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Abstract — For examination of their internal features, 14 specimens of Pygope and Antinomia
from the Bakony Mts. were sectioned longitudinally and transversely. The perforation of the
dorsal valve continues in a long tube which joins a short collar of the ventral valve. In slightly
opened shells a narrow gap appears between the collar and the tube. The posterior part of the gap
is near the rim of the ventral collar. In the new model of the feeding mechanism of pygopides this
feature involves that the exhalant jet passed directly over the ventral entrance of the tube. The
propulsion of the exhalant jet might generate a low-pressure regime in the tube. An advantage of
this process is increasing circulation through the mantle cavities of the lateral lobes, by the sucking
effect of the low-pressure regime. The pygopide might lift itself from the mud by contracting the
adjustor muscles of its pedicle. The underlying unconsolidated mud is stirred up and the fine
grained organic-rich material may be sucked into the low-pressure area of the tube. Then this
suspended matter might be ejected off the tube and the food might be recycled by the inhalant
currents. With 14 figures and one table.
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INTRODUCTION

Brachiopods have been adapted to various marine bottom habitats during the
last more than 500 million years of the history of life, and developed many
curious shell morphologies from alate to coarsely spinose, or flatly cemented to
conically rooted (AGER 1965, 1967; RuDWICK 1970). One of the most perplexing
morphological invention in brachiopod history, a broad medial hole perforating
through both valves, appeared at 160 million years ago among the Pygopidae.
In contrast to the many specialized brachiopod morphologies which recurred
several times in the course of the Phanerozic, this phenomenon was never recorded
before the Late Jurassic and after the Early Cretaceous.
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The hollow (or keyhole) is in fact the surface entrance of a narrow tube
piercing the valves. The infillings of these tubes were recognized and sketchily
illustrated even by the early authors (SUEss 1852; ZITTEL 1870). Nevertheless,
the cause and reason of the central perforation and the tube of the pygopides
was puzzling for the palaeontologists and induced quite irrational ideas (e.g. by
DACQUE 1921, namely that the animal put its own pedicle through its own body).

The growing knowledge on the ecology of present-day brachiopods revealed
that, during the ciliary suspension feeding, the lophophore of the bilateral
animal generated two lateral inhalant flows and a jet-like antero-medial exhalant
stream (RUDWICK 1962). Soon it was also pointed out that the sulcate shell
morphology of brachiopods and its extreme development i.e. the perforation
tube of the pygopides had significance in optimizing the feeding process of
those brachiopods (RUDWICK 1965, 1970; VOGEL 1966). These recognitions and
models were refined by MicHALIK (1996) and CoLAs & GARCIA JORAL (2011).

The comprehensive examinations of the present study improve the
knowledge on the internal morphology of the perforation tube of the pygopides
and throw new light to the function of this curious structure.

MATERIAL AND METHODS

In the framework of a comprehensive project the present author had the
possibility to study a large brachiopod material from the Upper Jurassic
to Lower Cretaceous formations of the Bakony Mountains (Hungary); the
results were published in separate volumes (VOROs 2022a, 2022b). The
brachiopod fauna (1816 specimens, 32 species) was predominated by Pygopidae
(1272 specimens). The abundance of perforate genera Antinomia (435 specimens)
and Pygope (223 specimens) allowed destroying some specimens aiming at the
detailed investigation of their internal features including the morphology of
their perforation tubes. For the latter purpose, 14 specimens were cut or broken
along the plane of symmetry of the specimens (Table 1), additionally serial
transverse and longitudinal sections were prepared (Fig. 1). The investigated
specimens are deposited in the collection of the Department of Palacontology
and Geology of the Hungarian Natural History Museum (HNHM), Budapest
under the inventory numbers prefixed by “PAL”, or “INV”.

In the process of serial grinding, the brachiopod was embedded, with a
definite (transverse or longitudinal) orientation, into plaster. The block of plaster
(with the oriented brachiopod in it) was mounted on a steel plate of the Cutrock-
Croft parallel grinding instrument. This device keeps the orientation and grinds
in very narrow intervals. In the practice, usually 0.1 mm grinding intervals were
used. The brachiopods were sectioned across the visible parts of the perforation
tube. In each phase, the actual cross section was examined; if some significant
change appeared, the cross section was documented by colour photograph
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(by Canon EOS 700D camera). In the figures, the distances between the particular
sections are given in millimetres.

External observations were made on the details of the ventral entrance
of the perforation tubes of several Antinomia specimens and the details were
documented by close-up photographs.

Table 1. List of Pygopidae specimens examined for the perforation tubes.

Species Locality Age Nature of treatment
Szilas Longitudinal broken
P diphya (Buch, 1834 Berriasi
ygope diphya (Buc 34) Ravine 41 erriasian surface
Pygope diphya (Buch, 1834) Szilas Berriasi Longitudinal secti
a , rriasian ngitudin ion
ygope diphya (Buc Ravine 41 erriasia ongitudinal sectio
Pygope diphya (Buch, 1834) L6kt 9 Upper Tithonian Longitudinal section
Longitudinal broken
Pygope diphya (Buch, 1834) Loékut 10 Upper Tithonian ongituct
surface
Longitudinal serial
P diphya (Buch, 1834 Lékuat 13 U Tithoni
ygope diphya (Buc ) oku pper Tithonian
Pygope diphya (Buch, 1834) Szilas Lower Tithonian Longitudinal secti
ope diphya (Buch, ower Tithonian Longitudinal section
J8ope aiphya (Bu Ravine 70 gin
. . Lo Harskut L Longitudinal broken
Antinomia catulloi (Pictet, 1867) Berriasian
12/a 10 surface
Antinomia catulloi (Pictet, 1867) Ldkut 8 Upper Tithonian Longitudinal section
Longitudinal serial
Antinomia catulloi (Pictet, 1867)  Ldkut 10 Upper Tithonian ongx ncmnatseria
sections
Antinomia catulloi (Pictet, 1867)  Lékut 15 Upper Tithonian Longitudinal section
Antinomia catulloi (Pictet, 1867)  Ldkut 18 Upper Tithonian Longitudinal section
Longitudinal serial
Antinomia catulloi (Pictet, 1867)  Lokut 24 Upper Tithonian ongl et sena
sections
. . . A . . Transverse serial
Antinomia catulloi (Pictet, 1867)  Lokut 27 Lower Tithonian .
sections
Longitudinal brok:
Antinomia catulloi (Pictet, 1867)  Lokut 46 Lower Tithonian &' o nal Droen

surface
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Longitudinal
sections

Transverse
serial sections

Figure 1. Positions of sections and serial sections through a pygopide shell (not to scale).

RESULTS

The new data and observations of the present study significantly improved the
previous knowledge on the morphology of the perforation tube of the Pygopidae
brachiopods.

The longitudinal sections and cuttings through the specimens of Pygope
diphya (Buch, 1834) and Antinomia catulloi (Pictet, 1867) revealed that the
dorsal entrance of the perforation continues in a funnel-shaped and anteriorly

arched tube through the interior of the

dorsal valve. This tube regularly narrows

,,,,,, in ventral direction and its ventral
termination is directed to, but does not

reach the corresponding perforation of the
ventral valve (Figs 2-3). The perforation
of the ventral valve is narrower than that
of the dorsal one; it continues in a short
collar inwards, which joins the ventral
termination of the dorsal tube (Figs 2-3).
It was also visible that the ventral collar fit
almost perfectly to the end of the dorsal
tube if the valves of the specimen were
closed. In slightly opened shells a narrow
gap appears between the collar and the
tube. The gap is not perpendicular to
the tube; the posterior slit opens near the
ventral surface of the ventral valve, while
the anterior part of the slit is situated
much more inward in the tube (Figs 2-3).

posterior
slit

10 mm

Figure 2. Polished longitudinal section (below) and interpreted drawing (above) through a
specimen of Pygope diphya (Buch, 1834) showing the details of the perforation tube; Borzavar,
Szilas Ravine 41; Cretaceous, Berriasian.
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10 mm
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posterior
slit

Figure 3. Polished longitudinal section (right) and interpreted drawing (left) through a specimen
of Antinomia catulloi (Pictet, 1867) showing the details of the perforation tube; Lokut, Lékut Hill
15; Jurassic, upper Tithonian.

The longitudinal serial sections through a specimen of Antinomia catulloi
(Pictet, 1867) endorsed the previous observations and provided further details on
the connection between the dorsal tube and the ventral collar (Fig. 4).

The transverse serial sections through a specimen of Antinomia catulloi
(Pictet, 1867) (Fig. 5) exposed that the tube is roughly triangular in cross section; it
is formed by the linguiform extension of the deep dorsal sulcus, and the posterior
endings of the fused lateral lobes of the dorsal valve. Near the dorsal entrance the
cross-section is drop-shaped with arched posterior and pointed anterior walls.
The ventral termination of the tube and the connected collar are formed by the
convex medial fold of the ventral valve and the endings of the fused lateral lobes
of the ventral valve; consequently it is somewhat chalice-shaped in cross section.
The anterior shell wall of the ventral collar is markedly thickened (Fig. 5).

Figure 4. Drawings of longitudinal serial sections through a specimen of Antinomia catulloi

(Pictet, 1867); Lokut, Lokut Hill 10; Jurassic, upper Tithonian. Numbers indicate the distances

between the particular sections. Grey rectangles symbolize the former pedicle of the animal
(not fossilized).
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Figure 5. Drawings of transverse ser1a1 sections through a specimen of Antinomia catulloi (Pictet,
1867); Lokat, Lokut Hill 27; Jurassic, lower Tithonian. Numbers indicate the distances between
the particular sections; ventral valve up.

10 mm
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By closer examination of the ventral entrance of some well-preserved
Antinomia specimens it was seen that the medial fold of the ventral valve,
bordered by marked depressions, showed a regular, posteriorly convex pattern of
growth lines. During the late phase of the ontogeny the growth vector of the fold
started to change from longitudinal (anterior) to inward (anterodorsal) direction
(Figs 6-7). As a result, the line of contact with the ventral end of the linguiform
extension (i.e. the posterior slit) was removed inward to the entrance of the
ventral perforation. Certainly, this change involves some degree of resorption of
the ventral end of the linguiform extension. This whole process was synchronous
with the final phase of the fusion of the large anterior lobes of the shell, because
at the penultimate phase of the fusion of the anterior lobes, the posterior slit was
still in extreme ventral position (Fig. 8). This means that the animal organized
the inward shift of the posterior slit in the time of the fusion of the lobes, i.e. in
the final accomplishment of the tube.

posterior
slit

Figure 6. A = ventral view of Antinomia picteti V6rés, 2022; Harskut, HK-12/11; Cretaceous,

lower Valanginian; B = detail of A (marked by rectangle), showing the ventral entrance of the

perforation; LE = ventral termination of the linguiform extension of the dorsal valve; the posterior
slit is slightly open.
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posterior
slit ; B

S5 mm

Figure 7. A = ventral view of Antinomia catulloi (Pictet, 1867); Harskut, HK-12/20; Cretaceous,

Berriasian; B = detail of A (marked by rectangle), showing the ventral entrance of the perforation;

disarticulated ventral valve, therefore the termination of the linguiform extension of the dorsal
valve is missing (filled with host rock).

posterior
slit

Figure 8. A = ventral view of Antinomia contracta Voros, 2022; Lokut, Lékut Hill 47; Jurassic,

lower Tithonian; B = detail of A (marked by rectangle), showing the ventral entrance of the

perforation; LE: ventral termination of the linguiform extension of the dorsal valve; the posterior
slit is closed.

DISCUSSION

The growing knowledge on the feeding mechanisms of present-day brachiopods
revealed that the mantle cavity of the bilateral animal was always divided by the
lophophore into inhalant and exhalant chambers with separate apertures, with
two lateral inhalant flows and a jet-like antero-medial exhalant stream (RUDWICK
1962; McCAMMON 1969; STEELE-PETROVIC 1976; WILLIAMS et al. 1997; PECK
et al. 1997). For brachiopods, as ciliary suspension feeders, it is crucial to prevent
the mixing of the inhalant and the food depleted exhalant flows, particularly
in habitats with limited food supply. In a great compendium on the adaptation
of Mesozoic brachiopods to different environments AGER (1965, pp. 161-165)
signalled the pygopides as markers of “deeper and/or calmer sea-floors”, with the
notion that in very quiet waters the separation of inhalant and exhalant currents
was vital where the waste material was not readily swept away.
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The homeland of pygopides, the Mediterranean faunal province perfectly
corresponds to the above statements. In Late Jurassic and earliest Cretaceous
times the pygopides thrived on the Mediterranean microcontinent system in the
western part of the Tethys Ocean (VOROSs 1993, 2005). This submarine plateau
(“thalassobathyal” sensu ZEZINA 1997) was isolated from the surrounding
continental areas by wide deep-sea basins, which hindered the influx of the land-
derived organic matter to this palacoenvironment. The Mediterranean province
was characterized by slow deposition of pelagic calcareous muddy sediments
with very restricted amount of organic particles (HALLAM 1975; VOROs 2005).
In this region, just as in the present-day pelagic environments, the source of
the sedimentary material and the food supply was the result of the primary
productivity in the surface zone of the ocean, from where the minute particles
sunk down to the sea-floor. The calcareous ooze came from the micro- and
nannoplankton (shells of foraminifers and coccoliths) and their decayed tissues
yielded the limited amount of organic matter as nutrients (HUNEKE & HEINRICH
2011). The pygopides of the Mediterranean province, among other bottom-
dweller animals, had to adapt to this special nutrient-deficient environment.

inbalant It is obviously advantageous if the

current direction of the exhalant current which
exhalant is depleted in organic particles, deviates
/ jet from the inhalant flow in order to avoid

the mixing and recycling the exhausted
water. This divergence is achieved by the
modification of the anterior margin of
the brachiopod shells as it is exemplified
by the sulcate morphotypes prevalently
occurring in deep sea environments
with limited food supply (CoOOPER
Figure 9. The system and divergence 1972; ZEZINA 1997). The advantage of
between the inhalant and exhalant currents the sulcate morphology in utilization
in pygopides in Rudwick’s model (modified of food was proved by the models of
from RupwICK 1970). the feeding currents generated by the
ciliary action of the lophophore as
reconstructed by Rupwick (1965, 1970) and VOGEL (1966). These models were
further discussed and enhanced by MicHALIK (1996) and CoLAs & Garcia
JorAL (2011) but apparently without exhaustive information on the internal
structure of the pygopide shell, particularly the tube. For the palaecobiological
interpretation of the pygopide perforation, the fundamental feature, highlighted
by the above authors, was the angle of deviation between the inhalant and
exhalant currents. Rupwick (1970) and CoLAs & GARcia JorRAL (2011)
estimated this deviation as exceeding 90° (Fig. 9), whereas in the reconstruction
by MicHAL{K (1996) the divergence seems to approach even 180° as suggested by
the extreme posteroventral position of the posterior gap in the umbonal chamber
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(Fig. 10). A remarkable improvement of Michalik’s model was the recognition of
the anterior gap (or slit) within the tube, although positioned too much dorsally
in the reconstruction. In fact, the formation of the tube, i.e. the fusion of the
lateral lobes further enhanced the feeding process: instead of two lateral inhalant
currents, the intake became possible along the whole enlarged anterior margin in
the adult perforate pygopide.

sl ey el : exhalant
2 current

inhalant
current

Figure 10. The system and divergence between the inhalant and exhalant currents in pygopides in
Michalik’s model (modified from MiCHALIK 1996); note the presence of the anterior gap within
the perforation tube.

The new theoretical model of the feeding current system of perforate
pygopides is shown in Fig. 11. Here the animal is depicted with slightly opened
shell in life position, resting on its dorsal side and fastened by its pedicle to the
bottom. The principal geometry of the reconstruction was developed on the basis
of the examinations and observations presented in this study. Particularly the
longitudinal sections (Figs 2—4) unanimously demonstrated that, in contrary to
Michalik’s model, the anterior and posterior gaps (or slits) were situated near the
ventral entrance of the tube. The opening of the posterior gap of the umbonal
chamber approximately faced with the opposing rim of the tube. This involves
that the exhalant jet has to pass directly over the ventral entrance of the tube.

inhalant

current

Figure 11. Longitudinal cross section showing the new theoretical model of the feeding current

system of perforate pygopides. The animal, with slightly opened shell, is in life position resting

on its dorsal side and fastened by its pedicle to the bottom. Note that the posterior slit is near the
ventral entrance of the tube and the exhalant jet only just passes over the rim of the tube.
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The propulsion of the exhalant jet above the entrance of a tube recalls the
author’s mind to the every-day spray devices working on the basis of Bernoulli’s
principle. For the sake of accuracy, the definition of the principle states that:
“An increase in the speed of a fluid occurs simultaneously with a decrease in
pressure” (https://en.wikipedia.org/wiki/Bernoulli’s_principle). Perhaps we
may go further and cite also the related Venturi effect: “When flowing through
a constricted area of a pipe, a fluid’s velocity increases and its static pressure
decreases” (https://en.wikipedia.org/wiki/Venturi_effect). It is true that the
posterior slit of the umbonal chamber is not a pipe, still we may suppose that
the propulsion of the exhalant jet generated a low-pressure regime in the tube
(Fig. 12).

inhalant

current

Figure 12. Longitudinal cross section showing the upgraded theoretical model of the feeding

current system of perforate pygopides. With the application of Bernoulli’s principle and the

Venturi effect, it is supposed that the propulsion of the exhalant jet generated a low-pressure

regime in the tube. This may trigger an outflow through the anterior slit of the tube, generated by

the sucking effect of the low-pressure regime, with the benefit of the increase the slow circulation
through the large mantle cavities of the lateral lobes.

Considering that, as it was demonstrated above (Figs 6-8), the anterior
transfer of the posterior slit to the entrance of the tube proceeded in the latest
phase of the ontogeny i.e. in the time of the final accomplishment of the tube, a
causal relationship between the two processes cannot be excluded. Without being
entangled with teleology, we may further speculate on the potential benefits of
a low-pressure regime in the tube of a pygopide animal. One obvious advantage
would be theincrease of the speed of the slow circulation through the large anterior
mantle cavities, which was certainly useful in collecting the organic particles by
the ciliary arms. This may be achieved by the outflow through the anterior slit of
the tube, generated by the sucking effect of the low-pressure regime.
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In a more hypothetic model, the generated low-pressure regime is combined
with possible movements of the whole shell of the pygopide animal by using its
stiff pedicle, firmly attached to a hard object in the sea-floor (Fig. 13). In most
of its life the animal is resting on and slightly sinking in the soft muddy surface
of the sea-floor. For short moments, it is capable to lift itself from the mud by
contracting the adjustor muscles of its pedicle. By this action the underlying
unconsolidated mud is stirred or whipped up and the fine grained and partly
organic-rich material may be sucked into the low-pressure area of the tube.
Moreover, at least a fraction of this suspended matter may be ejected off the
tube, helped by the exhalant jet. Simultaneously, the expelled cloud of suspension
may be swept away by the slow but steady currents of the surrounding sea water.
In fortunate case the currents may sweep the suspended matter with organic
particles near to the anterior margin of the shell, where the inhalant current may
bring the extra food particles to the mantle cavity of the animal.

steady currents suspension

o Mhajay

- Curre,,r

Figure 13. Longitudinal cross section showing the hypothetically advanced theoretical model
of the feeding current system of perforate pygopides. The animal lifted itself from the mud by
contracting the adjustor muscles of its pedicle. The underlying unconsolidated mud is stirred up
and the fine grained organic-rich material sucked into the low-pressure area of the tube. This
suspended matter may be ejected off the tube and the expelled suspension may be swept away
by the slow currents of the sea water. The suspended matter with organic particles may reach
the anterior margin of the shell, where the inhalant current may bring the extra food particles
to the mantle cavity of the animal. This may give an ancient example of recycling of food in
environments of restricted supply.

But if the pygopide lifted its shell, it would also be able to rotate the whole
body by the contractions of the adjustor muscles, on the analogy of some living
brachiopods (RICHARDSON 1981). By this rotation around the pedicle as a pivot,
the animal might settle its shell to adjacent surfaces of the muddy sea-floor and
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might exploit the sparse organic particles previously deposited on that site. This
movement might be repeated from time to time in the life of the pygopide animal
(Fig. 14).

Provided that this model worked in fact, this process would be considered
a nice ancient example of recycling of food in environments of restricted supply.

Figure 14. The pygopide might rotate its lifted shell by the actions of the adjustor muscles

around the pedicle as a pivot, and might settle to adjacent surfaces of the muddy sea-floor. Thus

it might exploit the sparse organic particles previously deposited on that site. This movement
might be repeated from time to time in the life of the pygopide.
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A Pygopefélék perforaciéjanak morfolégiaja és funkcidja
(Terebratulida, Brachiopoda)
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Osszefoglalas — Belsd szerkezetiik vizsgalata céljabél 14 bakonyi Pygope és Antinomia példany
hosszanti és hardnt csiszolata késziilt el. A héti tekné perforacidja egy hosszi cs6ben folytatédik,
ami a hasi tekné rovid tolcséréhez illeszkedik. A kissé nyitott teknék esetében a csé és a t6lcsér
kozott szlik hézag jelenik meg. A hézag hatulsé nyildsa kozel esik a ventralis tlcsér pereméhez.
A Pygopefélék taplalkozési rendszerének Gj modelljében ez a vonds azt jelenti, hogy a kilévells
dramlat kézvetleniil a cs6 hasi nyilasa folott halad el. Az er6s kilvellés nyomascsokkenést idézhet
el6 a csében. Ez a jelenség elényos lehet a kdpenyiireg dramlési rendszerének felgyorsitasédban,
ami a csében uralkodé csékkent nyomas szivohatdsabdl adédik. Az éllat ki tudja emelni a
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testét az iszapbdl a nyélmozgaté izmai segitségével. Ez altal a még laza iszap felkavarodik és az
apré szervesanyag-szemcsékkel egyiitt beszippantédhat a csokkent nyomdst csébe. Ezutdn a
lebegtetett tdpanyag szemcsék a bemend dramlat Gtjdn dGjrahasznosulhatnak. 14 dbraval és egy
téblazattal.

Kulcsszavak - Bakony-hegység, taplédlkozas, taplalék ujrahasznositds, belsé morfoldgia,
Pygopefélék

ABRA- ES TABLAMAGYARAZATOK
1. tabla. A perforaciés csévekhez vizsgalt Pygopefélék példanyainak listdja.

1. 4bra. Pygopefélék tekndjén keresztiil készitett metszetek és sorozat-csiszolatok helyzete (nem
méretaranyos).
2. 4bra. Csiszolt hosszanti metszet (alul) és értelmezett rajz (feliil) egy Pygope diphya (Buch,
1834) példanyon keresztiil, a perforacids csd részleteinek bemutatdsara; Borzavar, Szilas-drok 41;
kréta, berriasi.

3. 4bra. Csiszolt hosszanti metszet (jobbra) és értelmezett rajz (balra) egy Antinomia catulloi
(Pictet, 1867) példanyon keresztiil, a perforicids csé részleteinek bemutatdsara; Lokut, Lékuti-
domb 15; jura, felsd tithon.

4. abra. Egy Antinomia catulloi (Pictet, 1867) példdnyon keresztill késziilt hosszanti
sorozatcsiszolatok rajzai; Loékuat, Lokuti-domb 10; jura, fels6 tithon. A szdmok az egyes
csiszolatok kozotti tavolsdgokat mutatjék; a sziirke téglalapok az egykori (nem fosszilizalédott)
nyél helyét jelzik.

S. abra. Egy Antinomia catulloi (Pictet, 1867) példdnyon keresztiil késziilt hardnt irdnyu
sorozatcsiszolatok rajzai; Lokut, Lokuti-domb 27; jura, alsé tithon. A szadmok az egyes csiszolatok
kozotti tavolsdgokat mutatjék; a hasi tekné van felil.

6. abra. A = Egy Antinomia picteti Voros, 2022 példany hasi nézete; Harskut, HK-12/11; kréta,
als6 valangini; B = Az eléz6 kép (téglalappal jelolt) részlete a perfordcié hasi nyildsat mutatja;
LE = a hati teknd nyelvalaki nydlvdnyanak hasi elvégz6dése; a hatulsé hézag nyitott.

7. dbra. Egy Antinomia catulloi (Pictet, 1867) példany hasi nézete; Hérskut, HK-12/20; kréta,
berriasi; B = Az el6z26 kép (téglalappal jelolt) részlete a perforaci6 hasi nyildsat mutatja; izolélt hasi
teknd, ezért hati tekné nyelv alakd nyalvanya hidnyzik (a nyildst kézetanyag tolti ki).

8. abra. Egy Antinomia contracta Vords, 2022 példany hasi nézete; Lokut, Lokuti-domb 47;
jura, alsé tithon; B = Az el6z6 kép (téglalappal jelolt) részlete a perfordci6 hasi nyilasat mutatja;
LE = a hati teknd nyelv alakd nytlvanyanak hasi elvégzédése; a hatulsé hézag zart.

9. 4dbra. A Pygopefélék bemend és kimend dramldsainak rendszere és irdnyeltérése Rudwick
modellje szerint (RUDWICK 1970 nyoman médositva).

10. 4bra. A Pygopefélék bemend és kimené dramlésainak rendszere és irdnyeltérése Michalik
modellje szerint (MICHALIK 1996 nyoman moédositva); lényeges a mellsé hézag feltiintetése a
perforacids csovon beliil.
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11. 4bra. Hosszanti keresztmetszet a perforélt Pygopefélékben a lophophora éltal gerjesztett
taplalkozasi dramlasi rendszer 4j elméleti modelljének bemutatdsara. Az allat élethelyzetben,
kissé kinyitott tekndékkel a héti oldalén fekszik, és nyelével a tengeraljzathoz régziil. A hatulsé
hézag a cs6 hasi nyilasahoz kozel van és a kilovell6 aramlas éppen a csé pereme mellett halad el.

12. abra. Hosszanti keresztmetszet a perforalt Pygopefélékben a lophophora éltal gerjesztett
taplalkozédsi 4ramldsi rendszer tovabbfejlesztett elméleti modelljének bemutatdsira. A
Bernoulli-szabély és a Venturi-hatds alkalmazaséval feltételezhetd, hogy a kil6vell§ dramlas
nyomascskkenést idéz el a csében. Ez a nyomascsokkenés masodlagos kidramlast valthat ki a
cs6 mells6é hézagjan keresztiil, ami megnévelheti a kdpenyiiregen beliili dramlas sebességét.

13. 4bra. Hosszanti keresztmetszet a perforalt Pygopefélékben a lophophora éltal gerjesztett
taplalkozési dramlasi rendszer feltételesen tovébbfejlesztett elméleti modelljének bemutatédsara.
A nyélizmai segitségével az dllat kiemeli tekndit az iszapbdl. A még laza iszap felkavarodik és
a finomszemcsés, szervesanyag-tartalmi zagyot az alacsony nyomdsu csé felszippanthatja. A
lebegtetett szemcsék a kilovells viz altal kijutnak a cs6bél, és a kérnyezé tengerdaramlds tovabb
sodorja 6ket a teknék mells6 pereméhez, ahol a bemend dramlas segitségével a tdpanyag szemcsék
bejutnak a képenyiiregbe. Ez a tdpanyag tjrahasznositasdnak egykori példaja lehet.

14. 4bra. A Pygopefélék a nyélizmok segitségével felemelt tekndiket el is fordithatték a régzitett
nyél kériil, és egy szomszédos helyen ujra letehették a tengerfenék iszapjanak felszinére. Igy az
itt korabban lerakédott gyér szerves anyagot djra feldolgozhattdk. Ezt a mozgast az allat az élete
soran t6bbszor megismételhette.
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