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Bj‘ly at . This paper discusses about the bioerosion discovered in carbonate tests of Dis-
Blgeros1qn ) , cocyclina discus sowerbyi (Nuttall, 1926), a large benthic foraminifera from the
Dzscocycl.zna discus sowerby: Priabonian (Late Eocene). The study material was sampled from the Gamping
Indonesia beds in the Wungkal-Gamping Formation in Bayat, Indonesia. We discovered
Paleoecology four bioerosional trace fossils from three different ichnogenera demonstrate
Late E'ocene bioerosion from the surface test analysis. Oichnus simplex and Oichnus parabo-
Submitted: loides are ichnogenus Ozchnus diagnostic drilling holes that are often found on
01 February 2024 the surface. Caulostrepsis isp. exhibits the presence of uncomplicated U-shaped
Accepted: borings. The observed formation of drill holes can be mostly linked to the
19 Ju.n ¢ 2024 predatory behaviour of gastropods, while other trace fossils are predominantly
Published: associated with the burrowing activities of worms. The occurrence of well-
]l;jfji(z(c,:-()ber 2024 preserved individual tests exhibiting no signs of bioerosion is infrequently ob-

served in D. discus sowerbyz. In addition, bioerosion occurs more frequently in
the microspheric generation than in the megalospheric generation. This re-
search also demonstrates for the first time in Indonesia that parrotfish bite
marks have developed on individual tests of the microspheric generation of D.
discus sowerbyi. The taphonomic characteristics exhibited by the bioeroded and
encrusted D. discus sowerbyi specimens can serve as reliable paleoecological in-
dicators for sediment deposition occurring at an intermediate to high sedimen-
tation regime. The occurrence of larger foraminifera with some bioerosional
trace fossil highly proficient at documenting shallow marine sclerobionts.

Miftahul [lmi

Copyright: © 2024, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION

Bioerosion is the process by which living organisms mechanically or
chemically degrade hard substrates, including bones, shells, rocks, corals,
wood, and also foraminifera test. This degradation can occur through
various means, such as chemical dissolution facilitated by bacteria or fun-
gi, as well as physical abrasion caused by animals like mollusks or echi-
noids (Hutchings et al. 2005; Tribollet et al. 2011; Wisshak & Tapanila
2008). The appearance and structure of these creatures can be greatly
influenced by this phenomenon, hence oftering valuable insights about
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environmental conditions and biodiversity. Bioerosional trace fossils, also
known as bioerosion traces or ichnofossils, are the result of various or-
ganisms' activities that cause the erosion or degradation of hard sub-
strates such as rocks, shells, bones, and other mineral surfaces. These can
include borings (holes drilled into the substrate), etchings (surface
marks), gnawings (marks from chewing or biting), and other forms of
physical alteration. Bioerosional trace fossils can provide valuable in-
sights into paleoecological and paleoenvironmental conditions. Here are
tew key points about them: (1) Organism Interactions; (2) Environmental
Indicators; (8) Substrate Preferences; (4) Temporal Distribution; (5) Bio-
diversity Indicators; and (6) Taphonomic Information (Wisshak & Tapa-
nila 2008). In larger foraminifera tests, bioerosion can occur due to the
activity of fungi, bacteria, and other microorganisms (Vohnik 2021). The
phenomenon of bioerosion in the large foraminifera, Discocyclina discus
sowerby? has not been well studied, and there is a lack of comprehensive
investigation about the ichnofacies in the Wungkal-Gamping area. This
research studied the carbonate individual test of Discocyclina discus sower-
by: (Nuttall, 1926), which was found in Desa Gamping, the east part of
Jiwo Hills, Bayat, Indonesia. Bioerosion not only plays a significant role
in shaping ecosystems and influencing biodiversity but also provides val-
uable information about past environments and climate change, especially
in the Late Eocene stage (Hutchings et al. 2005). A previous study of bio-
erosion in the carbonate Eocene-nummulite test has been carried out by
(Abdel-Fattah  2018), but this study concerned the Eocene-
orthophragminid test for the first time. Bioerosion plays a significant role
in shaping both modern and ancient ecosystems. It can influence the dis-
tribution and abundance of species, can contribute to the recycling of nu-
trients, and can affect the physical structure of habitats.

MATERIALS AND METHODS

Materials

Individual tests of the larger benthic foraminifers Discocyclina discus sow-
erby: (Nuttall, 1926) were studied from the Late Eocene Wungkal-
Gamping Formation, Southern Mountain, Bayat, Indonesia. The
Wungkal Gamping Formation was divided into two rock units, they are
Wungkal beds and Gamping beds (Bothe 1929; Sumarso & Ismoyowati
1975). Wungkal beds are characterised by the abundance of Planocameri-
notdes (=Assilina, of the older workers), representing Ta3 age (Lutetian-
Bartonian stage) The individual tests of D. discus sowerby: were collected
from the Gamping beds. Although the outcrop at sampling location 1 is
completely eroded, we were still able to find numerous loose individual
specimens. In the sampling location 2, we observed small outcrops, with
no loose-individual test. The coordinate location is S 07°46'33.8”, E
110°40'24.0” for the first sampling location and S 07°45'44,2", E
110°40’83.0” for the second sampling location (see Figure 1-2). However,
this remains a minority due to the scarcity of sedimentological infor-
mation regarding the Gamping beds from the Late Eocene. It is hoped
that this research will provide valuable insights into the sedimentation
history of the Wungkal-Gamping Formation. The sole remaining geo-
logical data in the studied area consists of the loose-individual calcareous
test.

Methods

The ichnotaxonomy of the documented boring was established upon the
examination of over 100 samples gathered from the defined study sites.
Around 75-80% (75-80 specimens) of the specimens that were obtained
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Figure 1. Geological map of the study area, red boxes show the studied sections (modified from Surono et al. 1992).
At sampling location 1, the B-form of loose-individual Discocyclina discus sowerbyi test has sampled. At sampling lo-
cation 2, the A-form occurs as small outcrops, without loose-individual test, therefore, preparing thin sections is
necessary. Remarks: Tew = Wungkal-Gamping Formation; Tomk = Kebo-Butak Formation; Tms = Semilir For-
mation; Tmwl = Wonosari-Punung Formation; Tpdi = Pendul Diorite; Qvu = Merapi Volcanic Rocks; Qt: Older

Alluvium; Qa = Alluvium; KTm = Metamorphic rocks.

exhibit signs of encrustation and/or bioerosion. The specimens under-
went a process of washing and drying in order to facilitate thorough thin
section examinations using a polarised microscope-Olympus BX53M. A
number of specimens were subjected to axial sectioning in order to facili-

tate comprehensive investigations (see Plate 3).

Figure 2. Outcrop situation at the sampling location 2, Eastern Jiwo, Bayat.
The outcrop has a very limited lateral extent, just spotted. Most of the outcrop
is eroded, leaving only a small, massive outcrop that is less than one meter in
height. There were no observable sedimentary structures, and the grain orienta-
tion did not show any signs of imbrication.
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RESULTS AND DISCUSSION

Introduction to Reproduction and Life Span of Foraminifera
Discocyclina discus sowerby: (Nuttall, 1926) is one of cosmopolitan species
of larger benthic foraminifera with a complex life cycle that produces two
distinct generations, haploid and diploid (Hallock 1985; Hallock & Rey-
mond 2022). Figure 3 explains the haploid generation, called 'gamonts,’
has a single set of chromosomes and produces numerous gametes
through multiple fission (Hohenegger 2011). These gametes, which are
small and possess flagella, are isogametes, meaning they are identical in
form. When two gametes fuse, they form a diploid zygote with a double
set of chromosomes (Hohenegger 2011). The diploid generation, called
'agamonts,' reproduces asexually and can grow larger than the gamonts
before reproduction (Hohenegger 2011; Beavington-Penney & Racey
2004). The agamonts form the megalospheric generation (also known as
the A-form, see Figure 4), while the gamonts form the microspheric gen-
eration (B-form). This study reveals that bioerosion occurs more fre-
quently in the microspheric generation (B-form).

Agamont (Microsphere, B-Generation)

young
schizonts

Gamont Schizont
(Megalosphere 1, A,-Generation) (Megalosphere 2, A,-Generation)

Figure 3. The life cycle of larger foraminifera, gamete seizes not to scale
(Hohenegger 2011).
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Bioerosion occurred more frequently in the microspheric genera-
tion, as our study showed that the megalospheric generation experiences
less bioerosion (see Figure 4). Microspheric foraminifera, being larger,
were more susceptible to bioerosion by marine organisms. Symbiotic or-
ganisms also preferred microspheric tests, increasing their vulnerability.
These findings are aligned with previous research, indicating that organ-
isms in sandy, medium to high-energy environments target microspheric
generations. This selective bioerosion is important for paleoecological
reconstructions and sedimentation rate assessments, highlighting difter-
ences in preservation potential between microspheric and megalospheric
generations.

Figure 4. Photomicrographs showing megalospheric generation of different
Discocyclina species. A) Thin section containing D. discus sowerbyi (A-form) sam-
pled from location 2; B) Thin section containing D. javana (A-form) sampled
from Wahau, North-east Kutai, Kalimantan (unpublished data). Both of them
showing no sign of bioerosion penetrating into the test instead of any surface
“shallow” bioerosion and/or abrasion indicates wave reworking during sedi-

mentation. Scale bar = 1 mm.

Bioerosion Type
As illustrated in Figure 5, a detailed analysis of bioerosion on Discocyclina
discus sowerbyi demonstrates the relationships between marine organisms
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and their substrates during the Late Eocene. The shapes of the borings
and spaces seen in this study are linked to four different ichnospecies that
are grouped into three different ichnogenera and “unique” parrotfish
bitemark. Those ichnogenera are Oichnus Bromley, 1981, Caulostrepsis
Clarke, 1908, and Helminthotdichnites Fitch, 1850.

Figure 5. A) Well-preserved Discocyclina discus sowerby: (Nuttall, 1926) without
notable drilling and encrustations. B) A test of Discocyclina discus sowerby:
(Nuttall, 1926) showing encrustations (white arrow). Scale bar = 1 cm.

Ichnogenus: Ozchnus Bromley, 1981

The ichnogenus Oichnus refers to bioerosive penetrations in calcareous
skeletal substrates, which can be complete or incomplete (Wisshak et al.
2015). The trace fossils subject to examination exhibit round to subcircu-
lar perforations that are of biogenic nature, resulting from the drilling
activity on rigid or calcareous skeletal surfaces (Bromley 1981) . Oichnus
ichnogenera are morphologically identical to Tremichnus ichnogenera
(Wisshak et al. 2015). Originally, Ozchnus was exclusively established for
bioerosion traces and interpreted as a result of predatory drilling. Mean-
while, Tremichnus specifically refers to shallow parabolic holes passing
through echinoderm skeletons and is interpreted as Domichnia or Fixich-
nia (Wisshak et al. 2015). Two Oichnus ichnospecies were identified here-
in from the Late Eocene Duscocyclina discus sowerby: (Nuttall, 1926) in
Bayat, Indonesia, which are Ouchnus simplex and Oichnus paraboloides.

a. Oichnus simplex Bromley, 1981 (Plate 1A, 1B)

Ichnofossil group : Bioerosional trace fossils
Family : Oichnidae

Ichnogenera : Oichnus

Species : simplex

Description: Oichnus simplex is characterised by small cylindrical
to sub-cylindrical borehole with sharp border (Wisshak et al.
2015). The drill holes exhibit a diameter range spanning from 0.1
mm to 0.5 mm, with an average diameter of 0.3 mm. The boreholes
are typically spherical or subspherical in shape and more or less
perpendicular to the substrate surface. The walls of the borehole
are typically smooth, and there is no surrounding debris or excava-
tion halo. The hole itself is often similar in size throughout its
depth, without significant tapering. These characteristics differen-
tiate Oichnus simplex from other types of trace fossils which might
have different shapes, sizes or patterns of penetration into the sub-
strate.
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Remarks: Ouchnus simplex is a frequent form of boring commonly
observed in Discocyclina discus sowerbyz, characterised by its compar-
atively diminutive size and simple vertical perforations. Cylindrical
tiny round holes, known as O. simplex Bromley (1981), are fre-
quently generated by predatory muricid gastropods, however simi-
lar structures can also be produced by other invertebrate species,
including cephalopods or annelids (Donovan 2017). The size of the
drill holes observed in the examinations of larger benthic foramini-
fers are very substantial, typically measured in millimetres. These
holes can be effectively linked to the species O. Simplex (Abdel-
FFattah 2018). O. stmplex borings have been found in various fossils,
such as Hemipneustes striatoradiatus (Echinoidea) from the Maas-
trichtian type area (Donovan & Jagt 2020). The dimensions and
surface features of the ichnogenus in inquiry are not essential to its
ichnotaxonomy (Bromley 1981). The stratigraphic age of this cos-
mopolitan ichnogenus ranges from Neoproterozoic to Holocene
(Abdel-Fattah 2018). As with other ichnofossils, O. sitmplex can pro-
vide valuable information about past ecological interactions - for
instance, they might represent evidence of predation or parasitism
on the organism that once inhabited the substrate where these
traces are found in different environments throughout geological

history.

b. Oichnus paraboloides Bromley, 1981 (Plate 1C, 1D)
Ichnofossil group : Biorosional trace fossils
Family : Oichnidae
Ichnogenera : Oichnus
Ichospecies : paraboloides

Description: This ichnospecies is characterised by a spherical pa-
raboloid form. The drill holes exhibit a diameter variation span-
ning from 0.8 mm to 2.2 mm, with a mean diameter of 1.5 mm. The
boring is perpendicular from the opening. Sometimes the boring is
not penetrative which has a slightly raised central boss. In Discocy-
clina discus sowerbyi, outer opening is enlarged by local bevelling.
The wall of the boring is commonly ornamented by etching pat-
terns reflecting the ultrastructure of the substrate (Bromley 1981).

Remarks: Oichnus paraboloides is more common boring than O. sim-
plex in the studied Discocyclina discus sowerbyi tests from the
Wungkal-Gamping deposit. The stratigraphic range of this ichno-
species extended from the Cambrian to Holocene (Abdel-IFattah
2018). They are characterised by circular to subcircular holes of
biogenic origin bored into hard substrates, such as foraminiferal
tests and shells. O. paraboloides is an ichnospecies that has been in-
terpreted as boring traces produced by predatory gastropods, par-
ticularly naticid gastropods (Kong et al. 2015). The ecological im-
pact of O. paraboloides being found on a greater variety of forami-
niferal tests can be attributed to the following factors: (1) The wide
occurrence of O. paraboloides on the samples of foraminifera sug-
gests that predation and parasitism of benthic foraminiferans are
common phenomena in both contemporary and ancient marine eco-
systems (Svensson Nielsen et al. 2003), (2) This suggests that the
organisms responsible for creating O. paraboloides traces played a
significant role in shaping the ecology of these environments. Bio-
erosion traces, such as those created by O. paraboloides, can have a
direct impact on the foraminiferal tests, potentially affecting their
structural integrity and can lead to changes in the distribution and
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abundance of foraminiferal species in the affected environments
(Svensson Nielsen et al. 2003; Kong et al. 2015; Abdel-Fattah
2018), (8) The presence of O. paraboloides on a greater variety of
foraminiferal tests implies that the trace makers had a broader
range of prey preferences, which can provide insights into the eco-
logical interactions between predators and prey in ancient marine
environments. In summary, the ecological impact of O. paraboloides
being found on a greater variety of foraminiferal tests can be at-
tributed to its role in predation and parasitism, bioerosion, ecologi-
cal interactions, and environmental parameters. Studying the dis-
tribution and abundance of these ichnospecies can help researchers
understand the environmental factors that influenced the distribu-
tion of foraminiferal species and their predators in shaping the
structure and dynamics of ancient marine ecosystems.

Ichnogenus: Caulostrepsis Clarke, 1908
Caulostrepsis is a genus of trace fossil associated with bioerosion, which
refers to the biological activity of organisms in excavating or modifying
hard substrates such as rocks, shells, or wood (Santos et al. 2011). The
morphology of Caulostrepsis can vary depending on the specific species
and environmental conditions, but typically exhibits multiple small, cir-
cular to subcircular external openings on the substrate surface. These
openings can be arranged in irregular clusters or scattered individually.
The size and shape of Caulostrepsis can vary depending on the species and
growth stage. They can range from millimetres to centimetres in diame-
ter, and their overall shape may be elongated, irregular, or branching.
a. Caulostrepsis isp. (Plate 1E, 1F)
Description: The length of this simple and cylindrical boring
ranges from 3.3 mm to 7.7 mm with an average length 4.9 mm.
The width ranges from 0.5 mm to 1.5 mm with an average width
1.0 mm. It is generally attributed to the work of spionid poly-
chaetes.
Remarks: Common borings found in Discocyclina discus sowerbyi.
These particular borings are not designated to a specific ichnospe-
cies within this context due to their inadequate preservation. The
boring’s morphological characters show similarity to Caulostrepsis
taeniola Clarke, 1908. Rocky shorelines, with their reduction or
lack of sedimentation, offer exceptional conditions for these organ-
isms (Lopes 2011). For instance, it is often found in association
with other organisms in hard-substrate biota, which is less well
known than that of soft-bottom communities (De Gibert et al.
1998). The presence of Caulostrepsis indicates conditions favourable
for colonisation by boring and encrusting organisms. Caulostrepsis
is widely distributed in shallow marine environments, and is pro-
duced by polychaetes, a group of marine worms, but is rarely
known from polar regions (Hanken et al. 2012).

Ichnogenus: Helminthoidichnites Fitch, 1850

Helminthoidichnaites is a type of trace fossil, which are geological records of
biological activity. This ichnogenus displays only occasional loops, which
distinguishes it from Gordia, where loops are a more characteristic fea-
ture. There is a single known ichnospecies of Helminthoidichnites, named
Helminthoidichnites tenuis, but the morphological features found in study
area is difter from H. tenuis. Helminthoidichnites represents a singular ich-
notaxon that has been identified in both marine and non-marine sedimen-
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tary deposits spanning from the Precambrian to the Quaternary period

(Lima et al. 2017).

a. Helminthoidichnites isp. (Plate 2A, 2B, 2E, 2E)
Description: This ichnospecies is characterised by simple and
straight to slightly curved trail, unbranched. Helminthoidichnites are
horizontal trace fossils that are straight or curved, and more rarely,
circular. The length of the unary ichnospecies measures 23 mm,
while the length of the trail is 0.5 mm. This probably the grazing
or feeding structures produced by mobile and sessile deposit and
detritus feeding organism. It has a slightly wide opening.
Remarks: Rarely found in this individual fossil test of Discocyclina
discus sowerbyi. Grazing and feeding structures produced by mobile
and sessile deposit- and detritus-feeding organisms (Knaust &
Bromley 2012). Helminthoidichnites is a type of trace fossil, which
are geological records of biological activity. The presence of Hel-
minthoidichnites suggests mobility associated with significant sedi-
ment displacement, implying muscular mobility in the organisms
that produced these traces (Evans et al. 2020).

Parrotfish bite mark (Plate 2C, 2D)

This paper is also aims to be the first to record parrotfish bite mark on
the Discocyclina discus sowerby: test in Indonesia after being first reported
by Syed & Sengupta (2019). Their work focused on the discovery of par-
rotfish bite marks on larger foraminifera (Assilina exponens) fossils from
the Middle Eocene period in Kutch, Gujarat, India, which are attributed
to nectobenthic parrotfish (class Actinopterygii, tamily Scaridae) (Syed &
Sengupta 2019). There is a similarity between what happens to the bio-
erosion in Discocyclina discus sowerbyi in Indonesia and Asszlina exponens in
India. The observations suggested that the bite marks are predominantly
found on large microspheric specimens of both species. The comparison
of the bioerosion patterns with those of extant parrotfish suggests that
the ancient parrotfish belonged to the excavator category or the scraper-
excavator category.

Paleoecology significance

Tracemaker ethology and biological affinities

Ethology, as a branch of biology, is the scientific study of animal behav-
lour. It includes both the behaviour under natural conditions and also
under controlled conditions. In advanced ethology, the focus is often on
more complex aspects of animal behaviour and its interpretation. In the
other hand. bioerosion can also be related to paleoproductivity, as shown
by a significant correlation between bioerosion rates and paleoproductivi-
ty estimates (Frozza et al. 2020). Bioerosion in the Discocyclina discus sow-
erby: exhibits encrustation and predation scars in may imply commensal-
ism, mutualism, parasitism, or scavenging. Nematodes bore holes into
foraminiferal tests to feed on their soft tissues (Sliter 1971). Neoichnolog-
ical investigations indicated the tracemakers of numerous trace fossils,
although bioeroders of various fossil borings are difficult to determine
(Abdel-Fattah 2018). The drilling holes of the ichnogenus Oichnus are
typically caused by gastropod predation, while the borings ot Caulostrepsis
and Helminthoidichnites are caused by polychaete worms. Parrotfish bite
marks are typically indicative of coral reef environments. Parrotfish are
known for their distinctive feeding behaviour, which involves scraping
algae and small organisms off coral reefs using their beak-like teeth.
Therefore, parrotfish bite marks are commonly employed as indicators of
the vitality and activity of coral reef ecosystems.
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Paleoenvironmental and larger foraminifera assemblages

The Eocene deposits found in Bayat, Indonesia primarily consist of shal-
low open marine sediments that were deposited in melange tectonic set-
tings inside the Jiwo Hills, which are a component of the southern moun-
tain range (Bothe 1929; Sumosusastro 1956; Sumarso & Ismoyowati
1975). The biofacies study from Wungkal-Gamping Formation can be
classified as foreslope biofacies which dominantly show the fair to good
imbrications of" Planocamerinoides sp., Nummulites javanus Verbeek, 1891,
Palaeonummaulites variolarius (Caudri, 1934), and Discocyclina discus sower-
by? during Late Eocene (Choiriyah et al. 2006; Rahmawati et al. 2012).
The biometrical study based on the larger benthic foraminifera accumula-
tion in Wungkal-Gamping Formation shows that conducive paleoecolog-
ical conditions to reproduce compared to the Wungkal-Gamping for-
mation which are shallow, warm and full of nutrients (Rahmawati, un-
published work). The distribution of larger foraminifera in carbonate de-
posits can provide a graphic indication of paleoenvironment (Hallock &
Glenn 1986). Additionally, the biostratigraphy and facies of larger foram-
inifera can provide insights into sedimentary cover and paleoenviron-
mental conditions (Consorti & Koroglu 2019). Therefore, bioerosion in
larger foraminifera tests can provide valuable information about past en-
vironmental conditions and paleoecology. The search results suggested
that there is a relationship between paleoenvironment and larger forami-
nifera accumulation. Larger foraminifera can be used as a tool for pale-
oenvironmental analysis of carbonate depositional facies (Hallock &
Glenn 1986).

Paleoproductivity estimates and bioerosion rates show a significant
correlation, suggesting that bioerosion is more frequent in eutrophic en-
vironments (Frozza et al. 2020). Additionally, bioerosion in larger foram-
inifera tests can be used as a tool for paleoenvironmental analysis
(Beavington-Penney & Racey 2004). The eftects of external influences on
test size, shape, and distribution for some calcareous-walled foraminifera
have been studied. This result show consistency with the bioerosion ob-
served in the nummulitid group reported by Abdel-Fattah (2018).

CONCLUSIONS

1. Duscocyclina discus sowerbyi (Nuttall, 1926) demonstrated evident bi-
oerosion and most of them occur in microspheric generation, which
was distinguished by a varied collection of four ichnospecies from
three ichnogenera. The boreholes that are linked to the predation of
gastropods can be classified as Oichnus simplex and Oichnus parabo-
loides, Caulostrepsis isp., and Helminthoidichnaites isp.

2. Oichnus was found on commonly on Discocyclina discus sowerby: test,
it might suggest that there were drilling predators in that environ-
ment. In some cases, these holes are not made by predators but by
parasites attaching to their hosts. Changes in size or shape patterns
across geological timescales might also reveal evolutionary trends
among both prey (e.g., shell thickness or hardness) and predators
(e.g., drilling mechanism). A high concentration of bioerosion may
suggest favourable conditions for predators or a high population
density, or vice versa.

8. The bite marks on the individual microspheric Discocyclina discus
sowerbyi test indicated that the parrotfish were herbivorous, feeding
on algae that grew on the foraminiferal test as bioclasts, same as
those of Middle Eocene deposit in India (Syed & Sengupta 2019).
This information adds to the knowledge of the feeding habits of
ancient parrotfish species.
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4. The presence of larger foraminifera, which are excellent recorders
of shallow marine sclerobionts, suggested that the depositional en-
vironment during Late Eocene in Bayat was a shallow marine car-
bonate setting with medium to high sedimentation regimes.

AUTHOR CONTRIBUTION

D.R.: Conceptualisation, Methodology, Investigation, Data curation,
Writing-original draft. S.S.S.: Supervision, Validation. D.H.B.: Funding
acquisition, Data curation. W.R.: Conceptualisation, Methodology, Vali-
dation.

ACKNOWLEDGEMENTS

We extend our sincere gratitude to the organising committee of the 8t
International Conference of Biological Science (ICBS) for their invaluable
contributions. The inputs received through our active participation in the
conference have played a crucial role in shaping and enriching the overall
quality of our work. The valuable insights and contributions provided
during the conference have significantly enhanced the content of this
manuscript. We appreciate the efforts of the committee in creating a plat-
form for meaningful discussions and collaboration, which has undoubted-
ly had a positive impact on our research.

CONFLICT OF INTEREST
The authors of this paper declare that they are free from any ties or fi-
nancial conflicts of interest that may have seemed to impact their work.

REFERENCES

Abdel-Fattah, Z.A., 2018. Bioerosion in the middle Eocene larger fora-
minifer Nummulites in the Fayum depression, Egypt. Proceedings of
the Geologists’ Association, 129(6), pp.774=781. doi: 10.1016/
J-pgeola.2018.08.003.

Beavington-Penney, S.J. & Racey, A., 2004. Ecology of extant nummu-
litids and other larger benthic foraminifera: Applications in palaeo-
environmental analysis. Earth-Science Reviews, 67(3—4), pp.219—265.
doi: 10.1016/].earscirev.2004.02.005.

Bothe, A.C.D., 1929. The Geology of The Hills Near Djiwo and The
Southern Range. In Proceeding of the Fourth Pacific Science Congress.
pp- 1-15.

Briguglio, A. & Hohenegger, J., 2011. How to react to shallow water hy-
drodynamics: The larger benthic foraminifera solution. Marine Mi-
cropaleontology, 81(1-2), pp.63—76. doi: 10.1016/
J-marmicro.2011.07.004.

Bromley, R., 1981. Concepts in ichnotaxonomy illustrated by small round
holes in shells. Acta Geologica Hispanica, 16(1), pp.55—64-.

Choiriyah, S.U. et al., 2006. Foraminifera Besar pada Satuan Batugamp-
ing Formasi Gamping-Wungkal, di Sekarbolo, Perbukitan Jiwo,
Bayat-Klaten. Jurnal Ilmu Kebumian Teknologi Mineral, 19(1), pp.1—
8.

Consorti, L. & Kéroglu, F., 2019. Maastrichtian-Paleocene larger Foram-
inifera biostratigraphy and facies of the $ahinkaya Member (NE
Sakarya Zone, Turkey): Insights into the Eastern Pontides arc sedi-
mentary cover. Journal of Asian Earth Sciences, 183(April). doi:
10.1016/].jseaes.2019.103965.

-11-



J. Tropical Biodiversity and Biotechnology, vol. 09 (2024), jtbb93779

De Gibert, J.M., Martinell, J. & Doménech, R., 1998. Entobia Ichnofacies
in Fossil Rocky Shores, Lower Pliocene, Northwestern Mediterra-
nean. PALAIOS, 13(5), pp.476—487.

Donovan, S.K., 2017. A plea not to ignore ichnotaxonomy: recognizing
and recording Oichnus Bromley. Swiss Journal of Palaeontology, 136
(2), pp-369—372. doi: 10.1007/513358-017-0134-9.

Donovan, S.K. & Jagt, JW.M., 2020. Oichnus simplex Bromley infesting
Hemipneustes striatoradiatus (Leske) (Echinoidea) from the Maas-
trichtian type area (Upper Cretaceous, The Netherlands). Ichnos:an
International Journal of Plant and Animal, 27(1), pp.64—69. doi:
10.1080/10420940.2019.15845611.

Evans, S.D. et al., 2020. Discovery of the oldest bilaterian from the Edia-
caran of South Australia. Proceedings of the National Academy of Sci-
ences of the United States of America, 117(14), pp.7845—7850. doi:
lO.lO73/pnaS.QOOlO4<5ll7.

Frozza, C.F. et al, 2020. Bioerosion on Late Quaternary Planktonic
Foraminifera Related to Paleoproductivity in the Western South
Atlantic. Paleoceanography and Paleoclimatology, 35(8), pp.1-16. doi:
10.1029/2020PA003865.

Hallock, P., 1985. Why are Larger Foraminifera Large? Paleobiology, 11
(2), pp-195—208. https://wwwjstor.org/stable/2400527.

Hallock, P. & Glenn, E.C,, 1986. Larger Foraminifera: A Tool for Pale-
oenvironmental Analysis of Cenozoic Carbonate Depositional Faci-
es.  PALAIOS,  1(1), pp.55—64.  https://www.jstor.org/
stable/8514459%0A.

Hallock, P. & Reymond, C.E., 2022. Contributions of Trimorphic Life
Cycles to Dispersal and Evolutionary Trends in Large Benthic
Foraminifers. Journal of Earth Science, 33(6), pp.1425—1433. doi:
10.1007/512583-022-1707-0.

Hanken, N.M., Uchman, A. & Jakobsen, S.L., 2012. Late Pleistocene-early
Holocene polychaete borings in NE Spitsbergen and their palaeoe-
cological and climatic implications: An example from the Basisslet-
ta area. Boreas, 41(1), pp.42-55. doi: 10.1111/].1502-
3885.2011.00228 .X.

Hohenegger, J., 2011. Large Foraminifera: Greenhouse Constructions and
Gardeners in the Oceanic Microcosm, Kagoshima: The Kagoshima
University Museum.

Hutchings, P., Peyrot-Clausade, M. & Osnorno, A., 2005. Influence of
land runoff on rates and agents of bioerosion of coral substrates.
Marine Pollution Bulletin, 51(1—4), pp.438—447. doi: 10.1016/
J-marpolbul.2004.10.044-.

Knaust, D. & Bromley, R., 2012. Fossils as Indicators of Sedimentary Envi-
ronments. Developments in Sedimentology, Elsevier. doi: 10.1017/
S0016756813001118.

Kong, D.Y., Lee, M.H. & Lee, S.J., 2015. Traces (ichnospecies Oichnus
paraboloides) of predatory gastropods on bivalve shells from the
Seogwipo Formation, Jejudo, Korea. Journal of Asia-Pacific Biodi-
versity, 8(4), pp.330—336. doi: 10.1016/].japb.2015.10.018.

Lima, J.H.D., Minter, N.J. & Netto, R.G., 2017. Insights from functional
morphology and neoichnology for determining tracemakers: a case
study of the reconstruction of an ancient glacial arthropod-
dominated fauna. Lethaia, 50(4), pp.576—590. doi: 10.1111/
let.12214.

Lopes, R., 2011. Ichnology of fossil oysters (Bivalvia, Ostreidae) from the
southern Brazilian coast. Gaea - Journal of Geoscience, 7(2), pp.94—
103. doi: 10.4013/gaea.2011.72.02.

-12-



J. Tropical Biodiversity and Biotechnology, vol. 09 (2024), jtbb93779

Rahmawati, D., Novian, M.I. & Rahardjo, W., 2012. Studi Biostratigrafi
dan Analisis Mikrofasies Batugamping , Formasi Wungkal-
Gamping, Jalur Pengukuran Padasan, Gunung Gajah, Bayat,
Klaten, Jawa Tengah. 41st IAGI Annual Convention and Exhibition
Yogyakarta. Yogyakarta: Ikatan Ahli Geologi Indonesia, pp. 3—6.

Santos, A., Mayoral, E. & Bromley, R.G., 2011. Bioerosive structures
from Miocene marine mobile-substrate communities in southern
Spain, and description of a new sponge boring. Palaeontology, 54(3),
pp-535—545. doi: 10.1111/].1475-49883.2011.01040.X.

Sliter, W.V., 1971. Predation on benthic foraminifers. Journal of Forami-
niferal Research, 1, pp.20—29.

Sumarso & Ismoyowati, T., 1975. Contribution to the Stratigraphy of the
Jiwo Hills and their Southern Surroundings (Central Java). Proceed-
ings Indonesian Petroleum Association, Fourth Annual Convention. In-
donesian Petroleum Association.

Sumosusastro, S., 1956. A contribution to the Geology of the Eastern Djiwo
hills and the Southern Range in Central Java. Dept. Geol. Faclt. Scie.,
University of Indonesia.

Surono, Toha, B. & Sudarno, 1., 1992. Geological Map of The Surakarta -
Giritontro Quadrangles, Java, Bandung, Indonesia.

Svensson Nielsen, K.S., Nielsen, J.K. & Granville Bromley, R., 2003. Pal-
aeoecological and ichnological significance of microborings in qua-
ternary foraminifera. Palaeontologia Electronica, 6(1), pp.1—13.

Syed, R. & Sengupta, S., 2019. First record of parrotfish bite mark on
larger foraminifera from the Middle Eocene of Kutch, Gujarat, In-
dia. Current Science, 116(8), pp.363—365.

Tribollet, A., Radtke, G. & Golubic, S., 2011. Bioerosion. In Encyclopedia
of Geobiology. Encyclopedia of Earth Sciences Series. Dordrecht:
Springer, pp. 117—184. doi: 10.1007/978-1-4020-9212-1_235.

Vohnik, M., 2021. Bioerosion and fungal colonization of the invasive
foraminiferan Amphistegina lobifera in a Mediterranean seagrass
meadow. Biogeosciences, 18(8), pp.2777—2790. doi: 10.5194/bg-18-
2777-2021.

Wisshak, M. et al., 2015. In defence of an iconic ichnogenus - Oichnus
Bromley, 1981. Annales Societatis Geologorum Poloniae, 85(3). doi:
10.14241/asgp.2015.029.

Wisshak, M. & Tapanila, L., 2008. Current Developments in Bioerosion Er-
langen E., Berlin, Heidelberg: Springer Berlin Heidelberg. doi:
10.1007/978-83-540-77598-0.

-13-



J. Tropical Biodiversity and Biotechnology, vol. 09 (2024), jtbb93779

APPENDICES

PLATE 1

PLATE 1
A, C, E: External view on individual microspheric test of Discocyclina discus sowerbyi (Nuttall, 1926);
B, D, F: Closer zoom view showing the bioerosional trace fossil.
(A = B) Oichnus simplex; (C — D) Oichnus paraboloides; (E — I) Caulostrepsis isp. Scale bar = 1 cm
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PLATE 2

PLATE 2
A, C, E: External view on individual microspheric test of Dzscocyclina discus sowerby: (Nuttall, 1926)
B, D, F: Closer zoom view showing the bioerosional trace fossil. (A — B) Helminthoidichnites isp (yellow arrow); (C —
D) Oichnus simplex, Helminthoidichnaites isp, parrotfish bitemark (yellow arrow); (E — ) Oichnus simplex, Helmin-
thoidichnites isp, and some algae-symbiont traces (white arrow). Scale bar = 1 cm.
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PLATE 3

PLATE 3
A — B: External view on individual B-form of Discocyclina discus sowerbyi (Nuttall, 1926)
C — D: Axial section of internal B-form of Discocyclina discus sowerbyi (Nuttall, 1926)
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