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[TAAAIONTOAOTIA.— Mollusca and Foraminifera from the Tyrrhe-
nian of Arvi, Crete, with some paleoecological notes*, by
G. J. Boekschoten **. *Avexowddn Hnd tob “Axadnpaivod x. M. K.
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During research on the Neogene of Crete, Prof. Dr. P. Psarianos (Athens)
guided the author to an occurrence of marine Pleistocene on the southern
coast of the island. The exposures were studied and some sample material
was collected. The identification of the latter posed several problems. First,
the Pleistocene fauna contained several reworked Pliocene fossils. Secondly,
it became clear that the Pleistocene fossils belonged to quite different eco-
groups. Some ideas about the production of fossils by diverse organisms in
different biotopes were developed, and an attempt was made to test these
ideas with the Cretan material.

In principle, the sediment studied is very suitable for such researches as
it was deposited in very shallow water on a rocky coast with many vastly
differing biotopes. Such sediments are not often preserved, and the Cretan
exposure therefore seems an excellent subject for study. The results, however,
are ambiguous, and this for two reasons: the exposure was not investigated
thoroughly enough, and there is very little known on the present-day ecology
of the organisms involved.

The present report, thus, is to be regarded as a preliminary approach to
a problem with which the author hopes to deal more extensively in the future.

THE LOCALITY

The village of Arvi is situated on the south coast of Crete, in a large cove
between the cliffs that mark the seaward slope of the Diktaean mountains.
This cover has a rim of pre-neogene limestones. It is partly filled by Pliocene
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marls that locally contain shells of Pycnodonta cochlear (L), Turritella tripli-
cata Brocchi, and a rich microfauna. This marine deposit was certainly formed
at a depth between 50 and 200 metres (uppermost limit of Pycnodonta and
lowermost limit of Twurritella), and the character of the foraminiferal fauna
(many Nodosariidae and Lenticulinidae; no Elphidium) points to the lower
half of this interval. As far as could be ascertained no coastal Pliocene deposits
were preserved in this region.

After the regression at the end of the Pliocene, there occurred several
Pleistocene transgressions in Greece.

Curiously enough, the older transgressions are manifested only by wave-
cut terraces; deposits of these times are not found, whereas Tyrrhenian strata
are common enough.

Perhaps erosion was more active during the Lower Pleistocene than dur-
ing the upper part of this period. The only Cretan sediments that are probably
Lower Pleistocene are the thick deposits of reddish-brown and grey clays,
sand and gravel around Ay. Gallini, a village that is situated also on the
southern coast of Crete, but about 80 km farther westward. This formation
of Ay. Gallini overlies the marine Neogene near Phaneromeni; it is tilted and
somewhat broken by tectonic movements of the subsoil. The strata are com-
pletely devoid of fossils.

The marine Pleistocene deposits at Arvi were discovered by Pashley
(1837); both Spratt (1865) and Raulin (1867) assigned these to the Pleistocene,
and Psarianos (1961) narrowed down its age to Tyrrhenian. The latter author
described and figured the larger shells from this locality. In the present pub-
lication the smaller shalls and the foraminifers will be listed and some paleo-
ecological comments will be made.

The material consists of shell-samples collected by the author, and of
loose shells collected by Prof. Dr. G.H.R. von Koenigswald, Drs. T. Freu-
denthal and Mr R.R. van der Ploeg on several visits to the locality. The best
exposure is situated some 200 metres W of the village along the dirt road to
Vianos which runs along the beach there. In the cliffs yellow-white sands are
exposed with numerous shells which are all disarticulated; the loose valves
lie with their convex side upward. The shells are found in washed-out lenses;
the sand in between contains a fair amount of shell debris and shows a coarse
lamination. The deposit is typically a fossil sandy beach.
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Some fissures are filled with gypsum. This gypsum is certainly derived
from the thick strata of gypsum that underlie the marine Pliocene. The former
are exploited further eastward (see Papastamatiou, 1958). Apparently the
gypsum was remobilised in post-Tyrrhenian times.

THE MACROFAUNA

In this section, the fossils obtained from the sieve fraction larger than
0.5 mm in diameter are discussed.

Lamellibranchiata
Suspension-feeders, burrowing in sand.

100  Glycimeris violascens (Lam)

70 Corbulomya mediterranea (Costa)
40  Venus gallina 1.

40  Loripes lacteus (L)

30 Divaricella divaricata (L)

17 Cardium tuberculatum L

[+ 1+ + [+ +

7 Cardium exiguum Gmelin
5 Jagonia reticulata (Poli)
3  Mactra corallina L

3 Donaz trunculus L

2 Pitar chione (L)

1 Lembulus pella (Lam)

1 Venerupis decussata (L)

1 Solen sp.

This group is numerically the most important (see table 1) as might be
expected in a malacofauna which is fossilized in a sandy matrix. Many species
are typically indicators of the sandy beach zone. Among these are Corbulomya
mediterranea, Venus gallina, Donax trunculus, Pitar chione and Venerupis
decussata.

Glycimeris is found on sandy bottoms only, but is by no means restricted
to coastal sands alone.
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Suspension feeders, attached to substratum.

Arca pulchella Reeve
Arca noe L

Arca lactea L

Arca tetragona (Poli)
Chama gryphoides L
Corbula gibba (Olivi)
Hiatella arctica (L)

Musculus marmoratus (Forbes)
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This group is represented by few specimens but many species. Some of
these (Arca, Chama) are more or less restricted to rock and gravel environ-
ments; others occur on coquinas (Corbula), and Musculus is found on tunicates.
Although the coast near Arvi is decidedly rocky and the Tyrrhenian deposit
was formed in an embayment between rocky coasts, the number of rock-
dwelling shells is insignificant.

Selective bottom feeders, belonging to the infauna.

12 Angulus planatus (L)

This group is very unimportant as might be expected on the submerged
shore of an island, which is a poor producer of detritus. In other environ-
ments, selective bottom feeders play an important part (for instance in the
Wadden Sea).

Carnivorous lamellibranchs
These were not met with in the Arvi samples.

Gastropoda
Algal browsers and detritus feeders.

+ 50 Bittium reticulatum (da Costa)
Rissoa cf. lia Monterosato
Cerithium vulgatum Brug.
Tricolia pullus (L)

Gibbula varia (L)
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Alpania cimex (L)

Rissoa monodonta Bivona
Acmaea Virginea (Miill)
Caecum trachea (Monterosato)
Patella coerulea L

Rissoa violacea Desm

Rissoina bruguiert Payraudeau
Skeneopsis planorbis (Fabr)

= e e W W

1 Torinia sp.

By far the most common gastropod is Bittium reticulatum. This animal
feeds on the algal microvegetation occurring on leaves of larger plants and on
shells. Therefore, it is not limited to rocky shores as was pointed out a.o. by
van Straaten in his study on the Arcachon basin (1956)%.

Acmaea virginea is likewise a species occurring on the foliage of plants.
Caecum and Skeneopsis feed on diatoms and are independent of the occur-
rance of rocks. The other species cited above are more or less typical for the

littoral zone of rocky coasts.

Carnivores
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Murex trunculus L

Retusa subcylindrica (Brown)
Retusa truncatula (Brug)
Natica sp.

Natica lactea (Guild)
Nassarius mutabilis (L)
Nassarius incrassatus (Strom)
Strombus bubonius Lam
Conus mediterraneus Brug
Diodora graeca (L)
Epitonium sp.

Triphora perversa (L)

1. The species is common in the Dutch Eem deposits, which consist mainly of sand
devoid of stones. This points to the existence of dense vegetation on the bottom of the
former Eem lagoon.
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This group is very heterogeneous, comprising relatively unspecific car-
nivores that are able to dig (Natica) or to consume carrion (Nassarius) and
specialistic carnivores, that are restricted to a narrow range of prey animals
(Triphora). Diodora graeca and Triphora perversa are predators of sponges and
ascidians.

The Natica species are typically adapted to burrowing for prey in sandy
bottoms. The other carnivores cited are largely indifferent with regard to their

substratum, as far as is known.

Parasites.

3  Turbonilla lactea (L)

1 Chrysallida obtuse (Brown)

1 Pyramidellia indet.

Parasitic gastropoda are nearly always found on animals belonging to the
epifauna. As the latter element is notably scarce in the present malacofauna,
the meagre number of parasitic Gastropoda is not surprising.

THE MICROFAUNA

In this section, the fossils obtained from the sieve fractions 0.1 and 0.5

mm are discussed.

Skeletal remains ot Metazoa.

Besides bivalves and gastropods, a skeleton fragment of a Chiton species
was found. Moreover, three fragments of a balanid were obtained. Ostracoda
are well represented, both in number of shells and in number of species. A
common species is Hemicytherideis elongata (Brady). Especially abundant are
small Spirorbis tubes, all with flattened sides which formerly adhered to some
vegetal substratum. It is known that Spirorbis-larvae die off when they do
not find some suitable hard substratum on which they can settle. Spirorbis,
thus, is a good indicator for the presence of firm substratum on the bottom
of the sea. Bryzoa from another part of the sea bottom epifauna; they are well
represented in the wash residues, but were not studied in detail. Echinid
spines were also present.
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Foraminifera.

The sand from Arvi is rich in Foraminifera, both reworked and from
Tyrrhenian times. The fossil species are readily recognised by their state of
conservation; they tend to be filled with a yellowish matrix, identical to the
Pliocene marls of Arvi. The following heavily fossilized forms were found:

9 Globigerinoides triloba (Reuss)
Lenticulina sp.

Orbulina universa d’Orb.
Nodosaria sp.

Globigerinoides bisphaerica Todd
Globulina gibba d’Orb.
Lenticulina costata (F. et M.)
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The supposedly Tyrrhenian association of benthonic foraminifers con-
sists of:
+ 120 Miliolidae gen. et spec. indet.
103  Ammonia beccarit (L)
32 <Elphidium crispum L and macellum F. et M.
25 Neoconorbina terquemi (Rzehak)
17 Quinqueloculina agglutinans d’Orb.
Cibicides sp. with flattened adherent shells
Cibicides, completely adherent («Gypsina»)
Cibicides sp. with free-grown shells
Massilina secans (d’Orb.)
Quingueloculina reticulata d’Orb.
Massilina rugosa Sidebottom
Quingueloculina striata d’Orb.
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Bulimina aculeata d’Orb.
Planulina ariminensts (d’Orb.)
Gyroidina neosoldanit Brotzen

Peneroplis pertusus (Forsk;l)
Polymorphina sp.

Amphistegina radiata (F. et M.)
Lagena sp.

Lenticulina vortex (F. et M.)

B o= DD N W W OOt ot g
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Melonis pompilioides (F. et M.)
Parrina sp.
Textularia sagittula Defr.

[ = O =

Uvigerina nodosa d’Orb.

The benthonic Foraminifera cannot be subdivided into different ecotypes
as their biology is virtually unknown. It may be supposed, however, that all
species feed by ingestion of food particles on or quite near to the sea bottom.

The Foraminifera were identified by making use of the publications of
Sidebottom (1904-1909), Longinelli (1956), Parker (1958) and Hofker (1960).
The study of Le Calvez and Le Calvez (1958) gives ecological details also.
Foraminifers are known empirically to occur in certain environments. Nearly
all found here are typical for near-coast, shallow open sea water. Some thrive
on sandy bottoms such as the Ammonia, the Elphidium and a part of the
Quingueloculina species. Others are restricted to very shallow water with
many algae and/or hard rock exposures. Amongst these the Massilina
species, the Peneroplis and the Amphistegina may be cited. Others again are
less specific, but are mainly found on algae; part of the Miliolidae and the
Quingueloculina species, the adherent forms of Cibicides (which, however,
occur also on shells, hydroids a.s.0.). It can be estimated that there are about
160 forams in the present collection which live in moving sands, against about
hundred preferring an environment with solid substratum.

The following pelagic foraminifers were found:
5 Globigerina bulloides d’Orb.
6 Globigerinoides sacculifera (Brady)

The presence of some pelagic foraminifers in the undoubtedly very shallow
deposits at Arvi is not surprising, as the southern coast of Crete is very steep;
there is no shelf, and the bottom of the sea rises steeply near the coast.

DISCUSSION

The ecological results of the foregoing paragraphs are summarized in
table 1.

Some limitations of this investigation should be made clear. Only one
sample (weighing approximately 2 kgs) was analysed quantitatively. This
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sample was taken from a shell-rich bed, exposed on the cliff 200 m West of
the village Arvi. Probably, this bed is the washed-out residue of a thicker

TABLE 1

EGOGROUPS FROM THE ARVI MALACOFAUNA

Ecogroup Burrowing Epibiontic Selective Browsers Carni- Parasites Total
suspension suspension bottom  on algae vores
feeders feeders  feeders and
detritus
g‘;g&%ﬂl&f 320 13 12 87 24 5 461
Percentage 69 3 3 18 6 d 100

stratum of sand, and it is fairly certain that selection of the fossils by the
eroding currents took place. The heavy shells of Glycimeris and the light and
small Corbulomya shells will have reacted quite different to these circum-
stances. Differentiation between foram tests of diverse forms is also probable.
These factors presumably blurred the quantitative portion of each ecological
group within the thanatocoenosis. They certainly do not enhance the reliability
of the following discussion.

It is clear, that the fauna lived at a depth of at most ten metres (Cor-
bulomya) (Van Straaten, 1960). The overwhelming majority of the molusca
belongs to the infauna of the sandy bottom; second place is taken by the shells
living on weeds and algae. The shell derived from a rocky habitat are numerous
in species but nearly negligible in quantity. The foraminifera are less easily
grouped according to different habitats, but it seems that the forms occurring
commonly on rock grounds or on algae are numerically better represented than
equivalents among the mollusca. Before going into this, it must be stressed
that transport of empty shells may have had a confusing effect on the com-
position of the Arvi fauna. At the sand-producing mouths of the torrents near
to Arvi other conditions may have prevailed than in the Arvi Tyrrhenian
embayment that derived its sand from this source. Foraminifera are much
more liable to be reworked and transported than Mollusca (see for instance,
Murray, 1965).

The Mollusca are less easily transported and reworked, because of their
size and weight. But it is clear that most of them were transported at least
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small distances, because all lamellibranchs were found as loose valves.

Yet, the composition of the malacofauna seems to indicate less clearly
the abundant presence of bare rock and luxuriant growth of algae and Posi-
donia on the bottom of the Tyrrhenian sea than the microfauna does. It seems
possible, even, that the character of the foraminiferal assemblage was al-
tered by the influx of forms common at river mouths. This would underline
its original bare-rock-algae character still more, as it is improbable that mol-
lusca were transported as extensively alongshore.

Several factors can be held responsible for this phenomenon. One of them
is the smashing of brittle shells in the surf zone. Solen shells, for instance, are
particularly easily destroyed. The removal of brittle shells from an association
may shift its average characteristics. In this particular case, it would be the
rock-dwelling association that increased relatively because rock-dwelling forms
tend to be heavier and stronger shelled than the sand infauna.

The duration of life of each shell-bearing animal is an important factor
in ascertaining the shell production. Nothing is known on the life-span of
foraminifers in nature, and only few data are available on Mollusca. A recent
summary of this subject was given by Comfort (1956). There are some inter-
esting examples of gastropods that graze on marine plants which die off each
autumn Rissoa membranacea; Skeneopsis planorbis). Generally, it seems that
marine grazing mollusca have a shorter span of life than the active carnivorous
mollusca. Of the former many more juvenile shells are found (e.g. Bittium)
than of the latter (e.g. Conus). This rule is not without exceptions, however,
as Patella has a life-span of fifteen years (Comfort, 1956).

An important factor is the extent of bottom-surface which each benthonic
shell-bearing animal needs. This affects directly the shell production per unit
of surface. Again it turns out that little is known on the factors that deter-
mine the surface area required by an individual foraminifer. Probably wide
variations occur, as the density of living foraminifer occurrences varies also
widely. It is notable, that dense concentrations of living foraminifers occur
off river mouths (Phleger, 1964). Dr. Vaas (Lerseke; personal communication)
offered an ingenious explanation for this phenomenon. Off river mouths,
large quantities of nutrient-rich clay suspensions become flocculated first and
are deposited afterward. These small flocks of clay seemingly are an excellent
substratum for bacterial growth, and it is possible that the proliferation of
foraminifera in this environment is due to the presence of enormous quan-



ZYNEAPIA THX 3 ®EBPOYAPIOY 1966 61

tities of bacterial food. This feature of estuarine environments was hinted at
a.0. by Forguson Wood (1964, pp. 91-92).

Generally, as put forward by Faure-Fremiet (1951), the occurrence of
marine Protozoa is mainly governed by the presence of suitable food. In
food-rich environments then, a much larger number (and consequently a
higher shell production) of foraminifers per surface unity can be expected.
Such environments are characterised by a high proportion of living fora-
minifers in the total shell quantity; a situation which cannot be easily re-
constructed from the fossil record, as the microfaunal content is determined
much more by sedimentological processes (sedimentation, non-deposition or
erosion) than by ecological relations. Moreover, the seasonal variations within
the benthic microflora are reflected by seasonal variation in abundance of the
foraminifers also (see Murray, 1965). Some indication, whether there was a
dense foraminifer population on the bottom of a not-too-old former sea, can
however be obtained.

There are certain Opisthobranchia that specialize in feeding on Fora-
minifera. These have developed a muscled stomach, armed with horny plates,
which can crush foraminifers Conspicuous Mediterranean foraminifer predators
are many Philine species (Pruvot-Iol, 1954), that oceur in appreciable numbers
off the mouths of large rivers where d&nse populations of Foraminifera are
living. Other genera (Retusa) are known also to feed on Foraminiferal. As
Philine is not found at Arvi, and Retusa is scarce, it is improbable that the
bottom of the Tyrrhenian sea at that locality supported large numbers of liv-
ing foraminifers at any time.

The ethology of the Foraminifera is still largely unknown. There are
some data on Elphidium crispum (L), a species also found at Arvi. Murray
(1963) found that E. erispum is able to move about in search of food particles,
and that movement in some instancesis directed and not random. Most Fora-
minifera have unattached shells but it is questionable whether the living
animal often displaces itself actively. It is conceivable that near-coast forms
currently found in shifting sediments (Elphidium; Ammonia) show greater

1. Retusa alba (Kanmacher) feeds on juvenile Hydrobia also; possibly the animal
tekes ostracods. Its presence, thus, does not necessarily point to large numbers of living
foraminifers.
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activity because of the constant danger of being buried underneath a lamina
of newly deposited sediment. On the other hand, there are many instance
of Foraminifera which live in turbulent water and respond to this environment
by devices which tend to keep the shell in place. A good example is Cibicides
of which shells are found in various degrees of fixedness; according to Nyholm
(1961, 1962) these are the «Civicides lobatulusy, the « Planorbulina mediter-
raneay and the «Gypsina globulusy stages. All three occur at Arvi. A con-
spicuous recent adherent foraminifer on Mediterranean rocks is Miniacina
mintacea (L): this form was not found at Arvi. Other Foraminifera are not
encrusting, yet they are shelled in such a way that no locomotion seems
possible at all.

Examples are most Miliolidae, Nodosaria and related forms, Reophax.
Some of these have free shells in quiet water, and anchored shells in high-
energy environments (Polymorphina, Guttulina) which are attached to a
fixed substratum by so-called fistulose chambers. The occurrence of the latter

is a good indication for agitated water.

It is uncertain, which features are indicative of locomotion for such small
benthonic organisms as foraminifers. Large shell pores for large pseudopodia,
and disk-shapped shells could be such functional adaptations. On the other
hand, spined shells (such as in many species of Bulimina and Uvigerina) point
clearly to passivity. Generally, benthonic foraminifers are sedentary or very
sluggishly moving animals which feed on the bottom immediately around the
shell and on the sea water surrounding it. Thus, their mode of life is probably
rather uniform. Such a statement would not hold true for the benthonic
Mollusca. There is a large group of molluscs to which the substratum is only
important as a medium for shell fixation or protection and not as a food-
producing surface. These are nearly all lamellibranchs and some gastropods
(Turritella) that are filter feeders. Then there is a group of molluses collecting
food by scraping off the substratum. These are the browsing gastropods.
Finally, there are carnivorous gastropods.

It is clear that of these three groups of mollusca, the carnivores will need
the greatest living surface per specimen as a rule, because their prey is usually
some organism that has a discontinuous distribution itself. The herbivorous
and detritus-eating Mollusca come in an intermediate position with regard to
their living-surface; it is large for large herbivores that scrape algal ongrowth
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off bare rocks (e.g. Patella) but small for small snails living on the surface of
sea weed and algae (e.g. many Rissoa’s and Bittium). The suspension feeders
at last, do not need more room generally, than the diameter of their shell,
at least in the coastal realm where there is abundant supply of foed-containing
oxygenated sea-water. It is clear that specimens of the last mentioned group
may occur in many thousands per square metre (e.g. Corbulomya; Cardium)
and that their production of shells is much higher than that of either vegeta-
rian or carnivorous molluses.

Suspension feeders on the rocky bottom (e.g. Mytilus, Spondylus) are
generally less densily strewn (owing to the difficulties that are to be coped
with by their larvae when settling takes place) and have far less opportunity
to be buried by sediment and fossilized. A relatively small patch of sand in an
area of rocks thus may contain a malacofauna dominated by the unfauna of
the sand. v

This seems precisely to be the case at the Arvi Tyrrhenian, which was
probably deposited on the bottom of a cove admist a rocky environment.
It is clear that, without biological data on the mode of living of the Mollusca
involved, the absolute abundances of the fossil shells found are liable to be
interpreted wrongly. This has been pointed out already by R.G. Johnson
(1965) in his study on pelecypod death assemblages of a Californian bay.

Quantitative research on foraminifer abundances is a practice of old
standing which has been applied successfully already many times. This might
indicate that the fossil production per species is less irregular than that of the
Mollusca. This in turn is doubtless connected with their far less diversified
modes of living. The Foraminifera from the Arvi sediment give a quantita-
tively better picture of the environment where they lived than the Mollusca.
On the other hand they need not be in situ and the peculiar adaptations of the
Mollusca enable the paleontologist to draw a more complete reconstruction.
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INEPIAHWYIZX

ITeowyodpovral dviatda mAeiotorovinol TaEdUTIOL GYNUATIGUOL &% THIS TEQLO-
xiic YAefng tiic vorwavarodntis Kodins. Astypa dupov mhovoiag eig Aslpava
dotodnwv pakaxiwv pelerdrar Vo TOU ouyyQaéwe, Goov GoQd &ig TOV Yoo
xrfjoa tiic arnohdwuévng makatonavidoc, pera mdong mpoocoyic. Eig tag afadeig
Yalaooiog meoroyds, of didpogot Biétomor EupaviCovv xar’ oMy xvpavouévog
mocdinrag deyavindyv Aenpdvov, dEapropévov xvolmg &x 1ol yodvov xal tiig Gmo-
otdoewe, #vda modxeitor vo dmotedolv ta uehoviwmd amolddpara. ‘O vpdmog
tiic dwaPidoswg nahord Ta ToMUaToPlpe yonoiwovs mocotinds radodnymrinovg
- ’ -~ \ < -~ \ /’ 3 ~ -] ’ \
AVTUTEOCMTOUS, TAYMe TO Omotov d&v Sapeideran &x 1@V aroteheopdrov. [Tapd

~ \ ’ ) -~ \ € -~ ’ 3 ’ ~ 3 " 4
tabta, 10 pakdria gxeiva ta 6mola magovoidlovy &vieitelg dsvtegoyevolg amodé-
0EWC TOOEXOVY GO AméPEwg adTooo oy IHTG TEQLOGOTEQAS MOQYOANOYIRAS AemTo-
peoetog. Kara ovvémeiav peool makaofidromor eivar duvatdv va Gvomoagacta-
dolv peta pueyalvtéoag dxoifeiag dia tijg yonoipomonjosws mwEde ToUTO TOV pPaka-

wlov, Bmimgoodérwg 88 xal TV ToMUaATOPIQWV.



