected ridge on the internal surface, lateral to the muscle area of
the brachiopod and placed in the interior of the conical spire of the
brachidium (pl. III, fig. 2). In consequence, the annelid which lived in
the tubes could find very favourable conditions for its parasitic life, and
convenient protection for it.

Two apertures of the tube, in all probability inhalant and exhalant,
being completely internal were opened to the brachiopod cavity. The
cavity currents of sea water created by the brachidium would have
passed also into the apertures of the tube of the parasite. Owing to
this the animal placed so conveniently could at all times obtain easily
a good deal of oxygen and the nourishment necessary for life.

Palaeozoological Laboratory
of the Polish Academy of Sciences
Warszawa, September 1960
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GERTRUDA BIERNAT

DIORYGMA ATRYPOPHILIA N. GEN,, N. SP. — PASOZYT
U ATRYPA ZONATA SCHNUR

Streszczenie

Praca dotyczy $ladow po organizmach drgzgcych w postaci kanaléw w musz-
lach brachiopodow. Slady te zostaly dotychczas zaobserwowane wylacznie w sko-
rupkach wentralnych Atrypa zonata Schnur, pochodzgcych z lupkéw Zzyweckich
z miejscowoéci Skaly w Gorach Swietokrzyskich. Na podstawie dokladnych badan
oraz dostepnej literatury zostala stwierdzona ich odrgbno$¢é w poréwnaniu z do-
tychczas opisanymi $ladami form pasozytniczych. Pasozyty Atrypa zonata Schnur
musialy byé¢ zwierzetami malych rozmiaréw, nalezgcymi prawdopodobnie do gru-
py Polychaeta (Annelida). Dla tego problematycznego organizmu proponowana
jest nazwa: Diorygma atrypophilia n. gen., n. sp.

Badane $lady przedstawiajg sie jak nastepuje:

1. Wewnetrzne delikatne kanaty, rozwidlone w ksztalcie przypominajgcym na
przekroju podiuznym litere V, ktérych ramiona sg polozone blisko siebie, czesto
oddzielone tylko cienks $cianky kanalika. Kanaly te przebijajg ukoénie calg grubosé
skorupki wentralnej brachiopoda w kierunku jej wnetrza. Obecno$é kanalikéw
moze byé tez obserwowana na zewnetrznej powierzchni skorupki wentralnej, po
zaatakowaniu jej bardzo rozcienczonym kwasem solnym.
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2. Grube wateczki wydzielane przez ptaszez brachiopoda na wewnetrznej
stronie skorupki wentralnej, umieszczone zawsze symetrycznie z jednej lub obu
stron pola miesniowego skorupki, caltkowicie z nig zro$niete. Przednie konce wa-
leczkdéw sg wazniesione ku goérze w Kkierunku skorupki dorsalnej. W wateczkach
tych kontynuujg sie kanaliki, otwierajace sie dwoma ujSciami na ich koncach.

Wyglad zaréwno kanalikéw, jak i1 waleczkédw we wszystkich obserwowanych
przypadkach jest jednakowy; ewentualne roznice sa znikome. Nalezy wiegc przy-
puszczaé, ze byly one drazone przez organizmy jednego tylko gatunku.

Obecnos¢ obcego organizmu nie zaklécala normalnego wzrostu muszli bra-
chiopoda. Okazy Atrypa zonata ze $ladami kanalikéw nie wykazujg zadnych réznic
ani w wygladzie zewnetrznym, ani w stopniu wyksztalcenia strukturalnych ele-
mentéw wewnetrznych w poréwnaniu z tymi, w ktorych pasozyty sie nie osiedlily.
Pasozyt zamieszkujgecy wydragzone przez siebie kanaliki stwarzal sobie w ten sposéb

sprzyjajgce warunki zycia oraz odpowiednie zabezpieczenie przed ewentualnymi
wrogami.

OBJASNIENIA DO 1LUSTRACJI

Fig. 1 (p. 21)
A-C Roznice w odleglosci ujé¢ kanalikow, otwierajgcych sie na przednich
koncach watleczkow; ca X 21.
Fig. 2 (p. 22)
A-D Cztery poprzeczne przekroje skorupki wentralnej, uwydatniajgce kolejne
zmiany w zarysie kanaldéw; ca X 186.

Fig. 3 (p. 23)

A-C Watleezki na przekroju podluznym, ilustrujgce réznice w stopniu rozga-
lezienia kanalikéw: e podzial na 2 kanaliki, b rozchodzace sig¢ kanaliki, ¢ ujscia
kanalikow, d substancja skorupkowa wypelniajgca przestrzen miedzy dwoma ka-
nalikami; ca X 5.

Fig. 4 (p. 23)

Mikrostruktura waleczka na przekroju podluznym: a-d vide fig. 3, e Sciana

kanalika, f warstwy skorupkowe tworzgce waleczek; ca X 10.

Diorygma atrypophilia n. gen., n. sp.

PL I
Fig. 1-5. Pieé skorupek brzusznych réznych osobnikéw Atrypa zonata Schnur,
od wewnatrz, z wyksztatconymi waleczkami; ca X 2.
Fig. 6. Wnetrze skorupki wentralnej starego osobnika; widoczne wyrazne ujscia
na przednich koncach waleczkéow; ca X 4.

Pl 11
Fig. 1. Mikrostruktura waleczka na przekroju podluznym,; ca X 14.
Fig. 2. Zarys ramion kanalika na przekroju poprzecznym; ca X 65.
Fig. 3. Przekrdj poprzeczny Atrypa zonate Schnur, widoczne kanaliki; ca X 13.

Pl. III
Fig. 1. Dorosty osobnik Atrypa zonata Schnur: ¢ od strony skorupki dorsalnej,
b od strony skorupki wentralnej; nieco powieksz.
Fig. 2. Przekréj poprzeczny muszli, ilustrujacy waleczki z kanalikami we
wnetrzu brachidium; ca X 4. )
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Fig. 3. Dwa podluzne przekroje Atrypa zonata Schnur ilustrujace: a¢ wyksztal-
cony waleczek, b polozenie obu ramion kanalika wzgledem siebie; ca X 8.

Pl 1V
Fig. 1. Wateczek i ramiona kanalika na przekroju poprzecznym; ca X 5.5.
Fig. 2. Przekroj poprzeczny Atrypa zonata Schnur, ramiona i waleczek kanalika
bardzo wyrazne; ca X 4.
Fig. 3. Slad kanalika widoczny na zewnetrznej powierzchni skorupki wen-
tralnej brachiopola; ca X 6.

TEPTPYOA BEPHAT

DIORYGMA ATRYPOPHILIA N. GEN., N. SP. —IIAPA3UT V¥ ATRYPA ZONATA
SCHNUR

Pesiose

HacToAunaa craTrbA KacaeTcs CJEeNOB CBEPNALMX OPraHu3MoB, KOTOPhLIE Mpen-
CTaBJIAIOTCA B BMIE KAaHAJCB B pakoBuuBax Opaxworon. Chneanl 9TH, KAK O CHUX IOD,
©OBOHApYKEHO WMCKIIOYUTENBbHO B BEHTPadbHbIX CTBOpKax Atrypa zonata Schnur,
MPOMCXOAAIUNMX M3 JKMBETCKMX claHUeB MecTtHocTu Cranbl B CBEHTOKDIKUCKUX [o-
pax. Ha ocHoBaHMM OBGCTOATENLHBIX MCCHEAOBAHMI M AOCTYNHOM JUTEPATypbl, yCTa-
HOBJIEHO MX OTJMYME IO CPABHEHMIO C ONMMCAHHBIMM A0 CHUX [OP CJAEJaMU MNapa3uTt-
Helx doprt. Hapasuter Atrygpa zonata Schnur Obuiy, Kak MOIKHO IIPENNONaraTh, ¥Kil-
BOTHLIMM MEJKVX Pa3MepoB, OTHOCALUMMWMCA IIO BCEM BEPOATHOCTM K rpynne Poly-
chaeta (Annelida). Ina storo npobieMaTHUYeCKOTO OPraHmM3Ma IPEeAJIOKEHO HA3BaHUE:
Diorygma atrypophilia n. gen., n. sp.

V3yuyeHHsle cnefbl NPEACTABIAITCA B BUAE:

1) BHYTPEHHUX TOHKMX KAaHAJbLEB, Pa3BETBJIEHHBLIX B IMPOAOJLHOM CEYEHUN
B (hopme HYKBBbI V, ¢ BETBAMMU JIEKALUMMH OAM3KO cebsA, 4ACTO Pa3fENI€HHBIMU TOJIb-
KO TOHKOI1 CTEHKOJ1 KaHajblLa. KaHanbnpkl, HAIPABJIEHHbLIE HAMUCKOCH K BHYTDU, INPO-
OMBAIOT BCIO TOJLIMHY BEHTPAJLHOM CTBOPRM Opaxwuornoma. Hanauywe KaHajbLesB
MOXKHO TOK€ HabJIAaTh Ha HAPYKHOM IIOBREPXHOCTM BEHTPAJBHOI CTBOPKM, IIOCHE
INeCTBUA Ha Hee CUJILHO pa3DaBJIEHHOI COJAHOW KMCJIOTONM;

2) TOJCTBIX BAaJIMKOB, OTJOXEHHBLIX MaHTHUE Opaxuomnoja Ha BHYTPEHHEN CTOpoHe
BEHTD2JIbHOM CTBOPKM, PACITOJIOFKEHHBIX CUMMMETPMYHO MO OAHOM MAU obermM cTopo-
HaM MYCKYJBHOIO IOJIA CTBODKM, IOJHOCTBIO CpocluMXcA ¢ Heit. IlepenHMe KOHLbI
BaJIMKOB ITOABIMAIOTCA KBEPXY II0 HanpaBleHui0 K OpaxwualbHO cTBOpKe. B sTux
BaJIMKax MNPOAOJIKAKTCA KaHaJbLbl, OTKPBLIBAOINMECA ABYMM YCTBAMM HA MX KOHIAX.

Bua kananeleB, paBHO KaK M BaJWKOB, BO BCEX HaOJMHOIAEMBIX CJAYYaAX OAM-
HakoB. Ecam MMEIOTCA OTJAMYMA, TO MMHMMAaJNbHble. ClefyeT MO3TOMY I10JIaraTh, YTO
OoHM OBbWIM NPOCBEPJEHbl OPraHM3MaMy OJHOIrO M TOTO 3IKE BHIA.

IIpucyreTBUe 4y»KAOro OpraHu3Ma He Hapyluajo HOPMaJLHOTO POCTA PAKOBMHBI
Opaxuornox. Obpas3us! Atrypa zonata co cilefaMM KaHaJbLEB He NPOABAAIT HUKAKUX
OTJIM4MIT HU BO BHEUWIHEM BMJE, HM B CTENEHM DA3BUTUA BHYTPEHHUX CTPYKTYypaJb-
HBIX 3JIEMEHTOB I10 CPaBHEHMM C TEMM, B KOTOPbIX HE HACEAUIMCH napasutel, llapa-
3UT, 3aHUMAIOLKI MMPOCBEPJEHHbIE MM KaHalbl, CO3JAaBal ANA ceda GJIaronpuATHLIE
YyCnoeuA KU3HU n obecrieyeHue Nepen BO3MOXKHLIMM Bparamu.
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EXPLANATIONS OF PLATES

Diorygma atrypophilia n. gen., n. sp.

PL I

1-5. Internal view of five different pedicle valves of Atrypa zonate Schnur
with the ridges; X 2.

6. Interior of old pedicle valve with distinct apertures on the free ends of the
ridges; approx. X 4.

Pl 1I
1. Longitudinal thin section of the ridge showing its microstructure and
appearance of the tube; approx. X 14.
2. Thin transverse section of the tube of one ridge showing the outline of the

limbs; approx. X 65.
3. Thin transverse section of the shell of Atrypa zonata Schnur with tubes
in the interior of the pedicle valve; approx. X 13.

Pl III

1. Mature specimen of infected Atrype zonata Schnur: a brachial view,
b pedicle view; slightly enlarged.

2. Transverse section showing tubes in the interior of the brachiopod’s
brachidium; approx. X 4.

3. Two longitudinal sections of the same shell of Atrypa zonata Schnur:
a appearance of the ridge, b arrangement of the limbs of the tube embedded
in the ridge; approx. X 8.

Pl IV

1. Transverse section of the pedicle valve with the limbs and enclosed them
ridge; approx. X 5.5.

2. Transverse section of the shell of Atrypa zonata Schnur, the limbs and
the ridge very distinct; approx. X 4.

3. Hook-like trace of the burrow from exterior; approx. X 6.
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