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Abstract. Larger benthic foraminiferal tests from the Maastrichoan
and Eocene of western Turkey contain a large variety of borings. Two ich-
nospecies are defined. Maeandropolydora osmaneliensis isp. nov. in tests
of Orbitoides is distinguished by a tube, winding sinuously in an irregu-
lar manner. This boring was formed by a foraging parasite or scavenger,
where the tracemaker specifically exploited certain parts of its substrate.
Tivpanites belicus isp. nov. in tests of Nummulites is characterized by its
tube coiled into a spiral. The boring is interpreted as a dwelling trace. As
the boring may be considered to have both idiomorphic and stenomorphic
features, it represents an ethelogical and taxonomic dilemma. To avoid
inherent subjectivity within taxonomic classitications, we suggest the ex-
clusion of ethological interpretations from diagnoses. The occurrence of
I)(\l"iﬂ:_'._\ "].l_\' d '-fL'L'[ Ihf p]'(’)&'l'\:]li(lﬂ.ll Pl‘tfntiﬂl Of [hC {(ll‘ﬂrﬂin“bn‘il tests;

and thus on the outcome of palacoenvironmental analyses.

Riassunto. 1 gusci di grandi foraminiferi bentonici del Maastri-
chtiano ed Eocene della Turchia contengono una grande varieta di per-
forazioni. Vengono definite due ichnospecie, Maeandropolydora osma-
neliensis isp. nov. entro i gusci di Orbitoides ¢ distinta da un tubo, che
serpeggia in modo irregolare. Questa perforazione ¢ stata prodotta da
un parassita o da uno scavatore, che sfruttava certe parti del suo sub-
strato in modo molto specifico. Trypanites belicus isp. nov. entro gusci di
Nummulites é caratterizzato da un tubo avvolto a spirale. La perforazio-
ne ¢ interpretata come una traccia di abitazione. Poiché le perforazion:
possono essere considerate caratteri sia idiomorfici che stenomorfici,
esse rappresentano un dilemma etologico e tassonomico. Onde evitare
sogeettivitd nella classificazione noi suggeriamo di escludere interpre-
tazioni etologiche dalla diagnosi. La presenza di perforazioni pud dimi-
nuire il potenziale di conservazione dei gusci di foraminiferi e quindi le
deduzioni che possono derivare dalle analisi paleoambientali.

Introduction

Borings may be potentially of great significance in
palaeoenvironmental analyses (Perkins & Halsey 1971;

Golubic et al. 1975). Previous studies have shown that
bioerosional structures are common in foraminiferal tests
and may be interpreted as praedichnia (predational trac-
es), attachment scars and possibly evidence of commen-
salism, mutualism, parasitism or scavenging (e.g., Livan
1937; Sliter 1971; Matteucct 1978; Baumfalk & Nijholt
1984; Nielsen & Nielsen 2001; Nielsen 2002). Nema-
todes, for example, may form holes by chemical means
into foraminifers to prey on them (Sliter 1971; Brom-
ley 1994).

Borings produced by pascichnial behaviour appear
not to have been previously recognized in foraminiferal
substrates. Pascichnia include trackways and locomotion
traces following a meandering or spiral course, indicating
that the tracemakers exploited certain parts of the sub-
strate for food (Bromley 1996). It is thus of great inter-
est that pascichnial borings occur in tests of larger ben-
thic foraminifers from the Maastrichtian of northwest-
ern Turkev (Fig. 1). Also, domichnial borings occur in
foraminifers from the Eocene of southwestern Turkey.
The borings are formally described in the present paper,
and new ichnotaxa are defined. The paper also emphasizes
ethology and biological affinities to enhance our knowl-
edge of foraminifers as a nutrient source.

Geological setting

New ichnospecies from shallow-marine clastics and
carbonates are exposed at the towns Osmaneli (Bilecik
province) and Dinar (Afyvon province) (Fig. 1). The Up-
per Maastrichtian succession at Osmaneli consists of fine
to medium grained sandstones (Fig. 2). [t includes a me-
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Fig. I - Location of the Osmaneli (A)
BULGARIA ‘—\\ 3'0"‘[; 3l4°E and Dinar (B) type sections
Y rows) inwestern Tarkes:
C,— -’ Black Sea G {arrows) in western Turkey:
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Golpazar Vezirhan Formation. The Palaeo-

gene Selvipmar limestone or the
red-coloured clastics of Kizilgay
Formation overlie conformably
the Maastrichtian sediments
(Saner 1978a, b; Yilmaz 1992).
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mation is berween 100 and 300
m (Saner 1978a, b). According
to associated faunas (Gormiis
1996-1997), the formation is
Maastrichtian in age. The fo-

raminifers examined during the
course of the present study were
collected from sandy beds of the
Taraklh Formation. The macro-
fauna, which mainly consists of

Lxogyra, Gryphea, Ostrea, Pecten
Isparta

and Turritella species, indicates

along with the lithology shallow-

dium bedded, rhythmic succession of barren sandstones
and Orbiroides bearing sandstones (Fig. 3). The beds are
10 to 60 cm in thickness and green to vellowish coloured.
Sandstones from the measured section belong to the up-
per part of the Tarakh Formation of Gélpazar Group
(Eroskay 1965; Alunli 1973a, b, 1974; Saner 1978a, b;
Garmiis 1996-1997). Bargu (1982) named the formation
as Nushetiye Formation. The Gélpazart Group is under-
lain by the Campanian-Maastrichtian flysch sediments of

marine conditions in this part of
the Maastrichtian sca.

Eocene sediments at Dinar comprise various car-
bonates and clastics (Fig. 4). Nummulitic limestones are
medium to thick in bedding, i.e., 1 to 20 m in thickness,
and are yellowish to grey in colour. It is known as the
Garipce Formation (Gérmily & Yesilot 1999). Isparta
flysch sediments and Incesu conglomerates have lateral
and vertical facies changes with the formation (Gormiis
& Ozkul 1995). Gormiis & Yesilot (1999) also men-
tion that some researchers accept ophiolites, carbonates

Less Orbitoides

23

Less or no Orbitoides ~——p~-—— Rich in Orbitoides

QSM 1

Sandy beds

(5]

Fig. - Geological cross-section of
measured sediments in the
Osmaneli area, showing that
the amount of microborings

Orbitoides tests increases towards the Crera-

ceous-Tertiary boundary.
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Fig. 3 - Field photograph of Exogyra
sp. and lenticular Orbiraides
tests oriented parallel to bed-
ding plane, Osmaneli section.

Scale bar 1 cm.

and Eocene sediments as the Lycien nappe system de-
rived from the southern part of the region. The succes-
sion of the Garipge Formation around Dinar Uc¢ler mah.
and Sucikan localities is rich in Numminlites and Assili-
na forms. Total thickness of the formation is 60-70 m.

The faunal contents indicate a Bartonian age (Gormiis &
Yesilot 1999). The foraminifers investigated in the present
study were collected from nummulitic limestones of the
Garipge Formation. Shallow-marine settings are mainly
indicated by the foraminifers themselves. Nummulites is
often dominant in shallow-marine sediments of Middle
Eocene (e.g., Matteucci 1978).

Material and methods

Bulk samples were collected from stratigraphical
levels rich in foraminiferal tests, mainly Maastrichtian
Orbitoides spp. and Eocene Nummulites spp. The Maas-

trichtian material consists of 25 samples each with about
40-50 specimens. The percentage of bioeroded specimens
(70) in the samples is five. The Eocene marerial includes
17 samples, each containing abour 80 specimens. Bioero-
sional structures are present in less than two percent (20).
The outer surface of the tests was examined to identify
possible evidence of bioerosion. Subsequently, the tests
were subjected to gradual abrasion using abrasive powder
to reveal any borings in the layers of lateral chamberlets
and the median, equatorial chamberlet layer. Finally, thin
sections were prepared of the remaining slices of tests.
The present study also includes the thin sections exam-
ined by Gérmils & Sagular (1998).

Type material is housed in the collection of the Ge-
ological Department, Stileyman Demirel University, Is-
parta, with the prefixes DIN and OSM. Additional para-
types are deposited in the Geological Museum, University

ot Copenhagen, with the prefix MGUH.

Dominance of

E Nummulites milecaput,
Assilina exponens

and serpulids

* Microborings on Nummulites and Assilina tests

@ Metamorphic bedrocks

{Garipce Formation)

Nummulitic limestones
Mudstones

Dominance of
N.milecaput and W
A.exponens

50m Fig. 4 - Geological cross-section of
measured sediments in the

Sugikan area (Dinar, Afvon)

showing levels with microbor-
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Systematic ichnology

The defined
main ichnotaxobases, i.e. the outline of the margin, the

ichnotaxa are distinguished by three

curvature of the borings in three-dimensions and possi-
ble occurrence of ornamentation. These ichnotaxobases
have been recognized in numerous studies (e.g., Bromley
1981; Kelly & Bromley 1984; Nielsen & Nielsen 2001).
The ichnotaxa are compared to previously described trace

fossils that are placed in synonymy lists.

Maeandropalydora Voigt, 1965

Maeandropolydora osmaneliensis isp. nov.
(Figs 5, 6)

1998 Undulating shaped tunnels - Garmis & Sagular, p. 61, pl.
L, fig. 1-3, pl. 2, fig. 3-4.

Derivation of name. “osmaneliensis”, refers 1o the town Os-
maneli (Bilecik) in the Marmara Region, NW Turkev.

Type locality and age. Section about 1.5 km northwest of Os-
maneli, Marmara Region: the Tarakh Formation of the Golpazar Group,
Maastrichuian,

Holotype. OSMI18.30, thin section 16 (Fig. 3A, B),
the test of a benthic foraminifer, Orbitoides sp. (sample QSM18.30).

Paratypes. OSMI18.101 (Fig. 5C, D), sample OSM18; OSM19.30,
thin section 19 (Fig. 5E, F), sample OSM19.30; MGUH 26838 (Fig. 6A),

sample OSM19-stone; MGUH 26839 (Lig. 6B), sample OSM | ‘) stone.
All paratypes are situated in tests of Qibitoides spp.

aspecimen in

Occurrence. Maastrichtian of northwestern Turkew.

Diagnosis. Tubular boring having a simple cvlindrical and un-
branched form, situated within skeletal substrate. The wbe is sinuous
and largely positioned in the same plane of the substrate. Both ends of
the tube are connected to the substrate surface.

Description. The tube may reach more than 29 mm
in length. The tube ranges in diameter from 0.2 to 0.5 mm
(N = 20) and has an average diameter of about 0.3 mm.
Individual tubes have a uniform diameter, and the margin
1s smooth. The tube winds irregularly in three dimensions
and in a single bend may turn up to 330 degrees. The tube
mainly occurs in the median plane of Orbitoides and is in-
clined to pass through close to the centre of the substrate,
embryonic chamber of Orbitoides. Both ends of
the tube are oriented obliquely or perpendicularly to the

Le., the
substrate surface. The ends are only seen to be connected
to the edge of Orbitoides tests, within the median plane.
The tube may contain clasts, micrite and calcitic cement.
The substrate is up to 10 mm in size.

Fig. 5 - Macandropolydora osmaneliensis igen. et isp. nov., drawings
show three-dimensional reconstructions of borings, A-B,
OSM18.30, thin section 16, holotvpe. C-D1), OSMI8.101,
paratype. E-F, OSM19.30, thin section 19, paratvpe. Scale

bars 0.5 mm.

Remarks. The boring bears some resemblance to pre-
viously defined ichnotaxa. Cyanobacteria and fungi have
been implicated in the bioerosion of calcareous substrates.
The cylindrical microborings of cyanobacteria and fungi,

howev erare significantly ]us winding and smaller than our

boring.” -are usuallv microns or tenth of microns
in diamerter (Gatrall & Golubic 1970; Schmidt 1990; Glaub
& Bundschuh 1997; Vogel et al. 1999; Vogel et al. 2000).
also differs from known larger-
Pseundopolydorites radw w;w’»u

The morphology al
scale borings. For example,
Glazek et al,,
closely spaced straight limbs. The latter may be slightly

1971 1s disunguished by its U-shape and

curved near the openings. Our boring also differs from
Talpina ispp., consisting of a regular pattern of side
branches and opening at regular intervals (Voigt 1975;
1994).,

The boring resembles specimens of Maeandropoly-

Bromley

dora sileans Voigr, 1965, which is considered as an inter-
mediate stage within the developmental sequence from
Trypanites solitarins (Hagenow, 1840) to M. decipiens
Voigt, 1965 (Bromley & D’Alessandro 1983, 1987). Mae-
andropolydora sileans is the only ichnospecies of Maean-
di‘oﬁoz’ru’nnz lacking pouches or a vane. This ichnospecies
is characterized by tubular borings grading from wind-
ing U-shaped borings and branched U-shaped borings to
complex networks. M. suleans tends to have gentle curves
(sce e.g., Bromley & D’Alessandro 1987; Taddei Ruggi-
ero & Annunziata 2002). Our borings, however, are sig-
nificantly more winding, smaller in size and do not show
ramification. Thus, we consider the borings to represent
anew ichnotaxon. They are tentatively placed in Maean-
dropolydora on the basis of their close similarity in mor-
phology to AL suleans.

Trypanites Migdefrau, 1932

Trypanites helicus isp. now.
(Fig. 7)

Derivation of name. “beflicis™ (Latin helica), whorl, refers to
its spiral shape of the trace fossil.

Type locality and age. Section in the Sevian Tepesi (Devil's
Hill) situated at the northeastern periphery of the town Dinar, Afyon
province, SW Turkev: the Garipee Formation, Eocene.

Holotype. DIN Dinar7, thin section 28 (Fig. 7), sample D1 7, a
spectmen in the test of a benthic foraminifer, Nummnulites sp.

Paratypes. DIN Dinar 111, sample DI 11;
MGUH 26843, sample DI 2. All paratvpes are situated in tests of

Nupmaulites sp.

thin scction 25,

Occurrence. Bartonian (Eocene) of southwestern Turkey.
Diagnosis. Tivpanites having a simple tubular form, coiled in a

spiral shape and largely positioned within the same plane of the substrate.

Description. A distinctive feature is the regularly
cotled outline, i.e. the axis of the boring is shaped as a
planispiral. The number of whorls is between 1.5 and 2.
The boring is about 0.2 mm in diameter and 13 mm in
length. The filling consists of calcitic spar cement. Lin-
ing and ornament have not been observed.
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Fig. 6

- Maeandropolydora osmaneliensis igen. etisp. nov. A, MGUH
26838, sample OSM19-stone, paratype. B, MGUH 26839,

4

sample OSM19-stone, paratype. Scale bars 2 mm.

Remarks. Bromley and D’Alessandro (1987, p. 403)
emended the diagnosis of Tiypanites as containing “sin-
gle-entrance, cylindrical or sub-cylindrical, unbranched
borings in lithic substrates, having circular cross-sec-
tion throughout length, The axes of the borings may be
straight, curved or irregular”. Following this diagnosis,
the boring is ascribed here to Trypanites Migdefrau, 1932,
The boring resembles T solitarius (Hagenow, 184C) and
T weiser Migdefrau, 1932. The taxonomic status of these
two ichnotaxa is unsure for the reason that intermedi-
ate specimens exist. Both ichnotaxa are characterized by
a uniform diameter throughout their length. They have
been distinguished by their attitudes in relation to the sur-
face of the substrate. Another feature used is the course
of the boring. However, these features appear to be un-
suitable ichnotaxobases. Trypanites weisei and 1. solitarius
were based on idiomorphic and stenomorphic borings,
respectively (Bromley & D’Alessandro 1987). Trypanites
fosteryeomani, which was defined exclusively on size by

& M. Gormiis

Cole & Palmer (1999), was based on idiomorphic borings
similar to 70 weisei. None of these ichnotaxa has shown
to have a spiral shape. Intermediate specimens have not
been recorded (e.g., Bromley & D’Alessandro 1987; Cole
& Palmer 1999). In the present study, however, the bor-
ing clearly has a regular spiral shape within Nummudites.
Although the tracemaker had the ability of bioeroding, no
other configurations of Trypanites are seen in Nummulites
or other substrates.

The Nusmulites tests range up to 3 cm in diameter
and may be encrusted by bryvozoans and serpulids; how-
ever, 1. belicus isp. nov. only occurs in tests smaller than
2 cm. This indicates that large substrates were available
to colonization, but they did not become bioeroded by
Trypanites tracemakers. The specimens of T. belicus isp.
nov. represent a certain recurrent way of behaviour and
therefore they are formally named herein.

Discussion and conclusion

Ethology. The behavioural pattern responsible for
the production of the borings rook place before and/
or after the death of the foraminifers. The tracemakers
may have bioeroded and exploitated the living substrate,

i.e., the living foraminifers. Alternatively, the foramini-
fers were already dead before the bioerosional activity,
leaving their tests with decaying organic matter to be
fed upon by scavengers or to be used as domiciles for
other organisms.

The tracemaker of Maeandropolydora osmanelien-
sis isp. nov. appears to have entered Orbitordes, when the
latter was fully grown or dead. The borings cross-cut the
test structure of Orbitoides and did not induce local test
regeneration. The entrance was through an aperture at the
periphery of Orbitoides. The winding course of the bor-
ing indicates that the foraminifers were a nutrient source
for the tracemakers. The equilateral layer of Orbitoides
was exploited specifically for its mineral and nutrient
content. Additionally, the equilateral laver possibly was
easier to bioerode than the lavers of lateral chamberlets.
The tracemaker typically avoided damaging the embry-
onic chambers of Orbitoides, which possibly would have
been lethal for the foraminifer. This may be related either
to a parasitic way of living, or to the poorer accessibility
of these chambers. Gormiis & Sagular (1998) suggested
that the borings reflect parasitism. This would imply that
the tracemaker (parasite) for all or some part of its life
derived food from the living Orbitoides (host), which
was harmed to some extent by this association. If so, the
boring may be classified as a praedichnion, presupposing
that the tracemaker caught and killed Orbitoides for food.
There is no evidence, however, to support predational be-
haviour. Alternatively, the tracemaker may have been a
vagile scavenger forming foraging traces. Although the

forward locomotion of the tracemaker is not directly evi-
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Fig. 7

- Trypanites helicus isp. nov. A, DIN Dinar7, thin section 28, holotype. Scale bar 1 mm. B, Close-up showing that the filling consists of

caleitic cement. Scale bar 0.3 mm. C, Three-dimensional reconstruction of the holotype.

dent, the tracemaker (or at least a body part) must have
moved through the Orbitoides tests to bioerode. Similarly,
the stellate gnawing traces, Guathichnus pentax, of grazing
regular echinoids are considered as pascichnia (Bromley
1994); signs of locomotion of the tracemakers are not
morphologically evident, but known from the life habirts
of Recent echinoids (see Bromley 1975). Thus, we inter-
pret M. asmaneliensis isp. nov. as a pascichnion produced
by parasites or scavengers.

Tiypanites helicus 1sp. nov. is distinguished by its
regular, colled course within the substrate, cross-cutting
the skeletal structure of the Nummulites tests. The trace-
maker entered the test by utilizing its strucrural weak-
nesses, 1.¢., bioeroding through the tubular openings (sto-
lons) in chamber walls. The tracemaker only entered the
test at its margin. Generally, Trypanites ispp. are inter-
preted as domichnia (Bromley 1994), The tracemaker of
T. helicus isp. nov. may have used the tests as domiciles,
being specialized in using Nummulites tests following
structural weaknesses. If not, the boring would be ex-
pected to have a more variable course. Alternatively, the
tracemaker could have been carnivorous in various ways,
e.g., parasitic or scavenging by exploiting specific parts of
the test. Predaceous behaviour is less likely as the embryvo
and numerous adjacent chambers are intact. Trypanites
belicus 1sp. nov., however, is interpreted as a domichnion,
being the simplest interpretation.

Trypanites belicus 1sp. nov. represents an ethologi-
cal and taxonomic dilemma: did the tracemaker bioerode
through the structural weaknesses of the test because
of (1) substrate construction, or (2) exploiting the sub-
strate efficiently by forming a spiral boring? Trypanites
helicus 1sp. nov. cannot explicitly be interpreted ag an id-
iomorphic or stenomorphic boring. No consensus ex-
ists on how to solve the dilemma. All trace fossils have

been formed by interaction between tracemakers and
substrates. The behaviour of the tracemakers was partly
controlled by substrate properties such as grain size, tex-
ture and consistency (e.g., Bromley 1994, 1996). Trace-
makers may have been constricted by the outline of the
substrate and formed stenomorphic traces. These traces
are characterized by having an irregular course that is not
recurrent. Stenomorphic traces usually have intermediate
specimens grading toward idiomorphic specimens (e.g.,
Bromley & D’Alessandro 1987). If Tiypanites helicus isp.
nov. 1s considered to be stenomorphically, it is unusual by
lacking an irregular course and intermediate specimens.
As the dilemma remains unsolved, inherent subjectivity
may obscure the application of ichnotaxonomic classifi-
cations. Ichnotaxa should exclusively be distinguished by
morphology (Bromley & Fiirsich 1980; Pickerill & Do-
novan 1998; Nielsen & Nielsen 2002). We therefore sug-
gest excluding ethological interpretations from diagnoses
for stenomorphic as well as idiomorphic trace fossils.

Biological affinity. The foraminiferal tests were
infested by euendolithic organisms. Evidence of the tax-
onomic position of the tracemakers has not been found.
The borings have only a superficial resemblance to those
made by cyanobacteria and fungi, differing in size and cur-
vature (see above). Green algae (Chlorophyta) and red
algae (Rhodophyta) appear not to form cylindrical bor-
ings and are unlikelv to be the tracemakers (see Golubic
etal. 1975; Kobluk & Risk 1977). Instead, Maeandropoly-
dora osmaneliensis 1sp. nov. may have been produced by
a worm-like organism having a cylindrical shape. Tts af-
finity, however, remains unknown.

Trypanites helicus 1sp. nov. may have been caused by
worms, which generally are considered to be tracemak-
ers of Trypanites (e.g., Cole & Palmer 1999). Polychaetes,
Lithotiya, sipunculans and at larger scales even crustaceans
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and echinoids are possible tracemakers of this ichnoge-
nus (Bromley 1994). Living nematodes ranging in length
from 250 to 500 um may occur tightly coiled in the tests
of benthic foraminifers (Sliter 1971). It is thus possible
that nematodes are tracemakers of T belicus isp. nov.
Palaecoenvironmental implications. Correct in-
terpretations of foraminiferal assemblages require more
than a knowledge of the living habitat of the organisms.
Decaying and empty tests are subjected to currents
that may sort and redistribute the tests. Understand-
ing the hydrodynamic settling behaviour of unbioerod-
ed and bioeroded tests of different foraminiferal species
may lead to insights about the processes governing: (1)
test distribution in shallow-marine environments, and
(2) preservational potential. Firstly, the hydrodynamic
properties of tests are affected by test shape, size, den-
sity and occurrences of chambers and cavities (Martin &
Liddell 1991). Thus, the behaviour of tests as sedimentary
particles can be partly related to borings. Secondly, the
taphonomical effects of bioerosion possibly altered the
preservation potential of the foraminiferal tests (Peebles
& Lewis 1988; Martin & Liddell 1991). Certain parts of

the tests were removed by tracemakers, e.g., the median,
equatorial layer of Orbitoides, and the tests probably be-
came less resistant to breakage and abrasion. The empty
borings may as well have enhanced the flow of dissolv-
ing and precipitating fluids through the tests. This may
have resulted in precitation of the calcitic cement in most
of the studied borings (see Golubic et al. 1975; Nielsen
2002; Fig. 7B). Differential infestation of shallow-marine
benthic foraminifers by bioeroding organisms is known
from Recent environments, and is at least partly related
to the microstructural construction of tests (Peebles &
Lewis 1988). Tt is therefore likely that some foraminifer
species are more susceptible to interacting taphonomical
processes than others.

Acknowledgements. JKN is grateful for the hospitality shown
by Kubilay Uysal (Isparta) during a stay in Isparta. Ciinevt Bircan and
Onur Tung (Tsparta) kindly helped preparing tests for studies. Lotte
Qvist Nielsen (Copenhagen) is thanked for technical advice on illus-
trations. Constructive comments by Richard Bromley (Copenhagen),
Alfred Uchman (Krakow) and the two reviewers, Assunta D’ Alessandro
(Bari) and Radek Mikulis (Prague), are greatly appreciated.

REFERENCES

Alunh 1. E. (1973a) - Orta Sakarya jeolojisi. Cumburiyetin 50 Yilr,
Yerbilimler: Kongresi, Tebligler, MTA, 159-191, Ankara.

Alunli 1. E. (1973b) - Bilecik Jurasigi. Cumburiyetin 50 Yili, Yer-
bilimleri Kongresi, Tebligler, MTA, 103-111, Ankara.

Alunli 1. E. (1974) - The problem of the depositional environ-
ments of the Kizilgay Group along the Sakarva River’s
middle reach, Fstanbul Univ. Fen Fak. Mecmuast, Series
B, 39: 233-240, Istanbul.

Bargu S. (1982) - The geology of Iznik-Yenischir (Bursa),
Osmaneli (Bilecik) area. [stanbul Univ. Yerbilimleri
Mecmunasi, 3: 191-234, Istanbul.

Baumfalk Y. A. & Nijholt K.J. (1984) - Talpinella and Orbi-
toides; 18 million years of close relationship between
two foraminiferal genera. Journ. Foramin. Res., 14: 77-
81, Washington, D.C.

Bromley R. G. (1975) — Comparative analysis of fossil and Re-
cent echinoid bioerosion. Palacontology, 18: 725-739,
London.

Bromley R. G. (1981) - Concepts in ichnotaxonomy illustrat-
ed by small round holes in shells. Acta Geol. Hispanica,
16: 55-64, Madrid.

Bromley R. G. (1994) - The palacoccology of bioerosion. In:
Donovan S.K. (ed.) - The Palacobiology of Trace Fossils:
134-154, John Wiley & Sons, Chichester.

Bromley R. G. (1996) - Trace Fossils: Biology, Taphonomy
and Applications. Second edition, 361 pp., Chapman &
Hall, London.

Bromley R. G. & D’Alessandro A. (1983) - Bioerosion in the
Pleistocene of southern Italy: ichnogenera Caulostrep-
sis and Maeandropolydora. Riv. Ital. Paleont. Strat., 89:
283-309, Milano.

Bromley R. G. & D’Alessandro A. (1987) - Bioerosion of the
Plio-Pleistocene transgression of southern Traly. Riv. Jtal.
Paleont. Strat., 93: 379-442, Milano.

Bromley R. G. & Fiirsich F. 'T. (1980) - Comments on the pro-
posed amendments to the LC.Z.N. regarding ichnotaxa.
Bull. Zool. Nomencl., 37: 6-10, London,

Cole A, R. & Palmer T. J. (1999) - Middle Jurassic worm bor-
ings, and a new giant ichnospecies of Typanites from
the Bajocian/Dinantian unconformity, southern England.
Proc. G(»r;lrjgists'Asmc., 110: 203-209, London.

Eroskay S. O. (1965) - Geology of the Pagalar Gorge-Gélpazan



Biverosion and Foraminifera 501

area, Istanbul Univ. Fen Fak, Mecimuasi, Series B, 30: 135-
170, Istanbul,

Garrall M. & Golubic 5. (1970) - Comparative study on some
Jurassic and Recent endolithic Fungi using scanning elec-
tron microscope. In: Crimes TR & Harper J.C. (eds.) -
Trace Fossils: 167-178, Seel House Press, Liverpool.

Glaub 1. & Bundschuh M. (1997) - Comparative study on
Silurian and Jurrasic / Lower Cretaceous microbor-
ings. Courier Forschungsinst. Senckenberg, 201: 123-135,
Frankfurt a. M.

Glazek J., Marcinowski R. & Wierzbowski A. (1971) - Lower
Cenomanian trace fossils and transgressive deposirts in
the Cracow Upland. Acta Geol. Polonica, 21: 433-448,
Warszawa.

Golubic S., Perkins R. D. & Lukas K. J. (1975) - Boring micro-
organisms and microborings in carbonate substrares. In:
Frey R (ed.) - The Study of Trace Fossils: 229-259,
Springer-Verlag, Berlin.

Goérmig M. (1996-1997) - Osmaneli (Bilecik) voresindeki
Orbitoides’lerde fosillesme ve mikroiz aktivite. Fstanbnl
Univ. Mihendislik Fak. Yerbilimleri Dergisi, 10: 47-58,
Istanbul.

Gormiis M. & Ozkul M. (1995) - Génen-Atabey (Isparta) ve
Aglasun (Burdur) arasindaki bolgenin stratigrafisi. Sii-
leyman Demirel Uniz., Fen Bilimleri Enstitiisii Dergisi,
I: 43-64, Isparta.

Gormiis M. & Sagular E. K. (1998) - Microboring activity in
Orbitoides accumulations from Turkey. Israel Journ, Earth
Sci, 47: 61-67, Jerusalem,

Gormils M. & Yesilot S. (1999) - Dinar (.-\!'_\‘un]—Isp;U'm
arasindaki Eosen iri bentik foraminiferlerinin bivo-
fabrik incelemesi. 11, Mibendislik Haftast Yerbilimleri
Sempozyumu, 20-23 Ekim 1999, Bildiriler Kitab:, 90-100,
Bildiriler Kitabu.

Hagenow K. F. von (1840) - Monographie der Riigen’schen
Kreide-Versteinerungen. 1. Abt. Radiaren und Annu-
laten. Newes fahrb. Miner, Geogn., Geol. w. Petr., 184C:
631-672, Sturtgart.

Kelly S. R. A. & Bromley R.G. (1984) - Ichnological nomen-
clature of clavate borings. Palacontology, 27: 793-807,
London.

Kobluk D. R. & Risk M. J. (1977) - Rate and nature of infesta-
tion of a carbonate substratum by a boring alga. Journ.
Exp. Mar. Biol. Ecol., 27: 107-115, Amsterdam.

Livan M. (1937) - Uber Bohr-Lacher an rezenten und fossilen In-
vertebraten. Senckenbergiana, 19: 138-150, Frankfurt a, M.

Migdefran K. (1932) - Uber einige Bohrginge aus dem Un-
teren Muschelkalk ven Jena. Paldont. Zeitschr, 14: 150-
160, Berlin.

Martin R. E. & Liddell W, D. (1991) - The taphonomy of fo-
raminifera in modern carbonate environments: implica-
tions for the formation of foraminiferal assemblages. In:
Donovan, S.K. (ed.) - The Processes of Fossilization:
170-193, Belhaven Press, London.

Matteucei R, (1978) - Foraminiferi epibionti ¢ eriptabionti
in gusci di nummuliv dell’Eocene Medio del Gargano

(Puglia). Geologica Rom., 17: 389-410, Roma.

Nielsen J. K. (2002) - Borings formed by Late Cretaceous en-
dobiontic foraminifers within larger benthic foraminifers.
Acta Palaeont. Polonica, 47: 673-678, Warszawa,

Nielsen J. K. & Nielsen K. S.S. (2002) - Pattern versus process
or informarive versus ininformative ichnotaxonomy: re-
plv to Todd and Palmer. Jehnos, 9: 83-84, London.

Nielsen K. 8. S. & Nielsen ]. K. (2001) - Bioerosion in Pliocene
to Late Holocene tests of benthic and planktonic fo-
raminiferans, with a revision of the ichnogenera Qichnus
and Tremichnus. Ichnos, 8: 99-116, London.

Peebles M. W, & Lewis R. D. (1988) - Differential infestation
of shallow-water benthic foraminifera by microboring
organisms: possible biases in preservation potential. Pal-
aios, 3: 345-351, Tulsa.

Perkins R. D. & Halsey S. D. (1971) - Geologic significance of
microboring fungi and algae in Carolina shelf sediments.
Jowrn. Sediment. Petrol., 41: §43-853, Tulsa.

Pickenill R. K. & Donovan S. K. (1998) - Ichnology of the
Pliocene Bowden shell bed, southeast Jamaica. In: Do-
novan S. K. (ed.) - The Pliocene Bowden Shell Bed,
Southeast Jamaica. Contrib. Tert. Quatern. Geol., 35:
161-175, Leiden.

Saner S. (1978a) - Geology and the environments of deposi-
tion of Gevve-Osmaneli-Gélpazari-Tarakli arca. Fstanbul
Univ. Fen Fak. Meomuast, Series B, 43: 63-91, Istanbul.

Saner S. (1978b) - Orta Sakaryva’daki Ust Kretase-Paleosen-Eo-
sen gokelme iligkileri ve Anadolu’da petrol aramalarindaki
dnemi. Tiivkiye 4, Petrol Kongresi, 94-114, Tebligler.

Schmuidt H. (1990) - Mikrobohrspuren in Fossilien der trias-
sichen Hallstitter Kalke und ihre bathymetrische Bedeu-
tung. Factes, 23: 109-120, Erlangen.

Sliter WV, (1971) - Predation on benthic foraminifers. Joumn.
Foramin. Res., 1: 20-29, Washington, D.C.

Tadder Ruggiero E. & Annunziata G. (2002) - Bioerosion on a
Terebratula scillae population from the Lower Pleistocene
of Lecce area (Southern Ttaly). Acta Geol. Hispanica, 37:
43-51, Barcelona,

Vogel K., Balog S.-]., Bundschuh M., Gekudis M., Glaub L,
Krutschinna J. & Radtke G. (1999) - Bathymetrical stud-
ies in fossil reefs, with microendoliths as paleoecological
indicators. Profil, 16: 181-191, Stutrgart.

Vogel K., Gektidis M., Golubic S., Kiene W, E. & Radtke G.
(2000) - Experimental studies on microbial bioerosion at
Lee Stocking Island, Bahamas and One Tree Island, Great
Barrier Reef, Australia: implications for palececological
reconstructions. Lethaza, 33: 190-204, Oslo.

Voigt E. (1965) - Uber parasitische Polychaeten in Kreide-
Austern sowie eimge andere in Muschelschalen bohrende
Wiirmer. Paldontol. Zeitschr., 39: 193-211, Sturtgart.

Voigt E. (1975) - Tunnelbaue rezenter und lossiler Phoronidea.

aldontol. Zeitschr, 49: 135-167, Berlin.

Yilmaz K. (1992) - Mckece (Adapazari)-Bahgecik (Kocaeli)
dolayimn jeolojik ve petrografik incelemesi. Istanbul
Unizv., Fen Bilimleri Enstitiisii, Doktora tezi, 260 PP
Istanbul.



