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Predation by muricid and naticid gastropods
on the Lower Tortonian mollusks
from the Rorytnica clays

ABSTRAICT: Traces of the predation by boring gastropods, very common on the
Iower Tortonian gastiropods, pelecypods and scaphopods frorh the Korytnica clays
on the southern slopes’ of the Holy Cross Mts, Central Poland, have been ascribed
to the activity of four muricid and five maticid species. A very strong differen-
tiation of the pronmeness of particular species to be attacked by predatory boring
gastropods has been shown by a statistical analysis of more than 20,000 specimens
of over 120 species. In this respect the character of differentation of large
taxonomic and ecological groups suggests that it vesults not so much from the
ethology of the predators as from ‘the ecology of their potential prey. The ratio of
the numbers of the naticid and mwuricid prey within the range of large taxo-
womic and ecological groups indicales divergent interests of the two groups of
predatory boa'img igastropods and an only small extent of their competition.

INTRODUCTION

Traces of the predation by boring gastropods are very common
among the abundant and excellently preserved Lower Tortonian ‘mol-
lusks which occur in the Korytnica clays (cf. Friedberg 1911—1928, 1934
—1936, 1938; Kowalewski 1930; Baluk & .Jakubowski 1968; Rad-
wanski 1969, 1970; Baluk 1971, 1972, 1974). They have been found in.
gastropods, pelecypods and scaphopods, but never so far in chitons.
' They are observed in the form of more or less regular, round or elliptic
holes, through which the predatory gastropods reached with their
proboscides the inside of the shell and the soft flesh of their prey. As
the identical traces are well known in the Recent fauna, the authors
have undertaken the comparative studies to recognize both the nature
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of the borings as well as ethology of the predators and ecology of their
prey. The particular species that are the prey of predatory gastropods
have been examined statistically to obtain as far as possible the most
reliable data on general proneness of these species to the attack of
predators. The obfained results are regarded to be instructive for paleo-
-synecological analysis of the mollusk communities that settled in the
Lower Tortonian environment yielding the remarkably fossiliferous Ko-
rytnica clays.
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PREDATORY BORING GASTROPODS

Many laboratory studies were unaeriaken on tne eunology and
manner of boring in the Recent carnivorous gastropods (Ziegelmeier
1954, Wells 1958, Paine 1963). Almost identical traces, frequently met
with in the Tertiary and sporadically in the Cretaceous, are generally
considered to be the result of the activity of identical groups of gastro-
pods with the Recent ones, wviz. Muricacea and Naticacea. On the
other hand, Paleozoic traces similar in character probably represent the
effects of boring of other animals (Carriker & Yochelson 1968), although
sometimes they are ascribed to the activity of gastropods different than
Muricacea and Naticacea; viz. the genus Subulites (cf. Cameron 1967).

In ecological and paleoecological literature, there occur frequent
ambiguities and often it is not clear whether the authors deal with the
predatory gastropods which directly attack the moft body of their prey
or with those securing their food by boring the shells. It is beyond any
doubt, however, that the latter manner of attacking is observed in
various genera of Muricacea {(Murex, Ocenebra, Pteropurpura, Thais,
Urosalpinx) and Naticacea (Ampullina, Euspira, Natice s.l.). Fischer
(1922, 1966) mentions that also some of the Recent species of Nassa are
boring predators, but he is very cautious concerning such a possibility in
the case of older geological epochs. More explicit in this respect is Mila-
shevich (1916, fide Davitashvili & Merklin 1968), who maintains that
Nassa reticulata (Linnaeus), the species absent at Korytnica, bores the
shells of thin-valved pelecypods in search of food. All other species of
Nasse are, however, treated either as necrophags or predators directly
attacking their prey. Not quite clear is the status of such genera
as Columbella, Euthria and Fusus, sometimes mentioned as boring
gastropods ((Fischer 1922), but in more recent papers (Ziegelmeier 1954,
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Carriker & Yochelson 1968, Taylor 1970), there are no suggestions that,
except for the Muricacea and Naticacea, any other genera or species are
predatory boring gastropods.

Under such circumstances, the authors believe that the borings of
this type found in the Korytnica mollusks may be considered as the
symptoms of the predation mostly by following most common at Ko-
rytnica (cf. Friedberg 1911—1928, 1938) species of muricids and naticids:
Murex friedbergi Cossmann & Peyrot, Ocenebra crassilabiata (Hilber),
O. orientalis Friedberg, Natica helicina Brocchi, N. josephina (Risso),
N. millepunctata Lamarck, N. pseudoredempte Friedberg, and N. redem-
ta Michelotti.

The Recent Muricacea and Naticacea markedly differ from each
other in their mode of life and their borings vary morphologically'
(Carriker & Yochelson 1968, Taylor '1970).

The Muricacea that bore by a rotatory motion of their radulae (cf.-
Carriker & Yochelson 1968) belong to epifauna which explains why at
Korytnica their borings are so frequently met with at the outer margin
of shallowly burrowing pelecypods. The muricid borings in the Korytnica
mollusks are of a cylindrical shape (Pl. 1, Fig. 1), frequently irregular in
outline and with jagged margins (Pl. 4, Fig. 1). Failed borings which occur
' semetimes have markedly concave bottoms. Sometimes, several borings’
are observed on one and the same prey (PL 2, Fig. 5), which seems to
result from the muricids’ tendency to the attack in groups (cf. Paine 1963).
Not all species of the muricids secure their food by boring the shell of
prey. Moreover, as follows from laboratory sfudies on the behavior and
manner of attacking prey by Recent species of Murex, borings are made
only by young individuals, while the adults are sufficiently strong to
open the shells of pelecypods (Wells 1958).

. The Naticacea, belonging to infauna, look for their food and attack
prey in the bottom sediment only, and get out onto the surface only under
unfavorable conditions. The strongly developed foot allows them to enfold
strongly their prey and to handle it as long as it is necessary to find an
appropriate place for boring. Thus far, nobody has been able to answer
whether Naticacea choose a definite place on the shell of prey or their
borings are distributed at random (Carter 1967, Reyment 1971). They bore
by a rotatory motion of their radulae and the participation of the sulfuric
acid secretion in this process has not so far been confirmed (Ziegelmeier
1954). The naticid borings in the Korytnica mollusks are very regular,
widely conical (Pl. 1, Figs 2 and 4). A characteristic, centrally situated
boss (Pl. 1, Fig. 3) is observed on the bottom of failed borings. Sometimes,
several borings are met with on one .and the same prey (Pl. 2, Figs 1-——-3 :
and 6—7), and they supposedly represent either the effect of a prolonged
handling of the prey, or it is a matter of pure accident (the group attack
is unknown in these gastropods). On the other way, as follows from
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laboratory studies, the naticids do not distinguish between the alive and
‘dead specimens and they bore each shell they find, sometimes those
previously bored including (Ziegelmeier 1954). Thus far, no species of
naticids are known which would secure their food in other manner.

BORINGS OF MURICACEA AND NATICACEA

As indicated by the results of studies on the abundant material from Koryinica,
the morphological criteria cited above (Carriker & Yochelson 1968), although very
helpful in a correct assignment of the borings to- an appropriate group of predators,
are insufficient and frequently leave a considerable margin of uncertainty, Moreover,.
determining a distinct boundary seems to be impossible, since in many cases the
authors noticed in the borings a gradual passage from the “naticid” type to the
“muricid” one, even when the same predator had been evidenced — a distinet
preference for the place of boring in e.g. Sabatia callifera Boetiger or Nassa schoermi
(R. Hioelmes & Aminger) indicabes one only tyipe of a predator (of. PL 3, Figs 1—10).

Sometimes, the morphology of the borings is so closely correlated with the
microstructure of the shell that it completely precludes a correct identification of
the borings on the basis of the morphological criteria expressed by Carriker &
Yochelson (1968). In this respect, the genus Corbula may serve as an example, The
valves of these common pelecypods contain a characteristic, very hard “conchioline™
mid-layer (Fischer 1963), which distinctly affects the manner of boring and, conse-
quently, the morphology of holes (cf. [P1. 4). A complete conformity of Fischer’s
drawings and borings observed in the Korytnica material @l 4, Figs 3—10) with
the description (Ziegelmeier 1954) of the borings of Lunatia nitida Donovan has
allowed the authors to classify them as indubitably naticid borings. This brings in
question the accuracy of Taylor’s (1870) determinations, as a vast majority of the
borings found din these pelecypods were ascribed by him fo the activity of the
muricids,

The necessity of an arbitrary assignment of these, in fact rather few, borings,
which might be the result of the activity of gastropods different than Muricacea and
Naticdcea, to these two morphological types, is an additional factor' decreasing the
reliability of the identification. '

All these facts cause a vast variabilily within the range of the two groups
distinguished (borings of Muricacea and Naticacea) and preclude their unequivocal
delimitation, It is likely that similar difficulties were faced by other investigators,
but all attempts to establish betber criteria of identifying borings {e.g. the ‘diameter
of hole — Reyment 1963, 1986a, b) have so far failed to yield satisfactory results.

PRONENESS 'OF THE KORYTNICA MOLILUSKS TO THE ATTACK
BY MURICIDS AND NATICIDS

The proneness of mollusks most common in the Korytnica clays to the attack
by the predatory boring gastropods has been subjected to statistical analysis the
results of which are given in Table 1. For each species {sometimes genus) it is shown
how many individuals were contained in the sample examined. Here, the authors
freat every two pelecypod valves as an equivalent of one individual, assuming that
under the sedimentary conditions of the Korytnica clays (no iransportation and,
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consequently, no sorting in practice), the probability of finding the Tight and the
left valve ig ddentical. The proneness to the attack by boring gastropods is cha-
racterized through the percentage of the individuals attacked which occur in the
sample under study. Since,” however, the differences in the size of samples of
particular species are considerable and the samples themselves fairly small in some
cases, the relations in actual populations were described by means of confidence
intervals. They were compubted on the basis of a binomial probability distribution,
since it is the simplest method of statistical analysis of the “either — or” type of
data, viz. in this case: “an attacked individual — a non-attaclked individual”, If the
confidence Jevel is determined — as wsually in biological studies — at 95 per cent,
the confidence interval may be computed from the following formula (Reyment 1971):

p(1—p)
pt 1.96]/ N

where p denotes the percentage of one of the classes (in this case: ‘“‘the attacked 1rhdividﬁals")
in the sample, and N — the size of the sample.

For particular species, the authors sought to determine the numerical ratio
of the individuals attacked by the maticids and the muricids (natieid to muricid prey
ratio), but due to the- difficuliies mentioned above concerning the identification of
borings and the size of the confidence interval, this value was given only in the
Cases in which the number of the-individuals attacked was sufficiently high {0 assure
an appropriate accuracy.

The values given in Table 1 enable the determination of a mean
value for the main area of the Korytnica clays, of the proneness of
particular species to the attack, since the assemblage under study was
collected at various exposures and stratigraphical levels of these clays.
If, however, the samples examined come from defirite localities, the"
deviation from the mean value may be considerable. As an example, the
locality from which comes a sample markedly enriched in the naticids
(locality I of littoral facies in Radwanski 1969, Fig. 31), but considerably
impoverished in the species (Dr. W. Batuk’s oral communication), is cha-
racterized by the percentage of the attacked individuals of Nassa schoenni
(R. Hoernes & Auinger) distinctly higher (Table 2) than in the main area
of the Korytinica clays (cf. Table 1). A similar difference takes place for
Natica pseudoredempta Friedberg, found only in this locality, when
compared with mean values for the other species of this genus (cf.
Tables 2 and 1). .

As follows from a perfunctory analysis of the obtained data (cf.
Table 1), the proneness to the attack by boring gastropods is subject to
considerable fluctuations within one superfamily (e.g. Cardiacea), farhily
(e.g. Bullidae) and even genus (e.g. Actaeon, Alvania, Sweltia), which
probably may be explained by the occupation by particular species of
sowewhat different ecological niches or by their special adaptations. In
this respect, a fairly good example is offered by Cardiacea of various age
(cf. Table 3) some species of which may quickly jump by means of their
foot and thus escape the attackers (Davitashvili & Merklin 1966).
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Table 2

Proneness of local populations to the attack by predatory boring gastropods in the
Lower Tortonian of Korytnica @locality I, cf. the text)

Per ocent
Huwber of p:‘o;ortion 95%
Spacies 'ﬁ“mm“ of the |oonfidence
1e. attaocked | interval
-oanple. . |. o osinens
Nassa sohoenni /H. Noermes & Auinger/ 129 2 24-40
Hatica nsevdoredsmpta Priedbarg . . 3 af 18 1028
Table 3
Proneness of (Cardiaces to the attack by predatory boring gastropods in various geo-
logical epochs
Pex cont’
p:cogortion 9%
Spacies of the |oonfidence
attacked | intervel
speoimena
A: Iutetian, Paris Basin /based oa Taylor, 1970/
Loxooardium bouel /Deshayes/ . . o . . « 8 412
Venerioardia Ambriocata Deshayes « . o o » [1] O=2
Venerioardis serrnlata.Deshayes . . ... . 30 28-32
B: Lower Tortomian, Koxytnlce /of. Table 1/
Cardita orasea sororoula MAYET o« « o o o 1% 8-22
. Cardium papillosum Poli ¢« « o « o & « o o 2 04
C: Recent, Niger Delta /based on Reyment, 1971/
Cardium kobelti v. Maltzan . . . . . . . 10 10
Cardium lacunosa Reeve . . . . .o o, . 14 14
Cardiom papillosum Poll s e. o o = o .0 o 26 26

Table 4

Proneness of mollusk classes or groups to fthe. attack by _predabory boring gastropods
in the Lower Tortonian of Korytnica

Per cent
z“::;:e:‘:' Proportion 95%
Class or group et ihansl™ of the -|oonfidence
10 attacked | intervel
08MR1e | rcinena] :
Gastropoda /total/ . + « « 17273 1 1%
inoludings murioidsi - 68t H] 37
natioids 1059 11 9=t3
POlooypodR « o o oo o » of 3244 11 10-42
Soaphopoda o« ¢ ¢« 2 4 4 . . 1216 4 35
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As follows from the comparison of the habitat and mode of life of
Muricacea and Naticacea,. they could not meet each other and, conse-
quently, nearly all borings found in their shells (Pl 1, Figs 3—4; Pl 2,
Figs 3, 4) should be considered as symptoms of cannibalism (although it
is obviously impossible to ascertain whether or not it is an intraspecific
cannibalism). Only small number of borings may possibly come from
the naticids, which incidentally have bored already empty shells buried
in the bottom deposit. The percentage of attacked naticids in a population
is exactly equal to the values computed for gastropods and pelecypods
already treated as entire classes (Table 4). This indicates that the object
of attack was selected by the naticids rather at random and without any
preference. The level of cannibalism among the muricids is markedly
lower than a mean value of the proneness to attack computed for all
gastropods (Table 4), which suggests that the muricids distinguished
themselves when looking for prey. Such a suggestion is, as a matter of
fact, confirmed by laboratory studies (Wells 1958) showing that Murex
fulvescens Sowerby recognizes and it almost does not attack at all Ostrea.
equestris, a pelecyped most common in its natural environment, and its
main food consists of Crassostrea.

As seen from previous studies (Wells 1958, Paine 1963, Taylor 1970), the main
food of the muricids usually consists of a few common species, primarily of oysters
and Cardiacea. However, in the Korytnica clays, it is difficult to distinguish any
group as a fundamental food for Muricacea, which probably results from' the
scantiness of oysters and Cardiacea with a simultaneous abundance of other pele-

cypods and gasiropods.

The percentage of the attacked. individuals in the Korytnica mol-
lusks may sometimes exceed even 40% (Table 1), as e.g. in Meretriz sp.
div., Pyrgulina interstincta (Montagu), Glycimeris pilosa deshayesi
_ (Mayer), Tornatina truncatula (Bruguiére), in both the listed pelecypods

being confined mostly to young individuals. The predatory boring
gastropods might, therefore, pose a serious biological danger to some
species and it is not unlikely that sometimes they might also become the
main cause of the extinction of their local populations (cf. Fischer 1966).
In all probability, the formation of the “conchioline” mid-layer in the
valves of Corbule might, therefore, play the role of a defensive mecha-
nism. The efficiency of such a mechanism may be shown by the fact that,
in the Recent populations of Corbula, less than one per cent of the
individuals fall a victim to the boring gastropods, although they attack
them not less violently than in the geological past (Fischer 1963). If is
also the thickness of the shell of Meretrix, which causes that only less
than a half of the individuals attacked perishes, that may serve, among
other functions, as a defence against the boring gastropods. '
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Several mollusks which in practice are not attacked by the pre-
datory boring gastropods at all (cf. Table 1) have also been found in the
Korytnica clays. To a considerable extent, as in e.g. Semicassis miolaevi-
gata Sacco, Ficus sp. div., Ranells marginata (Martin), as well as in
Ancilla glandiformis (Lamarck), Clavatula asperulata (Lamarck) and

' C. laevigata (Eichwald) this probably results-from the size of specimens
avajlable to the authors?, since the correlation between the proneness
to the attack and the size of a specimen is very distinct (cf. Table 5). The
larger the prey the larger was obviously the attacker (Reyment 1971) and
it should be remembered that the number of large predators among the

Number of Per cent
Group 52;“&“ p:—rggo:;:?n oonrwizenn Table 5
- pample attacked | interval
. speoimens

Relationship between proneness to
Greatest gastropods| 3940 5 45 the attack by predatory boring ga-
Smallest gastropodal 4632 1 1416 stropods and size of the prey in the

Lower Tontonian of Korytnica

Korytnica gastropods is strongly limited (cf. Friedberg 1911—1928, 1938).
Not all of course may be explained by the interdependence between the
proneness to the attack and the size of potential prey, as among the almost
not attacked Korytnica species there are also small ones (cf. Table 1),
such as e.g. Cardium papillosum Poli, Hyala vitrea (Montagu), Peratotoma
unica (Boettger), Ringicula auriculata buccinea (Brocchi) and Teinostoma
woodi (Hoernes). Their security might have most likely resulted from a
small probability of meeting predatory boring gastropods, the feature
caused by their settlement in different ecological niches. As shown by
the example of the genus Ringicule, which was not attacked as early as
in the Lutetian of the Paris Basin (Taylor 1970), such a situation may
persist fairly long, but, on the other hand, the fact that the species almost
not attacked at all at Korytnica, that is, Cardium papillosum Poli, makes
up at present a main food of the naticids in the Niger Delta (Reyment
19664, b), indicates a possibility of fundamental changes.

As shown by the tabularized data on the numerical ratio of the
naticid and muricid prey among large taxonomic groups (Table 6), the
interests of the two groups of the predators strongly differ from each
other: the naticids mostly attack pelecypods and scaphopods, as well as
some of the gastropods, while the muricids are primarily interested in
gastropods. Thus, the former confine themselves in principle to the infauna
and the latter to the epifauna. Noteworthy is, however, the fact that the

! Mostly adult specimens have been collected in the soil of arable ﬁelds at
Korytnica.
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Korytnicd clays also contain mollusks, e.g. Anadare diluvii (Lamarck),
which make up the object of competition of predatory boring gastropods

Class |Waticid to murioid )

pTey ratio
Tabile 6 Géa&npoa. 1.2
Pel da, 1:0.6
Naticid to muricid prey ratio in particular mollusi 5 80y po! 1! :
classes in the Lower Tortonian of Korytnica oaphopoda, 10,

(cf. Table 1). This fact results from their mode of life transitional between
the epi- and infauna.

The soundness of the suggestion concerning different interests of
the naticids and muricids is confirmed by the results presented in Table 7:
small (less than 3 mm), ribbed gastropods are mostly attacked by the
muricids and smooth ones primarily by the naticids. It is obvious when
considering that the smoothness of the shell of small gastropods is a
feature important to the adaptation to the life in sediment, while the
sculpture — to the life on the surface. '

Table 7 Ratioid to murioid
@xoup prey ratio

Naticid to muricid prey ratio in gastro--
Pods of various shell ornamentation; Lo-
wer Tortonian of Korytnica

Small ribbed gastropods 1i1.7
Small smooth sast:rppos_ia © 104,

Contrary to Ziegelmeier’s (1954) and Boekschoten’s (1966) sug-
gestions, no interdependence between the degree of ornamentation of a
shell and the percentage of the individuals attacked by all the predatory
boring gastropods has ever been found among the Korytnica mollusks
(Table 8). This is the reason why precisely such a justification of the
character of the strong differentiation of the proneness of the. Upper
Cretaceous and Paleocene ostracods from Nigeria to the attack (Reyment

Per oent
Table 8 Gxroup pr:;og:.on oont”:l.:lmo- .
attacked | interval
Relationship between the degree of shell | 2pecimens
ornamentation of the prey and proneness Ridbbed gastropods| 15 14-16
to the attack by predatory boring gastro- Smooth gastzopods 15 1317
Ppods in the Lower Torbonian of Korytnica )

1963, 1966a) seems to the authors to be insufficient. One could rather
suppose that a decisive role herein was probably played by the ecology
of potential prey and not by the resistance of their more or less sculptured
carapaces to the attack by the boring gastropods.

17
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~ Interesting is the comparison of muricid and natieid predation: activities in
different geological epochs. There is a 10 times greater number {based on Taylor
1070) of prey for each muricid specimen than for naticid one, in the Lutetian of
the Paris Basin. In the Lower Tortonian Korytnica clays this proportion is even
higher: a number of prey is for each muricid specimen 20 times greater than for
naticid one. This erowth of muricid activily may be regarded as being related to
the enlarging of their body size, a feature so characteristic in the evolution of Mu~
ricacea sifice the Eocene through the Upper Pliocene (cf. Fischer 1922).

CONCLUSTONS

Analysis of the traces of the predation by the Muricacea.and the
Naticacea found in the assemblage of the Lower Tortonian mollusks at
Korytnica allows one to state that at least since that geological epoch and,
as shown by the comparison with the data from the Paris Basin presented
by Taylor (1970), even since the Lutetian .the ecology and ethology of
these - groups have not been the subject to any fundamental changes.
Despite a similar manner of securing their food the competition between
the two groups is rather small and limited only to a narrow transitional
zone, which facilitates the coexistence of great populations of the muric-
ids and naticids. On the other hand, this division of interests of the
muricids and naticids causes that the numerical ratio of their prey in a
population may be of importance to the determination of the ecology
of the species being the prey.

The great size of the samples studied precludes with a considerable
degree of reliability any chance character of the results obtained and
subsequently used as a basis for ecological and paleontological conside-
rations, although it is true that small samples require the application for
this purpose at least the simplest statistical analysis. One may suppose
that the computation of the confidence intervals, used in the present
paper, assures a sufficient justification of ecological conclusions. It also
seems. that this may considerably facilitate any possible comparisons of
the data from Korytnica with those coming from other areas and other
geological epochs. - -

Institute of Geology
of the Warsaw University
02-089 Warszawa, Al. Zwirki 1 Wigury 93
Warsaw, June 1973
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A. HOFFMAN, A. PISERA i M. RYSZKIEWICZ

PRZEJAWY DRAPIEZNICTWA MURICIDOW I NATICIDOW
WSROD DOLNOTORTONSKICH MIECZAKOW Z IEOW KORYTNICKICH

(Streszczenie)

) Przedmiotem pracy jest analiza przejawbw drapieznictwa élimakéw drazacych
wérbd mieczakéw wystepujacych w dolnotortohskich ilach korytnickich. Bardzo po-
spolite tutaj drggenia na muszlach &limakéw, malzéw i 16dkonogéw (pl. 1—4) przy-
pisano czterem. gatunkom Muricacea i pieciu gatunkom Naticacea. Poddano kry-
tycznej analizie kryberia rozréénisnia drazefi muricidéw i naticidéw podane przez
Carrikera i Yochelsona (1968), Przeprowadzono statystyczng analize przeszlo 20000
okazéw nalezgeych do ponad 120 gatunkéw, wykazujac silne zréinicowanie podatnosei
poszczegbinych gatunkéw, a takie wickszych grup taksonomicznych- na atak dra-
pleznych $limakéw drazacych (tab. 1—4). Charakter tego zr&inicowania (tab, 5—8) -
‘wekazuje, e wynika ono nie tyle z etologii drapieznikéw, a0 z ekologii ich po-
tencjalnych ofiar, Na podstawie stosunku ilobci ofiar naticidéw. i muricidéw w obre-
bie poszczegblnych gromad mieczakéw oraz poszezegblnych grup elcologicznych
wirs6d Slimakéw (tab. 6—7) stwierdzono rozbiegnoéé zainteresowafh obydwu grup
drapiegnych §limakéw drazgcych i niewielki tylko stopiefi konkurencji miedzy nimi.,

Instytut Geologii Podstawowej

_ Uniwersytetu Warszawsiciego
'02-089 Warszawa, Al. Zwirki ¢ Wigury 93

Warszaawa, w czerwen 1973 7.



ACTA GEOLOGICA POLONICA, voL. 24 A. HOFFMAN, A. PISERA &
M. RYSZKIEWICZ, Pl 1

1 — Muricid boring in Merctrix sp.

2 — Naticid boring in Venus multilamella marginalis Eichwald.
3 — Failed naticid bering in Natica josephina (Risso).

4 — Naticid boring in Natica josephina (Risso).

All figures X 10; taken by B. Drezd, M, Sc,



ACTA GEOLOGICA POLONICA, VOL. 24 A. HOFFMAN, A. PISERA ¢
M. RYSZKIEWICZ, Pl

o

1 — Four naticid borings in Corbula gibba (Olivi), X 8.

2 — Four naticid borings in another valve of Corbula gibba (Olivi), X 8.

3 — Five naticid borings (two of them failed) in a predatory gastropod, Natica millepunctata
Lamarck; X 3.

4 — Muricid boring in a predatory gastropod, Murex friedbergi Cossmann & Peyrot; X 3.

5 — Five muricid borines (four of them failed) in Turritella badensis Sacco, X 3.

6 — Two naticid borings (one cf them failed) in Turritella badensis Sacco, X 3.

7 — Three naticid borings in Dentalium fossile (Schroeter), X 5.

All figures taken by B. Drozd, M. Sc.



ACTA GEOLOGICA POLONICA, VOL. 24 A, HOFFMAN, A. PISERA &
M. RYSZKIEWICZ, Pl 3

1-4 — Naticid borings in Sabatia callifera Boettger, X 15.
5-10 — Naticid borings in Nassa schoenni (R. Hoernes & Auinger), first of them
failed; X 5.

All figures taken by B. Drozd, M. Sc,



ACTA GEOLOGICA POLONICA, VOL. 24 A. HOFFMAN, A. PISERA &
M. RYSZKIEWICZ, Pl 4

1 — Failed muricid boring in Corbula gibba (Olivi).
92 — “Conchicline”mid-layer (arrowed) in the valve of Corbula gibba (Olivi).
3-10 — Naticid borings in Corbula gibba (Olivi); “conchioline” mid-layer visible

in most of the borings, some of them failed.
All figures X 8; taken by B. Drozd, M. Sc.
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