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SUMMARY AND THESIS OUTLINE
This thesis is part of a multidisciplinary project entitled ‘Cenozoic evolution of
the Indonesian Throughflow and the origins of Indo-Pacific marine
biodiversity’, which was carried out within a Marie Curie Initial Training
Network.
SE Asia is known today as one of the world’s hotspots of biodiversity in marine
environments (Renema et al., 2008). Biodiversity hotspots occurred at different
places through time, timing and locations coinciding with major tectonics
events (Renema et al., 2008). Fossil evidences and molecular phylogenetic
studies suggest that the location of this diversity maximum in the Indo-West
Pacific is a geologically recent phenomenon, with the majority of extant
species evolving during the Miocene (e.g. Williams & Duda, 2008). Throughout
the Cenozoic, SE Asia has been characterized by convergence between
Eurasia, Australia and the Pacific/Philippine Sea plates. Tectonic processes
led to significant changes in the distribution of land and sea, increasing the
amount of shallow water area and the length of coastline (Kuhnt et al., 2004;
Williams & Duda, 2008). SE Asia contains the modern-day Indonesian
Throughflow (IT), a narrow band of warm water that transfers excess heat
from the Pacific to the Indian Ocean through the Indonesian Gateway, the last
remaining equatorial oceanic passage. The IT is regarded as one of the major
switchboards in the global thermohaline circulation and its variability influences
the global climate (Kuhnt et al., 2004). At around the Oligocene-Miocene
transition (~25 Ma), the Australian Plate impacted the Philippine Sea Plate,
resulting in constriction of deep-water flow through the IT. These events
coincide with a period of rapid diversification of zooxanthellate corals and
extensive regional coral reef development (Wilson & Rosen, 1998), which
contributed to the radiation of reef-associated organisms and the formation of
the ancestral centre of diversity by increased speciation or immigration. The
‘Throughflow’ project aims to an improved understanding of the nature of this
biodiversity hotspot by multidisciplinary studies integrating data from geology,
geochemistry, ocean modelling, and palaeontology.
My personal contribution to the project consisted in obtaining insight into
bryozoan diversity in the Neogene of SE Asia by using new collections made
from key sections located in Borneo, mainly East Kalimantan, an Indonesian
region with a rapidly developing economy resulting in numerous new
exposures.
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Bryozoans are colonial marine invertebrates with an abundant fossil record
ranging from Ordovician to Holocene. They are found particularly in shelf
sediments deposited at all palaeolatitudes. However, the Cenozoic bryozoan
fauna of Indonesia has been severely neglected in the past. When I joined the
‘Throughflow’ project and began my PhD studies in 2010, the first question to
be addressed was: “What is already known about Cenozoic bryozoans from
Indonesia?”. The answer – “Almost nothing!”. The paucity of previous research
has led to the mistaken belief that bryozoans are rare and of low diversity, in
contrast with the high diversity of bryozoans living in the same region at the
present day. As a result, much descriptive groundwork to unravel the
taxonomy of the bryozoan fauna inhabiting these Miocene muddy reefs was a
prerequisite before any analytical studies could be performed.
The main research area is located in the Kutai Basin, the largest sedimentary
basin in Borneo, which was formed during the Middle to Late Eocene as a
consequence of rifting of the Makassar Strait. High rates of Neogene uplift and
associated erosion of the central ranges of the Borneo landmass resulted in
the progradation of large deltas and significant siliciclastic input into basinal
areas to the north and east (Wilson & Moss, 1999). Early Miocene to Middle
Miocene deltas prograded rapidly eastwards, contributing to the infilling of the
Kutai Basin (Hall & Nichols, 2002). Within this depositional regime, carbonate
production took place in proximal delta-front settings contemporaneously with
the rapid and near-constant siliciclastic input (Lokier et al., 2009).
This thesis contains four sections divided into ten chapters.
Section 1: General introduction
Chapter 1 provides a general introduction as to why so few bryozoans have
been described from the Cenozoic of the tropics. Several factors combine to
explain the poor fossil record of tropical Cenozoic bryozoans: (1) difficulty in
locating good exposures in areas characterized by lush vegetation; (2) effects
of diagenesis on fossil preservation; (3) low numbers of colonies and their
small size which make bryozoans subordinate in biomass relative to other
faunal components.
Section 2: Taxonomy
Taxonomy is the science of classifying organisms, encompassing their
description, identification and nomenclature.
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Before the start of the ‘Throughflow’ research, Late Oligocene coral samples
previously collected from Sabah, Malaysian Borneo, by Laura McMonagle in
2006–2007 and housed in the fossil collection of the Natural History Museum
in London (NHMUK), were also available for this study. Interestingly, a few
specimens of the platy, scleractinian coral Hydnophora revealed on the
undersides a new species of ascophoran cheilostome bryozoan, Retelepralia
macmonagleae sp. nov., described in Chapter 2. This species represents the
oldest fossil example of the genus, which has been found in five different
geographical regions, either as a fossil or living. Retelepralia is the only known
ascophoran cheilostome characterised by a distinctive median gymnocystal
strip on the frontal wall interpreted as an exterior wall, which divides the
hypostegal coelom into two components.
Chapter 3 and Chapter 4 describe the bryozoan fauna from the ‘Throughflow’
collection made in 2010–2011 in East Kalimantan, Indonesian Borneo.
Sampled sections are Miocene in age, ranging from late Burdigalian to
Messinian. The first of these chapters contains geological and stratigraphical
descriptions of the studied sections as well as systematic descriptions of
bryozoan species from the orders Cyclostomata and Cheilostomata of
anascan grade. The second chapter contains systematic descriptions of
Cheilostomata of ascophoran grade. Only 31 bryozoan species had been
previously recorded from the Cenozoic of the entire Indonesian Archipelago.
The present work has resulted in a remarkable increase in this diversity.
Among the 123 bryozoan species found, 65 species have been identified only
at genus- or family-level owing to deficient preservation and/or scarcity of
available material, 20 species show affinities with Recent taxa from the IndoPacific, 2 species show similarities to Recent species recorded
circumtropically, and three species were known previously from the Cenozoic
fossil record of Australia or the Early Miocene of India. The remaining 33
species are described as new. Particularly, two new species, the anascan
cheilostome Setosinella perfluxa sp. nov., and the cribrimorph ascophoran
cheilostome Antoniettella exigua gen. et sp. nov. represented starting points
for further taxonomical and ecological studies.
Setosinella perfluxa sp. nov. allowed the introduction (Chapter 5) of a new
family – Pyrisinellidae – which includes two additional new genera (Pyrisinella
and Spinisinella) considered to be closely related to Setosinella. Evolutionary
changes within Pyrisinellidae are highlighted, including: (1) the development of
opesiules for passage of the parietal muscles, which correlates with a change
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from a trifoliate to a semielliptical opesia; and (2) the transition from an open
spinose ovicell to a conventional ovicell with a solid, hood-like ooecium.
In Chapter 6, the ecological characterization of Antoniettella exigua gen. et sp.
nov. as a ‘spot colony’ is discussed and its life history inferred. This new genus
and species is characterised by colonies of small size, subcircular in outline,
thick and usually multilayered, with new layers spreading outwards from the
centre of the colony. Comparisons are made with classical examples of ‘spot
colonies’, which are sexually mature at small colony size. However,
Antoniettella exigua gen. et sp. nov. lacks ovicells, an absence that has been
interpreted either as due to an atypical environmental setting or to internal
brooding of embryos.
Section 3: Palaeoecology
Sampled sections in East Kalimantan represent deposition in different types of
mesophotic palaeoenvironments, varying from low- and high-relief build-ups,
to coral carpets and seagrass meadows with coral intergrowths, and
influenced by a mixed carbonate-siliciclastic sedimentation.
Chapter 7 and Chapter 8 describe the palaeoenvironment and biodiversity of
two Middle-Miocene shallow-water patch reefs developed under the influence
of high siliciclastic inputs associated with the progradation of the Mahakam
Delta. Multi-taxon analysis of the most abundant fossil groups, comprising
larger benthic foraminifera, corals, coralline algae, molluscs and bryozoans,
provides models for future environmental interpretations and comparison with
similar deposits.
The application of bryozoans as palaeoenvironmental indicators has yet to be
adequately developed, mainly because biological and physical factors
controlling the distributions of modern bryozoans are still poorly understood
(Taylor, 2005). However, bryozoans are likely to add information about
palaeobathymetry and reef biodiversity. The majority of bryozoan species were
found encrusting the undersides of thin, platy corals. These surfaces
represented potentially long-lived, cryptic habitats for the settlement of
bryozoan larvae, offering a large area for the growth of encrusting bryozoans
and adequate vertical space for some erect colony growth too.
Chapter 9 sets out to: (1) review taxonomically all of the data in the literature
on both modern and fossil bryozoans from seagrass assemblages; and (2) add
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two new species of Vincularia, discovered in samples from an inferred
seagrass habitat, to the record of ancient seagrass-associated bryozoans.
Section 4: Species assemblages
The results obtained from the new collections made for the ‘Throughflow’
project on the diversity of Miocene bryozoans in East Kalimantan are
summarized in Chapter 10. Diversity is analyzed in terms of species richness
and specimen abundance. The aims are to: (1) assess sampling completeness
at each site and assemblage variation among sites, and (2) compare fossil and
Recent diversity in similar environments. Particular regard is paid to colony
growth-forms, types of substrates encrusted, and preservation.
The diverse bryozoan assemblage documented in this thesis marks an
important step in our knowledge on Neogene bryozoans from SE Asia. The
few previous studies did not record nearly as many species as the present
work, which underlines the importance of this research. The information
presented here allows, for the first time, comparisons and connections to be
made with fossil faunas from the Indian Ocean and Australasian province.
Furthermore, first and last occurrences are documented for a few genera.
Thus far, Cenozoic tropics are undersampled (Jackson & Johnson, 2001) and
fossil first and last occurrences are dominated by records from Europe and
North America (Kidwell & Holland, 2002). However, two main considerations
reveal that much species diversity remains to be discovered and described: (1)
although the bryozoan assemblage is sufficiently well-preserved, 10% of
specimens recorded are indeterminate owing to deficiencies in diagnostic
features, and (2) the estimated proportion of species with aragonitic skeletons
reveals a substantial loss by dissolution.
Based on the limited evidence of the ‘Throughflow’ collection, the composition
of the Kalimantan bryozoan fauna is characterised by a moderate level of
potential endemism with at least three endemic genera; 18% of genera made
their earliest appearance in the global fossil record in the Kalimantan
sequences, and have an Indo-Pacific or circumtropical distribution at the
present day, apart from Pseudidmonea, which interestingly has been recorded
living only in Antarctic and the Subantarctic (and the Miocene of New
Zealand). All of the remaining genera, with a few exceptions, have been
previously recorded as far as back as the Jurassic and are still extant.
Approximately 48% of these genera have been cosmopolitan in distribution
since their first appearance, for example, the distinctive and speciose genus
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Microporella; 20% of genera are circumtropical or Indo-Pacific in distribution.
For a few genera (9%), this study documents their latest fossil record (e.g.
Vincularia).
Parasmittina, Celleporaria and Rhynchozoon are the most recorded genera in
terms of species numbers from Recent cryptic reef communities worldwide
(Winston, 1986). In the Kalimantan assemblage they are represented by one
species each (left in open nomenclature owing to the preservation of
specimens). This contrast may be related to (1) diagenesis; (2) relatively
recent evolution of these genera; (3) differences in the types of reefal
environments, i.e. muddy reefs of the Miocene of Kalimantan vs. cleaner reefs
of Winston’s study.
Bryozoan assemblages from single sites show a high level of potentially
localized endemism, which corresponds to patchy species distributions, typical
also for Recent bryozoans (Tilbrook, 2006) and other taxonomic groups such
as molluscs inhabiting Indo-Pacific coral reefs (Bouchet et al., 2002). The
absence of clear patterns of distribution among the studied sites suggests that
many more intermediate sites need to be sampled to achieve a fuller
understanding of the true pattern of bryozoan species distribution in the
Miocene of the Kutai Basin.
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CHAPTER 1
Why is the tropical Cenozoic fossil record so poor for
bryozoans?
Paul D. Taylor & Emanuela Di Martino
In press in Bryozoan Studies 2013 – Studi Trentini di Scienze Naturali
Abstract
Diverse bryozoan assemblages have been recorded from widely across the
Cenozoic palaeotropics, including the West Indies and Central America
(Miocene-Pleistocene), Arabia (Oligocene), East Africa (Miocene), India
(Eocene-Miocene) and the East Indies (Eocene-Miocene). However, records
of Cenozoic tropical bryofaunas are relatively few compared with higher
latitudes, and bryozoan limestones seem to be lacking. Insights into the
reasons for this poor fossil record can be gleaned from comparisons with
modern tropical bryozoan faunas, and consideration of the effects of
diagenesis on fossil preservation and other factors that bias against the
tropical Cenozoic fossil record. At least for the North Atlantic, bryozoan
assemblage diversity in the modern tropics is not significantly less than in
higher latitudes. However, a survey of colony-forms shows that encrusting
species of small biomass are more dominant in tropical assemblages (mean
78% of species) than they are outside the tropics (mean 60% of species).
These encrusting colonies may be difficult to observe and study when, as is
often the case in tropical carbonate settings, diagenetic cement binds
sediment firmly to the colony surfaces. Most erect bryozoan species living
today in the tropics have weakly mineralized skeletons with a poor potential for
fossilization; robust species capable of generating large quantities of
carbonate sediment are uncommon. In addition, a higher proportion of
cheilostomes in the tropics have metastable skeletons of aragonite: a Raman
spectroscopic survey of 23 bryozoan species encrusting the undersides of
platy corals from Puerto Rico and Malaysia showed 30% to be aragonitic and
27% bimineralic. Along with the typically higher Mg levels in the calcite of
tropical cheilostomes, this further biases against preservation of bryozoans in
the Cenozoic fossil record.
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1.1 Introduction
The tropics are renowned for containing a disproportionate share of global
biodiversity at the present-day. For instance, Reaka-Kudla (1997) estimated
that as many as 93,000 of described species are associated with coral reefs
and these represent only 1–15% of the true diversity. Seawater temperature
has been identified as the main environmental correlate of high biodiversity in
various marine groups (Tittensor et al., 2010), producing latitudinal gradients of
increasing diversity towards the equator. Numerous explanations have been
suggested for tropical high diversity in both terrestrial and marine realms,
variously viewing the tropics as: (1) centres of speciation; (2) centres of
species accumulation; (3) centres of range overlap; and (4) centres of species
survival (see Hoeksema, 2007).
Regardless of which factor or factors control tropical high diversity, the large
number of species present in the tropics makes it essential to have data from
tropical sites in order to gain a fuller understanding of the evolution of marine
organisms. Unfortunately, the known marine fossil record in the tropics for the
last 65 million years of earth history is poor. Jackson & Johnson (2001, p.
2403) remarked: “There are pitifully few modern, extensive monographic
studies of tropical Cenozoic … corals, cheilostome bryozoans, bivalves, or
gastropods…”.
The European Union Marie Curie project ‘Throughflow’ has been investigating
the origins of high tropical biodiversity in marine ecosystems of the Indo-West
Pacific, the main diversity hotspot for marine life today (Renema et al., 2008).
As part of this project, a rich fossil bryozoan fauna has been sampled from
East Kalimantan, Indonesian Borneo (see Di Martino & Taylor 2012a, b; Novak
et al., 2013). During the Indonesian study the question arose as to why so few
bryozoans have been described from the Cenozoic of the tropics. For
example, before the start of the Kalimantan research only 31 bryozoan species
had been recorded from the Cenozoic of the entire Indonesian archipelago, yet
62 species were identified in a single locality in East Kalimantan studied by
Novak et al. (2013). The current paper explores reasons for the poor fossil
record of tropical Cenozoic bryozoans, drawing from evidence on the
composition and mineralogy of modern tropical bryozoan faunas, the effects of
diagenesis on fossil preservation and other factors.
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1.2 Material and methods
A literature review was made of Cenozoic tropical bryozoan faunas using
online searches as well as the extensive offprint collection in the Natural
History Museum, London (NHMUK). Additional data comes from on-going
research, as yet largely unpublished, on Miocene bryozoans from East
Kalimantan and also Tanzania (B. Berning, in prep.).
Recent bryozoans encrusting the undersides of platy corals were selected
from the NHMUK collections for non-destructive mineralogical analysis using
laser Raman spectroscopy. These samples came from: (1) a collection made
by J.S. Ryland from Puerto Rico; and (2) historical collections from Malaysia in
the coral reference collection. Laser Raman spectroscopy was undertaken at
UCLA in the laboratory of Professor J.W. Schopf, using a T64000 triple-stage
laser-Raman system with a Coherent Innova 90 argon ion laser projected
through an Olympus BX41 microscope. The Raman spectra for calcite and
aragonite are sufficiently distinct to allow unequivocal determination of these
two mineral phases in bryozoan skeletons. Point mineralogical analyses were
obtained from frontal walls; if these walls proved to be aragonitic, additional
analyses were made of orificial rims, basal walls and/or avicularian crossbars
to test for a bimineralic composition on the basis that these structures are
typically calcitic in bimineralic bryozoan species (see Taylor et al., 2008).

1.3 Recent tropical bryozoan faunas
1.3.1 Diversity, taxonomic composition and colony-forms
Insights into the poor fossil record of bryozoans in the Cenozoic tropics may
be obtained from modern biotas which allow us to ascertain whether
bryozoans are diverse in the present-day tropics, whether these bryofaunas
consist of fossilizable taxa, and which colony-forms are dominant.
Most studies of modern bryozoan faunas have been from latitudes outside the
tropics, i.e. respectively north and south of the 23.5° latitude lines defining the
tropics of Cancer and Capricorn. However, increasing efforts over recent years
have shown that bryozoans are diverse in the modern tropics. For example,
Winston (1986) published a checklist of 284 bryozoan species associated with
coral reefs worldwide, and Tilbrook & De Grave (2005, table 1) recorded
cheilostome species richness values ranging from 78–179 for islands in the
Indo-West Pacific. While an analysis of bryozoan diversity patterns in the
19
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North Atlantic (Clarke & Lidgard, 2000) found mean assemblage species
richness to show no significant latitudinal gradient (cf. most other marine
phyla), the richest bryozoan assemblages were generally found at low
latitudes. In summary, tropical bryozoan faunas today are no less diverse than
their counterparts from higher latitudes and therefore high diversities are to be
expected in the fossil record.
Comparing the taxonomic composition of tropical and non-tropical bryozoan
assemblages is severely hampered by the small number of tropical
monographs that have covered all bryozoan orders. Three monographs
(French Polynesia: d’Hondt, 1985a; Philippines: Scholz, 1991a; South China
Sea: Lu, 1991) dealing comprehensively with Recent tropical faunas give
average values of 2% ctenostome species, 14% cyclostome species and 84%
cheilostome species. These figures compare with average values calculated
from three standard accounts of non-tropical faunas (British Isles: Hayward,
1985, Hayward & Ryland, 1985a, 1998, 1999; Mediterranean: Zabala &
Maluquer, 1988; New Zealand: Gordon, 1989) of 11% ctenostome species,
11% cyclostome species and 78% cheilostome species. Rosso (2003) in a
more recent analysis of the Mediterranean bryozoan fauna found 10.7% of
species to be ctenostomes, 14.1% cyclostomes and 75.2% cheilostomes.
Importantly, from the point of view of biomineralizing bryozoans that are
potentially fossilizable (see below), the relative proportion of cyclostomes to
cheilostomes is not greatly different in the tropics as it is at higher latitudes.
A comparative analysis of basic colony-forms – encrusting, erect and freeliving – in tropical vs. extra-tropical assemblages employed data from the
same publications listed above but with the addition of four tropical papers
dealing only with cheilostomes: Mauritius (Hayward, 1988), Indonesia
(Winston & Heimberg, 1986), Vanuatu (Tilbrook et al., 2001), Solomon Islands
(Tilbrook, 2006). Tropical assemblages comprised on average 78% encrusting
species, 19% erect species and 3% free-living species. These figures compare
with non-tropical values of 60% encrusting species, 39% erect species and 1%
free-living species. The comparative and absolute dominance of encrusting
species in the tropics rises to 86% if data from the South China Sea is
excluded. Roger Cuffey and coworkers (e.g. Cuffey, 1972, 1978; Cuffey &
Fonda, 1977; Kobluk et al.,1988) among others have previously noted that
cryptic encrusters are the most common bryozoans in modern tropical reefs.
Given that encrusting species are generally smaller and more easily
overlooked than erect species, the poor tropical Cenozoic fossil record may be
partly due to the strong dominance of encrusting species.
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1.3.2 Mineralogy
Bryozoans are capable of constructing their skeletons from two different
calcium carbonate minerals, calcite and aragonite. Cyclostomes apparently
always employ calcite whereas cheilostomes utilize calcite, aragonite or a
combination of these minerals (bimineralic) according to species (Smith et al.,
2006; Taylor et al., 2009). As with other calcifying organisms, mineralogy has
a major influence on fossilization potential because aragonite is generally
more soluble than calcite and aragonitic skeletons are routinely lost by
dissolution during diagenesis (e.g. Cherns & Wright, 2009).
The sparse published data on the mineralogy of tropical bryozoan skeletons
was summarized for the mineralogically diverse cheilostomes by Taylor et al.
(2009) who showed bryozoans from low latitudes to contain a higher
proportion of species with metastable skeletons of aragonite than species from
higher latitudes. Almost a quarter of cheilostome species that have been
analysed from 0°–30° have aragonitic skeletons and more than one-third are
bimineralic, whereas very few bryozoans from higher latitudes have aragonitic
skeletons and bimineralic skeletons are also less common. In addition, a
greater proportion of species from low latitudes have high-Mg calcite skeletons
(>8 mole%Mg), which are more soluble, than low-Mg (>4 mole%Mg) and midMg (4–8 mole%Mg) calcite skeletons (see Taylor et al., 2009, fig. 4).
Most mineralogical analyses of bryozoans have been undertaken using X-ray
diffraction. This technique entails preparing a powder from a sample of the
bryozoan skeleton, more easily accomplished with erect species than with thin
encrusting species with smaller skeletal volumes and a greater probability of
contaminating the sample with parts of the substrate. However, as noted
previously, encrusting species dominate tropical bryozoan faunas. In order to
obtain an estimate of the mineralogical composition of tropical encrusting
bryozoan assemblages, laser Raman spectroscopic analyses were undertaken
of bryozoan species attached to the undersides of platy corals from two
tropical sites, Puerto Rico in the Caribbean Sea and Peninsular Malaysia
(Table 1.1). Pooling the two sites, of the 23 species analysed, 10 (43%) were
found to be calcitic, 7 (30%) bimineralic, and 6 (27%) aragonitic. These results
are similar to previously published analyses of low latitude bryozoan
mineralogy mentioned above, with slightly more than a quarter of the species
having skeletons entirely of aragonite and more than half containing at least
some aragonite (typically forming the outer layers of the frontal shield). In
contrast, a recent paper by Smith & Clark (2010) analyzing 17 cheilostome
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species from 42–51°S off the coast of Chile found 17 (82%) to be calcitic, 2
(12%) bimineralic and only 1 (6%) aragonitic.
Although this new mineralogical data on bryozoans encrusting platy corals is
limited, the relatively high proportion of aragonitic species suggests a greater
loss of species by dissolution in bryozoan faunas from the tropics than from
higher latitudes.
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Table 1.1
Results of laser Raman spectroscopic analyses of the mineralogy of cheilostome
bryozoan skeletons encrusting the undersides of platy corals from Peninsular
Malaysia and Puerto Rico. A = aragonite; B = bimineralic (i.e. mixed calcite and
aragonite); C = calcite.
Peninsular Malaysia
Species

Mineralogy

1. Antropora minor (Hincks)

A

2. Bryopesanser grandicella (Canu & Bassler)

B

3. Hippothoa sp.

C

4. Metroperiella montferrandii (Audouin)

C

5. Microporella orientalis Harmer

B

6. Parasmittina sp. 1

B

7. Plesiocleidochasma porcellaniforme (Soule, Soule & Chaney)

A

8. Poricella spathulata (Canu & Bassler)

B

9. Poricella sp. 1

B

10. Puellina sp. 1

C

11. Rhynchozoon sp. 1

A

Puerto Rico
Species

Mineralogy

1. Bryopesanser sp.

B

2. Calloporidae sp.

C

3. Celleporidae sp.

C

4. Drepanophora sp.

C

5. Parellisina curvirostris (Hincks)

C

6. Parellisina latirostris Osburn

C

7. Parasmittina sp. 2

B

8. Plesiocleidochasma sp. 1

A

9. Puellina sp. 2

C

10. Puellina sp. 3

C

11. Rhynchozoon sp. 2

A

12. Stylopoma spongites (Pallas)

A
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Figure 1.1
Tropical (circles) and non-tropical (diamonds) Cenozoic bryozoan faunas from which the
data in Table 1.2 is based. Tropical: (1) : Late Eocene, Tonga (Cheetham, 1972); (2)
Eocene-Miocene, Indonesia and Malaysian Borneo (Lagaaij, 1968a, 1968b; Keij, 1973;
Lagaaij & Cook, 1973; Cook & Lagaaij, 1976; Pouyet & Braga, 1993); (3) Eocene-Miocene,
Gujarat, India (Guha & Gopikrishna, 2004a, b, 2005a, b, c, d, 2007a, b, c, d, e, f); (4)
Oligocene, United Arab Emirates and Arabian Peninsula (Braga & Bahr, 2003); (5)
Oligocene-Miocene, West Indies (Canu & Bassler, 1918, 1919, 1928); (6) Early MiocenePliocene, Dominican Republic (Cheetham et al., 1999); (7) Middle Miocene, Mafia Islands,
Tanzania (personal observations with B. Berning); (8) Late Miocene-Pleistocene, Panama
and Costa Rica (Cheetham et al., 1999; Taylor, 2001); (9) Late Pliocene, Jamaica (Taylor &
Foster, 1998); (10) Pliocene-Pleistocene, Tobago (Taylor & Foster, 1994). Non-tropical: (1)
Late Paleocene-Early Eocene, Chatham Islands (Gordon & Taylor, 1999); (2) Eocene,
Seymour Island (Hara, 2001); (3) Late Eocene, Austria (Zágoršek, 2003); (4) EoceneOligocene, N. Italy (Antolini et al., 1980; Braga & Barbin, 1988); (5) Neogene, Gard, France
(David et al., 1972); (6) Middle Miocene, Czech Republic (Zágoršek, 2010a, b); (7) Late
Miocene, NW Morocco (El Hajjaji, 1992); (8) Late Miocene, W Algeria (Moissette, 1988); (9)
Pliocene, W Sahel, Algeria (Haddadi-Hamdane, 1996); (10) Pliocene, Sicily, Italy (Pouyet &
Moissette, 1992); (11) Pliocene, Normandy, France (Pouyet, 1997).
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1.4 Cenozoic tropical bryozoan faunas
1.4.1 Diversity, taxonomic composition and colony-forms
In addition to bryozoans from the Miocene of Kalimantan, which are currently
under study, Cenozoic bryozoan assemblages containing more than ten
species have been described from localities distributed widely across the
palaeotropics (Fig. 1.1; Table 1.2). By far the most diverse and best known are
the Miocene–Pleistocene faunas of Dominica and central America as a result
of studies (e.g. Cheetham et al., 1999; Taylor 2001) undertaken for the
Dominican Republic (DR) project and the Panama Paleontology Project (PPP).
Nevertheless, faunas have also been described from other regions, including
the United Arab Emirates (Braga & Bahr, 2003), India (Guha & Gopikrishna,
2004a, b, 2005a, b, c, d, 2007a, b, c, d, e, f), Indonesia and Malaysia (Lagaaij,
1968a, b; Keij, 1973; Lagaaij & Cook, 1973; Cook & Lagaaij, 1976; Pouyet &
Braga, 1993) and Tonga (Cheetham, 1972), while a fauna of approximately 21
species from Tanzania awaits description (B. Berning, in prep.).
Compared with a representative sample of Cenozoic non-tropical bryozoan
faunas (Table 1.2), tropical faunas on average contain a lower proportion of
cyclostomes (15 vs. 25%) and ascophoran cheilostomes (45 vs. 51%) but a
higher proportion of anascan cheilostomes (40 vs. 24%). In terms of the
proportions of species classified according to major colony-forms, encrusters
are surprisingly less common in the tropics (51 vs. 59%, compared with 78 vs.
60% reported above for modern faunas), erect colonies slightly more common
(42 vs. 39%, compared with 19 vs. 39% for modern faunas), and free-living
forms appreciably more common (7 vs. 2%, compared with 3 vs. 1% for
modern faunas).
The greater proportion of erect species in Cenozoic tropical assemblages
compared to the present-day almost certainly reflects the fact that erect
species are more conspicuous and therefore more likely to attract attention.
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Table 1.2
Species richness, percentage taxonomic composition and three major colony-forms
in Cenozoic tropical bryozoan faunas compared with representative Cenozoic nontropical bryozoan faunas. See Fig. 1.1 for locations of the faunas. NS = number of
species; % of Cy = cyclostomes; Ch = cheilostomes (comprising An = anascans; As
= ascophorans); En = encrusters; Er = erect; FL = free-living. Dashes indicate
unavailable data.
Record

NS

Cy

Ch

An

As

En

Er

FL

Late Eocene, Tonga

18

–

100

22

78

11

89

–

Indonesia

32

16

84

41

43

13

63

24

Gujarat,

102

7

93

46

47

57

39

4

Oligocene, UAE and Arabian

54

28

72

26

46

33

60

7

West

14

–

100

50

50

86

7

7

Miocene-Pliocene,

73

–

100

–

–

56

39

5

21

–

100

52

48

14

76

10

202

11

89

–

–

68

25

7

Late Pliocene, Jamaica

41

10

90

41

49

73

17

10

Pliocene-Pleistocene, Tobago

15

20

80

33

47

93

7

–

Mean

57

15

85

40

45

51

42

7

Eocene-Miocene,
and Malaysia
Eocene-Miocene,
India

Peninsula
Oligocene-Miocene,
Indies
Early

Dominican Republic
Middle Miocene, Mafia Islands,
Tanzania
Late

Miocene-Pleistocene,

Panama and Costa Rica
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Record

NS

Cy

Ch

An

As

En

Er

FL

41

29

71

51

20

46

54

–

43

35

65

19

46

53

47

–

153

24

76

20

56

37

58

5

96

36

64

23

41

38

53

9

Neogene, Rhône Basin, France

119

23

77

20

57

74

26

–

Middle Miocene, Czech Republic

157

29

71

18

53

60

36

4

Late Miocene, NW Morocco

208

25

75

26

49

71

28

1

Late Miocene, W Algeria

191

23

77

15

62

70

28

2

82

22

78

24

54

60

37

3

135

16

84

25

59

80

17

3

76

18

82

18

64

57

43

–

122

25

75

24

51

59

39

2

Late

Paleocene-Early

Eocene,

Chatham Islands
Eocene, Seymour Island
Late Eocene, Austria
Eocene-Oligocene, N Italy

Pliocene, W Sahel, Algeria
Pliocene, Sicily, Italy
Pliocene, Normandy, France
Mean
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1.4.2 Bryozoan-rich deposits
A striking change in the28latitudinal distribution of sediments rich in bryozoans,
including bryozoan limestones, occurred after the Palaeozoic (Taylor & Allison,
1998; see also Allison et al., 1999). Whereas bryozoan-rich deposits in the
Palaeozoic were distributed across all latitudes, including the tropics, postPaleozoic examples occur almost entirely at high latitudes. Few if any
examples of Cenozoic rocks containing bryozoans in sediment-forming
quantities have been documented in the literature. Likewise, carbonates
accumulating in the tropics at the present-day are overwhelmingly ‘chlorozoan’
in character, dominated by corals and calcareous algae, in contrast to the
‘heterozoan’ carbonates of higher latitudes where bryozoans may dominate
(e.g. James, 1997; Schlager, 2003). Rare examples of modern tropical
sediments containing significant skeletal biomasses of bryozoans include a
40–100 m depth bank in the Hawaiian Islands (Agegian & Mackenzie, 1989)
and the shallow shelf off Mauritania where upwelling is apparently responsible
for an anomalous tropical (20°N) occurrence of heterozoan carbonates (Michel
et al., 2011). Unfortunately, no data is available on the abundance of
bryozoans in the Hawaiian example, while in the Mauritanian example the
weight percentage of bryozoan skeletons in the samples studied was always
less than 5%. The small bryozoan reefs described by Cuffey et al. (1977) from
a shallow-water tidal channel in the Bahamas lie very marginally outside the
tropics.
The lack of Cenozoic tropical bryozoan limestones reflects the low proportion
of robust erect species capable of generating significant amounts of carbonate
sediment relative to other carbonate-producers such as corals and coralline
algae. Bryozoan limestones typically contain abundant and diverse bryozoans
(‘bryozoan gardens’) that attract the attention of geologists and the interest of
taxonomists. Their apparent absence in the Cenozoic tropics can be
considered as a major reason contributing to the poor fossil record of
Cenozoic tropical bryozoans.
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1.4.3 Diagenesis
Many tropical carbonates, especially reefs, are characterized by rapid and
pervasive diagenetic cementation (e.g. James & Choquette, 1990; Scoffin,
1992; Macintyre & Marshall, 1988; Rasser & Riegl, 2002). Seawater is
pumped through reef sediments by wave and current action, causing
precipitation of magnesium calcite and aragonite cements on or very close to
the sediment surface. In contrast, cool water carbonates formed outside the
tropics typically show more limited cementation (e.g. Nicolaides, 1995; James,
1997; Smith & Nelson, 2003). From the perspective of recovering identifiable
bryozoans, the rapid cementation found in tropical carbonates poses a major
problem. Bryozoans may become enveloped by cement, obscuring the colony
surface, and bind firmly to neighbouring grains, making it difficult or impossible
to extract identifiable specimens. Unlike Palaeozoic bryozoans, with a
taxonomy based largely on characters seen in thin section, Cenozoic bryozoan
taxonomy relies on details of the frontal surface and colonies seen in thin
sections cannot be easily determined, particularly the very thin encrusters that
constitute the majority of tropical bryozoans (see above).
Much of the calcite and aragonite cement precipitated in tropical carbonates is
derived from the dissolution of biogenic carbonate grains. Rates of dissolution
may be extreme, e.g. up to 50% per year of red algal skeletal carbonate can
be lost by dissolution at shallow levels beneath the sediment surface (Walter &
Burton, 1990). As noted above, aragonite, as well as calcite containing high
amounts of Mg (>c. 8 mol%), is more soluble than low-Mg calcite (Morse et al.,
2006). As a consequence, entirely aragonitic bryozoans may be dissolved
during early diagenesis. Even more diagenetically stable bryozoans could be
adversely impacted if they encrusted aragonitic substrates such as
scleractinian corals and mollusc shells. These substrates are commonly either
neomorphosed to calcite, or dissolved to leave a mould which later can be
infilled by coarse cement crystals (e.g. James, 1974). The effects on
encrusting bryozoans of neomorphism and dissolution of their substrates have
yet to be investigated. However, these processes have the potential to cause
severe preservational degradation or even complete loss of the bryozoan
skeleton. Diagenetic alteration of bryozoan substrates is generally less
extreme outside the tropics where aragonitic substrates are less dominant; for
instance, Cenozoic non-tropical bryozoans often encrust bivalves with calcitic
shells (e.g. oysters and pectinids). A similar contrast in substrate mineralogy
impacting preservation potential is also evident when comparing bryozoan
assemblages from the Palaezoic and post-Palaeozoic tropics: fewer
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organisms possessed aragonitic skeletons in the Palaeozoic (e.g. Wilkinson,
1979) and bryozoans more often encrusted the diagenetically stable
substrates furnished by calcitic brachiopods or rugose and tabulate corals in
tropical Palaeozoic seas.

1.5 Discussion
Several factors combine to explain the poor fossil record of tropical Cenozoic
bryozoans, some are common to all fossil groups and others more specific to
bryozoans. There are two general factors that contribute to the overall
deficiency of the tropical Cenozoic fossil record. The first is related to the fact
that most Cenozoic palaeotropical sediments are still in the tropics today and
consequently are often in regions of dense natural vegetation (e.g. tropical
rainforests) where fresh exposures are limited. In addition, surface weathering
in the humid tropics can extend deeply beneath the land surface, destroying
any fossils in the process. A second general factor is evident when the
Palaeozoic and post-Palaeozoic tropical fossil records are compared.
Knowledge of Palaeozoic tropical biotas is good because both North America
and Europe straddled the palaeoequator during this era and Palaeozoic
tropical biotas are found close to the main centres of palaeontological
research. By the Cenozoic, however, North America and Europe had both
migrated out of the tropics, becoming less easily accessible to active
palaeontologists (Allison & Briggs, 1993).
Additional factors specific to bryozoans may explain the particularly poor
tropical Cenozoic fossil record for this phylum when compared to other groups
such as corals, molluscs and echinoderms. Firstly, a greater proportion of
tropical bryozoan species have encrusting colonies that are typically small and
inconspicuous. Robust erect colonies, including those that elsewhere form
bryozoan limestones, are exceedingly rare in the Cenozoic tropics. Tropical
bryozoans seldom provide as much carbonate sediment as the faster-growing
corals, calcareous algae and bivalves. This explains the lack of Cenozoic
tropical bryozoan limestones that would undoubtedly have been brought to the
attention of and studied by bryozoologists. Furthermore, the proportion of
bryozoans with aragonitic skeletons (up to c. 30%) is greater in the tropics
than at higher latitudes, implying that proportionally more species are likely to
be lost by dissolution. Leaching of aragonite also impacts many tropical
substrates (e.g. scleractinian corals) encrusted by bryozoans. However,
another process acting during diagenesis – cementation – may be more
important in depleting the tropical Cenozoic bryozoan record. Cement growth
30

Chapter 1

in tropical carbonates occurs quickly and at an early stage of diagenesis. At
best diagenetic cements obscure surface details and make species
identification difficult, at worst they bind the bryozoans so firmly to other
sediment grains that ‘clean’ extraction becomes impossible.
Prospects for discovering further Cenozoic tropical bryozoans faunas that are
sufficiently well preserved to be studied systematically depend on two main
factors: the availability of fresh exposures beneath the zone of tropical
weathering, and the presence of sediments with minimal cementation and
dissolution. Regarding the second issue, muddy carbonate facies improve the
chances of good bryozoan preservation because terrigenous clastic sediment
input inhibits both carbonate dissolution and cementation (Perry & Taylor,
2006). The Miocene muddy reefs of East Kalimantan provide excellent
examples of how high levels of clastic input can result in diverse bryozoan
assemblages that are sufficiently well preserved to be studied at species-level
(Di Martino & Taylor, 2012a, b; Novak et al., 2013). Similarly, the fine-grained
clastic sediments colonized by free-living cupuladriids in the tropics may allow
preservation despite their metastable aragonitic skeletons.
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Abstract
A new species of ascophoran cheilostome bryozoan Retelepralia
macmonagleae sp. nov. is described from Malaysian Borneo (Sabah). Dated
as Late Oligocene, it is the oldest known and the first recognized fossil species
of Retelepralia. A second fossil species of this genus, originally described as
Hippodiplosia voigti David, Mongereau & Pouyet, 1972, occurs in the French
and Moroccan Miocene. The synonymy of H. voigti with the Recent type
species of Retelepralia, Lepralia mosaica Kirkpatrick, 1888, is tentatively
proposed. Included in the Cheiloporinidae, Retelepralia is characterized by a
lepralioid frontal shield with a distinctive median gymnocystal strip. The
presence of two hypostegal coelomic compartments in living zooids is inferred,
and the palaeobiogeography of Retelepralia is discussed.

2.1 Introduction
Modern bryozoan faunas are dominated by ascophoran cheilostomes. This
polyphyletic subordinal group is characterized by zooids with calcified frontal
shields overlying a sac (ascus) that fills with water to compensate for the lost
volume when the tentacle crown is protruded. Ascophorans are the most
skeletally complex of all bryozoans and have developed a wide variety of
different colony forms. While many ascophoran genera are common,
widespread both geographically and stratigraphically, and rich in numbers of
species (e.g. Schizoporella, Microporella, Metrarabdotos, Celleporaria), others
are more restricted in their distribution and diversity. This paper focuses on
one of the latter genera, Retelepralia Gordon & Arnold, 1998, unusual in
having autozooids with a distinctive median strip of non-porous frontal shield
separating two areas of pseudoporous frontal shield.
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Here we revise Retelepralia based on the study of type and new material. We
recognize the first fossil examples of the genus, extending its range from the
Recent back to the Oligocene, discuss its palaeobiogeography, and interpret
the significance of the median strip for soft part anatomy.

2.2 Material and Methods
Material used in this study includes type and new specimens. Specimens of a
new species of Retelepralia were collected by Laura B. McMonagle (University
of Durham) from the eastern part of the Malaysian province of Sabah (NE
Borneo) (Fig. 2.1), during two field seasons in 2006 and 2007 while making
systematic collections of well-preserved Late Oligocene-Early Miocene corals.
Three colonies of Retelepralia macmonagleae sp. nov. were subsequently
discovered in the laboratory after preliminary cleaning.
These encrust the bases of the scleractinian coral Hydnophora collected from
muddy carbonate deposits exposed in a small quarry, named ‘Mosque Quarry
III’ (N 05º 32.659’; E 118º 11.590’), bordering the Sukau Road, 15 km to the
west of Sukau Village (McMonagle et al., 2011). All of these specimens are
catalogued and deposited in the Department of Palaeontology, Natural History
Museum, London (abbreviated NHMUK).
In addition, type and other material of Retelepralia mosaica (Kirkpatrick, 1888)
housed in the zoological reference collections of the NHMUK has been
studied. Through the kindness of Dr P. Moissette (University of Lyon) we have
been able to obtain new SEM images of the type material of Hippodiplosia
voigti David, Mongereau & Pouyet, 1972, which we here transfer to
Retelepralia.
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Figure 2.1
Position of the locality of Retelepralia macmonagleae sp. nov.,
the ‘Mosque Quarry III’ in the Malaysian province of Sabah (NE
Borneo).

Before examining specimens of Retelepralia macmonagleae sp. nov. using
SEM, fossil corals encrusted by this bryozoan were soaked in a dilute solution
of the detergent QuaternaryO to remove clay particles, and were subsequently
cleaned ultrasonically. Scanning electron microscopy (SEM) was carried out
on uncoated specimens using a low-vacuum scanning electron microscope
(LEO VP-1455) at the NHMUK. Morphometric determinations were made
using a stereomicroscope or alternatively from SEM photos.
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2.3 Systematic palaeontology
Cheiloporinidae Bassler, 1936
Retelepralia Gordon & Arnold, 1998
Type species: Lepralia mosaica Kirkpatrick, 1888
Description – Colony encrusting, multiserial, unilaminar, small in size.
Autozooids oval or rounded polygonal, longer than broad, contiguous or
connected by multiple tubules (> 10 per zooid). Frontal shield convex, finely
granular, evenly covered by small round pseudopores except for a median
strip of smooth calcification continuous with the proximal rim of the orifice.
Primary orifice bell-shaped, longer than wide, a pair of small, sharp lateral
condyles directed downwards and separating a rounded anter from a smaller
poster with a straight or barely convex proximal edge; oral spines lacking.
Ovicell hyperstomial, globular, surface granular without pores. No avicularia.
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Plate 2.1
Type material of Retelepralia mosaica (Kirkpatrick, 1888). NHMUK 1888.1.25.33.
a, two zooids, scale bar = 100 µm. b, close-up of a zooid, scale bar = 100 µm. c,
close-up of the orifice, scale bar = 20 µm. d, small colony, scale bar = 100 µm. e,
basal walls of two zooids, scale bar = 100 µm. f, close-up of inner frontal wall and
median strip, scale bar = 20 µm.
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Retelepralia mosaica (Kirkpatrick, 1888)
Plate 2.1, figs. a–f; Plate 2.2, figs. a–d
Lepralia mosaica, Kirkpatrick, 1888: 79, pl. 8, fig. 6; Hippodiplosia voigti,
David, Mongereau & Pouyet, 1972: 57, pl. 3, figs. 3–8; Hippopodina mosaica,
Hayward, 1988: 319, fig. 6a–b.
Material – NHMUK 1888.1.25.33 and 1934.10.6.20, Recent, Mauritius (on
shells, corals and ?algae), depth unknown. Université de Lyon, FSL 116241
and 491916, originally determined as Hippodiplosia voigti David, Mongereau &
Pouyet, 1972, Miocene, Burdigalian, Mus, Gard, France.
Description – Colony encrusting, unilaminar, with zooids arranged
quincuncially or pluriserially, small-sized. Autozooids approximately oval, 0.690.98 mm long and 0.54-0.75 mm wide, linked by 10-15 short tubules (mean L
= 62.5 µm) forming prolongations of basal pore chambers. Frontal shield
convex, granular, densely and evenly covered by round pseudopores, except
for a median narrow ridge (mean W = 20 µm) of smooth calcification
continuous with the proximal rim of the orifice. Primary orifice bell-shaped,
longer than wide (mean L = 0.18 mm, mean W = 0.15 mm), having a pair of
stout condyles separating a rounded anter from a broad poster with a nearly
straight or slight convex proximal edge. Operculum with marginal sclerites. No
oral spines. Ovicell hyperstomial, subglobose, surface granular and
imperforate, lateral margins and opening edge bordered by a thin gymnocystal
strip. Ancestrula not observed. No avicularia.
Remarks – Type material of this species is poor and lacks ovicells. Further
specimens were collected and described from northeastern Australia and the
Norfolk Ridge by Gordon & Arnold (1998) who gave a much more detailed
morphological description.
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Plate 2.2
Type material of Hippodiplosia voigti David, Mongereau & Pouyet, 1972, here provisionally
synonymized with Retelepralia mosaica (Kirkpatrick, 1888). a, d, FSL 116241 and 491916;
several zooids of two different colonies, scale bar = 500 µm. b, close-up of four zooid, scale
bar = 500 µm. c, close-up of a zooid, scale bar = 100 µm.

Examination of fossil material of Hippodiplosia voigti David, Mongereau &
Pouyet, 1972 demonstrates that this species has tubular processes and
seems to be conspecific with R. mosaica, although zooids are sometimes
more polygonal instead of oval in shape, a difference interpreted as due to
intraspecific variation. However, more material is required to test this proposed
synonymy. In view of the wide geographical and time separation of the
French/Moroccan Miocene and Indopacific Recent populations, there are
grounds for suggesting that they may represent cryptic species.
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Distribution – Miocene of France (Rhône Basin, Burdigalian) (David,
Mongereau & Pouyet, 1972) and Morocco (Melilla Basin, Messinian) (El
Hajjaji, 1992); Recent of Mauritius, northeastern Australia and the Norfolk
Ridge.
Retelepralia macmonagleae sp. nov.
Plate 2.3, figs. a–g
Material – Holotype: NHMUK PI BZ 5839 Paratypes: NHMUK PI BZ 5840, BZ
5841.
Etymology – Named after Laura B. McMonagle, collector of the specimens.
Description – Colony encrusting, multiserial, unilaminar, small-sized.
Autozooids rounded approximately hexagonal, longer than broad (L = 0.47–
0.70 mm, W = 0.36–0.57 mm, mean L/W = 1.34), contiguous, seemingly
without connecting tubules. Frontal shield convex, finely granular, evenly
covered by small round pseudopores except for a median narrow ridge (mean
W = 20 µm) of smooth calcification continuous with the proximal rim of the
orifice. Primary orifice bell-shaped, longer than wide (L = 0.13–0.18 mm, W =
0.10–0.15mm) with a pair of small lateral condyles directed downwards
separating a rounded anter from a smaller poster with a straight proximal
edge; oral spines lacking. Ovicell hyperstomial, globular, wider than long
(mean L = 0.17 mm, W = 0.21 mm), surface granular without pores. Ancestrula
not observed. No avicularia.
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Plate 2.3
Retelepralia macmonagleae sp. nov. a–c, holotype, NHMUK BZ 5839; a, view
of colony, scale bar = 500 µm. b, close-up of several zooids, scale bar = 100
µm. c, close-up of a zooid, scale bar = 100 µm. d–g, paratypes NHMUK BZ
5840 and BZ 5841; d, f, several zooids of a colony, including one ovicellate
zooid, scale bar = 100 µm (d), scale bar = 500 µm (f). e, g, close-up of
ovicellate zooid, scale bar = 100 µm.
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Remarks – Retelepralia macmonagleae sp. nov. differs from R. mosaica
(Kirkpatrick, 1888) in the smaller size of the zooids: L = 0.47–0.70 mm, W =
0.36–0.57 mm in R. macmonagleae vs. L = 0.77–0.92 mm, W = 0.57–0.72 mm
in R. mosaica. This difference in zooid size does not seem to be
ecophenotypic, even though the size of cheilostome zooids can be determined
by temperature, with size inversely proportional to the temperature at which
the zooid was budded (see Okamura et al., 2011), smaller zooids therefore
characterising warmer waters. Australasian material of R. mosaica was taken
at 71 m depth from a bottom of biogenic rubble or soft-sediment seafloor.
Specimens of R. macmonagleae were associated with the scleractinian coral
Hydnophora. This coral genus is nowadays encountered across a wide depth
range, from 0 to 368 m, and a wide temperature range, from 22.1 to 28.9°C
(Wells, 1986).
An important difference between the two species is the lack of tubular
processes in R. macmonagleae. Gordon & Arnold (1998) considered these
short tubular processes linking the quincuncially arranged zooids to be a
generic character. The lack of tubular processes in R. macmonagleae allows
tubular processes to be reinterpreted as a specific rather than a generic
character. Hincks (1885) showed that separation of zooids in other
cheilostomes is not necessarily a generic character as it can occur in species
belonging to different families. A good example is seen in the genus
Cauloramphus in which tubules are lacking in the majority of species but are
present in C. disjunctus Canu & Bassler, 1929 and C. amphidisjunctus Dick,
Mawatari, Sanner & Grischenko, 2011 (Dick et al., 2011).
Distribution – Late Oligocene of the eastern part of the Malaysian province of
Sabah, NE Borneo (Fig. 2.1).

2.4 Palaeobiogeography
So far, the bryozoan genus Retelepralia has been found in five different
geographical regions, either as a fossil or living. The geologically oldest report
of Retelepralia is from Malaysian Borneo, dated as Late Oligocene using
biostratigraphical (nannofossil and larger benthic foraminifera data) and
isotopic methods (Sr isotopes) (McMonagle et al., 2011). Subsequently,
Retelepralia appeared in the Miocene of France (Rhône Basin, Burdigalian;
David et al., 1972) and Morocco (Melilla Basin, Messinian; El Hajjaji, 1992) in
the Mediterranean. Recent specimens were first collected in Mauritius
(Kirkpatrick, 1888; Hayward, 1988), and later in northeastern Australia and
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along the Norfolk Ridge (Gordon & Arnold, 1998). It should be noted that
bryozoan faunas in some regions are as yet unknown or have been poorly
investigated; therefore, the discontinuous pattern of distribution of Retelepralia
does not necessarily reflect its total distribution in time or space. However, this
genus is not present in the modern Mediterranean Sea, the bryozoan fauna of
which has been rather thoroughly studied (e.g. Zabala & Maluquer, 1988).

2.5 Interpretation of soft tissue anatomy
Ascophoran-grade cheilostomes have calcified frontal shields arching over and
protecting the membrane that is depressed to raise hydrostatic pressure and
cause the tentacle sheath to evert and the tentacle crown to be protruded
through the orifice. Four basic kinds of frontal shield exist in ascophorans:
spinocystal, gymnocystal, umbonuloid and lepralioid. Spinocystal ascophorans
(‘cribrimorphs’) have frontal shields consisting of spines variably fused.
Gymnocystal ascophorans (mostly ‘hippothoids’) have exterior-walled frontal
shields, with a cuticle directly over the calcified layer of the wall. In umbonuloid
ascophorans the frontal shield is a non-porous, inside-out structure, the
hidden, inward-facing surface having cuticle directly against the calcified layer
of the wall while the exposed, outward-facing surface is covered by hypostegal
coelom. When umbonuloid frontal shields are viewed from within, a line, the
umbonuloid ring scar, is visible at the junction between the shield and the
supporting walls. Finally, lepralioid frontal shields are interior walls lacking a
cuticular layer and generally perforated all over by pseudopores. The
occurrence of pseudopores in the frontal shield and the lack of an umbonuloid
ring scar show clearly that Retelepralia is a lepralioid ascophoran.
In lepralioid (and umbonuloid) ascophorans the calcified layer of the frontal
shield is covered by a hypostegal coelom during life. An inner epithelium
overlies the outer surface of the calcified wall, followed by the coelom itself, an
outer epithelium and finally the cuticle. Pseudopores in the calcified layer link
the visceral coelom beneath the frontal shield with the hypostegal coelom
above it. The cuticle is attached around its outer edges to exterior walls, which
can be either narrow borders of subhorizontal gymnocyst (particularly in the
proximal part of the zooid) or the vertical walls bounding the zooid. Further
attachment points for the cuticle occur around the orifice.
The presence of the distinctive median strip in Retelepralia implies a
modification of the typical lepralioid soft tissue organization (Fig. 2.2). The
median strip lacks pseudopores and also the granulations seen elsewhere on
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the frontal shield. Both of these features are typical of cryptocystal walls.
Instead, the median strip is smoothly calcified and is morphologically and
texturally continuous with narrow exposed areas of gymnocyst at the edges of
the zooid as well as around the orifice.

Figure 2.2
a, inferred soft tissue distribution in the frontal
shield of Retelepralia as seen in a
diagrammatic transverse vertical section of a
single zooid. b, comparative diagram showing
soft tissue distribution in a typical lepralioid
ascophoran bryozoan. Note the twin
hypostegal coelomic compartments inferred
for Retelepralia, on each side of the median
strip of gymnocyst. Abbreviations: ms, median
strip; hc, hypostegal coelom; ps, pseudopore;
vs, visceral coelom; as, ascus; bw, basal wall.
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Therefore, the median strip can be interpreted as an exterior wall; this is
implicit in Gordon & Arnold’s (1998) description of it as gymnocyst. As the
hypostegal coelom does not normally cover the exterior walls in bryozoans, it
is possible to infer that the cuticle is attached along the left and right sides of
the median strip. The median strip runs the length of the zooid proximally of
the orifice, with a continuation visible distal of the orifice in some zooids,
suggesting that these cuticular attachments run without break along the axis of
the zooid. If so the hypostegal coelom is divided into two components, a left
side and a right side, that are not in continuity above the frontal shield
(although they are almost certainly continuous via the visceral coelom beneath
the frontal shield). We know of no other ascophoran cheilostomes with
independent left and right hypostegal coeloms.
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Miocene Bryozoa from East Kalimantan, Indonesia. Part I:
Cyclostomata and ‘Anascan’ Cheilostomata.
Emanuela Di Martino & Paul D. Taylor
In press in Scripta Geologica, 2014, 146.
Abstract
The Cenozoic bryozoan fauna of Indonesia has been severely neglected in the
past. In this pioneering study, based on new material collected during the two
field seasons of the Throughflow project, we describe a total of 51 bryozoan
species, comprising 15 cyclostomes and 36 anascan-grade cheilostomes,
ranging in age from Early to Late Miocene (late Burdigalian to Messinian),
collected from 17 sections located in the vicinities of Samarinda, Bontang and
Sangkulirang in East Kalimantan, Indonesian Borneo. Eleven of these species
(Microeciella nadiae sp. nov., Pseudidmonea johnsoni sp. nov., Cranosina
rubeni sp. nov., Parellisina mirellae sp. nov., Vincularia berningi sp. nov.,
Vincularia semarai sp. nov., Vincularia tjaki sp. nov., Vincularia manchanui sp.
nov., ?Gontarella sendinoae sp. nov., Canda giorgioi sp. nov. and Canda
federicae sp. nov.) are new. Ten species show affinities with Recent taxa from
the Indo-Pacific. Bryozoans are found mainly encrusting the undersides of
platy corals from low- and high-relief build-ups and coral carpets in mixed
carbonate-siliciclastic environments.

3.1 Introduction
Bryozoans are colonial marine invertebrates with a very rich fossil record
ranging from Ordovician to Holocene. They are found particularly in shelf
sediments deposited at all palaeolatitudes. However, few fossil bryozoans
have been recorded from the Cenozoic of the entire Indonesian Archipelago.
Braga (2001) reviewed all previous bibliographical references and ascribed the
lack of bryozoans to the difficulty in locating good outcrops and stratigraphical
sections owing to the structural and tectonic complexity of the entire area, as
well as the intense weathering of the rocks in the humid and rainy climate.
The first report in the literature of Cenozoic bryozoans from Indonesia dates
from 1929. The palaeontology chapter of Oppenoorth & Gerth’s (1929) paper
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briefly cites bryozoans as being part of “the rich fauna of Nanggoelen beds”,
along with other taxa such as molluscs, foraminifera, corals, echinoids and
crustaceans (Braga, 2001). Lagaaij (1968a, b) indicated in the Miocene of the
Indonesian Archipelago the presence of four significant bryozoan genera –
Chlidonia, Crepis, Savignyella (= Vasignyella) and Synnotum – as the first
fossil finds of these genera, and a further five genera – Gemellipora, Nellia,
Poricellaria, Vincularia and Catenicella – already known in the fossil record. As
seen in other fossil tropical sites (e.g. Tanzania, B. Berning, in prep.)
articulated, rooted species are common and abundant.
Keij (1973), in his monograph on the enigmatic genus Skylonia, described two
new species found in Malaysian Borneo and on Madura Island. The first is S.
sarawakensis, represented by a total of 170 specimens collected from the
Nyalau Formation of Early Miocene age (Globorotalia klugeri Zone) in
Sarawak State, Malaysian Borneo. The second species, S. thomasi,
containing two subspecies (S. thomasi thomasi and S. thomasi madurensis)
came from sediments of Late Miocene age in Sabah (Malaysian Borneo) and
Middle Miocene age on Madura (Indonesia), respectively. Keij added some
preliminary information about characteristic assemblages of other bryozoans
occurring together with Skylonia. These mainly consisted of specimens of
Nellia, Vincularia, Margaretta, Crisia and Poricellaria, “all cellariiform genera,
having erect, branching, flexible jointed colonies, which are attached to their
substratum of rock, indurated sediment, plants etc. by rootlets” (Keij, 1973, p.
220), adapted for life in the littoral zone, suggesting that Skylonia lived in
shallow, tropical waters at depths of up to 50 m. In these assemblages rare
specimens belonging to other genera were also found, such as Canda,
Cellaria, Idmonea, Lichenopora, Pasythea, Savignyella, Scrupocellaria,
Sertella, Steginoporella, Thalamoporella and Vittaticella.
In their monograph on conescharelliniform Bryozoa, Cook and Lagaaij (1976)
described three new Miocene species of Lacrimula from the Globigerinatella
insueta Zone of Madura Island: L. asymmetrica and L. similis from Kombangan
in West Madura, and L. grunaui from Batu Putih in East Madura. They also
reported in their Appendix 3 a record of Conescharellina sp. from the same
locality. The most recent work on Indonesian Cenozoic bryozoans is the
systematic paper of Pouyet & Braga (1993) describing a new species,
Thalamoporella sulawesiensis, from the Eocene of Sulawesi. The samples
consisted of Tertiary clays interbedded with coarse sandstones. Some
samples were quite barren, while others contained reworked Cretaceous fossil
molluscs. Only one sample was fairly rich in bryozoans, almost exclusively

50	
  

Chapter 3

belonging to the new species, although there were also rare specimens of
badly preserved, encrusting membraniporiform bryozoan colonies.
The small number of papers that cite Cenozoic bryozoans from Indonesia and
their seemingly sparse occurrence has led to the mistaken belief that they are
rare and of low diversity. If true, this would contrast with the high diversity of
bryozoans living in the same area at the present day (e.g. Harmer, 1915,
1923, 1926, 1957; Winston, 1986; Winston & Heimberg, 1986). The most
obvious reason for this misconception is the paucity of previous research on
the Indonesian fossil bryozoan fauna, and that most of the species present are
encrusting forms, which tend to be less conspicuous than erect forms.
Encrusted surfaces are seldom favourably exposed and, in addition, the
combined effects of aragonite dissolution and cementation limit the
opportunities for observing encrusting bryozoans in hand specimens.
However, burial of reefs in some mixed carbonate-siliciclastic environments by
muddy sediment may ameliorate the negative effects of carbonate diagenesis.
If this mud is weathered away, or can be washed off, then surfaces with
identifiable encrusting bryozoans may become visible. Just such a situation
exists in the Miocene of the Kutai Basin, East Kalimantan, where urban
development and coal mining has recently exposed easily accessible sections
in the Miocene sediments. Here, moderately well-preserved bryozoans are
found mainly encrusting the undersides of platy corals, providing important
insights into the composition of Miocene reef-associated bryozoan
communities in the Indo-Pacific region, which is a major diversity hotspot at
the present-day.
This paper represents a pioneering study that aims to revise bryozoan
diversity in the Miocene of East Kalimantan (Indonesian Borneo), describing
bryozoans from new collections obtained during fieldwork undertaken under
the auspices of the European Project Throughflow. The description of the
bryozoan fauna will be split into two parts. This first part contains the
geological and stratigraphical descriptions of the studied sections and
systematic descriptions of bryozoan species from the orders Cyclostomata and
Cheilostomata of anascan grade. The second part will include systematic
descriptions of Cheilostomata of ascophoran grade.
3.2 Geological setting
The research area is located in the Kutai Basin, the largest sedimentary basin
in Borneo, which was formed during the Middle to Late Eocene as a
consequence of rifting of the Makassar Strait. High rates of Neogene uplift and
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associated erosion of the central ranges of the Borneo landmass resulted in
the progradation of large deltas and significant siliciclastic input into basinal
areas to the north and east (Wilson & Moss, 1999). Early Miocene to Middle
Miocene deltas prograded rapidly eastwards, contributing to the infilling of the
Kutai Basin (Hall & Nichols, 2002). Within this depositional regime, carbonate
production took place in proximal delta-front settings contemporaneously with
the rapid and near-constant siliciclastic input (Lokier et al., 2009). Miocene
carbonates formed as low- and high-relief build-ups and coral carpets on deltafront mouth bars, and on the more distal shelf along the seaward margin of the
Mahakam Delta where they are strongly influenced by siliciclastic input
throughout their evolution (Wilson, 2005). These carbonates have been
interpreted as transitional shelf sediments deposited between deltaic and
deep-marine facies (Allen & Chambers, 1998).
The stratigraphy around Samarinda is much better documented than the other
areas because of active hydrocarbon exploration on land and offshore of the
Mahakam Delta and because of the greater number of outcrops. Explanations
and names of the formations differ depending on the authors. In the simplified
stratigraphical columns from Allen & Chambers (1998) (as reported in Wilson,
2005, p. 4, fig. 5) and Moss & Chambers (1999, fig. 12) the formations are
somewhat diachronous. The Batu Putih Limestone or Batu Putih Fm. is a
transitional shelf deposit that accumulated contemporaneously between deep
marine deposits (Loa Duri Fm.) and deltaics (Loa Kulu Fm.). The age is N8 in
the recent planktonic foram N classification scheme, corresponding to Middle
Miocene. Alluvial flood-plain facies are represented by the Middle to Upper
Miocene Prangat (N9–N16) and Kambola (or Samboja) (N16–N17) formations.
According to the Indonesian geological map (Supriatna Sukardi & Rustandi,
1995), the Pulau Balang and Balikpapan Formations are exposed around
Samarinda. The Pulau Balang Fm., dated as Middle Miocene based on larger
benthic foraminifera, is described as an alternating greywacke and quartz
sandstone intercalated with limestone, claystone, coal and dacitic tuff. It is
overlain by the Balikpapan Fm. of late Middle to early Late Miocene age,
consisting of an alternation of sandstones and clay intercalated with silt, shale,
limestone and coal, 1000–1500 m in thickness, and interpreted as the
regressive stage of a delta front to delta plain.
The Lower to Middle Miocene shallow marine Bebluh Fm., which is a reef
limestone, possibly recrystallized, with intercalations of sandy limestone and
shale, 300 m thick, outcrops around Bontang. It is overlain by the Balikpapan
and the Kampungbaru formations which are regarded as Late Miocene to PlioPleistocene in age (Supriatna Sukardi & Rustandi, 1995). The Kampungbaru
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Fm. is a quartz sandstone intercalated with clay, silt and lignite, 500 m thick,
interpreted as a deltaic to shallow marine deposit. Further north around
Sangatta, Bengalon and Sangkulirang, the Lower Miocene Pamaluan Fm.
outcrops, consisting of claystone with intercalations of thinly bedded marl,
sandstone and coal deposited in deep to shallow neritic environments.
Overlying the Pamaluan Fm. are the above-mentioned Bebluh, Balikpapan
and the Kampungbaru formations.
However, it is generally agreed that the formations need to be better defined.

3.3 Material and methods
Material used for this study was sampled from 17 sections, ranging in age from
Early to Late Miocene (late Burdigalian to Messinian), located in the vicinities
of Samarinda, Bontang and Sangkulirang (East Kalimantan, Indonesia) (Fig.
3.1; see below for a more detailed description of localities). Collections were
made during the two field seasons of the Throughflow Project in November–
December 2010 and June–July 2011. Bryozoans were obtained from a mixture
of: (1) bulk samples, weighing 10 kg on average and collected randomly
directly from the outcrops; (2) float samples collected as hand specimens
(mainly encrusted surfaces of fossil corals weathering out of the rocks); and
(3) in situ hard substrates with visible encrusting bryozoans picked directly
from the exposures. Samples were washed, including scrubbing of hand
specimens under running water with a soft toothbrush, sieved and air-dried.
Bryozoans were recovered either encrusting the undersides of platy corals and
branches of ramose corals, or as colony fragments picked from sieved
sediment fractions larger than 500 µm.
Scanning electron microscopy (SEM) was carried out on the best-preserved
specimens, most of which were first soaked in a dilute solution of the detergent
Quaternary-O to remove clay particles and subsequently cleaned
ultrasonically. SEM observations were made on uncoated specimens using a
low-vacuum scanning electron microscope (LEO VP-1455) at the NHMUK.
Zooidal measurements were taken from SEM images using the imageprocessing program ImageJ. Each measurement is given in the text as the
mean value plus or minus standard deviation, observed range, number of
specimens used and total number of measurements made (the latter two
values enclosed in parentheses).
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Measurements on cyclostomes use the following abbreviations: AD, diameter
of equidimensional apertures; ADmin, minimum diameter of apertures;
ADmax, maximum diameter of apertures; FWL, frontal wall length of single
zooid; FWW, frontal wall width of single zooid; GL, gonozooid length; GW,
gonozooid width; OD, ooeciopore diameter; OL, ooeciopore length; OW,
ooeciopore width; PL, peristome length; PD, peristome diameter; KAD,
kenozooid aperture diameter; KL, kenozooid length; KW, kenozooid width.
Measurements on cheilostomes use the following abbreviations: AL,
avicularium length; AW, avicularium width; CrL, cryptocyst length; CrW,
cryptocyst width; KL, kenozooid length; KW, kenozooid width; OL, orifice
length; OW, orifice width; OD, orifice diameter; OvL, ovicell length; OvW,
ovicell width; VL, vibraculum length; ZL, autozooid length; ZW, autozooid
width. The cheilostome bryozoan classification used here follows D. P.
Gordon’s provisional listing of genera for the Treatise on Invertebrate
Paleontology (http://www.bryozoa.net/treat_family_2011.pdf).
The present paper describes 51 bryozoan species, comprising 15 cyclostomes
and 36 anascan-grade cheilostomes. Seven of these are described as new
species, the remainder being either established species or identifiable only to
genus or family level owing to preservational deficiencies. All figured and type
specimens are registered in the palaeontological collections of NHMUK.

3.4 Sampled localities
Sampling sites are designated with a TF (Throughflow) number and often with
a colloquial name given during the fieldwork. Ages are provisional, except
where noted, mainly based on field observations and preliminary
magnetostratigraphical
and
biostratigraphical
analyses
based
on
nannoplankton and larger benthic foraminifera (Willem Renema, unpublished
data, updated 02/01/13); they need to be refined by further research.
Individual sections are grouped based on region from south to north (Fig. 3.1).
Within each group they are listed based on their provisional age. For each
section a lithological description of the units containing bryozoans is given.
Samarinda
TF56, known colloquially as ‘Badak South’ (GPS location 0.322028˚ S;
117.297500˚ E), is an active quarry heavily disturbed by bulldozing. The
provisional estimated age is Langhian. Encrusting bryozoans were found
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associated with platy and branching corals in two layers at the top of the
section, comprising marl and floatstone respectively, containing very abundant
corals above a bed of coal. In addition many fragments of erect species,
mainly Vincularia spp., were found in bulk samples from a layer of grey shale
located immediately below the coal.
TF76 and TF52, known colloquially as ‘Batu Putih 1’ (GPS location 0.466260˚
S; 117.121830˚ E) and ‘Batu Putih 2’ (GPS location 0.468910˚ S; 117.121270˚
E) respectively, are sections located inside an active hand-hammer quarry on
either side of the main road. Palaeomagnetic data constrained by
nannoplankton and larger benthic foraminifera suggest a Serravallian (13.6–
13.7 Ma) age (Marshall et al., submitted). In ‘Batu Putih 1’ bryozoans were
collected from a layer consisting of dark grey siltstones interdigitating with the
margins of a patch-reef and have a rich content of bioclasts including corals,
molluscs and echinoids. Bryozoans mainly consist of fragments of erect and
free-living species. In ‘Batu Putih 2’ a few specimens of encrusting bryozoans
were obtained from two carbonate levels containing laminated platy corals,
very much recrystallized, forams and echinoids.
TF51 and TF57 are colloquially known as ‘Stadion Reef 1’ (GPS location
0.585730˚ S; 117.119000˚ E) and ‘Stadion Reef 2’ (GPS location 0.584670˚ S;
117.119830˚ E) respectively. A patch-reef is exposed in these two outcrops,
150 m apart, at the crossroad between the stadium road and a coal mine road
of the infrastructure company KTC Group. The two studied sections were
approximately 10–15 m wide and exposed 8–10 m of beds oriented with a
strike of 50° and a dip of 55° E (see Santodomingo et al., submitted).
Palaeomagnetic data constrained by nannoplankton and larger benthic
foraminifera suggest a Serravallian (11.6 Ma) age for the Stadion localities
(Marshall et al., submitted). Six main lithological units were identified,
corresponding with six sedimentary facies. Bryozoans were found in a coral
sheetstone dominated by thin-platy corals.
Bontang
TF126, known colloquially as the ‘3D Reef’ (GPS location 0.151300˚ N;
117.304380˚ E), is a road cut in an active coal mine. The exposure is
approximately 80 m wide and 25 m thick, with beds dipping WSW at an angle
of about 25°. Larger benthic foraminifera in combination with calcareous
nannoplankton occurrences allow inference of a late Tf1 stage in the East
Indian Letter Classification, which equates to a late Burdigalian age (Novak et
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al., 2013). The section has been interpreted as a patch reef. Nine sedimentary
units grouped into five different facies types can be distinguished. Bryozoa
were found only in a mixed siliciclastic-carbonate facies with a thin floatstone
of platy corals, occasional branching coral fragments, and isolated larger
foraminiferal tests in a marly matrix. Bryozoans encrust the bases of various
platy scleractinian corals such as agariciids, Cyathoseris, Echinopora,
Podabacia and Porites.
TF153, known colloquially as the ‘Rainy Section’ (GPS location 0.096440° N;
117.380370° E), is represented by muddy carbonate deposits exposed in a
road cut. Based on larger benthic foraminifera this section has been dated at
the Burdigalian-Langhian boundary, within zones Tf1/2 (Di Martino & Taylor,
2012b). Bryozoans were obtained from bulk samples, collected directly from
the outcrop from a framestone containing thin platy and branching corals in a
clay matrix, and float samples collected as hand specimens from a pile of platy
corals lying adjacent to the outcrop. They were associated with scleractinian
corals, both platy genera such as Echinopora, Pachyseris and Fungophyllia,
and less often branching genera of Acroporidae.
TF59, known colloquially as the ‘Southern Hemisphere’ (GPS location
0.018194˚ S; 117.353490˚ E), is located inside an active hand-hammer quarry.
Provisionally, it is dated as Serravallian. Bryozoans were collected from a
marly silt containing very thin platy and small branching corals.
TF110, known colloquially as the ‘Seagrass Section’ (GPS location 0.140460˚
N; 117.426930˚ E), is a temporary section exposed in a construction site.
Samples were collected during the first field season in 2010 but by the time of
the second field season in 2011 the section was no longer visible. The
provisional estimated age is early Tortonian. Bryozoans were found in a dark
grey, fining upward, silty clay with branching corals fragments and a highly
diverse mollusc fauna. The bryozoan assemblage is monogeneric, consisting
of numerous fragments of Vincularia spp. The presence of the seagrassindicative gastropod Smaragdia, represented by two species (S. semari, S.
gelingsehensis) and numerous individuals, and branching coral fragments,
allows the palaeoenvironment to be interpreted as a seagrass meadow with
intergrowing corals (Reich et al., submitted).
TF501, known colloquially as the ‘Powerplant’ (GPS location 0.161500˚ N;
117.434480˚ E), was briefly accessible during the construction of housing.
Provisionally, the age is estimated as early Tortonian. Vincularia spp.
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fragments were collected from a yellowish marl to limestone bed on top of a
dark grey clay containing seagrass moulds.
TF504 (GPS location 0.172180˚ N; 117.437707˚ E) and TF508 (GPS location
0.148924˚ N; 117.428191˚ E) are exposed in a small hand-hammer quarry and
a construction site, respectively, in the vicinity of the Bontang Garden Hotel.
The provisional estimated age is early Tortonian. In TF504 a few specimens of
encrusting bryozoans were found on the undersides of thin platy corals, as
well as some fragments of Vincularia spp. incidentally adhering to the same
corals, while in TF508 a few fragments of very well preserved encrusting
colonies were found in samples collected for molluscs.
Sangkulirang
TF522, known colloquially as the ‘Coalindo Haulage Road 1’ (GPS location
0.911674˚N; 117.773866˚E), is a road cut in the Kari Orang area. The
provisional estimated age is Serravallian. Bryozoans were collected from a
layer of very thin platy corals.
TF518, known colloquially as ‘Kampung Narut’ (GPS location 0.835280˚ N;
117.723510˚ E), is a natural exposure along the riverbank. The provisional
estimated age is Messinian. Bryozoans were collected from a platy coral layer.
TF510, known colloquially as the ‘Sekarat 3D Reef’ (GPS location 0.770835˚
N; 117.735564˚ E), is a road cut inside an active coal mine that exposes the
lower part of a patch reef. The provisional estimated age is Messinian. Only a
few fragments of Vincularia spp. were found in samples from this site.
TF511, known colloquially as the ‘Sekarat Top Reef’ (GPS location 0.771791˚
N; 117.735610˚ E), represents the top of the patch reef exposed in TF510. It
outcrops on the opposite side of the road cut and it is located inside a quarry.
The provisional estimated age is Messinian. Bryozoans were found associated
with platy corals forming the framework of the reef and also encrusting thickly
branched Porites colonies overlying the platy coral layer.
TF512, known colloquially as ‘PIK-hauling Road 1’ (GPS location 0.773221˚ N;
117.731559˚ E), is a road cut inside an active coal mine. The provisional
estimated age is Messinian. A few encrusting bryozoans specimens were
collected associated with moderately thick platy corals very much
recrystallized.
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Figure 3.1
Map of Borneo with close-ups of sampled areas: a, Samarinda; b, Bontang; c,
Sangkulirang. Outcrops are indicated with different symbols according to the age: diamond,
late Burdigalian; eight point star, Burdigalian-Langhian boundary; triangle, Langhian; circle,
Serravallian; hexagon, early Tortonian; upside down triangle, Messinian.

58	
  

Chapter 3

3.5 Systematic palaeontology
Order Cyclostomata Busk, 1852
Suborder Tubuliporina Milne-Edwards, 1838
Family Stomatoporidae Pergens & Meunier, 1886
Genus Stomatopora Bronn, 1825
Stomatopora sp.
Plate 1, fig. 1a–d.
Figured material – NHMUK PI BZ 6830, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, uniserial, new branches originating solely by
dichotomous bifurcation at approximately 70˚ (Fig. 1a). Ancestrula not seen.
Autozooids large, slender, parallel-sided (Fig. 1b–c). Preserved peristomes
short, terminating in a circular aperture. Autozooidal walls containing abundant
circular pseudopores, on average 16 µm in diameter (Fig. 1d).
Measurements – FWL 1245±35, 1220–1270 (2, 20); FWW 582±50, 514–630
(2, 20); AD 202±10, 193–217 (2, 10).
Remarks – This species, abundant in the late Burdigalian material, has been
attributed to Stomatopora because of the uniserial colony-form and
dichotomous branching. It differs from the Voigtopora specimens found in the
same material and described below in the lack of lateral branching, the much
larger zooid size, and the frontal walls characterized by more numerous and
larger pseudopores and lacking wrinkles.
The paucity of characters in Stomatopora makes the taxonomy of this genus
particularly difficult, and the absence of the early astogenetic stages in the
Kalimantan species militates against its description as a new species. In
common with Voigtopora, basal gonozooids, which are a major source of
morphological characters in cyclostomes, are lacking in Stomatopora.
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Genus Voigtopora Bassler, 1952
Voigtopora sp.
Plate 1, fig. 2a–d.
Figured material – NHMUK PI BZ 6831, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, uniserial, new branches originating solely by
lateral ramification at approximately 90˚ to the parent branch (Fig. 2a–b).
Ancestrula not seen. Autozooids elliptical, elongated, very variable in length,
broadening distally (on average 250 µm and 340 µm wide in the proximal and
mid-distal parts, respectively), and sinous proximally (Fig. 2c). Peristomes
long, orientated almost perpendicularly to the substrate, terminating in a
circular aperture. Autozooidal walls faintly wrinkled transversely, and
containing abundant circular pseudopores (on average 12 µm in diameter)
(Fig. 2d).
Measurements – FWL 600±114, 480–706 (2, 20); FWW 343±9, 333–350 (2,
20); PL 365±7, 360–370 (2, 6); AD 196±1, 195–197 (2, 6).
Remarks – The runner-like cyclostome Voigtopora sp. is one of the
commonest bryozoans found encrusting the undersides of platy corals in the
late Burdigalian TF126 section, along with Stomatopora sp. and Oncousoecia
sp. Unfortunately, the preservation is poor, the ancestrula has not been
observed and often the peristomes are broken. However, the paucity of
morphological characters, even when better preserved material is available for
study, makes species-level taxonomy very difficult in this genus.
Voigtopora sp. differs from the Kalimantan Stomatopora sp. in the presence of
lateral branching, and in having smaller zooids with long, narrow and sinous
proximal parts, smaller and much widely spaced pseudopores, and longer
preserved peristomes. Illies (1976) noted that the type species of Voigtopora
differs from typical Stomatopora in having both dichotomous and lateral
branching. Dichotomous bifurcations have not been observed in the
Kalimantan species and its attribution to Voigtopora is based on Taylor (2002)
who included some species that entirely lack dichotomous branching and
ramify by lateral branching only in the genus.
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Family: Oncousoeciidae Canu, 1918
Genus Filisparsa d’Orbigny, 1853
Filisparsa sp.
Plate 2, fig. 1a–d.
Figured material – NHMUK PI BZ 6832, BZ 6833, late Burdigalian, TF126, ‘3D
Reef’, Bontang; NHMUK PI BZ 6834, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony erect, filiform, dichotomously branched at an acute angle
of about 30˚. Branches generally narrow (430–470 µm), straight or sinous,
slightly compressed, flat frontally and convex dorsally; proximal portion of
daughter branches following bifurcations narrower (200–370 µm). Frontal side
(Fig. 1a–b) with zooids arranged irregularly in three longitudinal rows, two
lateral and one medial, at variable distance. Autozooecia slender, boundaries
obscure; frontal walls finely striated transversally and evenly pseudoporous.
Distance between midpoints of two median or lateral apertures within a
longitudinal row measuring 400–670 µm. Peristomes short and thin, circular,
slightly curved at their extremities. Dorsal surface finely striated transversely
and pseudoporous (Fig. 1c). Pseudopores small, about 10 µm in diameter,
teardrop-shaped, pointed distally (Fig. 1d). Gonozooid not observed.
Measurements – PL 146±50, 105–200 (2, 3); AD 130±13, 107–157 (3, 12).
Remarks – Five fragments, none of which has a gonozooid, are tentatively
referred to Filisparsa based on the erect colony-form with dichotomously
ramifying, filiform branches having zooids opening only on the frontal surface
and not aligned in rows.
The most similar species is F. gracilis Canu & Bassler, 1920 from the Eocene
of North America, which has similarly slender and straight branches bifurcating
at very acute angles, compressed and with three longitudinal rows of zooids,
short and thin peristomes, and more or less the same distance between the
peristomes as size of the apertures.
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Genus Microeciella Taylor & Sequeiros, 1982
Microeciella nadiae sp. nov.
Plate 2, fig. 2a–d.
Figured material – Holotype: NHMUK PI BZ 6835, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Etymology – Named after Nadia Santodomingo (Department of Earth
Sciences, NHMUK) who helped to collect the samples.
Diagnosis – Colony encrusting. Ancestrula with a large protooecium and short
distal tube, budding two distal autozooids. Autozooids elongate, finely striated
and pseudoporous; pseudopores circular. Apertures longitudinally elongate,
arranged more or less in longitudinal parallel rows; preserved peristomes
short. Secondary nanozooids occasionally present. Gonozooid ovoidal, wider
than long, lateral edges indented slightly by apertures of neighbouring
autozooids; ooeciopore not observed.
Description – Colony encrusting, multiserial, unilamellar, sheet-like, flabellate.
Ancestrula with large protoecium (Fig. 2b), about 0.17 mm in diameter; distal
tube short, 0.10 mm long, straight, aperture 40 µm in diameter; two distal
autozooids budded from the ancestrula. Growing edge low; basal and vertical
lamina of one generation of zooids visible at budding zone (Fig. 2d).
Autozooids elongate, frontal walls flat proximally, gently convex distally, finely
striated transversely and evenly pseudoporous; pseudopores small and
circular, 8 µm in diameter. Apertures longitudinally elongate, size variability
probably due to the preservation of the peristomes, arranged more or less in
longitudinal rows; preserved peristomes short, tapering distally. Secondary
nanozooids occasionally present, formed within a normal autozooid partly
occluded by a terminal diaphragm with a short tubule of 20 µm diameter in the
centre (Fig. 2c). Gonozooid represented by a single poorly preserved example;
brood chamber roof crushed, seemingly densely pseudoporous, transversely
ovoidal, 0.40 mm long by 0.55 mm wide, lateral edges slightly indented by
apertures of neighbouring autozooids (Fig. 2c); ooeciostome not preserved.
Measurements – FWL 236±31, 188–273 (1, 12); FWW 117±16, 86–153 (1,
16); ADmax 85±7, 75–97 (1, 18); ADmin 62±8, 50–75 (1, 18).
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Remarks – Three specimens of Microeciella nadiae sp. nov. have been found
encrusting bases of the platy scleractinian coral Podabacia. Although only one
of these shows a poorly preserved gonozooid with the brood chamber roof
crushed and the ooeciostome not recognizable, the overall morphology is
sufficiently different from other species of Microeciella to justify the creation of
a new species. The two colonies without gonozooids are included in this
species on the basis of their similar autozooidal characteristics.
Attribution to the genus Microeciella rather than Oncousoecia is mainly based
on the sheet-like colony-form, even though the flabellate holotype colony of
this new species is in some respects intermediate between the subcircular
colonies typical of the former and the oligoserial, ramifying colonies of the
latter (see Taylor & Zatoń, 2008).
The genus Microeciella was introduced by Taylor & Sequeiros (1982) for two
Spanish Early Jurassic species with subcircular, bereniciform colonies and
simple ovoidal gonozooids, of the kind previously incorrectly assigned to
Microecia. Other Jurassic and Cretaceous species from Poland and North
America were assigned to the genus before Taylor & Zatoń (2008) argued that
the Recent species Diastopora suborbicularis Hincks, 1880, made the type
species of the new genus Eurystrotos by Hayward & Ryland, 1985b, actually
belonged to Microeciella. The main features that allow distinction between
Microeciella nadiae sp. nov. and previously described species of Microeciella
are the wider than long shape of the brood chamber, and the occurrence of
secondary nanozooids. Nanozooids have been detected previously in only one
species of Microeciella, M. kuklinskii Zatoń & Taylor, 2009 from the Jurassic of
Poland. However, the nanozooids of M. kuklinskii are primary nanozooids
unlike the secondary nanozooids of M. nadiae sp. nov. which occupy an
autozooid. In addition, these two species differ in the width of the autozooidal
frontal walls (> 200 µm in M. kuklinskii vs. 117 µm in M. nadiae sp. nov.), and
in the shape of the pseudopores, narrow and circular in M. nadiae sp. nov. but
large and teardrop-shaped in M. kuklinskii. Similar secondary nanozooids
occur in Plagioecia sarniensis (Norman, 1864) but this extant species has
large gonozooids with wide brood chambers penetrated by autozooidal
peristomes. Even though the single known gonozooid of M. nadiae sp. nov.
has a crushed brood chamber roof, it is clear that autozooids only indent its
edges and do not penetrate the centre of the chamber.
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Genus Oncousoecia Canu, 1918
Oncousoecia sp.
Plate 3
Figured material – NHMUK PI BZ 6836, BZ 6837, BZ 6838, late Burdigalian,
TF126, ‘3D Reef’, Bontang.
Description – Colony small, encrusting, oligoserial, fan-shaped with autozooids
slightly diverging from the colony axis, sometimes bifurcating. Ancestrula with
rounded polygonal protoecium, 0.15 mm long by 0.17 mm wide, distal tube
short, aperture about 70 µm in diameter, budding a single distal autozooid,
0.28 mm long and 0.17 mm wide with an aperture of about 60 µm in diameter
(Fig. 1d). Autozooids elongate, frontal wall flat, more convex distally, marked
by thick undulose wrinkles and with sparse small and circular pseudopores
(Fig. 1f). Apertures subcircular, distributed more or less quicuncially.
Preserved peristomes short, with a thick apertural rim; presence of terminal
diaphragms uncertain owing to preservation. Gonozooid small, the
transversely ovoidal brood chamber roof (Fig. 1b–c) slightly bulbous around
the edges and flat in the centre, marked by thin undulating parallel wrinkles;
pseudopores circular, regularly spaced, more numerous and readily visible
than those of the autozooids. Gonozooid margins indented by two
neighbouring distolateral autozooids. Ooeciopore terminal, subcircular, slightly
smaller than an autozooidal aperture; ooeciostome simple, short. Two rows of
polygonal kenozooids developed along the sloping branch edges.
Measurements – FWL 211±32, 155–259 (2, 20); FWW 156±21, 132–188 (2,
20); AD 103±13, 81–130 (2, 16); GL 247±60, 204–289 (1, 2); GW 368±54,
330–406 (1, 2); OD 88±2, 86–89 (1, 2).
Remarks – This species is very abundant in the late Burdigalian ‘3-D Reef‘
section at Bontang, forming small colonies, a few developing gonozooids,
encrusting the undersides of platy scleractinian corals. Diagnostic features are
the surface covered with large overlapping concentric wrinkles and the ovoidal,
transverse gonozooids.
Oncousoecia coarctata (Canu & Bassler, 1926) from the Cretaceous (Aptian)
of southern England shows the same overlapping concentric wrinkles but the
gonozooid has not been described. Among European Cenozoic species
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attributed to Oncousoecia, O. biloba (Reuss, 1847) from the Miocene of
Europe has a large circular gonozooid perforated by autozooecial tubes, not
matching the morphology typical for Oncousoecia based on Taylor & Zatoń’s
(2008) revision of the genus. The type species of Oncousoecia grows as
encrusting colonies that have small, elongated gonozooids not perforated by
autozoecial tubes, while O. varians has a pyriform gonozooid and transverse
wrinkles mainly visible on the dorsal side. Guha & Gopikrishna (2007a)
described a new species from the Eocene of India, O. narediensis, which is
slender, biserial or triserial, with distinct pseudopores and a sac-like
gonozooid. The gonozooid of Oncousoecia sp. from East Kalimantan is similar
to that described for the Recent O. occulta (Harmelin, 1976).
Family: Tubuliporidae Johnston, 1838
Genus Exidmonea David, Mongereau & Pouyet, 1972
Exidmonea sp.
Plate 4, fig. 1a–e.
Figured material – NHMUK PI BZ 6839, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony erect, branches narrow, 0.3 mm in diameter, triangular in
transverse section, angle between frontal sides acute. Autozooecia arranged
in rows of three alternating on either side of the branch midline, diverging from
the branch axis and with slightly protuberant, connate, circular apertures (Fig.
1d–e). Frontal surface with fine transverse striae; pseudopores small and
circular, evenly distributed. Gonozooid situated on the frontal side (Fig. 1a–b),
occupying almost the length of two autozooecial rows, proximally recumbent
on the protruding autozooidal peristomes, rhomboidal, 0.64 mm long by 0.55
mm wide; frontal wall undulose, densely pseudoporous, pseudopores
teardrop-shaped, on average 12 µm long, pointed distally. Ooeciostome short,
preserved length 80 µm, terminal, slightly displaced laterally; ooeciopore
small, oval, transversely elongate, 45 µm long by 90 µm wide. Dorsal sides of
branches flat (Fig. 1c), perforated by circular or teardrop-shaped pseudopores;
transverse growth lines sometimes visible.
Measurements – FWL 408±63, 317–480 (1, 6); FWW 121±17, 103–145 (1, 6);
AD 70±13, 57–88 (1, 5).
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Remarks – A single fertile branch fragment of Exidmonea sp. has been found.
This genus differs from Idmonea Lamouroux, 1821 in being primarily erect
instead of encrusting (although erect branches with ovate cross-sections can
be found in the Jurassic type species of Idmonea, I. triquetra Lamouroux,
1821), and from Idmidronea (Johnston, 1847) in the lack of kenozooids on the
basal (dorsal) surfaces of the branches. The scarcity of available material from
East Kalimantan prohibits assessment of intracolonial variability, for example
in the number of autozoecial tubes present per row.
Among known fossil species of Exidmonea rather few are characterised by a
low number of autozooecial tubes per row, e.g. E. carantina and E. filiformis
(d’Orbigny, 1853) from the Cretaceous of France, E. incurvata (Canu, 1911)
from the Eocene of France, E. undata (Reuss, 1851) from the Cenozoic of
Germany, and E. villaltae (Reguant, 1961) from the Pliocene of Spain.
Although the small rhomboidal gonozooid is very distinctive in the Kalimantan
species, absence of gonozooids in the original descriptions of these European
species makes comparisons difficult.
Family: Entalophoridae Reuss, 1869
Genus Mecynoecia Canu, 1918
?Mecynoecia sp.
Plate 4, fig. 2a–b.
Figured material – NHMUK PI BZ 6840, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Very small branch fragment, erect, cylindrical (vincularian) and
thin at the base, about 0.37 mm in diameter, broader and more triangular in
cross section distally, about 0.6 mm wide. Sporadic elongate autozooecial
tubes arranged irregularly around the branch on all sides, widely separated
except for three closely spaced apertures seemingly forming a small fascicle.
Frontal wall convex, densely perforated by circular pseudopores, about 14 µm
in diameter (Fig. 2b). Peristomes short, terminating in a circular aperture.
Gonozooid not present on the single available branch.
Measurements – FWL 577±16, 566–588 (1, 2); PL 235±23, 218–261 (1, 3);
AD 176±6, 170–187 (1, 7).
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Remarks – This infertile fragmentary specimen is very tentatively assigned to
Mecynoecia because of the circumferential, distantly spaced and irregularly
arranged apertures. A low number of autozooecial tubes (3–5) around the
branch is typical of M. proboscidea (Milne-Edwards, 1838), the most
commonly recorded species of this genus in the Eocene of Europe.
Suborder Cancellata Gregory, 1896
Family Horneridae Smitt, 1867
Genus Hornera Lamouroux, 1821
Hornera sp. 1
Plate 5, fig. 1a–d.
Figured material – NHMUK PI BZ 6841, Serravallian, TF 76, ‘Batu Putih 1’,
Samarinda.
Description – Colony erect, dendroid with bifurcating branches. Branches
irregularly cylindrical in transverse section, about 500 µm in diameter. Frontal
side almost flat; autozooecial tubes long and narrow (Fig. 1a–b). Apertures
circular or oval, alternating, not connate or forming well-defined rows but in
vague distolaterally oriented rows of 4–5 apertures. Peristomes with undulose
inner margins, thick, slightly protruberant, those of outer zooids more so than
median zooids. Nervi on frontal side very pronounced, numerous, sinuous
between the apertures, delimiting narrow sulci; abundant large cancelli,
circular or oval, scattered over the entire frontal surface. Dorsal side convex,
with pronounced longitudinal nervi, sometimes meandering and transversely
ribbed, not anastomosing; sulci larger and deeper than those on the frontal
side (Fig. 1c–d). Gonozooid not observed.
Measurements – FWL 330±60, 252–412 (1, 9); FWW 147±13, 128–172 (1, 9);
AD 69±12, 52–90 (1, 10).
Remarks – Only a single, infertile, broken branch of Hornera sp. 1 has been
found, the broken distal tip of the fragment showing the beginnings of a
dichotomous bifurcation.
The frontal side of Hornera sp. 1 resembles H. frondiculata Lamouroux, 1821,
one of the most commonly recorded species of Hornera in the Cenozoic of
Europe and which is still extant, even though, as stated by Zágoršek (2010, p.
36), “better preserved gonozooecia in fossil material are needed to prove they
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are conspecific”. The dorsal side differs in having longitudinal, sometimes
meandering nervi without anastomoses. The apparent absence of dorsal
cancelli may be due to infilling by sediment or diagenetic cement.
Unfortunately, the paucity of material and the absence of a gonozooid
precludes a more exact identification.
Hornera sp. 2
Plate 5, fig. 2a–d.
Figured material – NHMUK PI BZ 6842, Serravallian, TF 76, ‘Batu Putih 1’,
Samarinda.
Description – Colony erect, dendroid with bifurcating branches. Branches
subcylindrical, narrow, about 300 µm in diameter. Autozooecia opening only
on frontal side (Fig. 2b). Apertures circular, arranged in transverse connate
groups diverging from opposite sides of the branch midline, slightly
protruberant. Peristomes thick and short. Nervi on frontal side indistinct
medially but forming very prominent longitudinal ornament laterally; abundant
cancelli, circular or oval, scattered over the entire frontal surface between the
nervi. Dorsal side convex, with straight longitudinal nervi, pronounced, not
anastomosing, and oval cancelli, on average 30 µm long by 10 µm wide (Fig.
2c–d). Gonozooid not observed.
Measurements – FWL 152±42, 111–220 (1, 7); FWW 94±11, 80–110 (1, 7);
AD 73±11, 59–93 (1, 6).
Remarks – Only a single small, infertile, broken branch of Hornera sp. 2 has
been found, broken distally through one of the two daughter branches of a
bifurcation. This species is similar to H. subannulata Philippi, 1844, from the
Paleogene-Neogene of Europe in having strongly protruberant peristomes with
openings facing laterally, but differs in having distinct cancelli on the dorsal
side (although this difference could be a preservational artifact).
Family Pseudidmoneidae Borg, 1944
Genus Pseudidmonea Borg, 1944
Pseudidmonea johnsoni sp. nov.
Plate 6
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Figured material – Holotype: NHMUK PI BZ 6843, Serravallian, TF 76, ‘Batu
Putih 1’, Samarinda. Paratypes: NHMUK PI BZ 6844, BZ 6845, BZ 6846, BZ
6847, BZ 6848, same details as holotype.
Etymology – Named after Kenneth G. Johnson (Department of Earth
Sciences, NHMUK) coordinator of the Throughflow Project.
Diagnosis – Colony erect, vincularian, with dichotomously bifurcating
branches. Median keel well developed, the remainder of the frontal surface
sloping steeply away on either side. Autozooidal apertures connate, arranged
in transverse rows of 3–4 apertures on each side of the keel. Zooidal
boundaries delineated by rows of pores (cancelli). Peristomes prominent, long,
increasing in length outwards from the keel towards the lateral edges of the
branches giving them a jagged appearance. Apertures oval, flattened. Dorsal
side convex, with small cancelli between granular ridges. Gonozooid dorsal,
globular; ?ooeciostome prominent; ?ooeciopore circular.
Description – Colony erect, attached to the substrate by a circular basal disk,
small, 1.2 mm in diameter. Primary stem short, robust, cylindrical, 0.6 mm in
diameter, with autozooidal apertures not visible (?overgrown by secondary
calcification). Branches formed by dichotomous bifurcations at an angle of
about 50º, slender, 0.3–0.4 wide, rounded triangular in cross section. Median
line of the frontal surface bearing a pronounced keel separating two steeply
sloping lateral sectors. Autozooecial tubes long and narrow, forming two
oblique rows of 3–4 zooids each (Fig. 1b), one median and three lateral zooids
or one median and two lateral zooids per rows, on the lateral slopes of the
frontal surface. Zooidal boundaries marked by parallel lines of elongated
cancelli. Peristomes prominent, long, increasing in length away from the keel,
giving the lateral edges of branches a serrated appearance. Apertures oval,
compressed transversely relative to the zooidal axis. Dorsal side convex, with
small circular cancelli separated by granular walls (Fig. 1d). Gonozooid located
on the dorsal side, large and globular, occupying the equivalent length of two
rows of autozooids (Fig. 1e–g). Gonozooidal surface showing secondary
calcification, with narrow anastomosing ridges surrounding large polygonal pits
with pores (cancelli) in the centres. ?Ooeciostome prominent, about 180 µm
long, distally directed, protruding laterally (Fig. 1g, see arrow); ?ooeciopore
circular, larger than an autozooidal aperture, about 130 µm in diameter.
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Measurements – FWL 346±44, 253–391 (2, 8); FWW 89±12, 74–106 (2, 8);
PL 141±24, 105–175 (2, 9); ADmin 66±15, 52–97 (2, 7); ADmax 50±13, 37–76
(2, 7); GL 702±67, 620–800 (3, 3).
Remarks – Our material consists of eight broken branches, three of which are
fertile, but none of the gonozooids exhibit an unequivocal ooeciostome,
although there is one questionable example. One of the branches preserves a
colony base, detached from its original substrate (Fig. 1c).
Borg (1944) erected a new family (Pseudidmonidae) and genus
(Pseudidmonea) for species resembling Hornera in the general appearance of
the dorsal side and gonozooid but with a serial arrangement of autozooids
recalling ‘Idmonea’ (i.e. Idmidronea and Exidmonea) and Crisina. Two Recent
species have been attributed to Pseudidmonea, P. fissurata (Busk, 1886) and
P. gracilis Androsova, 1968, both from the South Atlantic, Antarctic and
Subantartic. The new species differs in having 3–4 zooids per series, instead
of 4–6 or 5–7 as in P. fissurata and P. gracilis, respectively, and a smaller
gonozooid. It differs from P. gracilis also in having shorter peristomes without
pronounced frontal and dorsal spines on the outer margins.
Pseudidmonea has not been formally described before as a fossil, although an
un-named species occurs in the Miocene of New Zealand (PDT pers. obs.).
Suborder Rectangulata Waters, 1887a
Family Lichenoporidae Smitt, 1867
Genus Disporella Gray, 1847
Disporella sp. 1
Plate 7
Figured material – NHMUK PI BZ 6849, BZ 6850, BZ 6851, late Burdigalian,
TF126, ‘3D Reef’, Bontang.
Description – Colony encrusting, simple, circular in outline, low domal, with
entire basal surface affixed to the substrate, small in size, up to 2 mm in
diameter including marginal lamina, which is sometimes visible, narrow and
smooth. Autozooids arranged quincuncially or in ill-defined radial series of 3 to
5 autozooecial tubes; apertures isolated, separated by one or two kenozooids
(Fig. 1b), circular; peristomes short, protruding slightly above the colony
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surface, simple or with inconspicuous spines. Two rows of polygonal
kenozooids between adjacent autozooid rows; kenozooid apertures oval,
variable in size. Infertile colonies with a flat central part occupied by
kenozooids. Brood chambers developed very early in astogeny, prominent,
globular or oval, occupying almost the entire central part of the colony with a
porous frontal wall covered by irregular ridges (Fig. 1b–d). Ooeciopore situated
at the margin of the gonozooid, adnate to an autozooecial peristome, small,
oval.
Measurements – GL 339±60, 288–405 (3, 3); GW 411±87, 348–510 (3, 3); OL
65±22, 49–80 (2, 2); OW 82±33, 59–105 (2, 2); AD 68±9, 59–95 (3, 20); KA
56±10, 37–72 (3, 22).
Remarks – A large number of Disporella sp. 1 colonies were found encrusting
the undersides of platy corals in the late Burdigalian ‘3D Reef’ section at
Bontang.
Unfortunately, only one specimen showed a fully developed gonozooid, so the
attribution of the other colonies to this species is mainly based on general
appearance of the colony and measurements. The densely porous roof of the
brood chamber covered by irregular ridges of Disporella sp. 1 is similar to that
in the Recent Disporella buski (Harmer, 1915). The two species also share a
quincuncial arrangement of isolated autozooids separated by one or two
kenozooids, sometimes showing a tendency to assume a radial arrangement.
Species-level taxonomy of lichenoporids is particularly problematical, owing to
the substantial changes in the appearance of the skeleton between young and
old colonies, and infertile and fertile colonies. As the degree of such variation
has never been described in a population of an exemplar species, it is difficult
to know which differences in fossil material are interspecific and which
intraspecific.
Disporella sp. 2
Plate 8, fig. 1a–b.
Figured material – NHMUK PI BZ 6852, late Burdigalian, TF126, ‘3D Reef’,
Bontang.

71	
  

Miocene Bryozoa from East Kalimantan

Description – Colony encrusting, compound, circular (on average 3 mm in
diameter) or oval (on average 3 by 2 mm) in outline, low domal, with the free
distal edges of the basal lamina upturned, 0.25 mm wide. Autozooids arranged
in radial uniserial rows, forming fascicles of 4 to 7 autozooecial tubes (Fig. 1b),
diverging obliquely from the centre of the colony, protruding slightly above the
colony surface, separated by one or two rows of kenozooids. Autozooidal
apertures small, oval; peristomes rounded rectangular in section, simple,
decreasing in height towards the edge of the colony. Centre of the colony flat,
occupied by three rows of kenozooids. Kenozooids polygonal, characterized
by oval apertures variable in size but usually larger than autozooidal apertures.
Gonozooid not seen. Subcolonies developing marginally, overgrowing 25–
50% of the edge of the parent colony.
Measurements – ADmax 80±7, 66–95 (2, 20); ADmin 58±6, 47–64 (2, 20); KA
88±28, 50–170 (2, 32).
Remarks – A significant number of colonies of Disporella sp. 2 encrust the
undersides of platy corals from the late Burdigalian, along with Disporella sp.
1. All specimens attributed to this species have subcolonies developed
marginally and partly overgrowing the parent colony but unfortunately none
are fertile.
Disporella sp. 2 differs from Disporella sp. 1 mainly in the arrangement of the
autozooids which are connate and aligned in clear radial rows in the former but
isolated in ill-defined rows or quincuncially arranged in the latter.
Disporella sp. 2 shows similarities with the Recent D. boutani Álvarez, 1995,
known from the Red Sea to the Indonesian Archipelago. Both species have a
well-developed peripheral basal lamina and autozooids with similar-sized
apertures arranged in uniserial rows with a single or double series of
kenozooids between adjacent autozooidal rows. Disporella boutani has starshaped spines projecting inside the kenozooidal apertures and a very
distinctive lobate gonozooid but does not seem to produce subcolonies.
Unfortunately the Kalimantan colonies are infertile and the presence of spines
in the kenozooids cannot be ascertained because of sediment infilling the
chambers.
Another Recent species resembling Disporella sp. 2 in having well-marked
radial rows of uniserial connate autozooids is Disporella novaehollandiae
(d’Orbigny, 1853), which has a broad Indian Ocean distribution and was
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described by Harmer (1915, p. 155, pl. 12, figs. 6–11) as Lichenopora
novaezelandiae from the Makassar Strait. As Harmer pointed out (1915, p.
159) “the Siboga specimens show distinct indications of regeneration…a
smaller disc is produced from one side of the older part of the colony in such
way that it is not in the least concentric with it, but leaves part of the old
surface exposed…”, This regeneration probably corresponds to the
overgrowing marginal subcolonies seen in the Kalimantan fossil specimens.
Usually Disporella novaehollandiae develops much larger colonies than
Disporella sp. 2, with simple colonies up to 5 mm in diameter and compound
colonies up to 15 mm including laminae (Gordon & Taylor, 2001). Distinctive
features include pinhead spinules and the internal ledge inside the
ooeciostome opening (Gordon & Taylor, 2001), both characters missing or not
observable in the fossil specimens.
Disporella sp. 3
Plate 8, fig. 2a–c.
Figured material – NHMUK PI BZ 6853, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, simple, circular in outline, about 4 mm in
diameter, flat, with smooth basal lamina extending slightly beyond budding
zone; central area without a distinct region of kenozooids. Autozooids isolated,
never connate, separated by one or two kenozooids, arranged in well-defined
radial rows diverging from colony centre of the colony, protruding above the
colony surface. Radial rows quite closely spaced, apparently separated only
by a single row of kenozooids, which are generally difficult to observe due to
sediment infills and overgrowth by foraminifera. Autozooidal apertures small,
oval. Peristome rim acuminate, with two lateral spinose processes (Fig. 2b–c).
Kenozooid apertures oval, variable in size. Gonozooid not seen.
Measurements – PD 98±6, 87–107 (1, 30); KA 79±16, 53–96 (1, 10).
Remarks – A single specimen of Disporella sp. 3 has been found in the
Kalimantan material. This species is distinguished from all other Kalimantan
species of the genus in its flatness, the large number of autozooidal rows
radiating from the centre of the colony, which is not occupied only by
kenozooids, and the spinose lateral processes of the peristome.
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Disporella sp. 4
Plate 8, fig. 3a–b.
Figured material – NHMUK PI BZ 6854, Serravallian, TF522, ‘Coalindo
Haulage Road 1’, Sangkulirang.
Description – Colony encrusting, simple, in outline circular, average diameter
1.2 mm, low domal, with the basal lamina sometimes slightly developed.
Autozooids isolated, separated by a single kenozooid, arranged in ill-defined
radial rows (Fig. 3b); autozooidal apertures circular. Centre of the colony flat,
occupied by a small number of kenozooids. Calcification granular-tubercular.
Peristomes short, slightly protruberant above the colony surface; peristomial
rim denticulate. Kenozooids polygonal, with circular apertures slightly
increasing in size towards the margin of the colony. Gonozooid not seen.
Measurements –AD 73±10, 50–90 (3, 30); KA 46±8, 34–56 (3, 24).
Remarks – Disporella sp. 4 is distinguishable from all other species of
Disporella described here because of its granular-tuberculate frontal wall.
Similar granulation is seen in several Recent species, including D. minicamera
Gordon & Taylor, 2010 from New Zealand, and D. zurigneae Álvarez, 1992
from Spain.
Family incertae sedis
Genus ‘Berenicea’ Lamouroux, 1821
‘Berenicea’ sp.
Plate 9.
Figured material – NHMUK PI BZ 6855, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, unilamellar, circular in outline (bereniciform),
3–5 mm in diameter. Ancestrula apparently overgrown by budded zooids.
Autozooids elongate, narrow (Fig. 1c); frontal walls convex, especially distally,
marked by conspicuous concentric growth lines; apertures arranged
quincuncially, subcircular; peristomes short and finely pseudoporous.
Gonozooid not seen.
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Measurements – FWL 266±36, 193–325 (2, 24); FWW 121±18, 95–150 (1,
24); AD 70±9, 56–84 (2, 24).
Remarks – Berenicea is a nomen dubium and the name is here used in open
nomenclature as a form-genus, following the recommendation of Taylor &
Sequeiros (1982).
Recent species previously placed in ‘Berenicea’ have been mainly reassigned
to five genera: Diplosolen, Plagioecia, Hyporosopora, Mesonopora and
Microeciella, depending on the morphology of the gonozooid. Diplosolen is
easily distinguishable by the presence of numerous primary nanozooids;
Plagioecia has a very broad gonozooid penetrated by autozoecial peristomes;
Hyporosopora and Mesonopora have subtriangular to crescent-shaped
gonozooids, the outline ragged and indented by autozooidal peristomes in the
latter; and Microeciella has small ovoidal gonozooids.
The Kalimantan specimens lack gonozooids necessary to allow a more
precise generic assignment. However, a swollen broad structure, which has
the appearance of a Plagioecia-type gonozooid, is visible on the colony
surface but as it is positioned very close to the centre of the colony, it may not
be a gonozooid but instead a patch of adherent sediment (Fig. 1b).
Order Cheilostomata Busk, 1852
Suborder Neocheilostomina d’Hondt, 1985b
Infraorder Flustrina Smitt, 1868
Superfamily Calloporoidea Norman, 1903
Family Calloporidae Norman, 1903
Genus Cranosina Canu & Bassler, 1933
Cranosina cf. coronata (Hincks, 1881)
Plate 10
cf. Membranipora coronata Hincks, 1881, p. 147, pl. 10, fig. 1.
cf. Setosellina coronata: Harmer, 1926, p. 265, pl. 16, figs. 2–4.
cf. Cranosina coronata: Fransen, 1986, p. 17, figs. 5a–e; Winston & Heimberg,
1986, p. 6, figs 3–6; Chimonides & Cook, 1994, p. 44, fig. 1a; Tilbrook,
Hayward & Gordon, 2001, p. 44, fig. 3E; Tilbrook, 2006, p. 25, pl. 2, fig. E.
Figured material – NHMUK PI BZ 6856, Serravallian, TF522, ‘Coalindo
Haulage Road 1’, Sangkulirang.
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Description – Colony encrusting, multiserial, unilaminar. Pore chambers not
seen. Ancestrula and early astogeny not seen. Autozooids arranged
quincuncially, lozenge-shaped with a broad, straight or convex distal margin,
slightly longer than broad (mean L/W= 1.14), distinct, separated by thin
grooves in depressions. Gymnocyst absent. Cryptocyst sloping gently
inwardly, broader laterally, tapering proximally, extremely reduced distally;
surrounded by a finely crenulate margin, tending to be coarsely granular with
granules aligned radially. Opesia elongate, occupying almost the entire length
of the frontal wall, oval or rhomboidal. Presence of ovicells uncertain; some
autozooids with a more arched and raised distal margin might be brooding
zooids. Avicularium transversely ovoidal, situated at the distal end of each
autozooid, asymmetrical, rounded (Fig. 1d); gymnocyst absent, cryptocyst
smooth; rostrum laterally directed, spout-like (Fig. 1c); condyles or pivotal bar
not visible.
Measurements – ZL 560±54, 482–664 (2, 20); ZW 489±54, 410–571 (2, 20);
OL 463±62, 381–553 (2, 20); OW 220±20, 197–245 (2, 20); AL 243±19, 212–
267 (2, 20); AW 130±19, 102–152 (2, 20).
Remarks – The uncertainty in the attribution of the Kalimantan specimens to
Cranosina coronata is due mainly to the impossibility of observing features
such as brood chambers or avicularian condyles because of their obliteration
by sediment. Another difference appears to be the orientation of the avicularia,
which are proximolaterally directed in C. coronata but laterally directed in C. cf.
coronata.
A distal avicularium directed laterally is described for the Recent Cranosina
spiralis Chimonides & Cook, 1994 from Hawaii; however, this species encrusts
minute substrates and shows a very characteristic spiral budding pattern not
observed in the Kalimantan specimens.
Autozooidal size reported by Fransen (1986) and Chimonides & Cook (1994)
in C. coronata matches that of the Kalimantan fossils, except for the length of
the avicularium which is slightly smaller in this material, while measurements
reported by Winston & Heimberg (1986) show narrower autozooids and even
smaller avicularia. C. coronata is particularly common in the Indo-West Pacific
region in shallow waters encrusting corals. In the Kalimantan samples only a
few small colonies have been found encrusting the bases of platy scleractinian
corals. Better-preserved material is needed to prove that these specimens are
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conspecific with the Recent C. coronata. However, if the attribution is correct,
they represent the oldest record of this species.
Cranosina rubeni sp. nov.
Plate 11
Figured material – Holotype: NHMUK PI BZ 6857, Serravallian, TF522,
‘Coalindo Haulage Road 1’, Sangkulirang.
Etymology – Named in honour of the first author’s son, Ruben Amata.
Diagnosis – Colony encrusting. Autozooids large, hexagonal or pentagonal in
outline, pointed, separated by thick raised margins. Gymnocyst absent.
Cryptocyst immersed, flat, finely granular, broad proximally and laterally,
reduced distally. Opesia subcircular, denticulate. Ovicells lacking. Avicularia
oval, situated at the distal end of each autozooid; rostrum subacute, laterally
directed with two small condyles.
Description – Colony encrusting, multiserial, unilaminar, heavily calcified, thick,
usually of moderate size. Pore chambers absent. Ancestrula and early
astogeny not seen. Autozooids chaotically arranged, large, hexagonal or
pentagonal in outline, pointed, equidimensional or slightly broader than long
(mean L/W = 0.93), distinct, separated by thick raised margins with a medial
groove. Gymnocyst absent. Cryptocyst immersed, flat, broad proximally and
laterally, reduced distally; finely granular, thin rim of granules all around the
opesia aligned radially, denticulations projecting inwards. Opesia subcircular,
almost occupying half of the frontal wall (Fig. 1d). Ovicells lacking. Avicularia
transversely oval, situated at the distal end of each autozooid, asymmetrical;
gymnocyst absent, cryptocyst granular, broader proximally and distally,
reduced laterally; rostrum laterally directed, subpointed; two small pointed
condyles (Fig. 1b).
Measurements – ZL 803±132, 600–1200 (10, 50); ZW 868±141, 635–1175
(10, 50); OD 527±54, 419–653 (10, 50); AL 422±34, 347–483 (10, 50); AW
205±20, 159–236 (10, 50).
Remarks – This species is the commonest and most abundant bryozoan in all
of the Serravallian sections, forming moderate to large, thick colonies on the
bases of platy and branching scleratinian corals, often along with
Reptadeonella spp. and Steginoporella spp.
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Cranosina rubeni differs from C. cf. coronata as well as all other species
belonging to this genus in having much larger autozooids and avicularia,
raised instead of depressed zooidal boundaries, zooids acutely polygonal in
outline and not lozenge-shaped or oval, and round denticulate instead of
elongate oval opesia. Similarities are apparent with some species belonging to
the Cretaceous genus Semiflustrella d’Orbigny, 1853 (e.g. S. saratogaensis
(Shaw, 1967) and S. bifoliata Taylor & McKinney, 2006).
Genus Crassimarginatella Canu, 1900
?Crassimarginatella sp.
Plate 12
Figured material – NHMUK PI BZ 6858, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Pore chambers
absent. Ancestrula and early astogeny not observed. Autozooids distinct,
separated by deep grooves, oval or rounded polygonal in outline, slightly
longer than broad (mean L/W= 1.17), sometimes broader proximally, arranged
quincuncially. Gymnocyst usually narrow, sometimes well developed
proximally and laterally, smooth, convex and inclined at the margins of the
zooid. Cryptocyst narrow, tapering distally, striated, inwardly sloping. Opesia
oval, usually longer than broad (Fig. 1c), sometimes plectrum-shaped
broadening proximally (Fig. 1d), occupying almost the entire frontal surface.
Ovicell hyperstomial, crescent-shaped, moderately small, ooecium partly
immersed in the gymnocyst of the next distal zooid and rimmed by its
cryptocyst; ectooecium completely calcified, smooth, with a median carina
(Fig. 1b). ?Kenozooids rare (Fig. 1b), interzooidal, oval, longer than broad (L=
417 µm, W= 145 µm); gymnocyst developed proximally, smooth; cryptocyst
narrow, striated; opesia occupying half of the length. Intramural buds present
(Fig. 1d). Spines absent. Avicularia not observed.
Measurements – ZL 537±42, 470–636 (4, 60); ZW 460±42, 379–527 (4, 60);
OL 478±44, 434–520 (4, 60); OW 345±55, 268–444 (4, 60); OvL 136±5, 132–
142 (2, 3); OvW 301±32, 264–321 (2, 3).
Remarks – This species, encrusting the base of platy corals in late Burdigalian
and Serravallian sections, is tentatively assigned to the genus
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Crassimarginatella Canu, 1900, mainly on account of autozooidal morphology
and the lack of spines. However, Hayward & Ryland (1998, p. 170) in their
revision of this genus described an ectooecial window in the ovicell, missing in
the Kalimantan species, which also lacks vicarious avicularia, although
avicularia are usually rare in Crassimarginatella and the paucity of wellpreserved material might have biased against the finding of these polymorphs
in the Kalimantan species.
Two species of Crassimarginatella have been described from Gujarat (India) –
C. blanfordi and C. ukirensis Guha & Gopikrishna, 2007b – from Middle
Eocene (Lutetian) and Early Miocene (Aquitanian) strata respectively.
?Crassimarginatella sp. differs from these in the size of the zooids (larger in C.
blanfordi and smaller in C. ukirensis), and in the lack of the distinctive mural
septulae. Nevertheless, they show some similarities, such as the lack of
avicularia and the presence of kenozooids. In contrast, the Recent Indonesian
C. spatulifera (Harmer, 1926) has large vicarious avicularia and vestigial
ovicells.
Some Cretaceous species of Wilbertopora resemble the Kalimantan species.
For example, the North American Maastrichtian species Wilbertopora
ovicarinata Taylor & McKinney, 2006 has similar hyperstomial ovicells with a
completely calcified ectooecium and a median carina. However, it remains
uncertain whether Wilbertopora ranges upwards into the Miocene, or if the
Kalimantan species is a homeomorph of this predominantly Cretaceous genus.
Genus Flustrellaria d’Orbigny, 1853
?Flustrellaria sp.
Plate 13
Figured material – NHMUK PI BZ 6859, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda; BZ 6860, Serravallian, TF522, ‘Coalindo Haulage Road 1’,
Sangkulirang.
Description – Colony encrusting, multiserial with somewhat linear, directional
growth, unilaminar. Ancestrula similar to autozooids, almost the same length
but narrower (L = 395 µm; W = 180 µm) with a thinner cryptocyst, budding a
single autozooid distally (L = 370 µm; W = 215 µm) (Fig. 1a). Autozooids
distinct, separated by thin grooves in depressions, ovoidal in outline, longer
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than broad (mean L/W = 1.72), chaotically arranged. Gymnocyst well
developed proximally, tapering laterally and distally, smooth, convex.
Cryptocyst narrow, tapering distally, granular, inwardly sloping. Opesia oval,
longer than broad, occupying almost the entire frontal surface. Oral spine
bases numerous but of uncertain number, encircling the opesia and indenting
the cryptocyst (Fig. 1c). Ovicell hyperstomial (Fig. 1e), crescent-shaped, small,
ooecium partly immersed in the gymnocyst of the next distal zooid; ectooecium
fully calcified, smooth. Intramural buds present (Fig. 1d). Pore chambers,
kenozooids and avicularia absent.
Measurements – ZL 470±47, 360–571 (3, 40); ZW 274±29, 219–333 (3, 40);
OL 316±32, 261–384 (4, 60); OW 194±21, 160–259 (4, 60); OvL 104±11, 89–
122 (2, 6); OvW 208±23, 180–236 (2, 6).
Remarks – A few small-sized fertile colonies of ?Flustrellaria sp. encrust the
bases of platy corals from two Serravallian sections. This species appears to
conform to the characters of Flustrellaria, notably the circumopesial distribution
of spines and the hyperstomial ovicell with fully calcified ectooecium. However,
as for Wilbertopora, the upper range of this mainly Cretaceous genus is
uncertain, although one species – F. australis Gordon & Taylor, 1999 – has
been described from the Eocene of Chatham Island, New Zealand. Also some
species assigned to the extant genus Callopora show a circumopesial
distribution of spines and lack avicularia while the ovicell has a thinly calcified
frontal area.
Genus Parellisina Osburn, 1940
Parellisina cf. tenuissima (Canu & Bassler, 1928)
Plate 14, fig. 1a–c.
Figured material – NHMUK PI BZ 6861, Serravallian, TF57, ‘Stadion Reef 2’,
Samarinda.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula not seen.
Pore chambers not observed. Autozooidal boundaries seemingly
corresponding to the cryptocystal rim. Autozooids large, oval or pear-shaped,
longer than broad (mean L/W = 1.61), arranged more or less quincuncially.
Gymnocyst lacking. Cryptocyst very narrow, smooth. Opesia oval or pearshaped, corresponding to autozooid outline, elongate, occupying almost the
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entire frontal surface. Oral spines absent. Ovicells not observed. Avicularia
asymmetrical, located along distolateral margins of almost every autozooid;
about half the length of an autozooid, narrow, rounded proximally, pointed and
curved distally; gymnocyst minimal proximally, smooth; cryptocyst developed
distally, smooth; rostrum hook-shaped, distolaterally directed, indenting the
cryptocystal mural rim of the distal autozooid; condyles small, pointed (Fig.
1c). Kenozooids vestigial, located along distolateral edge of each avicularium,
triangular, with small oval opesia; complex formed by the avicularium and its
associated kenozooid trapezoidal in outline shape (mean L = 310 µm, mean W
= 112 µm).
Measurements – ZL 545±49, 451–656 (2, 30); ZW 338±28, 280–389 (2, 30);
OL 490±28, 467–529 (2, 30); OW 282±22, 259–319 (3, 30); AvL 294±27, 260–
327 (2, 20); AvW 73±18, 49–99 (2, 20).
Remarks – Two small poorly preserved colonies of Parellisina cf. tenuissima
encrust the undersides of platy corals. The Kalimantan material closely
resembles the Recent Parellina tenuissima (Canu & Bassler, 1928) from the
Gulf of Mexico, sharing with it a very thin, delicate and smooth cryptocystal
mural rim, similarly sized autozooids, and the shape of the avicularium. On the
other hand the size of the kenozooids reported by Canu & Bassler (1928),
even if they refer to the complex consisting of avicularium plus kenozooid, is
almost double that of the Kalimantan specimens.
Parellisina mirellae sp. nov.
Plate 14, fig. 2a–d.
Figured material – Holotype: NHMUK PI BZ 6862, Serravallian, TF522,
‘Coalindo Haulage Road 1’, Sangkulirang.
Etymology – Named in honour of the first author’s mother, Mirella Bordonaro.
Diagnosis – Colony encrusting. One distal and two distolateral pore chamber
windows facing frontally. Autozooids polygonal. Gymnocyst smooth, better
developed proximally and laterally, minimal distally. Cryptocyst finely granular,
narrow. Opesia ovoidal. Oral spines absent. Ovicell globular with a
semielliptical opening. Avicularia asymmetrical, rounded proximally, pointed
and slightly curved distally, distolaterally directed. Kenozooids located distal to
avicularium, subtriangular.
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Description – Colony encrusting, multiserial, unilaminar. Ancestrula not seen.
One distal pore chamber window facing frontally, large and oval, plus two
distolateral slot-like, narrow pore chamber windows, visible at the colony
growing edge (Fig. 2d, bottom left). Autozooids distinct, boundaries marked by
very narrow furrows, variably polygonal in outline shape, longer than broad
(mean L/W = 1.31), arranged more or less quincuncially. Gymnocyst broad to
moderately broad proximally and laterally, minimal distally, slightly convex,
smooth. Cryptocyst narrow, rather thick, forming a raised mural rim around the
opesia, finely granular. Opesia ovoidal, elongate, occupying almost the entire
frontal surface. Oral spines absent. Ovicell small, prominent, globular with a
semielliptical opening, slightly broader than long, resting on the gymnocyst of
the next distal autozooid and indenting its cryptocyst (Fig. 2b); ectooecium
uncalcified, endooecial surface finely granular. Avicularia frequent,
asymmetrical, placed distolaterally to autozooids (Fig. 2c), about half the
length of an autozooid, narrow, rounded proximally, pointed and slightly curved
distally; gymnocyst moderately developed proximally, smooth; cryptocyst
narrow proximally, better developed distally, finely granular; rostrum acute,
distolaterally directed, pointing towards the ovicell of the lateral autozooid or
the proximal cryptocyst of the next distal autozooid; condyles small, pointed.
Kenozooids located distal to avicularium, triangular, with similarly shaped
opesia (Fig. 2c); complex formed by the avicularium and its associated
kenozooid rectangular in outline shape (mean L = 396 µm, mean W = 187
µm). Intramural buds common (Fig. 2b, d).
Measurements – ZL 569±68, 460–725 (1, 50); ZW 435±66, 338–631 (1, 50);
OL 410±40, 335–505 (1, 50); OW 313±35, 267–360 (1, 50); AvL 320±18, 304–
346 (1, 15); AvW 118±6, 109–125 (1, 15); OvL 143±14, 125–159 (1, 10); OvW
235±24, 210–271 (1, 10).
Remarks – One large and well-preserved colony of Parellisina mirellae sp.
nov. has been found encrusting the base of a very thin platy coral. It differs
from Parellisina cf. tenuissima in the presence of a distinct gymnocyst, the
thicker and much more raised cryptocystal mural rim, the larger size of the
kenozooids, and the different shape of the avicularium rostrum.
This new species can be readily distinguished from the most similar described
species of Parellisina, such as P. albida (Hincks, 1880) recorded from the
Recent of Australia and P. subalbida (Canu & Bassler, 1929) from the
Philippines, by the greater development of the gymnocyst and the much less
curved avicularium rostrum. It also differs from P. albida in having a prominent
rather than a shallow ovicell and in the much more slender avicularium-
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kenozooid complex. The larger lengths of the autozooids and the aviculariumkenozooid complex are additional differences from P. subalbida.
Family Antroporidae Vigneaux, 1949
Genus Antropora Norman, 1903
Antropora granulifera (Hincks, 1880)
Plate 15, fig. 1a–b.
Membranipora granulifera Hincks, 1880, p. 72, pl. 9, fig. 4.
Dacryonella trapezoides Canu & Bassler, 1929, p. 133, pl. 14, figs. 2–3.
Antropora granulifera: Harmer, 1926, p. 232, pl. 14, figs. 11–14; Cook, 1968,
p.138, fig. 9; Tilbrook, 1998, p. 27, fig. 1A; Tilbrook, 2006, p. 30, pl. 4, fig. A.
Figured material – NHMUK PI BZ 6863, Burdigalian-Langhian boundary,
TF153, ‘Rainy Section’, Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and pore
chambers not seen. Autozooids separated by distinct furrows, arranged in
alternating longitudinal rows, rounded hexagonal or rhomboidal, longer than
broad (mean L/W = 1.54). Gymnocyst vestigial. Mural rim crenulated, more
raised laterodistally and distally. Cryptocyst moderately developed, occupying
less than half of the frontal surface, flat, coarsely granular. Opesia rounded
triangular, elongate or sometimes broader proximally with a straight proximal
edge. Oral spines absent. A pair of small triangular interzooidal avicularia
distal to each autozooid; rostra raised, pointed, directed medially, often
touching each other. Vicarious avicularia absent. Ovicell small, endozooidal,
indistinct.
Measurements – ZL 568±46, 478–644 (2, 60); ZW 369±39, 298–464 (2, 60);
OL 323±16, 284–341 (2, 60); OW 254±31, 214–314 (2, 60); AvL 112±13, 99–
128 (2, 60).
Remarks – In his revision of the genus Antropora, Tilbrook (1998) regarded
the interzooidal avicularia placed at the distal corner of each autozooid, with
rostra directed medially and almost touching at their distal tips, as the most
distinctive feature of the Recent species Antropora granulifera. The
Kalimantan specimens show this diagnostic character, as well as the roughly
triangular opesia occupying more than half of the frontal surface. In addition,
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the size of autozooids, opesia and avicularia fall within the range of
measurements given by different authors for A. granulifera (e.g. Canu &
Bassler, 1929; Cook, 1968; Tilbrook, 1998).
Antropora granulifera at the present day shows a global distribution in warm
and tropical waters. The Kalimantan specimens encrust the base of platy
corals from the late Burdigalian to Langhian. They appear to represent the first
fossil record of A. granulifera.
Antropora cf. subvespertilio (Canu & Bassler, 1929)
Plate 15, fig. 2a–e.
cf. Dacryonella subvespertilio Canu & Bassler, 1929, p. 134, pl. 14, fig. 1.
cf. Antropora subvespertilio: Tilbrook, 1998, p. 30, fig. 1B–C; Tilbrook, 2006, p.
32, pl. 4, fig. C.
Figured material – NHMUK PI BZ 6864, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar, large and lobate.
Ancestrula damaged, similar to later autozooids, smaller, seemingly budding a
single zooid distally, surrounded by seven zooids of intermediate size between
the ancestrula and later autozooids. Pore chamber windows visible at the
growing edge (Fig. 2c): distal pore chamber window large (mean L = 85 µm,
mean W = 50 µm), oval, bordered by a thin rim, facing frontally; two pairs of
distolateral and proximolateral pore chamber windows, small (mean L = 40
µm, mean W = 30 µm), oval or subcircular, bordered by a thicker rim.
Autozooids distinct, separated by shallow furrows, arranged quincuncially, oval
or subcircular, slightly longer than broad (mean L/W = 1.22). Gymnocyst
reduced proximally, thinning laterally. Mural rim very thin, smooth, raised
laterodistally and distally. Cryptocyst extensive, occupying more than half of
the frontal surface, flat, finely granular. Opesia trifoliate (Fig. 2e), broad, with
two lateral rounded opesiular identations and convex proximal edge along
which granules of the cryptocyst tend to be aligned in parallel rows. Oral
spines absent. A pair of small triangular interzooidal avicularia distal to each
autozooid; rostra raised, pointed, directed medially, often touching each other,
or distomedially directed in ovicellate zooids; two small acute condyles.
Vicarious avicularia absent. Ovicell small, endozooidal, ooecium cap-like,
smooth surfaced (Fig. 2d).
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Measurements – ZL 419±29, 350–480 (2, 50); ZW 341±22, 311–369 (2, 50);
OL 168±16, 152–195 (2, 50); OW 188±12, 163–202 (2, 50); AvL 90±8, 71–98
(2, 30).
Remarks – Antropora cf. subvespertilio differs from A. granulifera mainly in the
smaller size of the autozooids and adventitious avicularia, and in having a
trifoliate instead of rounded triangular opesia. The Kalimantan specimens are
also smaller in size than the Recent material at the NHMUK from Puerto Rico
studied by Tilbrook (1998), while in Canu & Bassler’s material from the
Philippines the zooids show a slightly different proportion of length vs. width,
being shorter but broader.
Antropora cf. subvespertilio is abundant in the late Burdigalian of Kalimantan
and often well-preserved, forming large encrustations on the undersides of
platy corals. It co-occurs with Antropora granulifera. Recent specimens of A.
subvespertilio have been found at 37 fathoms (about 68 m) in the Philippines
and at 124–142 fathoms (about 227–260 m) at Grapples Bank, SE Puerto
Rico, while A. granulifera shows a shallower distributional range, extending
from 0 to 109 m.
Genus Parantropora Tilbrook, 1998
Plate 16.
Parantropora laguncula (Canu & Bassler, 1929)
Parantropora laguncula Tilbrook, 2006, p. 31, fig. E.
Figured material – NHMUK PI BZ 6865, early Tortonian, TF508, Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula not seen.
Pore chambers absent. Autozooids distinct, boundaries marked by deep
grooves, arranged in alternating longitudinal rows, oval, broad (mean L/W =
1.36). Gymnocyst reduced, best developed proximally, minimal laterally and
distally, convex, showing concentric growth lines. Cryptocyst narrow, slightly
broader proximally, tapering laterally, disappearing distally, coarsely granular
with granules aligned in radial rows, projecting into opesia as denticulations.
Opesia oval, broad, occupying almost the entire length of the frontal surface.
Oral spines absent. One or two small pear-shaped interzooidal avicularia (Fig.
1c), present close to the distolateral corners of each autozooid; palate with a
narrow granular cryptocyst; rostrum slightly narrower than palate, rounded,
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raised, distally directed; condyles inconspicuous. Vicarious avicularia absent.
Ovicell endozooidal, small, ooecium raised, cap-like (Fig. 1e), involving the
distal edge of the maternal zooid and the proximal edge of the next distal
zooid in the series. Intramural buds common (Fig. 1d).
Measurements – ZL 357±16, 337–386 (3, 70); ZW 262±30, 227–310 (3, 70);
OL 258±33, 214–313 (3, 70); OW 177±17, 151–211 (3, 70); AvL 65±5, 57–72
(3, 30); AvW 42±6, 32–49 (3, 30).
Remarks – Several colonies of Parantropora laguncula form large flat sheets
on the bases of platy corals from the Serravallian, while in the early Tortonian
they were found encrusting small coral fragments and are very well preserved.
This species seems to be conspecific with the Recent Parantropora laguncula
as described by Tilbrook (2006) from the Solomon Islands. In particular, it
closely resembles the specimen figured by Tilbrook (2006, p. 31, fig. E), which
lacks large vicarious avicularia, and differs from the Miocene material only in
the more variable orientation of the interzooidal avicularia.
On the other hand, compared to the Recent type specimen of Parantropora
laguncula from the Philippines, and to material from the Great Barrier Reef,
both figured by Tilbrook (1998, p. 38, fig. E; p. 42, fig. A), the Kalimantan
material differs in: (1) having a broader proximal gymnocyst; (2) the variable
presence of small interzooidal avicularia; (3) absence of spatulate vicarious
avicularia; and (4) having larger autozooids. Some similarities are evident with
Retevirgula aggregata Gordon, 1984 but this Recent species from New
Zealand has a narrower cryptocyst and a prominent hyperstomial ovicell.
The generic attribution of all of the material, both Recent and fossil, assigned
to Parantropora laguncula can be questioned as the type species of this genus
(P. penelope Tilbrook, 1998) has a minimal gymnocyst, a cryptocyst occupying
slightly less than half the frontal surface, and triangular opesia.
The Recent Antropora typica (Canu & Bassler, 1928) as well as some of the
species belonging to the mainly Cretaceous calloporid genus Marginaria
Roemer, 1841, reported also from the Aquitanian of Gujarat by Guha &
Gopikrishna (2007b), show similar extensions of both gymnocyst and
cryptocyst. Antropora typica differs in having teardrop-shaped interzooidal
avicularia with acute rostra and large spatulate vicarious avicularia, whereas
Marginaria has a prominent hyperstomial ovicell, oral spines and kenozooids.
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At the present day Parantropora laguncula is known from the Indo-Malaysian
region and Australia. Prior to this occurrence in the Miocene of Kalimantan, it
had no known fossil record.
Parantropora aff. laguncula (Canu & Bassler, 1929)
Plate 17
aff. Antropora marginella Harmer, 1926, p. 234, pl. 14, fig. 15.
aff. Membrendoecium lagunculum Canu & Bassler, 1929, p. 95, pl. 6, figs. 6–
11.
aff. Parantropora laguncula Tilbrook, 1998, p. 41, figs. 3F, 4A–B.
Figured material – NHMUK PI BZ 6865, BZ 6899, Serravallian, TF522,
‘Coalindo Haulage Road 1’, Sangkulirang.
Description – Colony encrusting, multiserial, unilaminar, large. Ancestrula not
seen. Pore chambers absent. Autozooids distinct, boundaries marked by thin
furrows, arranged in alternating longitudinal rows, oval, elongate (mean L/W =
1.56). Gymnocyst broadest proximally, narrowing along lateral and distal
edges. Cryptocyst encircling the opesia, narrow, slightly broader proximally,
tapering distally, coarsely granular, with granules aligned in radial rows.
Opesia oval, occupying most of the frontal surface. Oral spines absent. Two
small triangular interzooidal avicularia (Fig. 1c) present at the distolateral
corners of each autozooid, rounded proximally; rostrum pointed, raised,
distomedially directed; condyles not seen. Vicarious spatulate avicularia
present (Fig. 1b, d), same size as the autozooids or slightly larger; lateral walls
raised and curved inwards, distal edge raised. Ovicell endozooidal, ooecium
small, raised, cap-like (Fig. 1e). Intramural buds not seen.
Measurements – ZL 412±43, 349–489 (2, 60); ZW 263±20, 217–296 (2, 60);
OL 338±42, 279–399 (2, 60); OW 204±19, 165–238 (2, 60); AvL 521±38, 480–
548 (2, 10); AvW 237±6, 233–241 (2, 10).
Remarks – Two large colonies of Parantropora aff. laguncula have been found
encrusting platy corals in one of the Serravallian sections. However, the two
specimens show some differences in the length of the zooids, with means of
390 µm and 442 µm, while the vicarious avicularia are slightly longer in the
colony with the smaller zooids, averaging 520 µm and 480 µm. The
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Kalimantan specimens differ in size from the Recent P. laguncula, having
slightly larger zooids but smaller vicarious avicularia.
Parantropora cf. penelope Tilbrook, 1998
Plate 18
cf. Parantropora penelope: Tilbrook, 1998, p. 40, fig. 3D–E; Tilbrook, 2006, p.
31, pl. 4, fig. D.
Figured material – NHMUK PI BZ 6867, Serravallian, TF52, ‘Batu Putih 2’,
Samarinda.
Description – Colony encrusting, multiserial unilaminar, small. Ancestrula and
early astogeny partially obliterated by sediment; ancestrula seemingly smaller
than later autozooids, oval, 170 µm long by 140 µm wide, with irregularly oval
opesia encircled by a narrow cryptocyst that slopes steeply inwards and is
finely granular; first generation of autozooids smaller than later autozooids.
Pore chambers absent. Autozooids distinct, separated by shallow furrows, oval
to rhomboidal in outline, longer than broad (mean L/W = 1.58). Gymnocyst
absent. Cryptocyst broad proximally, occupying slightly less than half frontal
surface, tapering distally, encircling the opesia, laterally gently sloping,
medially flat or slightly concave, coarsely granular. Opesia rounded triangular.
Oral spines absent. One or two small teardrop-shaped interzooidal avicularia
located at the distal corners of each autozooid; rostrum acute, raised, distally
or distomedially directed. Vicarious avicularia not seen. Ovicell endozooidal,
ooecium small, raised, cap-like (Fig. 1b, top left). Intramural reparative buds
common (Fig. 1c).
Measurements – ZL 413±49, 340–478 (1, 20); ZW 261±32, 225–333 (1, 20);
OL 219±21, 181–255 (1, 15); OW 177±15, 158–189 (1, 15); AvL 63±4, 59–71
(1, 10); AvW 41±2, 39–43 (1, 10).
Remarks – A single small young colony of Parantropora cf. penelope has been
found on the underside of a platy coral. Although small interzooidal avicularia
are present in very early astogeny, spatulate vicarious avicularia, which are
known to occur in Recent representatives of the species, are unfortunately
missing, probably because of the young age of the colony. However,
autozooidal size in this specimen is quite similar to the holotype of
Parantropora penelope and comparison with this species is warranted.

88	
  

Chapter 3

This species is easily distinguishable from the two other species of
Parantropora found in the Kalimantan material by the absence of the
gymnocyst, the extensive development of the cryptocyst, and the reduced,
subtriangular opesia.
At the present day Parantropora penelope is known from the tropical South
West Pacific (Tilbrook, 1998).
Family Vinculariidae Busk, 1852
Genus Vincularia Defrance, 1829
Vincularia berningi sp. nov.
Plate 19, fig. 1a–d; Plate 20, fig. 1e.
Figured material – Holotype: NHMUK PI BZ 6043, early Tortonian, TF110,
‘Seagrass Section’, Bontang.
Etymology
–
Named
after
Björn
Berning
(Oberösterreichisches
Landesmuseum, Linz) in recognition of his significant contribution to the study
of bryozoans.
Diagnosis – Colony erect, quadrangular in cross-section, quadriserial. Zooids
subrectangular, dimorphic with ordinary autozooids symmetrical, and
avicularian autozooids asymmetrical. Cryptocyst smooth, narrow. Opesia oval
with two proximolateral septula and two large oval median communication
pores. Interzooidal avicularia small, triangular, located between proximo- and
distolateral corners of zooids.
Description – Colony erect, articulated; internodes straight, quadrangular in
cross-section, quadriserial, beginning with short kenozooids and connected by
a tripartite articulation (Pl. 20, fig. 1e, bottom). First zooid budded after the
kenozooids is usually shorter than succeeding zooids. Rhizoidal pores not
observed. Zooids arranged in alternating series, dimorphic, with similar zooids
occurring in two adjacent series, distinct, separated by shallow grooves
between slightly raised ridges. Ordinary autozooids symmetrical ('c-zooecia'
sensu Canu, 1907) (Fig. 1a–b), subrectangular with slightly convex distal and
concave proximal margins, elongate (mean L/W = 2.38), slightly broader at
about half-length. Cryptocyst smooth, proximally variably developed, narrower
but approximately constant in width laterally and along the distolateral margin
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adjacent to a different polymorph type (here called the outer margin),
narrowing in distal third and merging with the sloping median shelf along the
distolateral margin adjacent to the same polymorph type (here called the inner
margin). Distal cryptocystal shelf broad and sloping gently inwards. Opesia
oval, elongate, occupying five-sixths of zooidal length, revealing two small
circular proximo-lateral septula, a large median oval communication pore
placed distally connecting zooids from the same row, and another large oval
communication pore in the distolateral outer corner connecting zooids from
adjacent rows. Calcification proceeds throughout ontogeny, resulting in thicker
internodes and reduced opesiae. Avicularian autozooids ('D-zooecia' sensu
Canu, 1907) (Fig. 1c–d) asymmetrical, subrectangular, elongate, larger than
ordinary autozooids but squatter (mean L/W = 1.82), with slightly convex distal
and concave proximal margins, diverging from the same type of zooid in the
adjacent series and curving towards the adjacent series of ordinary
autozooids. Cryptocyst smooth, broadest proximolaterally, narrower and of
constant width along the inner margin, tapering distally, merging with
immersed distal shelf at about half-length along the outer margin. Distal
cryptocystal shelf broad, sloping gently inwards. Opesia oval, elongate,
occupying about three-quarters of zooidal length, asymmetrical broadening
towards the distolateral outer margin, with two small, circular proximolateral
septula more widely spaced than in ordinary autozooids, a large oval median
communication pore placed distally connecting zooids from the same row, and
another large oval median communication pore situated at the distolateral
inner corner connecting zooids from two adjacent rows. Interzooidal avicularia
frequent, small, triangular, located between proximo- and distolateral corners
of both types of zooids, facing laterally, corresponding to the distal half of the
adjacent zooid. Cryptocyst proximally narrow and sloping steeply, distally
extensive and sloping gently; rostrum acute, distally directed; opesia oval,
crossbar and condyles not seen. Ovicellate zooids absent.
Measurements – 'c-zooecia': ZL 616± 21, 588–652 (10, 40); ZW 258±15, 239–
284 (10, 40); OL 486±13, 474–500 (10, 40); OW 162±10, 152–176 (10, 40).
'D-zooecia': ZL 650±37, 603–711 (10, 40); ZW 356±19, 322–388 (10, 40); OL
512±35, 465–563 (10, 40); OW 220±23, 192–258 (10, 40). AL 199±15, 178–
224 (5, 15).
Remarks – Vincularia berningi sp. nov. is the commonest species in the
Kalimantan material, found in all the sections from late Burdigalian to
Messinian. It is especially abundant in beds interpreted as having been
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deposited in seagrass palaeoenvironments where bryozoan assemblages are
monogeneric and represented by one or more species of Vincularia.
Vincularia berningi sp. nov. is similar to the type species of Vincularia, V.
fragilis Defrance, 1829, from the Eocene of France (see Cheetham, 1973, p.
391, pl. 1, figs. 1–2), in being quadriserial, having dimorphic zooids (‘czooecia’ and ‘D-zooecia’) and small interzooidal triangular avicularia, but
lacking ovicellate zooids. It differs in the absence of a pivotal bar, which has
not been observed in any specimens from Kalimantan despite the great
abundance and good preservation of the available material.
The genus Vincularia apparently ranges from the Middle Eocene to Late
Miocene. However, many Cretaceous or Miocene species identified as
Vincularia or Vincularia sensu lato using single quotation marks (e.g. V.
excavata d’Orbigny, 1851, V. prismatica (von Hagenow, 1839) from Europe,
and ‘V.’ ramwaraensis Guha & Gopikrishna, 2005b from Gujarat, India)
possess more than four sides and do not appear to have the avicularian or ‘Dzooecia’ characteristic of the genus. Vincularia berningi sp. nov. shows some
similarities with Nellia kutchensis Tewari & Srivastava, 1967 from India, figured
by Guha & Gopikrishna (2005b, p. 141, pl. 2, figs. 4–5). This species seems to
be a true Miocene (Burdigalian) representative of Vincularia with dimorphic
zooids and asymmetry, even though the description (p. 142) reports that “the
back to back placed paired rows of zooids have similar dimensions and differ
much from those of the other paired rows”, while in Vincularia two adjacent
rows have similar zooids, and the asymmetry may be due to oblique opening
of the autozooids and the obliquely placed opesia. The Kalimantan species
and Nellia kutchensis share also the presence of similar-sized triangular
avicularia with undivided opesia, but the zooids in N. kutchensis show a
greater range of size variation, even taking into account that the
measurements of the ‘c-zooecia’ and ‘D-zooecia’ were not separated.
Specimens closely resembling Vincularia berningi sp. nov. but with remnants
of a crossbar in the interzooidal avicularia have been also found in the
Miocene of Tanzania (B. Berning, in prep.).
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Vincularia semarai sp. nov.
Plate 19, fig. 2a–d.
Figured material – Holotype: NHMUK PI BZ 6868, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Etymology – Named after the South-east Asian mythological god Semara.
Diagnosis – Colony erect, quadrangular in cross-section, quadriserial. Zooids
dimorphic. Ordinary autozooids symmetrical, rectangular with a pointed distal
margin. Avicularian autozooids slightly asymmetrical with rounded distal
margin. Cryptocyst smooth, moderately developed. Opesia oval with two
median lateral septula.
Description – Colony erect, articulated; internodes straight, rounded
quadrangular in cross-section, quadriserial. Articulating ends of internodes and
rhizoidal pores not observed. Zooids arranged in alternating series, dimorphic,
with similar zooids occurring in two adjacent series, distinct, separated by
shallow grooves between slightly raised ridges. Ordinary autozooids
symmetrical (Fig. 2a–b), elongate (mean L/W = 2.1), elongate rectangular with
straight or slightly curved lateral walls and a distal margin in the shape of a
pointed arch that indents the proximal margin of the next distal zooid.
Cryptocyst smooth, moderately developed, constant in width proximally and
laterally, slightly broader distally, surrounding a small, oval, elongate, centrally
placed opesia, broader distally, probably reduced due to secondary
calcification. Avicularian autozooids only slightly asymmetrical (Fig. 2c–d),
curving just perceptibly away from the same polymorphs in the adjacent
series, little different in shape and size from the ordinary autozooids, except for
the distal margin which is more round-arched. Cryptocyst the same as in
ordinary autozooids. Opesia oval, nearly symmetrical, reduced. Two small,
circular, median lateral septulae; communication pores not seen. Interzooidal
avicularia and ovicells absent.
Measurements – ZL 790±36, 735–853 (3, 15); ZW 382±27, 358–417 (3, 15);
OL 404±32, 388–441 (3, 15); OW 123±25, 99–158 (3, 15).
Remarks – Vincularia semarai is very rare, a few fragments having been found
only in the late Burdigalian. This species differs from Vincularia berningi sp.
nov. in having much longer ordinary autozooids with a very characteristic
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pointed arched distal margin only slightly different from avicularian zooids, and
in the lack of interzooidal avicularia. Compared with the Cenozoic species
placed unequivocally in Vincularia by Cheetham (1966, p.54), Vincularia
semarai sp. nov. shares some similarities with V. davisi Cheetham, 1966 from
the Eocene of Sussex and V. subsymmetrica (Canu, 1907) from the Lutetian
of France. These similarities include the barely perceptible difference in
morphology between ordinary and avicularian zooids, and the lack of
interzooidal avicularia and ovicellate zooids. They differ in the size of zooids,
the shape of the distal margin – pointed arched in Vincularia semarai sp. nov.
and straight in the two Eocene species – and the development of the proximal
cryptocyst, which is much more extensive in V. davisi and V. subsymmetrica.
Vincularia tjaki sp. nov.
Plate 20, fig. 1a–e.
Figured material – Holotype: NHMUK PI BZ 6869, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Etymology – Named after the South-east Asian mythological god Tjak.
Diagnosis – Colony erect, quadrangular in cross-section, quadriserial.
Rhizoidal pores large. Zooids rounded rectangular, slightly dimorphic. Ordinary
autozooids symmetrical. Avicularian autozooids slightly asymmetrical with
narrower distolateral cryptocyst. Cryptocyst smooth. Opesia oval with two
small, lateral septula and a distal communication pore. Interzooidal avicularia
small, triangular located at one of the proximolateral zooidal corners.
Description – Colony erect, articulated; internodes straight, quadrangular in
cross-section, quadriserial. Articulating ends of internodes with four connecting
tubes (Fig. 1e, top), starting with two shorter kenozooids located back-to-back.
Rhizoidal pores large, circular, sparse, located on the proximal cryptocyst
beneath the opesia, encircled by a raised rim. Zooids arranged in alternating
series, slightly dimorphic, with similar polymorphs occurring in two adjacent
series, distinct, separated by shallow grooves between slightly raised ridges.
Ordinary autozooids symmetrical (Fig. 1a–b), rounded rectangular, elongate
(mean L/W = 2.31). Cryptocyst smooth, convex proximally and laterally,
slightly depressed distally, narrow, similar in width all around the opesia.
Opesia oval, elongate, centrally placed. Avicularian autozooids only slightly
asymmetrical (Fig. 1c–d), curving just perceptibly away from the same type of
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polymorph in the adjacent series, little different in shape and size from the
ordinary autozooids, except for the much narrower distolateral cryptocyst
merging with immersed distal shelf and the longer opesia. Inner cryptocystal
shelf acutely angled with two small, circular, widely spaced, lateral septula
mid-length, and a larger, oval distal communication pore. Interzooidal
avicularia frequent, located at one of the proximolateral corners of either an
ordinary autozooid or an avicularian autozooid, small, triangular, facing
frontally; cryptocyst broader proximally, narrower laterally and distally; rostrum
pointed, distally directed; opesia oval, undivided. Ovicellate zooids not
observed; a small cap-like swollen calcification seen at the distal end of one
zooid is considered unlikely to be an ovicell but probably a result of secondary
calcification owing to reparative budding.
Measurements – ZL 858±26, 819–902 (4, 30); ZW 372±13, 349–397 (4, 30);
‘c-zooecia’: OL 563±23, 525–594 (4, 15); ‘D-zooecia’: OL 640±29, 600–680 (4,
15); OW 226±17, 200–237 (4, 30); AL 183±11, 166–196 (4, 30).
Remarks – Fragments of Vincularia tjaki sp. nov. are scarce in the late
Burdigalian. This species differs from Vincularia berningi sp. nov. in having
larger zooids and less pronounced dimorphism. It differs from Vincularia
semarai sp. nov. in having autozooids with straight distal margins, instead of
pointed arched margins, and in the presence of interzooidal avicularia.
Vincularia manchanui sp. nov.
Plate 20, fig. 2a–c.
Figured material – Holotype: NHMUK PI BZ 6042, late Burdigalian, TF126,
‘3D Reef’, Bontang.
Etymology – Named after the South-east Asian mythological god Manchanu.
Diagnosis – Colony erect, quadrangular in cross-section, quadriserial. Zooids
club-shaped, dimorphic. Ordinary autozooids symmetrical. Avicularian
autozooids slightly asymmetrical. Cryptocyst granular. Opesia claviform.
Interzooidal avicularia small, oval located at one of the proximolateral corners
of either polymorph.
Description – Colony erect, articulated; internodes straight, quadrangular in
cross-section, quadriserial. Articulating ends of internodes not preserved.
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Rhizoidal pores not observed. Zooids arranged in alternating series,
dimorphic, with similar polymorphs occurring in two adjacent series, distinct,
separated by shallow grooves between slightly raised ridges. Ordinary
autozooids symmetrical (Fig. 2a–b), club-shaped, elongate (mean L/W = 3),
narrower proximally. Cryptocyst granular, broader proximally and distally,
narrower laterally, sloping gently inwards. Opesia claviform, elongate, centrally
placed, reduced by concentric rings of secondary calcification. Avicularian
autozooids slightly asymmetrical (Fig. 2c), curving away from the equivalent
polymorph in the adjacent series, with cryptocyst and opesia of similar size
and shape as ordinary zooids. Septula and communication pores not visible.
Interzooidal avicularia frequent, located at one of the proximolateral corners of
either polymorph, very small, about 120 µm long, oval, facing frontally;
cryptocyst broader proximally, narrower laterally and distally; rostrum rounded,
distally directed; opesia oval, undivided. Ovicells not observed.
Measurements – ZL 590±14, 580–600 (10, 40); ZW 197±8, 190–205 (10, 40);
OL 316±12, 304–327 (10, 40).
Remarks – Together with Vincularia berningi sp. nov., Vincularia manchanui
sp. nov. is one of the most abundant species in all sections from the late
Burdigalian to the Messinian. This species differs from all other species of
Vincularia described here in having much narrower, club-shaped zooids, a
granular, inwardly sloping cryptocyst, and smaller interzooidal avicularia facing
frontally. It resembles the Eocene V. davisi Cheetham, 1966 in the shape and
size of the zooids and their length/width proportion, but differs in having
interzooidal avicularia, and in the absence of a size difference between
ordinary and avicularian zooids.
Vincularia sp. 1
Plate 21, fig. 1a–f.
Figured material – NHMUK PI BZ 6870, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony erect, articulated; internodes slightly curved, cylindrical,
quadriserial. Internode starting with two short, back-to-back kenozooids (Fig.
1a–b, d). Articulating ends of internodes with four connecting tubes. Sparse
large circular rhizoidal pores perforating the proximal cryptocyst of the zooids
immediately beneath the opesia (Fig. 1d–e). Autozooids monomorphic,
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arranged in four alternating series, distinct, separated by deep grooves
between slightly raised ridges, elongate (mean L/W = 1.91), hexagonal in
outline with sinuous curved lateral walls, straight or slightly concave proximal
margin and straight or slightly convex distal margin. Cryptocyst smooth,
convex, broader proximally, narrower but constant laterally and distally,
depressed in distolateral corners, surrounding a small, oval, elongate, centrally
placed opesia, broader distally, probably reduced by secondary calcification.
Two small, circular, proximal to median lateral septula and one large, oval,
median communication pore (Fig. 1d). Interzooidal avicularia infrequent, oval,
small, about 140 µm long and 55 µm wide, facing frontally (Fig. 1c); cryptocyst
smooth, narrow and steeply sloping proximally and laterally, broader and
gently sloping distally; rostrum distally directed; opesia teardrop-shaped
undivided. Ovicellate zooids not recognized.
Measurements – ZL 688±7, 676–697 (2, 20); ZW 361±13, 351–380 (2, 20); OL
329±22, 303–358 (2, 20); OW 166±14, 151–179 (2, 20).
Remarks – Vincularia sp. 1 is very rare and is restricted to the late Burdigalian.
It differs from the previous species of Vincularia described herein in having
monomorphic zooids and cylindrical internodes. For the present, this species
is assigned in open nomenclature to Vincularia although it most closely
resembles a species recently described from the Middle Eocene of India as
Planicellaria kharaiensis Guha & Gopikrishna, 2007b. Differences between the
morphological similar genera Vincularia, Planicellaria and Quadricellaria need
to be fully investigated through revision of type and other material.
‘Vincularia’ sp.
Plate 21, fig. 2a–c.
Figured material – NHMUK PI BZ 6871, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony erect, non-articulated, branches bifurcating at an angle of
about 60˚, cylindrical, on average 1 mm in diameter, well calcified. Autozooids
alternating in regular longitudinal rows, polygonal, rounded distally, longer than
broad (mean L/W = 1.6), distinct, separated by a thin smooth mural rim raised
distally (Fig. 2b). Autozooids at bifurcations obliquely tilted (Fig. 2c).
Gymnocyst absent. Cryptocyst finely granular, depressed, well developed
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proximally, decreasing laterally and distally. Opesia large, oval, placed distally.
Spines, avicularia and ovicells not observed.
Measurements – ZL 900±8, 739–1083 (10, 50); ZW 536±8, 439–732 (10, 50);
OL 573±7, 463–742 (10, 50); OW 325±3, 277–348 (10, 50); CrL 252±52, 176–
316 (10, 50).
Remarks – ‘Vincularia’ sp. is one of the commonest species in the Serravallian
section at ‘Batu Putih 1’, where it occurs as abundant branch fragments
scattered in silty sediments. More than a thousand specimens have been
collected, none showing avicularia or ovicells; a single zooid at a branch
bifurcation has a semielliptical structure in its distal part, but this is interpreted
as an unusual thickening of the mural rim rather than an avicularium or ovicell.
Some similarities in the colony form and zooidal morphology are apparent with
Cretaceous specimens provisionally assigned to Vincularia fragilis Defrance,
1829 from the F. Canu collection at the Muséum National d'Histoire Naturelle
(MNHN) in Paris, the Miocene species ‘Vincularia’ anceps Brown, 1952 from
New Zealand, and ‘Vincularia’ ramwaraensis Guha & Gopikrishna, 2005b from
the Aquitanian (Early Miocene) of Gujarat, India. Guha & Gopikrishna (2005b,
p. 146) also remarked on similarities between their species and many
Cretaceous species assigned to Vincularia (e.g. V. excavata d’Orbigny, 1851,
V. prismatica (von Hagenow, 1839)). However, all this material appears to
belong to a different, presumably un-named genus when compared to the
Eocene type species of Vincularia. The genus Pseudothyracella Labracherie,
1975 has a similar colony form and arrangement of zooids but differs in having
avicularia larger than its autozooids and squared opesiae more distally placed
than in the Kalimantan fossils.
Family Heliodomidae Vigneaux, 1949
Genus Setosellina Calvet, 1906
Setosellina cf. constricta Harmer, 1926
Plate 22, fig. 1a–e.
cf. Setosellina constricta Harmer, 1926, p. 264, pl. 16, fig. 1.
Figured material – NHMUK PI BZ 6872, BZ 6873, Serravallian, TF76, ‘Batu
Putih 1’, Samarinda.
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Description – Colony encrusting small bioclastic sediment grains such as coral
and erect bryozoan fragments, foraminifera, gastropod or crab shells, 2 to 4
mm in diameter, frequently enveloping the substrate (Fig. 1d–e). Ancestrula
with the same characters as later autozooids but smaller, on average 250 µm
long by 160 µm wide, budding daughter zooids in a clockwise spiral pattern
(Fig. 1a). First budded generation of autozooids on average 320 µm long by
200 µm wide. Pore chambers absent. Autozooids distinct, separated by deep
grooves, oval, elongate (mean L/W = 1.68). Gymnocyst reduced proximally,
minimal laterally and distally, smooth, convex. Cryptocyst very thin proximally
and laterally, disappearing distally, sloping steeply inwards, transversely
crenulate. Opesia oval or often pear-shaped with the narrower distal third
separated from the broader proximal two-thirds by a lateral constriction of
cryptocyst, occupying almost the entire frontal surface (Fig. 1b). Avicularia
(vibracula) globular to oval, present distally of each autozooid (Fig. 1c); opesia
occupying almost the entire frontal surface, constricted in the middle by two
small rounded teeth. Ovicells not seen.
Measurements – ZL 400±19, 389–436 (5, 50); ZW 237±25, 204–281 (5, 50);
OL 300±22, 268–329 (5, 50); OW 168±11, 154–186 (5, 50); AvL 100±13, 78–
123 (5, 30)
Remarks – Setosellina cf. constricta has been found only in a silty bioclastic
layer of one of the Serravallian sections where it appears to be abundant. It
encrusts several different types of small bioclastic grains exhibiting different
development. For example, when the substrate is rounded or tubular, such as
a gastropod, foraminifera or erect bryozoan, the colony tends to envelop it
completely, whereas if the substrate is flat, such as sediment grain or platy
coral fragment, the colony is usually present only on one surface.
Despite the large number of specimens found, none has ovicells, which seem
also to be lacking in the types of Setosellina constricta. That part of Harmer’s
type material housed in the zoological collection of NHMUK is, unfortunately,
unhelpful in the identification because it is a small colony formed by a few
periancestrular autozooids. However, additional material available at the
NHMUK from the Siboga expedition identified as S. constricta has been used
to compare zooid sizes. The Recent colonies were found to have shorter
autozooids (335 µm vs 400 µm) and consequently shorter opesiae (216 µm vs
300 µm) but very similar autozooidal width and vibraculum size.
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Setosellina cf. constricta is easily distinguished from all the other species of
Setosellina in the absence of pore chambers, the very thin lateral cryptocyst,
and the lack of closing laminae, which usually develop very early in astogeny,
in the older, central zooids, At the present day S. constricta is reported from
the Borneo Bank in the Makassar Strait, New Guinea and the Celebes Sea at
depths of 0–59 m.
Setosellina cf. roulei Calvet, 1906
Plate 22, fig. 2a–b.
cf. Setosellina roulei Calvet, 1906, p. 157; Calvet, 1907, p. 395, pl. 26, figs. 5–
6; Hayward & Cook, 1979, p. 48, figs. 1A, 17B, 18B.
Figured material – NHMUK PI BZ 6874, Serravallian, TF59, ‘Southern
Hemisphere’, Bontang.
Description – Colony encrusting, small, circular in outline. Ancestrula with the
same characters as later autozooids but smaller, on average 200 µm long by
155 µm wide, and less developed gymnocyst, surrounded by six autozooids
budded spirally (Fig. 2a). First budded generation of autozooids on average
270 µm long by 180 µm wide. Pore chambers absent. Autozooids distinct,
separated by deep grooves, oval, elongate (mean L/W = 1.56). Gymnocyst
moderately developed proximally, tapering laterally and smooth and convex
distally. Cryptocyst reduced to an inconspicuous row of small granules. Opesia
oval, sometimes enlarged proximally. Vibracula globular, distal to each
autozooid; opesia circular. Ovicells not seen.
Measurements – ZL 389±18, 358–412 (2, 20); ZW 250±22, 227–289 (2, 20);
OL 250±34, 225–274 (2, 20); OW 162±3, 159–165 (2, 20); AvL 103±11, 90–
122 (2, 20).
Remarks – A few, small, unfertile colonies of Setosellina cf. roulei have been
found encrusting the undersides of very thin platy corals from the late
Burdigalian and the Serravallian.
This species differs from Setosellina cf. constricta in having a more-developed
gymnocyst and less-developed cryptocyst, and in the lack of lateral opesial
constriction. This species is similar to the Recent Setosellina roulei, recorded
from East Atlantic and South Africa, in the size of the autozooids (given by
Cook, 1965) and opesiae, and in the development of gymnocyst and
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cryptocyst. However, no ovicells or closure laminae in the ancestrular area
were found, although the small size of the colonies may have biased against
their presence. Setosellina roulei is usually associated with sand-grain
substrates and deep waters at 1900–2330 m (Cook, 1965), but the Kalimantan
specimens of Setosellina cf. roulei encrust fairly large platy corals from a
shallow water deposit.
Family Cupuladriidae Lagaaij, 1952
Genus Reussirella Bałuk & Radwanski, 1984
Reussirella sp.
Plate 23.
Figured material – NHMUK PI BZ 6875, BZ 6876, BZ 6877, Serravallian,
TF76, ‘Batu Putih 1’, Samarinda.
Description – Colony free, small, diameter up to 7 mm, flattened, discoidal,
subcircular (Fig. 1a, e). Autozooids arranged in alternating radial rows,
rhomboidal. Cryptocyst developed proximally and laterally, reduced distally,
sloping steeply inwards, tuberculate, denticles on the lateral and proximal
inner edges numerous, variable in size and shape, pointed or rounded.
Vestibular arch with straight or slightly divergent sides. Opesia irregularly oval,
occupying two-thirds of the zooidal frontal surface. Vibracula asymmetrical,
triangular (Fig. 1d), proximolaterally directed, oriented alternatively to left and
right. Dorsal side tuberculate with radial sector boundaries (Fig. 1f).
Measurements – ZL 504±54, 437–601 (2, 50); ZW 346±22, 297–362 (2, 50);
OL 372±41, 302–465 (2, 50); OW 197±14, 177–232 (2, 50); AvL 198±17, 183–
225 (2, 30).
Remarks – A few complete colonies and some fragments of Reussirella sp.
have been found only in the silty layer of one Serravallian section, along with
some other ‘sand-fauna’ bryozoans such as Setosellina and Mamillopora. This
genus, redefined by Cook & Chimonides (1994), is distinguished from other
genera of cupuladriids by the following characters: autozooidal cryptocyst with
vestibular arch, with or without lateral denticles; basal calcification with radial
sector boundaries, tuberculate or smooth; central region closed by cryptocystal
lamina late in ontogeny; absence of vicarious avicularia. The Kalimantan
specimens fit the definition of the genus, although adherent sediment prevents
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confirmation of the presence of closing laminae in the old zooids at the colony
centre. Also the number of denticles is uncertain because of abrasion or
sediment infills.
Similarities are apparent with two European species, R. multispinata (Canu &
Bassler, 1923), known from the ?Pliocene to Recent, and R. haidingeri
(Reuss, 1847) which ranges from Miocene to Pliocene. However, the
Kalimantan species differs from R. multispinata in: (1) the absence of a distinct
pair of distal denticles; (2) having spinules along the proximal oral border, and
(3) the smaller size of the autozooids. It differs from R. haidingeri in the smaller
size of the zooids. Recent cupuladriids are characterized by skeletons
composed of aragonite (see Taylor et al., 2009; Taylor, 2012). Aragonite is
typically leached at Batu Putih, as is evident from the absence of aragonitic
gastropods and bivalves. Therefore, the preservation of reasonably wellpreserved colonies of Reussirella is puzzling and requires further investigation.
Superfamily Flustroidea Fleming, 1828
Family Flustridae Fleming, 1828
Genus Gontarella Grischenko, Taylor & Mawatari, 2002
?Gontarella sendinoae sp. nov.
Plate 24
Figured material – Holotype: NHMUK PI BZ 6878, Serravallian, TF59,
‘Southern Hemisphere’, Bontang.
Etymology – Named after Consuelo Sendino (Department of Earth Sciences,
NHMUK), curator of the fossil bryozoan collection.
Diagnosis – Colony encrusting. Autozooids rhomboidal or hexagonal,
separated by a thick, raised rope-like mural rim. Gymnocyst absent.
Cryptocyst granular, forming a sunken variably developed shelf proximally.
Opesia ovoidal or subtriangular. Oral spines absent.
Description – Colony encrusting multiserial, unilaminar. Ancestrula and early
astogeny not seen. Pore chambers absent. Autozooids arranged quincuncially,
distinct, separated by a thick, raised rope-like mural rim, rhomboidal or
hexagonal with curved distal margin, slightly longer than broad (mean L/W =
1.18). Gymnocyst absent. Cryptocyst granular, forming a sunken variably
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developed shelf proximally, tapering distally. Opesia broad, ovoidal or
subtriangular, occupying between half and two-third of the frontal wall. Oral
spines absent. Avicularia and ovicells not observed.
Measurements – ZL 465±39, 415–572 (1, 30); ZW 395±26, 353–472 (1, 30);
OL 307±25, 251–334 (1, 20); OW 249±17, 230–288 (1, 20).
Remarks – Two colonies of ?Gontarella sendinoae sp. nov. have been found
encrusting the base of the same very thin platy coral. The two colonies differ
slightly from each other, likely owing to preservation, with one having a
smoother cryptocyst probably reflecting greater abrasion (Fig. 1e–f). Zooidal
characters of this species closely resemble those of Cranosina Canu &
Bassler, 1933 but the lack of avicularia excludes it from this genus. It fits best
within the definition of Gontarella Grischenko, Taylor & Mawatari, 2002 in
lacking a gymnocyst, oral spines and pore chambers, but differs in having a
better developed, granular cryptocyst, which contrasts with the narrow, nongranular cryptocyst in the type species of the genus. Therefore, the new
species is assigned questionably to Gontarella.
Superfamily Buguloidea Gray, 1848
Family Candidae d’Orbigny, 1851
Genus Caberea Lamouroux, 1816
Caberea sp.
Plate 25
Figured material – NHMUK PI BZ 6879, BZ 6880, BZ 6881, late Burdigalian,
TF126, ‘3D Reef’, Bontang.
Description – Colony erect, branches triserial to quadriserial, relatively narrow
(0.35–0.70 mm), non-articulated. Autozooids in alternating longitudinal rows,
elongate, distinct, boundaries marked by grooves between their narrow raised
mural rims; lateral and central zooids differing slightly in size and shape.
Central zooids rounded pentagonal with the vertex upside down (mean L/W =
1.92); marginal zooids rounded hexagonal, broader laterally, constricted
distally (mean L/W = 1.69). Gymnocyst absent. Cryptocyst moderately
developed, constant all around the opesia in central zooids, broader laterally in
marginal zooids, smooth, funnel-shaped, sloping gently inwards. Two small
oval or subcircular communication pores visible on the inner distal margins of
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each autozooid. Opesia immersed, oval, longer than broad, centrally placed. A
distolateral oral spine base present on the inner side of each autozooid
indenting the mural rim, small, about 10–12 µm in diameter. One large lateral
spine (scutum) base also present, about 25 µm in diameter. Two small (mean
L = 40 µm), triangular suboral avicularia in median zooids, pedunculate,
oblique, proximally directed (Fig 1e); only one in marginal zooids; distally
directed aside the ovicell (Fig. 1f). Ovicell subglobular, slightly broader than
long; frontal wall not preserved (Fig. 1d, f). Dorsal side occupied by large
vibracula, each with a large deep setal groove, diverging distally from median
keel (Fig. 1b). Radicular pore small.
Measurements – ZL 306±20, 255–332 (3, 30); ZW 170±21, 130–200 (3, 30);
OL 122±10, 113–133 (1, 4); OW 141±4, 137–144 (1, 4).
Remarks – A few small fragments of Caberea sp. have been found in silty
sediments from the late Burdigalian and Serravallian. This species is similar to
the Recent C. brevigaleata Canu & Bassler, 1929 in being quadriserial, having
the two large pore chambers on the distal part of the zooids, and small
triangular suboral avicularia, but it differs in its larger, subglobular ovicell.
Genus Canda Lamouroux, 1816
Canda giorgioi sp. nov.
Plate 26, fig. 1a–d.
Figured material – NHMUK PI BZ 6882, BZ 6883, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Diagnosis – Colony erect, biserial, triangular in cross section. Autozooids
rounded rectangular. Gymnocyst absent. Cryptocyst faintly granular, forming a
concave shelf proximally, tapering distally. A large circular communication
pore at the inner distal corner of each autozooid. Opesia egg-shaped. Scutum
lacking. Avicularia absent. Dorsal side occupied by vibracula.
Etymology – Named in honour of first author’s father, Giorgio Di Martino.
Description – Colony erect, branches biserial, rectilinear or slightly curved,
narrow, triangular in cross section; articulating nodes and bifurcations not
observed. Autozooids monomorphic, distinct, alternating in two rows on either
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side of a median keel, rounded rectangular (mean L/W = 1.86), slightly
asymmetrical, leaning towards median keel, separated by shallow grooves,
distal edge raised (Fig. 1b). Gymnocyst absent. Cryptocyst faintly granular,
forming a concave shelf proximally, tapering distally. A large communication
pore visible in the inner distal corner of each autozooid, about 40 µm in
diameter. Opesia small, egg-shaped, more pointed proximally. Scutum lacking.
Avicularia absent. Ovicells not seen. Dorsal side occupied by vibracula with a
long, curved, deep setal groove oriented distolaterally (Fig. 1c–d); a shallow
sinuous median furrow corresponds to the zooidal boundaries. Radicular pore
very large, on average 70 µm in diameter.
Measurements – ZL 379±12, 365–397 (5, 50); ZW 203±7, 196–213 (5, 50); OL
162±8, 154–170 (5, 50); OW 115±2, 113–117 (5, 50); VL 304±11, 291–317 (5,
50).
Remarks – Numerous fragments of Canda giorgioi sp. nov. have been found in
silty sediments in the late Burdigalian and Serravallian, none with avicularia or
ovicells. At first sight, the frontal side of this species closely resembles that of
Vincularia Defrance, 1829 mainly in the asymmetry of the zooids and in the
presence of rhizoidal kenozooids along the distal inner margin. However,
branches of this species are triangular rather than quadrangular in crosssection, with only two rows of monomorphic zooids. The dorsal side with its
vibracular chambers clearly shows that the species belongs to Canda.
The Recent Canda philippinensis Canu & Bassler, 1929 is the only known
species of Canda showing branches of triangular cross-section. However, it
differs from the Kalimantan species in having a scutum. The lack of scutum in
this fossil species is not a function of the preservation as there are no basal
structures from which it might have become detached.
Canda federicae sp. nov.
Plate 26, fig. 2a–d.
Figured material – NHMUK PI BZ 6884, BZ 6885, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Diagnosis – Colony erect, biserial, triangular in cross section. Autozooids
facing distolaterally, in two alternating rows, hexagonal. Gymnocyst absent.
Cryptocyst faintly granular, forming a concave shelf proximally, tapering
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distally. Two large circular communication pores at the inner distal edge of
each autozooid. Opesia oval. Scutum lacking. Avicularia absent. Dorsal side
occupied by vibracular chambers.
Etymology – Named in honour of the first author’s sister, Federica Di Martino.
Description – Colony erect, branches biserial, narrow, less than 100 µm in
diameter, triangular in cross section, dichotomously branched. Autozooids
facing distolaterally, in two alternating rows on either side of a median keel,
hexagonal, longer than broad (mean L/W = 1.91), slightly asymmetrical,
distinct, separated by thin grooves. Gymnocyst absent. Mural rim thick and
raised laterodistally. Cryptocyst faintly granular, forming a concave shelf
proximally, tapering distally. Two large circular communication pores visible at
the inner distal edge of each autozooid. Opesia elongate, oval, placed distally,
occupying half of the frontal surface. Scutum lacking. Avicularia absent.
Ovicells not seen. Dorsal side occupied by vibracular chambers, with a short,
wide, deep setal groove obliquely oriented (Fig. 2c); zigzag median shallow
furrow corresponding to zooidal boundaries (Fig. 1d). Radicular pore large, on
average 50 µm in diameter.
Measurements – ZL 363±17, 338–392 (5, 50); ZW 190±13, 163–207 (5, 50);
OL 196±10, 185–213 (5, 50); OW 89±11, 75–105 (5, 50); VL 230±10, 222–245
(5, 50).
Remarks – Numerous fragments of Canda federicae sp. nov. have been found
in silty sediments in the late Burdigalian but none has avicularia or ovicells.
This species differs from Canda giorgioi sp. nov. in having smaller zooids and
vibracula, longer opesia, much thicker and more raised mural rims, and the
presence of two communication pores rather than one at the distal edge of
each zooid. Some similarities are evident with two Miocene species, C. inermis
MacGillivray, 1895 from southeastern Australia and C. rectangulata Udin, 1964
from Austria and Tunisia, and also with the Recent C. filifera Lamarck, 1816
from the Indo-Pacific. However, all of these species have shorter proximal
cryptocysts. In addition, in C. inermis setal grooves on the dorsal side extend
beyond the median line, C. rectangulata has larger zooids and a scutum
(hypothesized from the existence of a large spine base).
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Genus Scrupocellaria van Beneden, 1845
Scrupocellaria sp.
Plate 26, fig. 3a–d.
Figured material – NHMUK PI BZ 6886, BZ 6887, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Description – Colony erect, branches biserial, flat, narrow, about 0.35 mm in
width, dichotomously branched. Autozooids alternating, distinct, separated by
narrow grooves, semielliptical, elongate (mean L/W = 1.80). Gymnocyst short,
convex, smooth. Cryptocyst forming a narrow border around the opesia.
Opesia oval, broad, occupying almost two-thirds of the frontal surface. A pair
of large circular communication pores visible on the sloping distolateral inner
margins of each autozooid; two smaller circular pores sometimes visible on the
median part of the opesia. Three spine bases on outer opesial margin and two
on inner margin, plus base of scutum medially (Fig. 3b); distalmost pair smaller
in diameter (15 µm vs. 30 µm). Ovicells not observed. Prominent, frontal,
adventitious avicularium placed proximally to each autozooid, broken. Marginal
lateral avicularia extremely small, about 40 µm long, triangular, placed on
distolateral corner of opesia at the base of the vibraculum between two outer
spine bases, laterally directed (Fig. 3b). Small vibraculum at outer proximal
corner of each autozooid. Dorsal side occupied by vibracular chambers
situated on the margins with a narrow deep setal groove (Fig. 3c–d); median
shallow sinous furrow marking zooidal boundaries. Radicular pore small, about
30 µm in diameter.
Measurements – ZL 355±13, 337–378 (1, 8); ZW 198±12, 180–216 (1, 8); OL
239±11, 226–256 (1, 8); OW 159±12, 138–170 (1, 8); VL 220±15, 209–238 (1,
5).
Remarks – A few small poorly preserved fragments of Scrupocellaria sp. have
been found in silty sediments of late Burdigalian age. The absence of
preserved scuta and frontal avicularia, and the lack of ovicells preclude
identification to species level.
Among Cenozoic species, S. cookei Canu & Bassler, 1920 and S. milneri
Canu & Bassler, 1920 from Alabama, USA, are most similar to the Kalimantan
species, mainly in the presence of very small lateral and large frontal
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avicularium. However, they lack oral spine bases. The same similarities are
evident with the Recent S. peltata Tilbrook & Vieira, 2012 from Queensland,
but again this differs from the Kalimantan species in the number of oral spines
and also in the size of the zooids and vibracula.
Superfamily Microporoidea Gray, 1848
Family Monoporellidae Hincks, 1882
Genus Monoporella Hincks, 1881
Monoporella sp. 1
Plate 27
Figured material – NHMUK PI BZ 6888, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar, forming a narrow strip,
thick. Ancestrula not seen. Pore chamber windows sometimes visible at the
colony growing edge, oval, one placed distally and one laterally, on average
80 µm long by 50 µm wide. Autozooids distinct, separated by shallow grooves,
arranged quincuncially, rounded hexagonal, slightly longer than wide (mean
L/W = 1.12). Mural rim smooth and thick, raised distally and distolaterally.
Cryptocyst occupying almost the entire frontal area, faintly granular, flat,
slightly convex medially, raised proximal to the orifice, perforated by 30–40
very large circular pores, 30–50 µm in diameter. Two small, round opesiules,
about 40 µm in diameter, proximal to the corners of the orifice (Fig. 1d).
Median frontal ridge narrow, smooth, starting from the proximal edge of the
orifice and usually extending for the distal half part of the frontal wall,
sometimes indistinct. Orifice transversely D-shaped with a straight or slightly
concave proximal edge and convergent sides (Fig. 1d). Number of oral spine
bases variable, seemingly 4 to 6, distantly spaced. Complete ovicells not
observed but a smooth shelf covering the proximal half part of a zooid is
probably the floor of the ovicell of the proximal zooid (Fig. 1c). Avicularia not
observed.
Measurements – ZL 538±20, 503–554 (1, 20); ZW 481±20, 447–510 (1, 20);
OL 88±5, 80–96 (1, 15); OW 134±15, 112–159 (1, 15).
Remarks – A single colony of Monoporella sp. 1 has been found encrusting
the underside of a platy coral. The most characteristic feature of this species is
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the large size of the frontal pores. Compared to the European Neogene M.
venusta (Eichwald, 1868) it has a more pronounced median ridge but is
otherwise similar.
Monoporella sp. 2
Plate 28
Figured material – NHMUK PI BZ 6889, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony encrusting, multiserial, unilaminar, thick. Ancestrula
morphologically identical to later autozooids but smaller, about 500 µm long by
350 µm wide, surrounded by six periancestrular zooids (Fig. 1a). Pore
chamber windows sometimes visible at the colony growing edge, oval, one
placed distally and a pair distolaterally, on average 60 µm long by 20 µm wide
(Fig. 1c). Autozooids distinct, separated by shallow grooves, arranged
quincuncially, ovoidal or rounded hexagonal, elongate (mean L/W = 1.26).
Mural rim rounded, smooth and thick, raised distolaterally. Cryptocyst
occupying almost the entire frontal area, granular, flat, raised proximal to the
orifice, perforated by 40–50 very large circular pores, 30–40 µm in diameter.
Two round small asymmetrical opesiules, about 40 µm in diameter, proximal to
the corners of the orifice (Fig. 1d). Median rounded frontal ridge, narrow,
smooth, usually occupying the distal half part of the zooid, less pronounced
close to the proximal edge of the orifice. Orifice semicircular with a straight
proximal edge (Fig. 1d). Number of oral spine bases variable, seemingly 4 to
6, distantly spaced. Ovicells and avicularia not observed.
Measurements – ZL 635±39, 574–708 (1, 15); ZW 505±36, 443–551 (1, 15);
OL 136±11, 122–155 (1, 10); OW 156±15, 136–180 (1, 10).
Remarks – A single young colony of Monoporella sp. 2 encrusts the base of a
very thin platy coral. Despite representing the early astogenetic stages of a
colony, the autozooids are much larger than those of Monoporella sp. 1, from
which it also differs also in the shape and proportions of autozooids, the larger
orifice with straight instead of convergent sides, the more coarsely granular
frontal wall, and more steeply sloping cryptocyst proximal to the orifice. In the
general appearance, Monoporella sp. 2 resembles the Recent M. fimbriata
Canu & Bassler, 1927 but it differs in having smaller zooids, a greater number
of oral spines, and fewer frontal pores. Because the apertures are filled by
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sediment in the Kalimantan specimen it is not possible to ascertain whether
the distal border is denticulate as in M. fimbriata.
Family Pyrisinellidae Di Martino & Taylor, 2012a
Genus Setosinella (Canu & Bassler, 1933)
Setosinella perfluxa Di Martino & Taylor, 2012a
Plate 29
Figured material – Holotype: NHMUK PI BZ 5849, late Burdigalian, TF126, ‘3D
Reef’, Bontang. Paratype: NHMUK PI BZ 5850, details as for holotype.
Description – Colony encrusting, multiserial, unilaminar, usually irregular in
outline shape. Growing edge stepped implying intrazooidal budding.
Ancestrula resembling a very small autozooid (mean L = 140 µm, mean W =
120 µm), with up to ten spine bases visible around the entire mural rim,
possibly with additional spine bases hidden by surrounding autozooids,
budding a single distal zooid (Fig. 1b). Oval pore windows (mean 38 µm by 16
µm) exposed along distal, distolateral and proximolateral vertical walls at the
colony growing edge. Autozooids small, rounded hexagonal, longer than broad
(mean L/W = 1.24), separated by deep furrows. Gymnocyst narrow, more
developed proximally and laterally of the orifice, separated from the extensive
cryptocyst by a thin, salient mural rim which together with distal rim of the
opesia forms a pear-shaped wall around cryptocyst and opesia. Cryptocyst
shelf-like, deep, flat and finely granular, perforated by two small reniform
opesiules (Fig. 1d). Opesia semicircular, limited distally by the mural rim and
proximally by a transverse salient trabeculum attached to the mural rim. Nine
oral spine bases in non-ovicellate autozooids, six in ovicellate zooids, forming
an arch around but somewhat distant, on average 28 µm, from the distal edge
of the opesia; spine diameters ranging from 10 to 20 µm independently of their
position. Ovicell hyperstomial, globular, prominent, slightly broader than long,
smooth, the ectooecium completely calcified, resting on the proximal
gymnocyst of distal zooid and indenting its mural rim (Fig. 1c). Avicularia
absent.
Measurements – ZL 374±39, 330–451 (3, 40); ZW 300±45, 223–382 (3, 40);
OL 57±8, 45–69 (3, 40); OW 84±10, 57–132 (3, 40); OvL 159±12, 145–187 (3,
9); OvW 172±15, 147–189 (3, 9); CrL 199±20, 125–167 (3, 40); CrW 222±30,
131–219 (3, 40).
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Remarks – The first description of this distinctive species by Di Martino &
Taylor, (2012a) gave the date of the section in Kalimantan as Langhian but
more detailed biostratigraphical analysis based on larger benthic foraminifera
has suggested that a late Burdigalian age is more plausible (Novak et al.,
2013). The species is represented by numerous small colonies, usually well
preserved, encrusting the undersides of thin platy corals.
Compared with the North American Paleocene type species of Setosinella, S.
prolifica Canu & Bassler, 1933, this Miocene species has slightly more oral
spines (9 vs. 7–8), which are placed significantly further from the distal rim of
the opesia, and larger autozooids. Furthermore, it lacks avicularia, which also
differentiates S. perfluxa from another congeneric species, S. orbiculata (Canu
& Bassler, 1920) from the Eocene of Georgia, USA.
Pyrisinellidae sp.
Plate 30
Figured material – NHMUK PI BZ 6890, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and pore
chambers not seen. Autozooids distinct, separated by deep grooves, arranged
quincuncially, rounded hexagonal, slightly longer than broad (mean L/W =
1.17). Gymnocyst convex, smooth, moderately broad proximally, narrow
laterally and distally. Cryptocyst extensive, granular, depressed, shelf-like,
centrally convex, perforated by two small subcircular opesiules located at
about mid-length (Fig. 1d). Orifice semicircular, broader than long. Oral spine
bases numerous, probably about 8, arranged in a crescent around the distal
edge of the orifice. Avicularia not observed. Ovicell hyperstomial, globular,
recumbent on the next distal autozooid in the row; roof broken (Fig. 1c).
Measurements – ZL 380±45, 289–413 (1, 7); ZW 326±28, 295–376 (1, 7); OL
63±1, 62–64 (1, 4); OW 112±4, 109–114 (1, 4); OvL 160±11, 149–171 (1, 3);
OvW 168±8, 159–176 (1, 3).
Remarks – A single colony of an unidentified pyrisinellid has been found
encrusting a high-relief surface on the underside of a platy coral. The small
size of the colony and its poor preservation make generic placement difficult.
Some of the characters are reminiscent of genera belonging to the family
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Microporidae, such as the reduced semicircular orifice and the presence of
opesiules (e.g. Micropora Gray, 1848), oral spines (e.g. Andreella Jullien ,1888
or the Antarctic Micropora notialis Hayward & Ryland, 1993), convex
cryptocyst (e.g. the Cretaceous Hoplitaechmella Voigt, 1949). However, this
species seems to fit better in Pyrisinellidae, mainly for the presence of the
gymnocyst and the somewhat pear-shaped mural rim.
Family Onychocellidae Jullien, 1882
Genus Smittipora Jullien, 1882
Smittipora aff. cordiformis Harmer, 1926
Plate 31, fig. 1a–d.
Figured material – NHMUK PI BZ 6891, Serravallian, TF522, ‘Coalindo
Haulage Road 1’, Sangkulirang; NHMUK PI BZ 6892, early Tortonian, TF 508,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula not seen.
Pore chambers absent. Autozooids distinct, separated by raised marginal rim
and narrow shallow grooves, quincuncially arranged, hexagonal or irregularly
polygonal, elongate (mean L/W = 1.46). Cryptocyst concave, occupying almost
the entire frontal area, large but sparse granules aligned in short parallel rows
all around the opesia. Orifice small, D-shaped, almost equidimensional, placed
on the distal half of frontal wall surrounded by cryptocyst, distal opesial margin
rounded, proximal edge straight or slightly convex with two small rounded
indentations at the proximolateral corners. Avicularia interzooidal, lozengeshaped, almost as long as autozooids but much narrower, the acuminate
rostrum asymmetrical and curved left or right towards a sibling autozooid;
cryptocyst granular, concave; opesia centrally located, elongate egg-shaped,
wider distally, proximal border denticulate, distal border smooth. Fertile zooids
similar in size to autozooids but with much larger orifice (mean L = 260 µm,
mean W = 210 µm), bell-shaped, bordered distally by the cryptocyst of the
distal zooid (Fig. 1b–c).
Measurements – ZL 495±25, 460–540 (6; 40); ZW 338±23, 300–363 (6, 40);
OL 140±10, 123–155 (6, 40); OW 126±8, 110–138 (6, 40); AL 475±34, 421–
529 (6, 40); AW 233±17, 210–251 (6, 40).
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Remarks – Smittipora aff. cordiformis is one of the commonest species in the
Kalimantan material, found in all the sections from late Burdigalian to
Messinian, and forming large encrusting colonies on the undersides of platy
corals. It closely resembles the Recent S. cordiformis Harmer, 1926 from the
Indo-Pacific in respect of autozooidal outline, opesia shape, avicularia with the
distal end curved towards a sibling zooid, and the dimorphic fertile zooids.
However, it differs in the smaller size of zooids, orifice and avicularia, and in
having fertile zooids with orifices formed distally by the cryptocyst of the next
zooid in series rather than gymnocystal calcification. The size of Smittipora aff.
cordiformis is similar to S. harmeriana (Canu & Bassler, 1929) from the
Philippines but this Recent species lacks fertile zooids with a dimorphic orifice
and its avicularia are symmetrical and oriented in the the direction of colony
growth.
Smittipora sp.
Plate 31, fig. 2a–c.
Figured material – NHMUK PI BZ 6893, Burdigalian-Langhian boundary,
TF153, ‘Rainy Section’, Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula not seen.
Pore chambers absent. Autozooids distinct, separated by raised marginal rim
and thin shallow sutures, quincuncially arranged, hexagonal or irregularly
polygonal, elongate (mean L/W = 1.80). Cryptocyst concave, occupying almost
the entire frontal area, granular. Orifice trifoliate, longer than broad, placed
distally and surrounded by cryptocyst, distally rounded, proximomedial edge
straight with deep, rounded indentations at the proximolateral corners (Fig.
2b–c). Avicularia interzooidal, irregularly polygonal, slightly smaller than
autozooids, symmetrical, with a rounded distal end (Fig. 2c); cryptocyst
granular, concave; opesia distally located, elongate, rounded triangular,
proximally more pointed, border smooth. Fertile zooids not seen.
Measurements – ZL 594±30, 552–644 (1; 30); ZW 338±22, 313–376 (1, 30);
OL 150±14, 140–170 (1, 30); OW 122±8, 116–134 (1, 30); AL 503±31, 478–
538 (1, 20); AW 235±22, 204–258 (1, 20).
Remarks – A single large colony of Smittipora sp. has been found encrusting
the base of a platy coral from a Burdigalian-Langhian boundary section at
Bontang. This un-named species differs from Smittipora aff. cordiformis in
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having much longer autozooids, a trifoliate orifice with very deep lateral
indentations, and in the different shape of the interzooidal avicularia which are
symmetrical. There are similarities with S. acutirostris (Canu & Bassler, 1928)
from Brazil in the shape of the orifice, but this Recent species is characterized
by an acute distal end of the avicularia.
Family Steginoporellidae Hincks, 1884
Genus Steginoporella Smitt, 1873
Steginoporella cf. truncata Harmer, 1900
Plate 32, fig. 1a–d.
Figured material – NHMUK PI BZ 6894, Serravallian, TF57, ‘Stadion Reef 1’,
Samarinda.
Description – Colony encrusting, multiserial, often with self-overgrowth. Zooids
large, distinct, separated by shallow grooves, arranged in regular longitudinal
rows, subrectangular in outline, dimorphic. A-zooids more numerous and
smaller than B-zooids, distal margin concave and rounded M-shaped, proximal
margin convex, longer than broad (mean L/W = 1.37) (Fig. 1c). Cryptocyst
proximally depressed, forming a flat shelf occupying less than half the length
of the frontal surface, densely and minutely porous, pores circular; distally
smooth, less depressed than proximal cryptocyst, best developed at the
distolateral corners; paired pointed condyles present at junction between
proximal and distal cryptocyst. B-zooids sparse, much larger than A-zooids,
distal margin arched, proximal margin convex, much longer than broad (mean
L/W = 1.88) (Fig. 1b, d). Cryptocyst proximally the same as in the A-zooids;
distally smooth, particularly well developed and deep distally, tapering laterally;
paired pointed condyles present at junction between proximal and distal
cryptocyst. Both polymorphs quite variable in size within the same colony.
Orifice semicircular in both polymorphs, distal margin markedly arched,
proximal margin prolonged into an anvil-shaped median process (Fig. 1c).
Measurements – (A) ZL 704±59, 601–857 (10, 50); ZW 515±55, 378–698 (10,
50); (B) ZL 1189±126, 912–1512 (10, 50); ZW 633±77, 435–846 (10, 50).
Remarks – This is one of the commonest species among the Kalimantan
bryozoans and is especially abundant in the Stadion sections, usually
developing large colonies on coral undersides and covering, together with
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Reptadeonella spp., more substrate space than any other species.
Unfortunately, the cryptocystal frontal wall is often crushed and the anvilshaped median process missing, making identification at species level difficult.
The main characteristic of this species is the markedly concave, M-shaped,
distal edge of the A-zooids, which has been previously observed only in the
Recent S. truncata Harmer, 1900 from southeastern Australia. Steginoporella
cf. truncata is similar to S. truncata also in the morphology of the B-zooids,
with the distal margin semicircular, and in having a proximal cryptocyst that is
perforated by small pores, and a distal cryptocyst that is less depressed,
smooth and imperforate in both polymorphs. The zooidal sizes reported by
Harmer (1900) for S. truncata (A-zooids: L = 0.90 mm, W = 0.68 mm; Bzooids: L = 1.02, W = 0.72 mm) fall within the range of measurements
obtained for Steginoporella cf. truncata.
Steginoporella sp.
Plate 32, fig. 2a–b.
Figured material – NHMUK PI BZ 6895, Serravallian, TF57, ‘Stadion Reef 1’,
Samarinda.
Description – Colony encrusting, multiserial, often with self-overgrowth. Zooids
distinct, separated by shallow grooves, arranged in regular longitudinal rows,
subrectangular in outline, dimorphic. A-zooids smaller than B-zooids, distal
margin straight with rounded or slightly convex corners, proximal margin
convex, slightly longer than broad (mean L/W = 1.22) (Fig. 2b). Cryptocyst
proximally forming a flat shelf occupying less than half the length of the frontal
surface, densely and minutely porous, pores circular; distally smooth and
narrow, tapering laterally. Condyles indistinct. B-zooids as numerous as Azooids, larger, distal margin straight or gently arched, proximal margin straight
or slightly convex, longer than broad (mean L/W = 1.56) (Fig. 2b). Cryptocyst
proximally the same as in A-zooids; distally smooth, much more developed
than in A-zooids, tapering laterally. Condyles indistinct. Both polymorphs quite
variable in size within a colony. Orifice in both polymorphs semicircular in
outline, distal margin gently arched, proximal margin prolonged into an anvilshaped median process (Fig. 2b).
Measurements – (A) ZL 614±48, 533–717 (8, 40); ZW 504±64, 368–637 (8,
40); (B) ZL 829±74, 685–992 (8, 40); ZW 533±55, 383–687 (8, 40).
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Remarks – Although Steginoporella sp. is common in the Miocene of East
Kalimantan it appears to be much less abundant than Steginoporella cf.
truncata. It is distinguished from Steginoporella cf. truncata by the straight or
slightly convex distal margins of the A-zooids, the much higher proportion of Bzooids, the smaller size of both polymorphs, and the different proportion of
length and width in the B-zooids, which look squatter in Steginoporella sp. and
more elongate in Steginoporella cf. truncata. The most similar described
species are the Burdigalian S. bhujensis Guha & Gopikrishna, 2007c from
Gujarat, India, the Recent S. buskii Harmer, 1900, which is widespread in the
tropics, and S. haddoni Harmer, 1900 from the Indo-Pacific and Australia.
Steginoporella sp. differs from the first of these species in having the distal
margin of both polymorphs less arched. It differs from S. buskii in having a less
developed cryptocyst, larger orifice and smaller polymorphs of both types.
Compared with S. haddoni it has much shorter B-zooids.
Family Thalamoporellidae Levinsen, 1902
Genus Thalamoporella Hincks, 1887
Thalamoporella sp.
Plate 33
Figured material – NHMUK PI BZ 6896, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony encrusting, initially uniserial, becoming biserial or
oligoserial with up to four longitudinal rows of zooids, unilaminar. Ancestrula
not seen. Autozooids distinct, separated by shallow grooves, variable in outline
from vase-shaped to rounded-hexagonal or rectangular, much longer than
broad (mean L/W = 1.85). Gymnocyst reduced, visible only around orifice.
Adoral tubercles always present, one on each side of the orifice (Fig. 1d).
Cryptocyst granular, convex proximally, concave distally, punctured medially
by medium-sized circular pores about 15–20 µm in diameter, surrounded by a
thin slightly raised smooth mural rim. Lateral walls smooth. Two round or oval
opesiules, equal in size or asymmetrical, large or small depending on the
zooid (40–75 µm in diameter), located distally, away from the lateral walls (Fig.
1d). Orifice semicircular with a slightly concave proximal margin. Presence of
vicarious avicularia uncertain: a single acutely triangular structure is probably
an avicularium, about 320 µm long, half the length of its sibling autozooid,
narrow, distally directed (Fig. 1e, bottom left). Ovicells not observed.
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Measurements – ZL 552±60, 435–686 (2, 16); ZW 299±29, 245–342 (2, 16);
OL 93±9, 81–105 (2, 10); OW 92±16, 64–109 (2, 10).
Remarks – The genus Thalamoporella occurs commonly in tropical and warmtemperate waters in both fossil and Recent assemblages. It is often highly
diverse, e.g. in Cenozoic sequences of western Kachchh, Gujarat (India)
fifteen fossil species have been described (Guha & Gopikrishna, 2004a), while
Harmer (1926) reported ten species in the Recent Indo-Pacific. Fossil
examples, such as Thalamoporella sulawesiensis Pouyet & Braga, 1993 from
the Eocene of Sulawesi, may be more abundant and better preserved than
other bryozoans. Nevertheless, only two small colonies belonging to
Thalamoporella sp. have been found in the Kalimantan material, both
encrusting the base of the same platy scleractinian coral.
The initial uniserial growth of the colony is very characteristic and unusual,
having not been described previously in Thalamoporella, except for the fully
uniserial species T. linearis Canu & Bassler, 1929 from the Recent of the
Philippines.
However, the small size of the colony, absence of ovicellate zooids and
uncertainty about the presence of vicarious avicularia make identification at
species level difficult. In addition, it is not clear if the variability in the size of
the opesiules and their symmetry/asymmetry depends on the preservation of
the specimens. Some similarities in the autozooidal characters and in the
outline shape of the putative avicularium are evident with two Indian Miocene
species, T. arabiensis Guha & Gopikrishna, 2004a and T. wynnei Guha &
Gopikrishna, 2004a, and the Recent Indo-Pacific T. hamata Harmer, 1926.
However, zooid size is different in the Indian fossils, being much larger than
the Kalimantan species in T. arabiensis but much smaller in T. winney, while
T. hamata has a more developed gymnocyst around the orificial rim and the
orifice is horseshoe-shaped rather than semicircular and often almost
equidimensional.
Family Poricellaridae Harmer, 1926
Genus Poricellaria d’Orbigny, 1854
Poricellaria sp.
Plate 34, fig. 1a–c.
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Figured material – NHMUK PI BZ 6897, Burdigalian-Langhian boundary,
TF153, ‘Rainy Section’, Bontang.
Description – Colony erect, flexible, articulated; branches narrow, about 150
µm in diameter, ?biserial. Autozooids asymmetrical, oval, elongate (mean L/W
= 2.11) (Fig. 1b), arranged in longitudinal rows. Gymnocyst well developed
proximally, present also distolaterally to the orifice, smooth, convex. Mural rim
thin, little raised. Cryptocyst granular, forming a flat shelf moderately
developed mediodistally; opesiules not clearly visible, probably a single slit-like
opesiule on one side. Orifice subcircular facing laterally, slightly protruding
from the branch axis. Adventitious avicularia small, placed proximally on the
gymnocyst, very close to the mural rim, salient; rostrum directed
proximolaterally, opposite to the orifice, narrow, long, deeply channelled (Fig.
1c). Ovicells not observed.
Measurements – ZL 270±17, 256–289 (1, 3); ZW 128±3, 126–131 (1, 3); OD
51±4, 47–59 (1, 3); CrL 156±18, 137–173 (1, 3); CrW 109±5, 104–114 (1, 3);
AL 70±6, 63–76 (1, 3).
Remarks – A single fragment of Poricellaria sp. has been found incidentally
attached to the surface of a platy coral, allowing the observation of only one
side of the branch, which likely seems to be biserial. A species of Poricellaria,
P. ratoniensis (Waters, 1887b), known from the Cenozoic to the Recent of
Indo-Pacific, is similar to the Kalimantan fossil in the general appearance of
the zooids and avicularia. However, the scarcity of available material and poor
preservation of the specimen precludes a detailed comparison.
INCERTAE SEDIS
Family Fusicellaridae Canu, 1900
Genus Encicellaria Keij, 1969
?Encicellaria sp.
Plate 34, fig. 2a–c.
Figured material – NHMUK PI BZ 6898, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony erect, presumably articulated, internodes in the form of
short, rounded spindles, about 2 mm long by 0.5 mm broad in the middle,
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quadriserial, circular in section (Fig. 2a). Proximal end with numerous large
circular rhizoidal pores (Fig. 2b). Four to five autozooids arranged in
longitudinal rows, alternating; distal zooids smaller. Autozooids distinct,
separated by a narrow raised mural rim, hexagonal, with proximal and distal
margins slightly curved, slightly longer than broad (mean L/W = 1.38).
Gymnocyst absent. Cryptocyst faintly granular, sloping gently inwards,
occupying almost the entire frontal surface. Opesia circular or oval, placed
centrally, surrounded by a ring of secondary calcification, on average 40 µm
thick, reducing the opening appreciably. Avicularia and ovicells not observed.
Measurements – ZL 430±19, 406–450 (1, 10); ZW 311±15, 294–331 (1, 10);
OL 142±11, 131–153 (1, 8); OW 64±3, 59–66 (1, 8).
Remarks – A single fragment of ?Encicellaria sp. has been found in late
Burdigalian silty sediments. This specimen was previously assigned to the
genus Skylonia Thomas, 1961 (Novak et al., 2013) mainly based on the
spindle-shaped colony, circular in section, with zooids arranged quadriserially
and reduced aperture due to apparent frontal closure. However, Skylonia is
also characterised by a symmetrical gradient of zooid size decrease towards
the tips of the internodes, whereas the Kalimantan specimen shows reduction
in size only for the most distal zooids. The bryozoan nature of Skylonia is still
somewhat controversial. More similarities than colony shape and zooidal
arrangement can be observed with the Maastrichtian genus Encicellaria, such
as the hexagonal shape of the autozooids, the cryptocystal nature of the
frontal closure, and the initial zooid proximally ending in a hollow tube. The
genus Fusicellaria d’Orbigny, 1851, which belongs to the same family, differs
in the complete absence of cryptocyst.
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Table 3.1
Species listing with known range occurrences. OR = Older Range limit; TFR = Miocene
range from ‘Throughflow’ samples (LB = late Burdigalian, B/L = Burdigalian Langhian
boundary, L = Langhian, S = Serravallian, T = Tortonian, M = Messinian); YR = Younger
Range limit.

Species

OR

TFR
LB

Stomatopora sp.

B/L

L

S

YR
T

M

Triassic

X

Recent

Voigtopora sp.

Cretaceous

X

?Recent

Filisparsa sp.

Cretaceous

X

Microeciella nadiae sp. nov.
Oncousoecia sp.
Exidmonea sp.

Recent

X

Recent

X
Jurassic

X

Cretaceous

X

?Mecynoecia sp.

X

Recent

Jurassic

X

Recent

Hornera sp. 1

?

X

?

Hornera sp. 2

?

X

?

Pseudidmonea johnsoni sp. nov.

X

Disporella sp. 1

?

X

?

Disporella sp. 2

?

X

?

Disporella sp. 3

?

X

?

Disporella sp. 4

?

‘Berenicea’ sp.

X
X

?

X

Cranosina cf. coronata

X

Cranosina rubeni sp. nov.

X

?Crassimarginatella sp.

Cretaceous

?Flustrellaria sp.

Cretaceous

X

X

X

Recent

X
X

Recent

X

Eocene

Parellisina cf. tenuissima

X

Recent

Parellisina mirellae sp. nov.

X

Antropora granulifera
Antropora cf. subvespertilio

X

Recent

X

Parantropora laguncula
Parantropora aff. laguncula

X

Parantropora cf. penelope
Vincularia berningi sp. nov.
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X

Recent

X

Recent

X

Recent

X

X

X
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Species

OR

TFR
LB

B/L

L

S

YR
T

M

Vincularia semarai sp. nov.

X

?

Vincularia tjaki sp. nov.

X

?

Vincularia manchanui sp. nov.

X

Vincularia sp. 1

X

‘Vincularia’ sp.

X

X

X

X

?

X

Miocene

Setosellina cf. constricta

X

Recent

Setosellina cf. roulei
Reussirella sp.
Eocene
?Gontarella sendinoae sp. nov.

X
X

Recent
Recent

X

X

Recent

Canda giorgioi sp. nov.

X

X

Canda federicae sp. nov.

X

Caberea sp.

Cretaceous

X

Miocene

X

Scrupocellaria sp.

Eocene

X

Recent

Monoporella sp. 1

?

X

?

Monoporella sp. 2

?

Setosinella perfluxa
Pyrisinellidae sp.

?

X

Recent

X
Cretaceous

Smittipora aff. cordiformis
Smittipora sp.

X

X
Cretaceous

X

X

X

X

Steginoporella cf. truncata

X

X Recent
Recent

X

Recent

Steginoporella sp.

Eocene

X

Recent

Thalamoporella sp.

Eocene

X

Recent

Poricellaria sp.

Eocene

?Encicellaria sp.

Cretaceous

X

Recent

X
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Plate 1
Stomatopora sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ 6830.
a, dichotomous bifurcation; scale bar = 1 mm. b, group of autozooids; scale bar = 500 µm.
c, autozooid; scale bar = 200 µm. d, pseudopores; scale bar = 20 µm.
Voigtopora sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 2. NHMUK PI BZ 6831. a–
b, lateral budding; scale bar = 500 µm. c, autozooid; scale bar = 200 µm. d, pseudopores;
scale bar = 20 µm.
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Plate 2
Filisparsa sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a, NHMUK PI BZ 6832,
frontal view of branch fragment; scale bar = 500 µm. b, NHMUK PI BZ 6833, frontal view of
branch fragment; scale bar = 500 µm.
Filisparsa sp., Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. NHMUK PI BZ 6834. c,
dorsal view of branch fragment; scale bar = 500 µm. d, pseudopores; scale bar = 20 µm.
Microeciella nadiae sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 2. Holotype
NHMUK PI BZ 6835. a, colony; scale bar = 1 mm. b, ancestrula and early astogeny; scale
bar = 200 µm. c, autozooids, some with terminal nanozooids, and broken gonozooid; scale
bar = 200 µm. d, colony margin; scale bar = 200 µm.
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Plate 3
Oncousoecia sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–c, NHMUK PI BZ
6836. a, colony; scale bar = 500 µm. b–c, gonozooids; scale bar = 100 µm. d, NHMUK PI
BZ 6837, ancestrula and first distal budded zooid; scale bar = 150 µm. e–f, NHMUK PI BZ
6838. e, colony; scale bar = 300 µm. f, autozooids; scale bar = 100 µm.

Plate 4
Exidmonea sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ 6839. a,
frontal view of branch fragment; scale bar = 500 µm. b, gonozooid; scale bar = 100 µm. c,
dorsal view of branch fragment; scale bar = 500 µm. d, lateral view of branch fragment;
scale bar = 500 µm. e, autozooecial rows; scale bar = 200 µm.
?Mecynoecia sp. Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 2. NHMUK PI BZ
6840. a, general view of branch fragment; scale bar = 500 µm. b, pseudopores; scale bar =
20 µm.
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Plate 5
Hornera sp. 1, Serravallian, TF 76, ‘Batu Putih 1’, Samarinda. Fig. 1. NHMUK PI BZ 6841.
a, frontal view of branch fragment; scale bar = 500 µm. b, autozooids; scale bar = 100 µm.
c, dorsal view of branch fragment; scale bar = 500 µm. d, dorsal surface; scale bar = 100
µm.
Hornera sp. 2, Serravallian, TF 76, ‘Batu Putih 1’, Samarinda. Fig. 2. NHMUK PI BZ 6842.
a, frontal view of branch fragment; scale bar = 200 µm. b, autozooids; scale bar = 100 µm.
c, dorsal view of branch fragment; scale bar = 200 µm. d, dorsal surface; scale bar = 50
µm.
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Plate 6
Pseudidmonea johnsoni sp.nov., Serravallian, TF 76, ‘Batu Putih 1’, Samarinda. Fig. 1. a–
b, Holotype NHMUK PI BZ 6843. a, general view of branch fragment; scale bar = 500 µm.
b, autozooidal fascicles; scale bar = 200 µm. c, Paratype NHMUK PI BZ 6844, basal
fragment; scale bar = 1 mm. d, Paratype NHMUK PI BZ 6845, dorsal view of branch
fragment; scale bar = 500 µm. e, Paratype NHMUK PI BZ 6846, dorsal view of fertile
branch fragment; scale bar = 500 µm. f, Paratype NHMUK PI BZ 6847, gonozooid; scale
bar = 200 µm. g, Paratype NHMUK PI BZ 6848, gonozooid and ?ooeciopore (see arrow);
scale bar = 200 µm.
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Plate 7
Disporella sp. 1, late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–b, NHMUK PI BZ
6849. a, larger, infertile colony (on the left), and smaller fertile colony (on the right); scale
bar = 500 µm. b, autozooids and kenozooids; scale bar = 100 µm. c, NHMUK PI BZ 6850,
fertile colony (?ooeciopore arrowed); scale bar = 200 µm. d, NHMUK PI BZ 6851,
gonozooid; scale bar = 100 µm.
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Plate 8
Disporella sp. 2, late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ 6852.
a, compound colony; scale bar = 500 µm. b, autozooidal fascicles and marginal lamina;
scale bar = 200 µm.
Disporella sp. 3, late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 2. NHMUK PI BZ 6853.
a, colony; scale bar = 200 µm. b–c, spinose acuminate peristomes; scale bar = 100 µm.
Disporella sp. 4, Serravallian, TF522, ‘Coalindo Haulage Road 1’, Sangkulirang. Fig. 3.
NHMUK PI BZ 6854. a, colony; scale bar = 500 µm. b, autozooids and kenozooids; scale
bar = 200 µm.
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Plate 9
‘Berenicea’ sp. late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ 6855. a,
colony; scale bar = 500 µm. b, colony centre; scale bar = 250 µm. c–d, autozooids; scale
bar = 150 µm.
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Plate 10
Cranosina cf. coronata (Hincks, 1881), Serravallian, TF522, ‘Coalindo Haulage Road 1’,
Sangkulirang. Fig. 1. NHMUK PI BZ 6856. a, group of autozooids; scale bar = 300 µm. b,
two autozooids and associated distal avicularia; scale bar = 200 µm. c, two autozooids and
associated distal avicularium with spout-like rostrum; scale bar = 100 µm. d, distal
avicularium; scale bar = 50 µm.
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Plate 11
Cranosina rubeni sp. nov., Serravallian, TF522, ‘Coalindo Haulage Road 1’, Sangkulirang.
Fig. 1. Holotype NHMUK PI BZ 6857. a, group of autozooids; scale bar = 500 µm. b,
oblique close-up of an avicularium; scale bar = 50 µm. c, three autozooids and associated
distal avicularia; scale bar = 200 µm. d, zooid and distal avicularium; scale bar = 150 µm.
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Plate 12
?Crassimarginatella sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ
6858. a, colony; scale bar = 1 mm. b, two autozooids, one ovicellate, and ?kenozooid; scale
bar = 150 µm. c, two autozooids with oval opesiae; scale bar = 150 µm. d, three
autozooids, two with plectrum-shaped opesiae and one with oval opesia and intramural
bud; scale bar = 100 µm.
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Plate 13
?Flustrellaria sp., Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1a, NHMUK PI BZ
6859, ancestrula and early astogeny; scale bar = 200 µm.
?Flustrellaria sp., Serravallian, TF522, ‘Coalindo Haulage Road 1’, Sangkulirang. Fig. 1.
NHMUK PI BZ 6860. b, group of autozooids; scale bar = 200 µm. c, autozooid; scale bar =
50 µm. d, two autozooids with intramural buds; scale bar = 50 µm. e, ovicellate zooid; scale
bar = 50 µm.
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Plate 14
Parellisina cf. tenuissima (Canu & Bassler, 1928). Serravallian, TF57, ‘Stadion Reef 2’,
Samarinda. Fig. 1. NHMUK PI BZ 6861. a, group of autozooids; scale bar = 250 µm. b, two
autozooids, associated distolateral avicularia and kenozooids; scale bar = 100 µm. c, an
avicularium; scale bar = 50 µm.
Parellisina mirellae sp. nov., Serravallian, TF522, ‘Coalindo Haulage Road 1’, Sangkulirang.
Fig. 2. Holotype NHMUK PI BZ 6862. a, part of the colony; scale bar = 500 µm. b, group of
ovicellate zooids; scale bar = 200 µm. c, avicularium and distal kenozooid; scale bar = 100
µm. d, group of autozooids, some with intramural buds (e.g. top right), and pore chambers
(bottom left); scale bar = 300 µm.
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Plate 15
Antropora granulifera (Hincks, 1880), Burdigalian-Langhian boundary, TF153, ‘Rainy
Section’, Bontang. Fig. 1. NHMUK PI BZ 6863. a, part of the colony; scale bar = 500 µm. b,
group of autozooids; scale bar = 200 µm.
Antropora cf. subvespertilio (Canu & Bassler, 1929), late Burdigalian, TF126, ‘3D Reef’,
Bontang. Fig. 2. NHMUK PI BZ 6864. a, colony; scale bar = 500 µm. b, group of
autozooids; scale bar = 200 µm. c, two autozooids at the colony growth margin, showing
distal and distolateral pore chamber windows; scale bar = 100 µm. d, ovicellate zooid; scale
bar = 50 µm. e, infertile autozooid showing the trifoliate opesia; scale bar = 50 µm.
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Plate 16
Parantropora laguncula (Canu & Bassler, 1929), early Tortonian, TF508, Bontang. Fig. 1.
NHMUK PI BZ 6865. a, colony; scale bar = 250 µm. b, autozooids and interzooidal
avicularia; scale bar = 100 µm. c, interzooidal avicularium; scale bar = 20 µm. d, two
autozooids with intramural buds; scale bar = 100 µm. e, ovicellate zooid; scale bar = 100
µm.
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Plate 17
Parantropora aff. laguncula (Canu & Bassler, 1929), Serravallian, TF522, ‘Coalindo
Haulage Road 1’, Sangkulirang. Fig. 1. a–c, NHMUK PI BZ 6866. a, part of the colony;
scale bar = 300 µm. b, autozooids and vicarious avicularium (top left); scale bar = 150 µm.
c, interzooidal avicularium; scale bar = 10 µm. d–e, NHMUK PI BZ 6899. d, vicarious
avicularium and autozooid; scale bar = 100 µm. e, ovicellate zooid; scale bar = 100 µm.

142	
  

Chapter 3

Plate 18
Parantropora cf. penelope Tilbrook, 1998, Serravallian, TF52, ‘Batu Putih 2’, Samarinda.
Fig. 1. NHMUK PI BZ 6867. a, colony with ancestrula; scale bar = 500 µm. b, autozooids
and ovicellate zooids (top left); scale bar = 200 µm. c, autozooids with intramural buds;
scale bar = 200 µm. d, four autozooids; scale bar = 200 µm.
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Plate 19
Vincularia berningi sp. nov., early Tortonian, TF110, ‘Seagrass Section’, Bontang. Fig. 1.
Holotype NHMUK PI BZ 6043. a, frontal view of branch fragment with ‘ordinary’ autozooids
(‘c-zooecia’ sensu Canu, 1907); scale bar = 500 µm. b, ‘c-zooid’ with interzooidal
avicularium; scale bar = 100 µm. c, frontal view of branch fragment with ‘avicularian’ zooids
(‘D-zooecia’ sensu Canu, 1907); scale bar = 500 µm. d, ‘D-zooid’; scale bar = 100 µm.
Vincularia semarai sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 2. Holotype
NHMUK PI BZ 6868. a, frontal view of branch fragment with ‘ordinary’ autozooids; scale bar
= 500 µm. b, ‘c-zooid’; scale bar = 250 µm. c, frontal view of branch fragment with
‘avicularian’ zooids; scale bar = 500 µm. d, ‘D-zooid’; scale bar = 250 µm.
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Plate 20
Vincularia tjaki sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. Holotype
NHMUK PI BZ 6869. a, frontal view of branch fragment with ‘ordinary’ autozooids; scale bar
= 500 µm. b, ‘c-zooid’ with rhizoidal pore; scale bar = 150 µm. c, frontal view of branch
fragment with ‘avicularian’ zooids and interzooidal avicularia; scale bar = 500 µm. d, ‘Dzooid’; scale bar = 100 µm. e, quadripartite articulation (top) of Vincularia tjaki sp. nov. and
tripartite articulation (bottom) of Vincularia berningi sp. nov.; scale bar = 50 µm.
Vincularia manchanui sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 2.
Holotype NHMUK PI BZ 6042. a, frontal view of branch fragment with ‘ordinary’ autozooids;
scale bar = 500 µm. b, ‘c-zooid’ with interzooidal avicularium; scale bar = 150 µm. c, ‘D
zooid’ and interzooidal avicularium; scale bar = 150 µm.
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Plate 21
Vincularia sp. 1, late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ 6870.
a, frontal view of branch fragment; scale bar = 500 µm. b, lateral view of branch fragment;
scale bar = 500 µm. c, interzooidal avicularium; scale bar = 50 µm. d, zooid and kenozooid
at the internode articulation; scale bar = 150 µm. e–f, autozooids with rhizoidal pores; scale
bar = 200 µm.
‘Vincularia’ sp., Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 2. NHMUK PI BZ 6871.
a, frontal view of a bifurcating branch fragment; scale bar = 1 mm. b, autozooids; scale bar
= 500 µm. c, zooid at the bifurcation; scale bar = 100 µm.
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Plate 22
Setosellina cf. constricta Harmer, 1926, Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig.
1. NHMUK PI BZ 6872. a, ancestrula and early astogeny; scale bar = 500 µm. b, two
autozooids and distal vibracula; scale bar = 200 µm. c, autozooids; scale bar = 100 µm. d,
colony, encrusting a fragment of crab shell; scale bar = 500 µm. e, NHMUK PI BZ 6873,
colony encrusting a gastropod shell; scale bar = 500 µm.
Setosellina cf. roulei Calvet, 1906, Serravallian, TF59, ‘Southern Hemisphere’, Bontang.
Fig. 2. NHMUK PI BZ 6874. a, colony; scale bar = 500 µm. b, autozooids and distal
vibracula; scale bar = 150 µm.
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Plate 23
Reussirella sp., Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. a–d, NHMUK PI BZ
6875. a, subcircular colony; scale bar = 1 mm. b, colony centre; scale bar = 500 µm. c,
autozooids; scale bar = 200 µm. d, autozooid and avicularia; scale bar = 100 µm. e,
NHMUK PI BZ 6876, discoidal colony; scale bar = 1 mm. f, NHMUK PI BZ 6877, dorsal
view; scale bar = 500 µm.
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Plate 24
?Gontarella sendinoae sp. nov., Serravallian, TF59, ‘Southern Hemisphere’, Bontang. Fig.
1. Holotype NHMUK PI BZ 6878. a, autozooids with well-preserved granular cryptocyst;
scale bar = 200 µm. b, zooid with scarcely developed proximal cryptocyst; scale bar = 100
µm. c, autozooids showing both rounded hexagonal and rhomboidal outline; scale bar =
200 µm. d, zooid showing the subtriangular opesia; scale bar = 100 µm. e, autozooids with
abraded frontal wall; scale bar = 200 µm. f, abraded zooid with oval opesia; scale bar = 100
µm.
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Plate 25
Caberea sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a, NHMUK PI BZ 6879,
frontal view of branch fragment; scale bar = 500 µm. b, NHMUK PI BZ 6880, dorsal view of
branch fragment; scale bar = 500 µm. c–f, NHMUK PI BZ 6881. c, autozooids; scale bar =
100 µm. d, ovicellate autozooids; scale bar = 100 µm. e, frontal avicularia; scale bar = 20
µm. f, broken ovicell and lateral avicularia; scale bar = 50 µm.
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Plate 26
Canda giorgioi sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–b, NHMUK
PI BZ 6882. a, lateral view of branch fragment; scale bar = 500 µm. b, autozooid; scale bar
= 100 µm. c–d, NHMUK PI BZ 6883. c, dorsal view of branch fragment; scale bar = 500
µm. d, vibraculum; scale bar = 70 µm.
Canda federicae sp.nov. late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 2. a–b, NHMUK
PI BZ 6884. a, frontal view of branch fragment; scale bar = 500 µm. b, autozooid; scale bar
= 100 µm. c–d, NHMUK PI BZ 6885. c, dorsal view of branch fragment; scale bar = 250
µm. d, vibracula; scale bar = 50 µm.
Scrupocellaria sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 3. a–b, NHMUK PI BZ
6886. a, frontal view of branch fragment; scale bar = 500 µm. b, autozooid; scale bar = 100
µm. c–d, NHMUK PI BZ 6887. c, dorsal view of branch fragment; scale bar = 500 µm. d,
vibraculum; scale bar = 50 µm.
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Plate 27
Monoporella sp. 1, late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ
6888. a, colony; scale bar = 500 µm. b, autozooids; scale bar = 200 µm. c, autozooid and
?ovicell floor; scale bar = 200 µm. d, orifice with four oral spines and two circular suboral
opesiules; scale bar = 20 µm.
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Plate 28
Monoporella sp. 2, Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. NHMUK PI BZ
6889. a, colony; scale bar = 500 µm. b, autozooids; scale bar = 150 µm. c, autozooid with
lateral and distal pore chamber windows; scale bar = 100 µm. d, orifice with six oral spines
and two circular suboral opesiules; scale bar = 50 µm.
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Plate 29
Setosinella perfluxa Di Martino & Taylor, 2012a, late Burdigalian, TF126, ‘3D Reef’,
Bontang. Fig. 1. a–c, Holotype NHMUK PI BZ 5849. a, autozooids and ovicellate zooid in
the centre; scale bar = 100 µm. b, ancestrula and early astogeny; scale bar = 100 µm. c,
ovicellate zooid; scale bar = 50 µm. d, Paratype BZ 5850, autozooid showing two
subcircular opesiules; scale bar = 50 µm.
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Plate 30
Pyrisinellidae sp., Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. NHMUK PI BZ
6890. a, colony; scale bar = 200 µm. b, autozooids; scale bar = 150 µm. c, two zooids, one
with a broken ovicell; scale bar = 150 µm. d, autozooid with opesiules; scale bar = 150 µm.
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Plate 31
Smittipora aff. cordiformis Harmer, 1926, Serravallian, TF522, ‘Coalindo Haulage Road 1’,
Sangkulirang. Fig. 1. a–b, NHMUK PI BZ 6891. a, autozooids and vicarious avicularia;
scale bar = 200 µm. b, fertile zooid; scale bar = 100 µm.
Smittipora aff. cordiformis Harmer, 1926, early Tortonian, TF 508, Bontang. Fig. 1. c–d,
NHMUK PI BZ 6892. c, fertile zooid and vicarious avicularium; scale bar = 150 µm. d,
autozooids and vicarious avicularia; scale bar = 100 µm.
Smittipora sp., Burdigalian-Langhian boundary, TF153, ‘Rainy Section’, Bontang. Fig. 2.
NHMUK PI BZ 6893. a, autozooids; scale bar = 150 µm. b, autozooid showing the trifoliate
orifice; scale bar = 100 µm. c, autozooid and vicarious avicularium; scale bar = 100 µm.
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Plate 32
Steginoporella cf. truncata Harmer, 1900, Serravallian, TF57, ‘Stadion Reef 1’, Samarinda.
Fig. 1. NHMUK PI BZ 6894. a, zooids; scale bar = 500 µm. b, B- and A-zooids; scale bar =
250 µm. c, A-zooid showing a partially preserved, anvil-shaped median process; scale bar
= 100 µm. d, A- and B-zooids; scale bar = 250 µm.
Steginoporella sp., Serravallian, TF57, ‘Stadion Reef 1’, Samarinda. Fig. 2. NHMUK PI BZ
6895. a, zooids; scale bar = 200 µm. b, A- and B-zooids; scale bar = 250 µm.

Plate 33
Thalamoporella sp., Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. NHMUK PI BZ
6896. a, uniserial part of the colony; scale bar = 250 µm. b–c, autozooids; scale bar = 100
µm. d, orifice with adoral tubercles and suboral opesiules; scale bar = 40 µm. e, autozooids
and ?avicularium (bottom left); scale bar = 250 µm.
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Plate 34
Poricellaria sp., Burdigalian-Langhian boundary, TF153, ‘Rainy Section’, Bontang. Fig. 1.
NHMUK PI BZ 6897. a, frontal view of a branch fragment incidentally attached to the
surface of a coral; scale bar = 200 µm. b, autozooid and adventitious avicularia; scale bar =
50 µm. c, avicularium; scale bar = 20 µm.
?Encicellaria sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 2. NHMUK PI BZ 6898.
a, spindle-shaped colony; scale bar = 250 µm. b, proximal tip with rhizoidal pores; scale bar
= 100 µm. c, distal tip with smaller autozooids; scale bar = 100 µm.
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Miocene Bryozoa from East Kalimantan, Indonesia. Part II:
‘Ascophoran’ Cheilostomata.
Emanuela Di Martino & Paul D. Taylor
Submitted in Scripta Geologica
Abstract
We describe 72 ascophoran-grade cheilostomes, ranging in age from Early to
Late Miocene (late Burdigalian to Messinian), collected from 17 sections in the
vicinities of Samarinda, Bontang and Sangkulirang in East Kalimantan,
Indonesian Borneo. Two genera (Oviexechonella gen. nov. and Sendinopora
gen. nov.) and twenty species (?Filaguria kalimantanensis sp. nov., Puellina
bontangensis sp. nov., Caberoides gordoni sp. nov., Trypostega hasibuani sp.
nov., Oviexechonella digeronimoi sp. nov., Reptadeonella curvabilis sp. nov.,
Reptadeonella toddi sp. nov., ?Hippomenella devatasae sp. nov.,
?Hippomenella uniserialis sp. nov., Margaretta amitabhae sp. nov.,
Hippopodina indicata sp. nov., Saevitella renemai sp. nov., Gigantopora
milenae sp. nov., Arthropoma renipora sp. nov., Bryopesanser bragai sp. nov.,
Bryopesanser sanfilippoae sp. nov., Tubiporella magnipora sp. nov.,
Buffonellaria sagittaria sp. nov., Lagenipora sciutoi sp. nov. and Sendinopora
prima sp. nov.) are new. Ten species show affinities with Recent taxa from the
Indo-Pacific; two species show similarities with Recent species recorded
circumtropically; and three species were known previously from the Neogene
of Europe, Australia or India.
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4.1 Introduction
The Cenozoic bryozoan fauna of Indonesia has been severely neglected in the
past, leading to the mistaken belief that bryozoans are rare and of low
diversity. Under the auspices of the European Community Project
‘Throughflow’, new material has been collected in East Kalimantan
(Indonesian Borneo), from 17 Early to Late Miocene sites located in the Kutai
Basin, in the vicinities of Samarinda, Bontang and Sangkulirang. Moderately
well preserved bryozoans are found mainly encrusting the undersides of platy
corals or as fragment of erect colonies and free-living species scattered
through the muddy-silty sediments.
This paper represents the second part of a monograph containing a detailed
systematic description of the bryozoan fauna from the Miocene of East
Kalimantan. The first part (Di Martino & Taylor, 2014) includes the geological
and stratigraphical descriptions of the studied sections, materials and
methods, and systematic descriptions of 51 bryozoan species, comprising 15
cyclostomes and 36 anascan-grade cheilostomes. This second part includes
the systematic descriptions of 72 ascophoran-grade cheilostomes and a
summary of the results of the systematic research.

4.2 Systematic palaeontology
Order Cheilostomata Busk, 1852
Infraorder Ascophorina Levinsen, 1909
Superfamily Cribrilinoidea Hincks, 1879
Family Cribrilinidae Hincks, 1879
Genus Antoniettella Di Martino & Taylor, 2012b
Antoniettella exigua Di Martino & Taylor, 2012b
Plate 1
Figured material – Holotype: NHMUK PI BZ 5842, Burdigalian-Langhian
boundary, TF153, ‘Rainy Section’, Bontang.
Description – Colony encrusting, multiserial, unilaminar or often multilaminar,
with up to four layers of zooids, each layer thick; size typically small, only a few
mm in diameter, approximately circular in outline. Autozooids angular in outline
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shape, pentagonal or hexagonal, enlarging progressively during astogeny from
the periancestrular zone to the edge of the colony, with the ratio of length to
width increasing. Frontal shield slightly convex, usually composed of 8 to 10
prominent costae, rarely 11 costae; intercostal lacunae and costal lumen pores
not visible. Two or three oval communication pore windows (mean L = 40 µm
and mean W = 15 µm) along distolateral vertical walls, sometimes visible
along the margins of zooids at the colony growing edge. Primary orifice longer
than wide, a pair of rounded shallow condyles directed downwards and
separating a horseshoe-shaped anter from a smaller poster that has a broad
U-shaped sinus with a nearly straight or slightly convex proximal edge. Orifice
surrounded by a low peristome, higher distally. Oral spines articulated,
represented by spine bases only, diameter 20 µm, number uncertain, some
zooids showing only three or four, but as many as eight in others, arranged in
an arc around the distal edge of the orifice. One or two small oval or
subcircular structures sometimes present distolateral to the orifice may be
polymorphs, probably kenozooids but possibly adventitious avicularia.
Ancestrular characters unclear, a single distal zooid seemingly budded from
the ancestrula. Periancestrular zone formed by 5 or 6 small zooids. Ovicells
not observed, presumed to be lacking.
Measurements – ZL 410±22, 399–454 (5, 40); ZW 450±18, 430–485 (5, 40);
OL 160±5, 150–170 (5, 40); OW 120±12, 100–140 (5, 40).
Remarks – Colonies of Antoniettella exigua were found associated with
scleractinian corals, both platy genera such as Echinopora, Pachyseris and
Fungophyllia, and less often branching genera of Acroporidae. It was firstly
described from a section dated at the Burdigalian-Langhian boundary where it
was the most common and abundant taxon. Recently a few specimens have
been also found in late Burdigalian, Serravallian and Messinian strata, but
unfortunately their preservation is still poor, not allowing clarification of some
doubtful features such as the kind of polymorphs located disto-lateral to the
orifice and the exact number of oral spines.
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Genus Filaguria Moyano, 1991
?Filaguria kalimantanensis sp. nov.
Plate 2
Figured material – Holotype: NHMUK PI BZ 6900, Serravallian, TF59,
‘Southern Hemisphere’, Bontang.
Etymology – Named after the Indonesian region of Borneo, Kalimantan, at
present its unique geographical record.
Diagnosis – Colony encrusting. Autozooids oval. Gymnocyst smooth, convex,
extensively developed proximally. Frontal shield consisting of 19–22 costae.
Uncalcified pelmatidium located two-thirds along costa. Orifice squared with
rounded condyles, bearing two oral spine bases. ?Vicarious avicularia with 14
costae. Ovicell oval with two drop-shaped frontal fenestrae.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula not
observed. Autozooids distinct, separated by deep grooves, arranged
quincuncially, oval, longer than broad (mean L/W = 1.75). Gymnocyst smooth
and convex, extensively developed proximally, occupying about one-third of
the zooidal length, tapering laterally, reduced distally. Frontal shield convex
consisting of 19–22 costae, most commonly 19, on average 35 µm broad and
110 µm long, fused medially and along the edges, and separated along their
length by numerous small circular lacunae (Fig. 1b). One small, uncalcified
pelmatidium usually located two-thirds along the surface of each costa. Orifice
slightly longer than broad, anter slightly squared in shape, separated from
concave poster by small rounded condyles; one oral spine base located on
each side proximal to the orifice at condyle level. ?Vicarious avicularia (Fig.
1c), similar to autozooids in size and shape, differing in having a costate
frontal shield with 14 costae, the first three pairs broader than the rest, and a
tongue-shaped rostrum with the aperture 260 µm long, broader proximally,
about 160 µm, and narrowing distally, about 140 µm, and two thick rounded
condyles directed downwardly. Ovicell hyperstomial, transversely elongate,
oval, about 180 µm long and 300 µm wide, with an elongate, drop-shaped,
transverse frontal fenestra on each side. Kenozooids not seen.
Measurements – ZL 700±67, 618–802 (1, 15); ZW 400±20, 354–423 (1, 15);
OL 157±4, 155–160 (1, 10); OW 142±11, 127–156 (1, 10).
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Remarks – A single specimen, found encrusting the base of a platy coral
identified as Pachiseris sp. in one of the Serravallian sections, has been
tentatively referred to the genus Filaguria because of the ambiguous presence
of a ‘primitive’ avicularium, which is the main diagnostic feature of the genus
(Moyano, 1991). The preservation of the colony does not allow elimination of
the possibility that this zooid is instead an autozooid with a broken frontal
shield and orifice, although the tapered distal part supports its identification as
a vicarious avicularium.
The genus Filaguria includes two Recent species, F. spatulata (Calvet, 1909)
and F. lithocrustata Branch & Hayward, 2005, the former species with a wide
Antarctic distribution, the latter reported from Marion Island in the South Indian
Ocean at depths of 160 to 775 m. The Kalimantan species differs from both in
having a much more extensive gymnocyst and fewer oral spines.
Genus Puellina Jullien, 1886
Puellina cf. voigti (Ristedt, 1985)
Plate 3
cf. Cribrilaria voigti Ristedt, 1985, p. 22, fig. 4a–f.
cf. Puellina voigti Tilbrook, 2006, p. 96, pl. 15, figs. C–D.
Figured material – NHMUK PI BZ 6901, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and basal
pore windows not seen. Autozooids small, suboval or subhexagonal, slightly
broader than long (mean L/W = 1.05), distinct, separated by deep grooves,
irregurlarly arranged. Gymnocyst inconspicuous, developed around periphery
of autozooids. Frontal shield formed by 17–21 fused costae with 5–7
intercostal lacunae. Apertural bar thickened medially; suborificial lacuna not
observed. Orifice transversely D-shaped, broader than long, bearing six,
evenly spaced, oral spine bases, four in ovicellate zooids. Ovicell globular,
smooth, slightly broader than long, resting on the proximal frontal shield of the
next distal autozooid (apparently Type A sensu Bishop & Househam, 1987),
with a median suture (Fig. 1b–c). Avicularia interzooidal, frequent; cystid well
developed (mean L = 370 µm, mean W = 250 µm), rhomboidal, with broad,
convex, smooth gymnocyst; rostrum parallel-sided proximally, expanded
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distally into an uncertain number of projections, but at least three, directed
along the side of an adjoining autozooid (Fig. 1d). Kenozooids infrequent,
same size of autozooids; gymnocyst minimal around the kenozooidal margins;
frontal shield formed by numerous fused costae, lacking orifice.
Measurements – ZL 350±39, 303–395 (3, 60); ZW 369±19, 348–399 (3, 60);
OL 62±12, 49–74 (3, 60); OW 90±15, 75–112 (3, 60); AL 195±9, 184–200 (3,
15); OvL 139±11, 127–148 (3, 9); OvW 160±3, 157–162 (3, 9).
Remarks – Puellina cf. voigti is common in strata from late Burdigalian to
Serravallian, where it forms extensive sheet-like colonies on the bases of platy
scleractinian corals. Preservation is variable, with the frontal shield commonly
crushed precluding observation of any suborificial lacunae potentially present
on the apertural bars. Also, the number of projections of the tip of the rostrum
is unclear owing to erosion. These problems are the main uncertainities about
the attribution of the Kalimantan species to the Recent Puellina voigti, which
has been recorded from shallow waters in the Philippines (0.5–5 m) (Ristedt,
1985; Scholz, 1991b) and the Solomon Islands (Tilbrook, 2006). In addition the
Kalimantan specimens have smaller autozooids and different proportions of
length and width in both autozooids and ovicells. In fact for specimens from
the Philippines, Ristedt (1985) reported a maximum size of 0.45 x 0.60 mm,
while the autozooids in the single specimen found by Tilbrook (2006) at
Yandina, Mbanik Island, were 0.45 mm long and 0.30 mm broad, compared
with an average of 0.35 x 0.37 mm for the Kalimantan material.
Puellina bontangensis sp. nov.
Plate 4
Figured material – Holotype: NHMUK PI BZ 6902, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Etymology – Named after its type locality, Bontang.
Diagnosis – Colony encrusting. Pore chambers present around autozooidal
and kenozooidal margins. Autozooids suboval or subhexagonal. Gymnocyst
minimal. Frontal shield formed by 15–26 fused costae. Triangular suboral area
with a circular lacuna and a small umbo. Orifice semicircular bearing seven,
oral spine bases, four in ovicellate zooids. Ovicell with a small proximal

170	
  

Chapter 4

tubercle. Avicularia interzooidal and adventitious, triangular. Kenozooids
frequent.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula partially
overgrown, subcircular, about 100 µm in diameter, ?tatiform with nine spine
bases still visible and eight incompletely developed frontal costae unclearly
belonging to the ancestrula or to an overgrowing intramurally budded
autozooid (Fig. 1b), surrounded by five autozooids, the first distal bud much
smaller than later ones, about 170 µm long by 115 µm wide. Pore chamber
windows visible at the colony growing edge, placed all around the autozooidal
and kenozooidal margins, oval, small, on average 30 µm long by 15 µm wide,
closely spaced (Fig. 1d). Autozooids suboval or subhexagonal, longer than
broad (mean L/W = 1.31), distinct, separated by deep grooves, quincuncially
arranged (Fig. 1c). Gymnocyst smooth, convex, broader proximally, minimal
around the rest of autozooid. Frontal shield formed by 15–26 fused costae,
most commonly twenty, with 7–10 intercostal lacunae. First pair of short
costae bounding a triangular suboral area with a circular lacuna and forming a
small umbo in midline. Orifice semicircular, slightly broader than long, bearing
seven, small (mean D = 5 µm), closely spaced, oral spine bases, four in
ovicellate zooids. Ovicell globular, smooth, slightly broader than long, resting
on the proximal frontal shield of the next distal autozooid (apparently Type A
sensu Bishop & Househam, 1987) with a small proximal tubercle. Interzooidal
avicularia semi-pedunculate, arising from the junction between three
autozooids or kenozooids, slender, on average 170 µm long, with a long
rostrum distolaterally directed, resting on the frontal shield of the next distal
autozooid (Fig. 1c–d). A pair of small (on average 100 µm long), triangular,
adventitious avicularia, lateral to the ovicell, with pointed rostrum and serrated
lateral edges, distally directed (Fig. 1e). Kenozooids frequent, interzooidal or at
the colony edge, variable in size and shape, with a narrow border of smooth
gymnocyst and frontal shield formed by numerous fused costae, lacking
orifice.
Measurements – ZL 420±45, 338–476 (2, 50); ZW 321±35, 290–400 (2, 50);
OL 63±3, 60–65 (2, 20); OW 74±6, 67–78 (2, 20); OvL 126±8, 118–141 (2,
20); OvW 151±7, 140–161 (2, 20).
Remarks – Puellina bontangensis sp. nov. is common in the late Burdigalian to
Serravallian, where it forms, often associated with Puellina cf. voigti, extensive
sheet-like colonies on the bases of platy scleractinian corals. As in Puellina cf.
voigti the frontal shield is commonly crushed.
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Four Recent tropical species of Puellina with seven oral spines have been
described: P. africana Hayward & Cook, 1983, P. harmeri Ristedt, 1985, P.
vulgaris Ryland & Hayward, 1992, and P. septemcryptica Dick, Tilbrook &
Mawatari, 2006. Puellina bontangensis sp. nov. differs from all of these in
having larger zooids and a frontal shield formed by a greater number of
costae. P. africana shows the same adventitious avicularia lateral to the ovicell
but is distinct in having autozooids with a triangular suboral area with up to five
large pores. P. harmeri and P. vulgaris may be synonymous: Dick et al. (2006)
pointed out that the distinction between these two species is unclear and
based mainly on avicularium size which, however, falls within the range of
intercolony variation. In addition to autozooidal size and number of costae,
these species differ from Puellina bontangensis sp. nov. in the presence of
more conspicuous suboral lacunae and five oral spines in ovicellate zooids.
The final species, P. septemcryptica, differs also in having less frequent
interzooidal avicularia, and in the absence of avicularia associated with the
ovicell and kenozooids. No clear similarities are apparent between the
Kalimantan species and other fossil species of Puellina described previously.
Puellina sp.
Plate 5
Figured material – NHMUK PI BZ 6903, Burdigalian-Langhian boundary,
TF153, ‘Rainy Section’, Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and pore
chamber windows not seen. Autozooids suboval or subhexagonal, longer than
broad (mean L/W = 1.43), distinct, separated by deep grooves, irregurlarly
arranged (Fig. 1a). Gymnocyst inconspicuous. Frontal shield formed by 18–21
fused costae, with 6–8 intercostal lacunae. First pair of costae bounding a
triangular suboral area; lacuna not visible. Orifice transversely D-shaped,
slightly broader than long (Fig. 1d), bearing an uncertain number of oral spine
bases, probably five. Ovicell helmet-shaped, smooth, slightly broader than
long, resting on the proximal frontal shield of the next distal autozooid
(apparently Type A sensu Bishop & Househam, 1987) (Fig. 1a, d). Interzooidal
avicularia with a slender, pointed, channeled rostrum, diagonally directed and
adnate to the distal margin of a neighbouring zooid, placed on a subtriangular
cystid having a smooth, convex gymnocyst with a large circular pore (D = 40
µm), facing laterally (Fig. 1c). Kenozooids not observed.
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Measurements – ZL 393±42, 307–451 (2, 40); ZW 275±22, 230–303 (2, 40);
OL 62±6, 51–70 (2, 20); OW 82±6, 72–90 (2, 20); OvL 159±2, 158–161 (1, 2);
OvW 168±2, 167–170 (1, 2); AL 286±25, 257–314 (2, 10).
Remarks – The presence of Puellina sp. is restricted to a section dated as
Burdigalian-Langhian boundary. The uncertainty in the number of oral spine
bases, due to the poor preservation of the few specimens found, make
identification and comparisons difficult. However, the shape and orientation of
the avicularia show some affinities with those of Puellina scripta (Reuss, 1847)
from the Miocene of Austria (illustrated in Bishop & Househam, 1987, p. 58,
figs. 98–99).
Superfamily Catenicelloidea Busk, 1852
Family Catenicellidae Busk, 1852
Genus Caberoides Canu, 1908
Caberoides gordoni sp. nov.
Plate 6
Figured material – Holotype: NHMUK PI BZ 6904, late Burdigalian, TF126, ‘3D
Reef’, Bontang; Paratype: NHMUK PI BZ 6905, same details as holotype.
Etymology – Named after Dennis P. Gordon (NIWA, Wellington), in recognition
of his significant contribution to the study of bryozoans.
Diagnosis – Colony erect, articulated. Autozooids subhexagonal. Frontal shield
with two narrow cryptocystal areas with a single series of pores. Gymnocystal
median ridge Y-shaped. Suboral costal field below the orifice. Orifice with
condyles separating a rounded anter from a V-shaped poster. Single
avicularium on the outer distal side of the orifice. Dorsal side with a narrow
vibraculum-like chamber.
Description – Colony erect, articulated with biserial branches. Internodes up to
2.60 mm long and 0.40 mm wide, comprising as many as 12 regularly
alternating zooids facing frontally (Fig. 1a). Autozooids distinct, separated by
deep grooves, subhexagonal, elongated (mean L/W = 2.33), tapering towards
the proximal end (Fig. 1b). Frontal shield with two narrow cryptocystal areas,
each with a sinuous single longitudinal series of circular septular pores along
its length and around the distal side of the orifice, separated by a Y-shaped
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median ridge of smooth depressed gymnocyst, curving proximally and
becoming convex proximo-laterally along the margins of the zooid for
approximately half-length (Fig. 1b). A tiny suboral costal field immediately
below the orifice, with a pair of vestigial costae between the arms of the Y.
Narrow gymnocystal border present also around orifice and avicularium.
Orifice slightly longer than broad with two small rounded condyles separating a
large rounded anter from a smaller deep, flared V-shaped poster, often closed
by a calcified operculum, smooth with a proximal bend (Fig. 1c–d). Ovicell not
seen. Single avicularium, always on the outer distal side of the orifice, distally
directed, facing laterally, triangular, with complete cross-bar, raised beakshaped rostrum, curved proximally (Fig. 1c). Dorsal side with a narrow
vibraculum-like chamber extending from behind each avicularium obliquely
across the width of the zooid to the midline of the segment, and a narrow
depressed curved cryptocystal area, with a single series of septular pores
surrounded by smooth, convex gymnocyst (Fig. 1e–g).
Measurements – ZL 422±21, 384–445 (3, 30); ZW 181±22, 167–232 (3, 30);
OL 80±5, 74–85 (3, 15); OW 69±4, 64–73 (3, 15); AL 62±5, 54–66 (3, 15).
Remarks – This species is rare and restricted to the late Burdigalian. None of
the five internodes found is fertile. Attribution to Caberoides instead of the
closely related Ditaxipora MacGillivray, 1895 is based on the presence of the
vestigial suboral costal field and the vibraculum-like chamber, extending
behind each avicularium, on the dorsal side. Five species of Caberoides are
known from the fossil record: C. rockallensis Gordon & Braga, 1994 from the
Paleocene of North Atlantic, and C. canaliculata and C. grignonensis Canu,
1908 from the Eocene of France, C. continua (Waters, 1891) and C. miranda
Gordon & Braga, 1994 from the Eocene of Italy and New Zealand,
respectively. The new species differs from C. miranda and C. rockallensis in
having only two cryptocystal frontal areas instead of four or five; from C.
canaliculata in having much more slender internodes, with longer and
narrower zooids (mean L/W = 0.95 in C. canaliculata vs 2.33 in Caberoides
gordoni sp. nov.), and a dorsal side with a shorter vibraculum-like chamber
and a narrower cryptocystal area with septular pores arranged in a single
linear series instead of being irregularly scattered; from C. grignonensis in
having narrower and shorter segments, and a much less conspicuous suboral
costal field; and from C. continua in having cryptocystal dorsal areas which are
lack in the Italian species. Nevertheless, C. continua is most similar to
Caberoides gordoni sp. nov., both sharing frontolateral cryptocystal areas
much longer than in any of the other species. Gordon & Braga (1994)
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observed that the shape of these pore chambers anticipate those of
Ditaxipora, which may have been derived from Caberoides.
Superfamily Hippothooidea Busk, 1859
Family Trypostegidae Gordon, Tilbrook & Winston, 2005 in Winston, 2005
Genus Trypostega Levinsen, 1909
Trypostega hasibuani sp. nov.
Plate 7
Figured material – Holotype: NHMUK BZ PI 6906, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Etymology – Named after Prof. Fauzie Hasibuan (Indonesian Geological
Agency - Center for Geology Survey), for his support during the fieldwork.
Diagnosis – Colony encrusting. Basal pore chambers present. Autozooids
rhomboidal or irregularly polygonal. Frontal shield transversely striated and
regularly perforated. Orifice cleithridiate. Ovicell prominent, rounded, evenly
perforated. Kenozooids lacking.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula similar in
shape to later autozooids but smaller, 200 µm long by 100 µm wide, budding a
single zooid proximolaterally, subsequent budding apparently proceeding in a
spiral pattern to form the first generation of autozooids (Fig. 1b). Basal pore
chambers visible in autozooids at the colony growing edge, small, circular,
about 20 µm in diameter, evenly spaced. Autozooids arranged quincuncially,
distinct, separated by deep grooves, elongated (mean L/W = 1.47), rhomboidal
or irregularly polygonal. Frontal shield flat or slightly depressed centrally,
convex around the margins of the zooid, transversely striated, regularly
perforated by 22–36, relatively large (D = 10 µm) round pores (Fig. 1c). Orifice
cleithridiate, longer than broad, with a rounded anter, separated by small,
proximally directed, triangular condyles from a shallow, bowl-shaped poster;
slightly smaller in ovicellate zooids (Fig. 1c); oral spine bases absent. Ovicell
prominent, rounded, moderately convex, broader than long, evenly perforated
as frontal shield of zooids (Fig. 1c–d). Avicularia and kenozooids absent.
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Measurements – ZL 349±31, 281–379 (2, 30); ZW 181±22, 167–232 (2, 30);
OL 75±7, 66–87 (2, 20); OW 59±7, 50–71 (2, 20); OvL 124±12, 107–146 (2,
10); OvW 140±10, 129–163 (2, 10).
Remarks – A few fertile colonies of Trypostega hasibuani sp. nov. have been
found encrusting the undersurfaces of platy corals from the late Burdigalian
and Serravallian. Tilbrook (2006) listed the variety of morphological characters
used to distinguish the species of Trypostega, which include the presence or
absence of kenozooids. Trypostega hasibuani sp. nov. lacks kenozooids. This
absence also characterises T. rugulosa (Reuss, 1874) from the Neogene of
Europe, although Zágoršek (2010b) observed irregular kenozooids in some
specimens from the Miocene of the Czech Republic that he attributed to this
species. However, the Kalimantan species differs from T. rugulosa also in
having much smaller ovicells without any umbo or ridge.
Superfamily Arachnopusioidea Jullien, 1888
Family Arachnopusiidae Jullien, 1888
Genus Poricella Canu, 1904
Poricella sp.
Plate 8
Figured material –NHMUK PI BZ 6907, Serravallian, TF522, ‘Coalindo
Haulage Road 1’, Sangkulirang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula not
observed. Autozooids distinct, separated by deep grooves, irregularly
arranged, hexagonal or irregularly polygonal, longer than broad (mean L/W =
1.48). Frontal wall convex, granular, with small circular marginal pores and one
large, central, round ascopore, sometimes occluded. Orifice slightly longer
than broad, slightly narrower proximally, anter separated from the wide sinus
by two small rounded condyles (Fig. 1c). An uncertain number of distal oral
spine bases, probably two, still visible in some zooids (Fig. 1c). Ovicells not
seen. Interzooidal avicularia numerous, usually placed on a prominent globular
cystid, laterally to an autozooid, one on each side, variable in size, 200–300
µm long, elliptical with parallel sides and rounded or truncate rostrum, distally
or distolaterally directed; complete crossbar not observed (Fig. 1c–d).
Vicarious avicularia common, as long as autozooids but narrower, rostrum
spathulate truncated or rounded, distally or randomly directed (Fig. 1b).
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Measurements – ZL 654±58, 563–731 (1, 12); ZW 442±38, 389–479 (1, 12);
OL 191±8, 179–196 (1, 10); OW 147±13, 137–167 (1, 10).
Remarks – Three poorly preserved colonies of Poricella sp. encrust platy coral
fragments from one of the Serravallian sections. In the Indo-Pacific this genus
is represented at the present day by three species (Cook, 1977, p. 146): P.
celleporoides (Busk, 1884), P. robusta (Hincks, 1884) and P. spathulata (Canu
& Bassler, 1929). Poricella sp. is similar to P. celleporoides in the size of
autozooids and avicularia, the shape of the orifice with two vestigial distal
spines, the presence of both interzooidal and vicarious avicularia, and a single
ascopore. The main difference seems to be the shape of interzooidal
avicularia, elliptical with parallel sides and rounded rostrum in Poricella sp., but
spathulate in P. celleporoides; the absence of a complete crossbar in the
Kalimantan specimen may be a preservational artefact. Furthermore P.
celleporoides forms large erect colonies, with anastomosing tubular
expansions, which are multilaminar (Cook, 1977). Poricella sp. mainly differs
from P. robusta and P. spathulata in always having a single ascopore instead
of one to three or two to twenty frontal foramina, and in the shape of
interzooidal avicularia, which are asymmetrically developed in the former but
spathulate and truncate in the latter species. A few species of Poricella have
been described from the Miocene of Europe and North Africa; P. areolata
(Reuss, 1874), P. bugei (El Hajjaji, 1987), P. cookae (Pouyet & Moissette,
1986), P. pouyetae (Cook, 1977) and P. mucronata (Smitt, 1873). Among
these, the most similar to Poricella sp. is P. cookae, but this species may have
one or two small foramina and a weak suboral mucron, and the interzooidal
avicularia, which although similar in shape, are much squatter than those of
Poricella sp.
Family Exechonellidae Harmer, 1957
Genus Exechonella Duvergier, 1924
Exechonella sp.
Plate 9
Figured material – NHMUK PI BZ 6908, Serravallian, TF57, ‘Stadion Reef 2’,
Samarinda.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula not
observed. Small, numerous, marginal septular pores sometimes visible in the
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grooves between adjacent autozooids. Autozooids distinct, separated by
shallow grooves and a raised laminar border, quincuncially arranged,
hexagonal or rhomboidal, slightly longer than broad (mean L/W = 1.24).
Frontal wall convex, perforated by 60–80 irregularly spaced, small circular
foramina, seemingly occupying the centres of polygons forming a meshwork
with a narrow rim of thickened calcification sometimes still visible surrounding
the foramen; up to 10 spire-like conical processes also present, associated
with two or more foramina (Fig. 1b). Orifice subcircular, slightly broader than
long, anter deep, rounded, proximal border concave, condyles small,
triangular, proximo-medially directed (Fig. 1d). Peristome thick, low, developed
proximally as a median process, peak-shaped distally (Fig. 1d). Ovicells
absent. Small, oval kenozooidal structures, probably derived from septular
pores, present in one or both lateral corners of some zooids, with a slightly
raised rim of calcification and a small central pore (Fig. 1c); some associated
with a small foramen placed laterally.
Measurements – ZL 716±56, 632–831 (1, 20); ZW 580±41, 518–640 (1, 20);
OL 171±13, 151–186 (1, 20); OW 180±7, 168–194 (1, 20).
Remarks – A single colony of Exechonella sp. has been discovered encrusting
a Serravallian pectiniid coral. The morphology of this species combines
aspects of two Recent species: E. papillata Cook & Bock, 2004 from the Great
Australian Bight, and E. loslosensis Tilbrook, 2006 from Pulau Loslos, Papua,
Indonesia. Exechonella sp. is similar to E. papillata in having lateral
kenozooids, while it is similar to E. loslosensis in having frontal projections.
Autozooidal size in the Kalimantan specimen falls between the two Recent
species: 0.63–0.83 x 0.52–0.64 mm in Exechonella sp. vs 0.45–0.59 x 0.43–
0.50 and 1.40–1.70 x 0.90–1.30 mm in E. papillata and E. loslosensis,
respectively.
Genus Oviexechonella gen. nov.
Type species – Oviexechonella digeronimoi sp. nov., Serravallian, East
Kalimantan, Indonesia.
Etymology – Ovi- from the Latin ovum, in reference to the presence of ovicells
in an Exechonella-like species.
Diagnosis – Colony encrusting, unilaminar. Autozooids with frontal shield
perforated by numerous foramina surrounded by a raised rim of calcification.
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Marginal pores present, though often inconspicuous and obscured by the
prominent and swollen frontal shield, at the boundaries between adjacent
zooids. Orifice semicircular obscured by a tall, imperforate, tubular peristome.
Ovicell hyperstomial, globular, cap-like, resting on the peristome. Avicularia
absent.
Remarks – This new genus is introduced for a new Exechonella-like species
characterised by the presence of hyperstomial ovicells. The genus
Exechonella was founded by Duvergier (1924), with Cyclicopora? grandis
Duvergier, 1921 (p. 34, pl. 3, figs. 2–3) from the Aquitanian (Early Miocene) of
the Gironde, France, as the type species. Ovicells have not been directly
observed before in any species of the genus and it has been generally
supposed that Exechonella is an internal brooder. Fransen (1986, p. 88, fig.
29f–g) illustrated the inner structure of the zooid and embryos in specimens of
E. antillea (Osburn, 1927) from the Caribbean, while Cook (1985, p. 130)
described dimorphic zooids, with a distinctly larger secondary calcified orifice
and operculum than surrounding zooids of the same astogenetic generation, in
two specimens of E. antillea from Ghana. However, Canu & Bassler (1929, p.
123) described “small ovicells, punctured by small pores and opening into the
peristome above the aperture” in their new species, E. discoidea, from the
Philippines but these were not illustrated. Examination of the type material of
this species is required to confirm the presence of ovicells and to attribute it
unequivocally to this new genus.
All of the other genera assigned at present to the family Exechonellidae –
Anexechona Osburn, 1950, Stephanopora Kirkpatrick, 1888 and Xynexecha
Gordon & d’Hondt, 1997 – lack ovicells. Nevertheless, Harmer (1957, p. 651),
in the original definition of the family Exechonellidae, introduced for
Exechonella alone, remarked only about the umbunoloid nature of the frontal
shield, not mentioning the method of reproduction. In the description of the
genus, however, he reported “small ovicells, on the distal sides of the
peristomes” (Harmer, 1957, p. 652), based on E. discoidea. It is most likely
that Exechonellidae were not internal brooders early in their evolutionary
history, and therefore that external calcified ovicells should be expected to
occur in some of the early representatives, providing a character for generic
differentiation within the family in addition to those suggested by Tilbrook
(2006, p. 116). This author distinguished two groups within a number of
Exechonella species – the first characterised by a long peristome and lack of
condyles in the orifice, the second with a little or no peristome, discernible
condyles in the orifice and adventitious avicularia – suggesting a possible
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splitting of Exechonella along these lines after further thorough examination of
type material of all species involved. Cook & Bock (2004) defined four groups
of species among their South Australian material.
Oviexechonella digeronimoi sp. nov.
Plate 10
Figured material – Holotype: NHMUK PI BZ 6909, Serravallian, TF59,
‘Southern Hemisphere’, Bontang.
Etymology – Named after Prof. Italo Di Geronimo, palaeontologist at the
University of Catania, for his research on Pleistocene and Recent
invertebrates.
Diagnosis – Colony encrusting. Autozooids flask-shaped. Frontal shield
perforated. Orifice semicircular obscured by an imperforate, tubular peristome.
Ovicells imperforate, cap-like. Avicularia absent.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula
morphology unknown, preserved only in outline, seemingly much smaller than
later autozooids, about 230 µm long by 190 µm wide (Fig. 1a, see arrow).
Autozooids distinct, separated by deep grooves, quincuncially arranged, flaskshaped, longer than broad (mean L/W = 1.53). Frontal shield deeply convex,
depending on the size of the zooid perforated by approximately 25–40, almost
regularly spaced, circular pores, on average 35 µm in diameter, each
surrounded by a slightly raised conical rim of calcification (Fig. 1c);
inconspicuous marginal pores sometimes visible along zooidal margins. Orifice
semicircular, slightly broader than long, with a straight proximal margin,
obscured by an imperforate, tubular, on average 200 µm long peristome,
outlining a subcircular aperture when undamaged. Ovicells common,
hyperstomial, imperforate, broader than long, cap-like, resting on the distal
side of the peristome (Fig. 1d). Avicularia absent.
Measurements – ZL 546±20, 527–572 (1, 10); ZW 358±26, 324–390 (1, 10);
OL 83±8, 71–91 (1, 5); OW 98±13, 82–110 (1, 5); OvL 122±21, 94–144 (1, 4);
OvW 172±18, 153–190 (1, 4).
Remarks – A few small colonies of Oviexechonella digeronimoi sp. nov. have
been found encrusting a platy coral from one of the Serravallian section. The
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colonies are fan-shaped and precociously fertile, the first ovicellate zooids
occurring a couple of generations after the ancestrula. Oviexechonella
digeronimoi sp. nov. is similar in morphology to the Recent Australian species
Exechonella ampullacea Hayward & Ryland, 1995, E. tuberculata
(MacGillivray, 1883) and E. sp. cf. discoidea Canu & Bassler, 1929 illustrated
by Cook & Bock (2004), and E. anuhaensis Tilbrook, 2006 from the Solomon
Islands, differing from all of these species in having peristomial ovicells and
much smaller zooids.
Superfamily Adeonoidea Busk, 1884
Family Adeonidae Busk, 1884
Genus Adeonellopsis Levinsen, 1909
Adeonellopsis aff. obliqua MacGillivray, 1895
Plate 11, fig. 1a–c.
aff. Adeonellopsis obliqua MacGillivray, 1895, p. 68, pl. 9, figs. 7–11.
Figured material – NHMUK PI BZ 6910, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony rigidly erect, adeoniform. Branches strap-like,
presumably arising from an encrusting base (not observed), bilaminate, with
five longitudinal rows of alternating autozooids, bifurcating at an angle of about
100° (Fig. 1a). Autozooids distinct, separated by shallow grooves, apparently
monomorphic, rounded rhombic in outline, slightly broader medio-distally,
elongate (mean L/W = 1.76). Frontal shield faintly granular, with a strongly
inflated, heavily calcified rounded ridge enclosing orifice, suboral avicularium,
and spiramen in a deep, well-like depression (Fig. 1b). Areolae small, circular,
simple, without interareolar buttresses, distributed in one complete row around
periphery of zooid. Spiramen usually obliterated by sediment infilling, in some
zooids seemingly a depressed oval disc placed at middle length of the frontal
surface, perforated by a circular pore distally placed. Orifice circular to
semicircular, encircled by peristome formed by direct upward growth of the
thickened calcified peripheral ridge and indented proximally by the suboral
avicularium (Fig. 1c). A small rounded suboral tubercle present on the frontal
shield of some autozooids, placed lateral to the frontal avicularium. Gonozooid
not recognized. Suboral avicularium present on each autozooid, extending
obliquely from a point distal to the spiramen to proximolateral corner of the
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orifice; rostrum subtriangular, slightly curved, its tip pointed and indenting the
orifice; premandibular portion trifoliate (Fig. 1c), separated from mandibular
portion by a pair of blunt pivotal condyles. Frontal adventitious, interzooidal
and vicarious avicularia absent.
Measurements – ZL 374±26, 330–430 (2, 20); ZW 212±15, 178–232 (2, 20);
OL 66±5, 59–71 (2, 10); OW 81±4, 76–86 (2, 10); AL 183±16, 161–212 (2,
20).
Remarks – Branch fragments of Adeonellopsis aff. obliqua are reasonably
common in the late Burdigalian sediments. Their preservation is generally poor,
compromising observation of the spiramen and the avicularium palate.
However, the trifoliate palate, a character diagnostic of the Cenozoic
Australian species Adeonellopsis obliqua, is still preserved at least in one of
the suboral avicularia (Fig. 1c). Nevertheless, the Kalimantan specimens differ
from the Australian species in having smaller zooids and in lacking small
frontal avicularia with proximally directed rostra.
Adeonellopsis sp. 1
Plate 11, fig. 2a–b.
Figured material –NHMUK PI BZ 6911, Burdigalian-Langhian boundary,
TF153, ‘Rainy Section’, Bontang.
Description – Colony rigidly erect, adeoniform. Branches strap-like,
presumably arising from an encrusting base (not observed), bilaminate, with
up to four longitudinal rows of alternating autozooids (Fig. 2a). Autozooids
distinct, separated by shallow grooves, apparently monomorphic, oval in
outline, elongate (mean L/W = 2.35). Frontal shield smooth, flat, in some
zooids raised distally (Fig. 2b). Areolae very small, circular to oval, forming a
complete row around periphery of zooid. Spiramen circular, relatively large
(mean D = 40 µm), encircled by a slightly elevated rim and placed at about
middle length of the frontal surface. Orifice circular to semicircular, encircled
distally by the peristome formed by direct upward growth of the thickened
calcified margin and proximally delimited by the suboral avicularium.
Gonozooid not recognized. Suboral avicularium present on each autozooid,
distolaterally directed, towards the outer side of the branch; rostrum
subtriangular with pointed tip. Frontal adventitious, interzooidal and vicarious
avicularia not seen.
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Measurements – ZL 432±31, 381–486 (2, 24); ZW 184±12, 162–199 (2, 24);
OL 81±2, 78–83 (2, 10); OW 93±5, 87–99 (2, 10); AL 111±12, 95–123 (2, 10).
Remarks – Adeonellopsis sp. 1 is abundant in the Burdigalian-Langhian of
East Kalimantan. It differs from A. aff. obliqua in having much more slender
branches, more elongate zooids, and smaller suboral avicularia.
Adeonellopsis sp. 2
Plate 11, fig. 3a–c.
Figured material –NHMUK PI BZ 6912, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony rigidly erect, adeoniform. Branches strap-like,
presumably arising from an encrusting base (not observed), bifurcating at an
angle of 90–110°, bilaminate, tapering proximally with three to six longitudinal
rows of alternating autozooids (Fig. 3a). Autozooids distinct, separated by
shallow grooves, apparently monomorphic, rhomboidal to rounded polygonal
in outline, elongate (mean L/W = 1.97). Frontal shield finely granular, with a
heavily calcified raised ridge surrounding the orifice, suboral avicularium and
spiramen (Fig. 3b). One or two small rounded suboral tubercles present at
sides of orifice in some autozooids, probably formed as ontogenetic
calcification progresses. Areolae small and circular, forming a complete row
around periphery of zooid. Spiramen circular, relatively large (mean D = 40
µm), placed in a depression of the frontal wall, at about one-third from the
proximal end of the zooid. Orifice circular to semicircular, proximolaterally
indented by the suboral avicularium. A single poor preserved ?maternal zooid,
with a swollen distal margin and two rows of areolae (Fig. 3c). Suboral
avicularium present on each autozooid, distolaterally directed towards the
outer side of the branch; rostrum subtriangular with pointed tip. Frontal
adventitious, interzooidal and vicarious avicularia not seen.
Measurements – ZL 403±25, 373–458 (2, 30); ZW 205±15, 182–221 (2, 30);
OL 78±7, 69–88 (2, 20); OW 93±7, 84–101 (2, 20); AL 163±15, 137–182 (2,
10).
Remarks – Adeonellopsis sp. 2 is abundant in the Serravallian sediments. It
differs from the Burdigalian-Langhian A. sp. 1 in having colonies with much
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wider and flatter branches, zooids of a similar size but with different
length/width proportions, slightly larger areolae, longer suboral avicularia, and
a more raised and tuberculate frontal surface.
Genus Reptadeonella Busk, 1884
Reptadeonella curvabilis sp. nov.
Plate 12
Figured material – Holotype: NHMUK PI BZ 6913, late Burdigalian, TF126, ‘3D
Reef’, Bontang; Paratype: NHMUK PI BZ 6914, same details as holotype.
Etymology – Referring to its avicularia that may be bent.
Diagnosis – Colony encrusting. Autozooids irregularly polygonal. Frontal shield
with a single series of marginal pores, and a single, central, round spiramen.
Orifice semicircular. Peristome short. Adventitious avicularia suboral,
dimorphic, either triangular or sickle-shaped.
Description – Colony encrusting, multiserial, unilaminar, often forming
extensive sheets. Ancestrula not observed. Autozooids distinct, separated by
shallow grooves, arranged quincuncially, irregularly polygonal, longer than
broad (mean L/W = 1.73). Frontal shield flat, finely granular with a single
series of large, oval to circular, closely spaced marginal pores, and a single
round spiramen situated in a depression at centre of zooid. Orifice
semicircular, surmounting a short peristome. Gonozooid not seen.
Adventitious avicularia dimorphic, either suboral, long (L = 150–200 µm) and
thin, with triangular rostrum (Fig. 1c–d), distolaterally directed, or large (mean
L = 300 µm), gently curving and sickle-shaped (Fig. 1b), originating
distolaterally of spiramen, the rostrum replacing one side of the peristome and
affecting the shape of the orifice, expanded proximally, narrowing distally, with
smooth lateral edges, outer edge higher than inner, no crossbar, distal tip
channeled. Accessory pores seen around avicularian cystid.
Measurements – ZL 553±67, 488–661 (5, 50); ZW 319±25, 269–338 (5, 50);
OL 125±10, 114–137 (5, 50); OW 102±7, 94–111 (5, 50).
Remarks – Reptadeonella curvabilis sp. nov. is one of the most abundant
species in the late Burdigalian reef, forming extensive sheet-like colonies,
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which typically cover more substrate space than other species. Tilbrook (2006)
noted the presence of several species of Reptadeonella (e.g. R. fissa (Hincks,
1880), R. falciformis Tilbrook, 2006, R. joloensis Bassler, 1936, R. novissima
Tilbrook, 2006, R. phelleaphila Tilbrook, 2006 and R. sicilis Tilbrook, 2006), in
the Recent Indo-West Pacific with sickle-shaped avicularia, differing from one
another in the size, position and orientation of these large avicularia.
Reptadeonella curvabilis sp. nov. is similar to R. fissa in the size of autozooids,
and in having only one set of pores plus accessory pores surrounding the
avicularian cystid, while it differs in having smaller sickle-shaped avicularia
affecting the shape of the orifice itself. This is also the case in R. joloensis and
R. phelleaphila, the former differing from R. curvabilis sp. nov. in having a
more tuberculate frontal surface, with a series of marginal pores and
numerous accessory pores randomly positioned across the whole frontal
surface, while R. phelleaphila differs in having far larger sickle-shaped
avicularia originating laterally to the spiramen instead of distally. Long, thin
suboral avicularia have been previously described in R. falciformis Tilbrook,
2006 and R. novissima Tilbrook, Hayward & Gordon, 2001, respectively
proximolaterally and distolaterally directed. However, in R. novissima they are
not accompanied by sickle-shaped avicularia. Unfortunately, the orifice is
always filled with sediment, precluding observation of a possible denticulate
proximal border and/or articulatory condyles, additional characters useful to
distinguish species.
Reptadeonella toddi sp. nov.
Plate 13
Figured material – Holotype: NHMUK PI BZ 6915, Serravallian, TF51, ‘Stadion
Reef 1’, Samarinda; Paratypes: NHMUK PI BZ 6916, Burdigalian-Langhian
boundary, TF153, ‘Rainy Section’, Bontang; NHMUK PI BZ 6917, Serravallian,
TF57, ‘Stadion Reef 2’, Samarinda.
Etymology – Named after Jon Todd (Department of Earth Sciences, NHMUK)
who helped collecting samples.
Diagnosis – Colony encrusting developing from a twin ancestrular complex.
Autozooids hexagonal. Frontal shield with a single or double series of marginal
pores and a single, central, rounded spiramen. Orifice subcircular with raised
peristome. Gonozooids identical to autozooids but swollen distally.
Adventitious avicularia suboral, pear-shaped.
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Description – Colony encrusting, multiserial, unilaminar, often forming
extensive sheets. Twin ancestrular complex, with zooids set at angle of 180˚ to
each other, smaller than budded autozooids, elongated, about 140 µm long by
60 µm broad (Fig. 1d). Autozooids distinct, separated by deep grooves,
arranged quincuncially, hexagonal, longer than broad (mean L/W = 1.51).
Frontal shield convex, finely granular, with a single or sometimes double series
of small, circular, closely spaced, marginal pores and a single round spiramen
at centre of zooid (Fig. 1b). Orifice subcircular, surmounting a short, raising
peristome. Gonozooids identical to autozooids but slightly swollen distally, with
up to three series of marginal pores, and orifice placed more proximally (Fig.
1e–f, see arrows). Adventitious avicularia suboral, originating distally of
spiramen, pear-shaped, broader proximally, narrow distally with a rounded
triangular rostrum, distolaterally directed (Fig. 1c). Accessory pores widely
spaced, delimiting a subtriangular or rhomboidal avicularian cystid.
Measurements – ZL 745±55, 636–839 (5, 50); ZW 495±42, 421–559 (5, 50);
OL 108±2, 106–110 (5, 30); OW 128±11, 118–140 (5, 30); AL 218±20, 189–
239 (5, 30); AW 136±12, 119–146 (5, 30).
Remarks – In terms of substrate occupancy, Reptadeonella toddi sp. nov.
along with two species of Steginoporella account for the main abundance of
bryozoans in the Burdigalian-Langhian and especially in the Serravallian
sections. These species have a tendency to monopolize the substrate, forming
very extensive sheet-like colonies on the undersides of platy corals.
Reptadeonella toddi sp. nov. differs from R. curvabilis sp. nov. in having rather
larger zooids, smaller marginal pores, a much more convex frontal shield and
only one type of adventitious avicularia. The pear-shaped suboral avicularium,
expanded proximally, with a narrow subtriangular rostrum that is distally
rounded, characterizes this new species and allows it to be distinguished from
previously described fossil and Recent species of Reptadeonella.
Superfamily Lepralielloidea Vigneaux, 1949
Family Lepraliellidae Vigneaux, 1949
Genus Celleporaria Lamouroux, 1821
Celleporaria sp.
Plate 14
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Figured material – NHMUK PI BZ 6918, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony encrusting, multiserial, multilaminar. Autozooids distinct,
separated by deep furrows, irregularly arranged, erect, deep-bodied,
hexagonal to irregularly polygonal, slightly longer than wide (mean L/W = 1.15)
(Fig. 1b, d). Frontal shield convex, smooth, imperforate; small, circular areolar
pores sometimes visible around zooidal margins. Orifice transversely Dshaped, with straight or slightly concave proximal margin, wider than long (Fig.
1d). Two distolateral spine bases, widely spaced (Fig. 1d). Suboral avicularium
submedial, varying in size, the rostrum raised above frontal shield, triangular
with rounded distal tip, facing frontally, directed laterally, crossbar complete
(Fig. 1c–d). Vicarious avicularia and ovicells not seen.
Measurements – ZL 390±32, 325–431 (2, 30); ZW 339±26, 306–375 (2, 30);
OL 107±13, 92–120 (2, 10); OW 144±10, 133–155 (2, 10); AL 156±33, 95–192
(2, 15).
Remarks – Celleporaria sp. forms mound-like colonies on small bioclasts. A
few colonies have been found in the Serravallian ‘Batu Putih 1’ section.
Sediment obscures the primary orifice, preventing the observation of any
teeth-like processes or condyles. This species shares some features, such as
the transversely D-shaped orifice outline, the presence of two oral spine bases,
and the suboral avicularium having a raised, triangular rostrum, with the
Recent Australian C. bispinata (Busk, 1854).
Family Romancheinidae Jullien, 1888
Genus Hippomenella Canu & Bassler, 1917
?Hippomenella devatasae sp. nov.
Plate 15
Figured material – Holotype: NHMUK PI BZ 6919, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Etymology – Named after the South-east Asian mythological goddess
Devatas.
Diagnosis – Colony encrusting. Autozooids large, subhexagonal. Frontal shield
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rugose to nodular, imperforate, with ridges around zooidal margins. Orifice
with blunt condyles, arched anter and bowed proximal margin. Prominent
suboral mucro. Eight oral spine bases, four in ovicellate zooids. Ovicell
subpentagonal, with two proximolateral fenestrae. Three adventitious, small,
bell-shaped avicularia on each autozooid.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula, early
astogeny and pore chamber windows not observed. Autozooids distinct,
separated by deep furrows, irregularly arranged, relatively large, subhexagonal,
slightly longer than wide (mean L/W = 1.22), widest at about mid-length (Fig.
1a). Frontal shield flat or slightly convex, rugose to nodular, central area
imperforate, ridges around zooidal margin radially aligned, small areolar pores
sometimes visible between them (Fig. 1a). Orifice longer than wide with blunt
condyles, separating an arched anter from a smaller poster with a bowed
proximal margin (Fig. 1b). Peristome proximolaterally raised, forming a
prominent median suboral mucro. Eight oral spine bases along distolateral
orifice margin (Fig. 1b), on average 25 µm in diameter; four in ovicellate zooids
(Fig. 1c). Ovicell subpentagonal, wider than long, smooth, imperforated,
except for two proximolateral fenestrae exposing densely porous entooecium
(Fig. 1c). Three adventitious, monomorphic avicularia on each autozooid,
small, bell-shaped, crossbar complete, rostrum rounded, placed on small,
globular, raised, smooth cystids (Fig. 1a, d); two avicularia placed laterally to
orifice at zooid margin, proximolaterally directed; one avicularium placed at
mid-width of the proximal margin of the zooid, proximally directed.
Measurements – ZL 694±26, 647–720 (1, 10); ZW 568±47, 526–631 (1, 10);
OL 145±6, 139–151 (1, 5); OW 117±1, 116–118 (1, 5); OvL 178±14, 162–188
(1, 3); OvW 255±3, 252–258 (1, 3); AL 82±9, 72–94 (1, 15).
Remarks – A few colonies of ?Hippomenella devatasae sp. nov. have been
found on the underside of late Burdigalian platy corals. This species is
tentatively assigned to Hippomenella based on the appearance of the frontal
wall, nodular and rugose, with a wide imperforated area centrally, and radially
aligned ridges along the zooidal margin. Furthermore, the ovicell, with a pair of
proximolateral fenestrae revelaing densely porous entooecium which are
divided by a median ridge of ectooecial calcification, is similar to the type
species of Hippopleurifera, H. biauriculata (Reuss, 1847). The first description
of Hippopleurifera by Canu & Bassler (1917) is based on the type species of
Hippomenella, H. mucronelliformis (Waters, 1899), for the structure of the
frontal shield, but on fossil species from the USA for the structure of the ovicell
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because ovicells of H. mucronelliformis were unknown at that time (Tilbrook,
2006). The poor definition of the genus led to the inclusion in it of species
characterised by different types of ovicells. Tilbrook (2006) distinguished two
groups of Hippomenella, the mucronelliformis-group and the lateralis-group,
the former having a uniformly perforate ovicell, the latter with a bifenestrate
ovicell. Berning (2013) amended the generic diagnoses, including in the genus
only species characterised by a hyperstomial ovicell with uncalcified
ectooecium and entooecial surface finely pitted in parts but devoid of any other
structures. Based on this conservative definition, the Kalimantan species
should be included in Hippopleurifera. However, Hippopleurifera differs in
having almost the entire frontal shield perforated by areolar pores. The
combination in the Kalimantan species of these two characters – a bifenestrate
ovicell typical of Hippopleurifera and an imperforated frontal shield
characteristic of Hippomenella – may constitute an argument for synonymising
these two genera. However, a more complete revision is needed to support
this synonymy, which is beyond the scope of the current paper. The small,
bell-shaped, adventitious avicularia are characteristic of this fossil species, and
have not been observed in any other species of Hippomenella or
Hippopleurifera, Recent or fossil. Hippomenella parviporosa Canu & Bassler,
1935 has a very similar frontal shield, with small areolar pores separated by
radial costules, and 2–3 small triangular avicularia, but lacks oral spines and a
raised peristome, and the ovicell is unknown in this species. The genus
Hippomenella is here placed in the family Romancheinidae following Berning
(2013).
?Hippomenella uniserialis sp. nov.
Plate 16, fig. 1a–e.
Figured material – Holotype: NHMUK PI BZ 6920, late Burdigalian, TF126, ‘3D
Reef’, Bontang. Paratype: NHMUK PI BZ 6921, same details as holotype.
Etymology – For its uniserial colony-form.
Diagnosis – Colony encrusting, uniserial. Autozooids large, oval. Frontal shield
smooth, imperforate, sometimes with ridges around zooidal margins. Orifice
with pointed condyles, arched anter and rounded poster. Nine to ten oral spine
bases, six in ovicellate zooids. Ovicell globular with two lateral fenestrae.
Avicularia absent.
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Description – Colony encrusting, uniserial. Ancestrula and early astogeny not
observed. Pore chamber windows absent. Uniserial branches bifurcating at
almost 90˚ through the formation of left and right distolateral buds (Fig. 1a).
Autozooids large, oval, longer than wide (mean L/W = 1.45). Frontal shield
convex, smooth, with up to three lateral and distal rows of small circular pores
(mean D = 20 µm) and imperforate central area, sometimes with ridges
aligned radially around zooidal margin (Fig. 1d–e). Orifice longer than wide
with pointed, downwardly directed condyles separating an arched anter from a
smaller poster with a rounded proximal margin (Fig. 1b). Peristome slightly
raised proximally. Nine to ten oral spine bases along distolateral orifice margin,
on average 30 µm in diameter; six in ovicellate zooids (Fig. 1c–e). Ovicell
globular, wider than long, smooth, with two lateral fenestrae (Fig. 1c).
Avicularia absent.
Measurements – ZL 668±41, 612–708 (3, 15); ZW 462±24, 436–482 (3, 15);
OL 173±11, 159–184 (3, 10); OW 150±13, 135–167 (3, 10); OvL 178±15, 168–
189 (1, 2); OvW 226±7, 220–231 (1, 2).
Remarks – ?Hippomenella uniserialis sp. nov. is common and abundant on the
undersides of late Burdigalian platy corals where it is often overgrown by
encrusting foraminifera. As in ?Hippomenella devatasae sp. nov., the frontal
shield of this uniserial species shows a wide imperforate central area outside
of which are radial ridges, and the ovicells, although poorly preserved, appear
to bear a pair of lateral fenestrae. Based on the above mentioned characters
(see also Remarks for ?Hippomenella devatasae sp. nov.), it has been
tentatively assigned to Hippomenella. ?Hippomenella uniserialis sp. nov.
differs from ?H. devatasae sp. nov. in developing uniserial colonies, in the
number of oral spine bases in both ovicellate (6 vs 4) and non-ovicellate
zooids (9 or 10 vs 8), and in the lack of avicularia. The main diagnostic
character for this species is the uniserial colony-form, which has not been
described previously for any species of Hippomenella or Hippopleurifera,
Recent or fossil.
Family Umbonulidae Canu, 1904
Genus Umbonula Hincks, 1880
?Umbonula sp.
Plate 16, fig. 2a–c.
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Figured material – NHMUK PI BZ 6922, Langhian, TF56, ‘Badak South’,
Samarinda.
Description – Colony encrusting, uniserial, new branches oriented at about 30˚
to the parent branch and formed by distolateral budding (Fig. 2a). Ancestrula
and early astogeny not observed. Autozooids large, rectangular, longer than
wide (mean L/W = 1.28). Frontal shield convex, smooth, with prominent radial
ribs extending from marginal areolar pores and as far as the mid-line of the
frontal wall (Fig. 2b). Marginal areolar pores large, circular or oval, 70–110 µm
long (Fig. 2c). Orifice oval, longer than wide. Peristome slightly raised. Ovicells
and avicularia not seen.
Measurements – ZL 852±49, 781–900 (1, 5); ZW 667±14, 651–683 (1, 5); OL
259±15, 242–270 (1, 3); OW 185±18, 165–193 (1, 3).
Remarks – A single colony, with only five zooids, of this species has been
discovered on the underside of a Langhian platy coral. It is questionably
identified as Umbonula, despite the lack of oral and suboral avicularia
characteristic of this genus, because the strongly ribbed frontal shield
resembles that of U. macrocheila (Reuss, 1847) as figured by Schmid (1989,
pl. 8, fig. 1) and Zágoršek (2010b, pl. 92, fig. 3).
Superfamily Smittinoidea Levinsen, 1909
Family Smittinidae Levinsen, 1909
Genus Parasmittina Osburn, 1952
Parasmittina sp.
Plate 17
Figured material – NHMUK PI BZ 6923, Serravallian, TF57, ‘Stadion Reef 2’,
Samarinda.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by deep grooves,
arranged quincuncially, rectangular to rhomboidal, slightly broader than long
(mean L/W = 0.89) (Fig. 1a, c). Frontal shield slightly convex, coarsely
granular, with a single series of large, irregularly shaped, marginal areolar
pores. Orifice rounded, longer than wide, median lyrula relatively narrow,
occupying approximately one fifth proximal border, anvil-shaped, with sharply
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pointed corners and convex distal edge (Fig. 1b); character of the distal border
and condyles not discernible. Two distal oral spine bases (Fig. 1a, c).
Peristome most developed laterally; secondary orifice rounded subtriangular,
the distal edge almost straight. Ovicells not observed. Adventitious avicularia
variable in size, 100 to 160 µm long, lateral-suboral, single or paired, with oval
or slightly spatulate rostrum, proximally directed (Fig. 1d). No giant avicularia
seen.
Measurements – ZL 449±20, 424–470 (2, 20); ZW 504±17, 491–526 (2, 20);
OL 139±10, 127–152 (2, 20); OW 108±11, 88–124 (2, 20).
Remarks – A few, poorly preserved colonies of Parasmittina sp. have been
discovered on the undersides of late Burdigalian and Serravallian platy corals.
A number of features have been generally used to distinguish species of
Parasmittina, in particular: size and shape of the median lyrula and lateral
condyles; denticulation of the anter; number of distal oral spines; size, shape
and orientation of adventitious and giant avicularia. Unfortunately, the
Kalimantan specimens lack ovicells and giant avicularia and, in addition, their
poor preservation does not allow observation of the distal edge of the primary
orifice or the condyles. Some of the characters that are still preserved, such as
the two distal oral spines and the shape of adventitious avicularia, are found in
numerous species belonging to this speciose genus.
Genus Pleurocodonellina Soule & Soule, 1973
?Pleurocodonellina sp.
Plate 18
Figured material – NHMUK PI BZ 6924, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by deep grooves
containing salient lateral walls, arranged more or less in longitudinal rows,
rectangular or irregularly polygonal, slightly longer than broad (mean L/W =
1.36) (Fig. 1b–c). Frontal shield convex, coarsely nodular, bordered by a single
row of large and numerous areolar pores. Primary orifice always occluded by
sediment. Secondary orifice longer than wide, with a horseshoe-shaped anter
and a narrow proximomedial sinus (Fig. 1b–d). Oral spines lacking. Peristome
most developed laterally. Ovicell immersed, large, globular, broader than long,
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covered by secondary calcification having the same appearance as the frontal
shield, perforated proximally (Fig. 1c–d). Adventitious avicularia dimorphic,
proximolateral, suboral, unpaired, complete crossbar; most commonly small,
about 120 µm long by 80 µm wide, oval, distally directed; rarely large, about
210 µm long by 140 µm wide, triangular with rounded tip, distolaterally directed
(Fig. 1b).
Measurements – ZL 868±20, 836–886 (1, 20); ZW 640±25, 598–661 (1, 20);
OL 235±16, 212–256 (1, 20); OW 190±18, 170–203 (1, 20); OvL 319±13, 310–
328 (1, 5); OvW 475±30, 443–503 (1, 5).
Remarks – A single fairly large colony of ?Pleurocodonellina sp. has been
discovered on a late Burdigalian platy coral. Species of Pleurocodonellina are
distinguished by the shape of the orificial sinus and lateral condyles, the shape
and orientation of the avicularia, the shape of the perforated crescent, and the
number of pores on the ovicell. The Kalimantan specimen is only tentatively
referred to Pleurocodonellina because, unfortunately, the shape of the sinus,
as well as the characters of condyles, are obliterated by sediment infilling.
However, the general appearance of the frontal shield and ovicells, as well as
the avicularia arising from the lateral areolae, fit the definition of the genus.
Genus Smittina Norman, 1903
Smittina sp.
Plate 19
Figured material – NHMUK PI BZ 6925, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula not
preserved. First generation of autozooids smaller in size (320–370 µm long by
220–250 µm wide) than later autozooids (Fig. 1a). Autozooids distinct,
separated by shallow grooves, quincuncially arranged, rounded rectangular to
irregularly polygonal, longer than broad (mean L/W = 1.34) (Fig. 1b–c). Frontal
shield convex, evenly perforated by large circular pseudopores seemingly
obliterated by sediment, with a distinct single series of larger, irregularly
shaped, marginal areolar pores (Fig. 1b–c). Secondary orifice squared, slightly
broader than long, lyrula wide, occupying approximately half proximal border,
anvil-shaped, with rounded corners and convex distal edge (Fig. 1c); condyles
not seen. Three or two distal oral spine bases, widely spaced (Fig. 1c).
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Peristome moderately raised all around the orifice, open proximomedially with
an avicularium obscuring base of lyrula. Ovicells globular, broader than long,
immersed, roof broken, ?porous (Fig. 1b–c).Suboral avicularium small,
circular, raised rostrum directed proximofrontally, palate steeply sloping
inwards, crossbar complete (Fig. 1d).
Measurements – ZL 504±43, 420–571 (1, 13); ZW 377±32, 330–431 (1, 13);
OL 134±10, 117–140 (1, 10); OW 143±11, 127–158 (1, 10); OvL 217±29, 196–
257 (1, 4); OvW 257±12, 240–266 (1, 4); AL 60±5, 57–65 (1, 5).
Remarks – A single small colony of Smittina sp. has been discovered on a late
Burdigalian platy coral. Two species of this genus have been previously
described from the Recent of Indonesia, S. abyssicola (Harmer, 1957) and ?S.
exclusa (Harmer, 1957). The Kalimantan specimen differs from the former
species in having distinct marginal areolar pores and distal oral spines, while it
differs from the latter in being encrusting instead of erect and in the lack of
frontal avicularia.
Genus Smittoidea Osburn, 1952
Smittoidea cf. pacifica Soule & Soule, 1973
Plate 20
cf. Smittoidea pacifica Soule & Soule, 1973, p. 380, fig. 1E–H; Winston, 1986,
p. 28; Ryland & Hayward, 1992, p. 268, fig. 24e–f; Tilbrook, Hayward &
Gordon, 2001, p. 78, fig. 18E; Tilbrook, 2006, p. 177, pl. 38, figs. A–B.
Figured material – NHMUK BZ PI 6926, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula similar to
later autozooids but smaller, 325 µm long by 170 µm wide (Fig. 1a). First
generation of autozooids smaller in size (300–360 µm long by 200–230 µm
wide) than later budded autozooids (Fig. 1a). Autozooids distinct, separated by
shallow grooves and lateral walls, quincuncially arranged, hexagonal or
irregularly polygonal, longer than broad (mean L/W = 1.58) (Fig. 1b). Frontal
shield flat or slightly convex, coarsely nodular, with a single series of large (D
= 25–35 µm), conspicuous marginal areolar pores (Fig. 1b). Primary orifice
seemingly subcircular, about 100 µm in diameter, with a wide anvil-shaped
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lyrula, occupying almost the entire proximal border (Fig. 1c); distal border
rounded, smooth; condyles not seen. Oral spines absent. Secondary orifice
completely encircled by the peristome with thick edges and a conspicuous Ushaped medioproximal pseudosinus (Fig. 1d). Single suboral avicularium on
each autozooid, rostrum elongated triangular, with rounded tip, lateral edges
finely denticulate, complete crossbar, proximally directed (Fig. 1e). Ovicells
globular, broader than long, 130 µm long by 210 µm wide, cover of smooth
calcification extending peripherally from the distal border of the peristome (Fig.
1d); central frontal area occupied by a circular fenestra with a few scattered
irregularly-shaped pores.
Measurements – ZL 474±12, 458–488 (1, 10); ZW 300±28, 278–345 (1, 10);
AL 97±4, 93–104 (1, 10).
Remarks – A single small colony of Smittoidea cf. pacifica has been
discovered on a late Burdigalian platy coral. Similarities between the
Kalimantan specimen and the Recent Smittoidea pacifica are striking.
However, a better preserved ovicell and orifice are needed to demonstrate that
they are conspecific. Smittoidea pacifica typically encrusts the undersides of
corals (Winston, 1986), and has been described from Venezuela, Galapagos
and Hawaii (Winston, 1986), the Great Barrier Reef (Ryland & Hayward,
1992), Vanuatu (Tilbrook et al., 2001) and the Solomon Islands (Tilbrook,
2006). Soule & Soule (1973, p. 382) noted that some of Harmer’s Siboga
material attributed to Smittina levis might be included in Smittoidea pacifica.
Superfamily Schizoporelloidea Jullien, 1883
Family Schizoporellidae Jullien, 1883
Genus Stephanosella Canu & Bassler, 1917
?Stephanosella sp.
Plate 21
Figured material – NHMUK PI BZ 6927, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Large, oval, pore chamber windows visible all around
zooidal margins at the growing edge (Fig. 1b). Autozooids separated by deep
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grooves, quincuncially arranged, oval, slightly longer than broad (mean L/W =
1.15). Frontal shield convex, smooth, finely porous (Fig. 1b). Primary orifice
longer than wide (including sinus), with round and denticulate anter separated
from a shallow, bowl-shaped, narrower sinus by triangular condyles medially
directed (Fig. 1c). Six oral spine bases (Fig. 1d). Adventious avicularia paired,
distolateral-oral, oval, distolaterally directed, with complete crossbar (Fig. 1b,
d). Ovicells globular, wider than long, roof imcomplete or broken (Fig. 1a).
Measurements – ZL 387±25, 349–415 (2, 15); ZW 337±19, 320–378 (2, 15);
OL 102±7, 92–108 (2, 10); OW 80±6, 71–85 (2, 10); OvL 144±10, 135–154 (1,
4); OvW 173±11, 156–181 (1, 4); AL 97±3, 94–101 (2, 8); AW 67±6, 59–73 (2,
8).
Remarks – A few poorly preserved colonies of ?Stephanosella sp. encrust the
bases of platy corals from the late Burdigalian and Serravallian. The status of
the genus Stephanosella is controversial for two main reasons: (1) Canu &
Bassler introduced, in 1917, Stephanosella and, ten years later in 1927,
Buffonellaria with an almost identical diagnosis; (2) the type species,
Stephanosella (Lepralia) biaperta (Michelin, 1848), is a Miocene fossil from
France, yet the name has been applied commonly to Recent species since
Smitt (1868). Ryland (1969, p. 220) clarified the differences between
Stephanosella and Buffonellaria and between the fossil and the Recent S.
biaperta, which are specifically and generically distinct. Many species originally
named as Stephanosella are now synonymized with Schizoporella Hincks,
1877. Ryland (1969) recognized the similarity in the zooidal appearance
between fossil specimens of S. biaperta and Escharina or Schizoporella, the
lack of ovicells in the fossils preventing the confirmation that they belonged to
the same genus. The Kalimantan species is tentatively assigned to
Stephanosella based on the convex, finely porous frontal shield, paired lateraloral avicularia, and orifice with sinus and denticulate anter, the last character
been observed also in Stephanosella parvipora Canu & Bassler, 1920.
Genus Stylopoma Levinsen, 1909
Stylopoma sp. 1
Plate 22
Figured material – NHMUK PI BZ 6928, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
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Description – Colony encrusting, multiserial, multilaminar. Ancestrular complex
not observed. Autozooids separated by distinct grooves, quincuncially
arranged, hexagonal or irregularly polygonal, slightly longer than broad (mean
L/W = 1.19). Frontal shield flat or slightly convex, evenly and densely
perforated with small round pseudopores surrounded by rims of thickened
calcification (Fig. 1b, e); marginal pores not seen. Primary orifice wider than
long, about 70 µm long by 130 µm wide (excluding sinus), transversely Dshaped, proximal edge straight; sinus deep, narrow, U-shaped (Fig. 1c);
condyles rectangular, deep and wide, smooth, with rounded median edges,
occupying the majority of the proximal border on each side of the sinus.
Ovicells globular, prominent, 350 µm long by 320 µm wide, densely perforated
(Fig. 1d); aperture not observed. One, small (L = 35 µm), teardrop-shaped
adventitious avicularium, located proximolateral of the orifice and medially
directed (Fig. 1e–f); rostrum short, acute, triangular; crossbar and condyles not
seen. Vicarious avicularia not observed.
Measurements – ZL 526±20, 494–550 (1, 10); ZW 442±27, 385–467 (1, 10).
Remarks – A single poor preserved colony of Stylopoma sp. 1 encrusts the
underside of a Serravallian platy coral from Batu Putih. The genus Stylopoma
has a pan-tropical distribution in shallow, generally reefal habitats. Tilbrook
(2001) described and illustrated twenty-one Recent species of Stylopoma from
the Indo-West Pacific and indicated a number of criteria that can be used to
distinguish between the individual species, in particular: the shape of the
proximo-medial sinus and condyles; the size, shape and positioning of
adventitious avicularia; the presence, size and shape of the vicarious
avicularia; the size and shape of the ovicell, its aperture and labellum; and the
number of ancestrular zooids in the ancestrular complex. The poor
preservation of the Kalimantan specimen prevents the observation of some of
these diagnostic features such as the ancestrular complex and ovicell
aperture.
Stylopoma sp. 2
Plate 23
Figured material – NHMUK PI BZ 6929, early Tortonian, TF508, Bontang.
Description – Colony encrusting, multiserial, multilaminar. Ancestrular complex
not observed. Autozooids distinct, separated by raised lateral walls, frontally
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budded zooids irregularly arranged, rhomboidal or irregularly polygonal,
slightly longer than broad (mean L/W = 1.1) (Fig. 1b). Frontal shield flat or
slightly convex, evenly and densely perforated with large round pseudopores
surrounded by rims of thickened calcification (Fig. 1b, d); a single row of oval
areolar pores, larger than the pseudopores, along the zooidal margin. Primary
orifice slightly longer than wide (including sinus); anter transversely D-shaped,
proximal edge straight or concave; sinus shallow, wide, U-shaped; condyles
small, rectangular, smooth, rounded (Fig. 1c). Closure plates common,
smooth, depressed centrally, with a slightly raised umbo proximally (Fig. 1d–
e). Adventitious avicularia small, paired, placed lateral to the orifice,
distomedially directed; rostrum elongate, acute, triangular or falciform (Fig. 1c,
e); crossbar complete. Vicarious avicularia not observed. Ovicells globular,
prominent, 420 µm long by 370 µm wide, coarsely granular and nodular,
perforated proximally (Fig. 1f); aperture not observed.
Measurements – ZL 821±52, 749–871 (1, 10); ZW 771±52, 704–828 (1, 10);
OL 197±13, 171–214 (1, 10); OW 187±22, 152–219 (1, 10); AL 197±15, 183–
220 (1, 10).
Remarks – A single well-preserved multilaminar colony of Stylopoma sp. 2
completely encrusts a small mollusc shell fragment, 5 mm in diameter, from
the early Tortonian. It differs from Stylopoma sp. 1 in having larger zooids with
larger pseudopores, distinct areolar pores, a much larger sinus, and paired
falciform avicularia distomedially directed. Similarly shaped adventitious
avicularia, though single and distally directed, have been described in the
Recent Stylopoma falcifera (Canu & Bassler, 1928) from the Caribbean.
However, the lack of vicarious avicularia and the scarcity of available material
prevent any further comparisons as well as the introduction of a new species.
Stylopoma sp. 3
Plate 24
Figured material – NHMUK PI BZ 6930, Messinian, TF511, ‘Sekarat Top
Reef’, Sangkulirang.
Description – Colony encrusting, multiserial, multilaminar. Ancestrular complex
not observed. Autozooids separated by distinct grooves, quincuncially
arranged, hexagonal or irregularly polygonal, slightly longer than broad (mean
L/W = 1.15) (Fig. 1b). Frontal shield flat or slightly convex, evenly and densely
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perforated with round pseudopores (Fig. 1c); marginal pores distinct only at
corners. Primary orifice, wider than long (including sinus), transversely Dshaped, proximal edge straight; sinus shallow, U-shaped, occupying one-third
of the proximal border (Fig. 1d); condyles not seen. Adventitious avicularium
single, oval, small, 70–80 µm long, located proximolaterally of orifice and
directed distolaterally (Fig. 1c–d); crossbar and condyles not seen. Vicarious
avicularia and ovicells not observed.
Measurements – ZL 550±56, 467–668 (1, 30); ZW 478±52, 376–536 (1, 30);
OL 98±9, 83–110 (1, 30); OW 134±7, 121–143 (1, 30).
Remarks – A single colony of Stylopoma sp. 3 encrusts the base of a
Messinian platy coral. Although extensive, the colony lacks vicarious avicularia
and ovicells. Additionally, the poor preservation prevents the complete
description of some characters, such as the orificial condyles and pivotal bars
of the adventitious avicularium. Stylopoma sp. 3 differs from S. sp. 1 and S.
sp. 2 in the shape and orientation of the adventitious avicularia. In the
Messinian Stylopoma sp. 3 adventitious avicularia are single, oval, and
distolaterally directed, whereas in the Serravallian S. sp. 1 they are teardropshaped with an acute rostrum directed medially, and in the early Tortonian S.
sp. 2 they are paired, triangular or falciform and directed distomedially. The
general appearance of Stylopoma sp. 3 resembles the Recent S. consobrina
Tilbrook, 2006 from the Solomon Islands.
Family Margarettidae Harmer, 1957
Genus Margaretta Gray, 1843
Margaretta aff. gracilior (Ortmann, 1892)
Plate 25, fig. 1a–d.
aff. Margaretta gracilior Harmer, 1957, p. 835, pl. 55, figs. 23–28; Tilbrook,
2006, p. 234, pl. 51, fig. D.
Figured material – NHMUK PI BZ 6931, BZ 6932, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Description – Colony erect, articulated. Internodes cylindrical, straight or
slightly curving, narrow, about 0.4–0.5 mm wide, 4-serial. Basis rami narrow
(c. 0.2–0.3 mm), tubular, undivided. Autozooids in whorls of two, elongate;
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zooidal boundaries indistinct. Frontal shield convex, regularly and evenly
perforated by small, sunken, circular pores situated at the centre of a
polygonal mesh; ascopore disto-medial, located at distance from proximal
margin of the orifice greater than orifice height, slightly larger than a
pseudopore. Orifice semicircular or slit-like. Peristome short, oblique,
proximally projecting, immersed in the calcification, not delimited by a basal
ridge. Brooding zooids not seen.
Measurements – ZL 955±40, 891–992 (5, 50); ZW 392±18, 379–405 (5, 50);
OL 71±25, 44–93 (5, 30); OW 157±3, 156–161 (5, 30).
Remarks – Internodes of Margaretta aff. gracilior are scattered abundantly in
muddy-silty sediments of the late Burdigalian ‘3D Reef’, along with another
species of Margaretta, M. aff. tenuis (see below). Margaretta is a common and
abundant component of the Recent Indo-Pacific bryofauna. Harmer (1957)
reported five species from the Siboga material, M. opuntioides (Pallas, 1766),
M. watersi (Canu & Bassler, 1929), M. gracilior (Ortmann, 1892), M. tenuis
Harmer, 1957 and M. triplex Harmer, 1957, which, however, appears to be a
junior synonym of M. chuakensis (Waters, 1907) (Tilbrook, 2006). In addition,
Tilbrook (2006) described a new species from Solomon Islands, M. longicollis.
Three Cenozoic species have been also described from India, M. turgida
(Terawi & Srivastava, 1967) from the Eocene, and M. fusiformis Guha &
Gopikrishna, 2007d and M. rajui Guha & Gopikrishna, 2007d from the
Miocene.
Species of Margaretta are distinguished using characters including the number
of autozooid in a whorl, the number of articulation tubes, peristome
morphology, the position of the ascopore, and the shape of pores in the frontal
shield. Four species of Margaretta have been found in samples from
Kalimantan, two in the late Burdigalian, M. aff. gracilior and M. aff. tenuis, one
new species, M. amitabhae sp. nov., extending from the Burdigalian-Langhian
boundary to the Serravallian, and M. aff. watersi in the Serravallian. M. aff.
gracilior is similar to the nominal species in the size of internodes and
autozooids, in having two autozooids in a whorl with short inclined peristome
and indistinct lateral walls, a disto-medial ascopore rimmed distally and
laterally, and a frontal shield regularly perforated by small, sunken pores.
However, the peristomes in the fossil species appear shorter than in the
Recent material, and the orifice is smaller, while the polygonal network of
calcification characterizing the frontal shield is much more obvious in the
fossils.
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Margaretta aff. tenuis Harmer, 1957
Plate 25, fig. 2a–c.
aff. Margaretta tenuis Harmer, 1957, p. 840, pl. 55, figs. 13–18.
Figured material – NHMUK PI BZ 6933, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony erect, articulated. Internodes cylindrical, straight or
slightly curving, about 0.6-0.8 mm wide, 6-serial. Basis rami tripartite (Fig. 2c),
originating at the side of a peristome, raised. Autozooids in whorls of three,
distinct, separated by shallow grooves, elongate (mean L/W = 3.22), oval,
tapering proximally. Frontal shield convex, smooth, regularly and evenly
perforated by small, circular pores arranged in longitudinal rows; ascopore
disto-medial, located immediately proximally of the peristomial ridge, large,
surrounded by a slightly raised rim most developed distally and laterally (Fig.
2b). Orifice semicircular (Fig. 2c). Peristome moderate, longer proximally than
distally, perpendicular to frontal shield, ridged, ridges projecting frontally to
give the appearance of a denticulate oral rim, valleys between ridges porous,
basal ridge distinct (Fig. 2b–c). Brooding zooids not seen.
Measurements – ZL 955±40, 891–992 (5, 50); ZW 392±18, 379–405 (5, 50);
OL 71±25, 44–93 (5, 30); OW 157±3, 156–161 (5, 30).
Remarks – Internodes of Margaretta aff. tenuis are common and abundant,
along with internodes of M. aff. gracilior, in late Burdigalian sediments. These
two species are easily distinguishable, even by the naked eye, as the
internodes are wider and more robust in the former species. M. aff. tenuis
differs from M. aff. gracilior also in having a different number of zooids in a
whorl (3 vs. 2), in the appearance of the frontal shield, with small, circular
pores in longitudinal rows instead of pores at the centres of polygons of
calcification, and in the presence of a peristomial ridge. This species is similar
to M. tenuis in having the same number of autozooids in a whorl, tripartite
articulation, distinct zooidal boundaries, a distinct peristomial ridge, the
moderate, ridged peristome, and the ascopore adjacent to the peristomial
ridge. However, it differs in having a semicircular rather than circular
secondary orifice.
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Margaretta aff. watersi (Canu & Bassler, 1930)
Plate 26, fig. 1a–d.
aff. Margaretta watersi Harmer, 1957, p. 838, pl. 55, figs. 3, 6, 7.
Figured material – NHMUK PI BZ 6934, BZ 6935, Serravallian, TF76, ‘Batu
Putih 1’, Samarinda.
Description – Colony erect, articulated. Internodes cylindrical, straight or
slightly curving, 0.8–1.2 mm wide (Fig. 1a, c), 8-serial. Basis rami narrow (c.
0.3–0.4 mm), tubular, bipartite, originating between two peristomes.
Autozooids in whorls of four, elongate; zooidal boundaries indistinct. Frontal
shield convex, granular, regularly and evenly perforated by small, sunken,
circular pores situated at the centres of a polygonal meshwork of calcification
(Fig. 1b, d); ascopore disto-medial, situated at the middle of a triangle formed
by three orifices, slightly larger than pseudopores. Orifice circular, 165–190
µm in diameter. Peristome short, perpendicular to the frontal plane, not
delimited by a basal ridge. Brooding zooids with longer peristomes, inclined
distally, bulbous at base (Fig. 1d).
Measurements – ZL 1525±55, 1426–1573 (5, 40); ZW 597±35, 553–661 (5,
40).
Remarks – Internodes of Margaretta aff. watersi are common and abundant in
several sections, from Batu Putih to the Stadion Reef, all Serravallian in age. It
is similar to the nominal species in having the ascopore placed at the middle of
a triangle formed by three orifices, and fertile peristomes that are long and
distally curved, but differs in having a bipartite instead of undivided articulation.
It also differs from the previously described species mainly in the number of
zooids in a whorl, which are four in M. aff. watersi, three in M. aff. tenuis, and
two in M. aff. gracilior.
Margaretta amitabhae sp. nov.
Plate 26, fig. 2a–c.
Figured material – Holotype: NHMUK PI BZ 6937, Burdigalian-Langhian
boundary, TF153, ‘Rainy Section’, Bontang. Paratype: NHMUK PI BZ 6938,
same details as holotype.
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Etymology – Named after the Southeast Asian mythological goddess Amitabh.
Diagnosis – Colony erect, articulated. Internodes formed by pairs of back to
back zooids. Articulation undivided. Autozooids club-shaped. Frontal shield
granular, perforated. Ascopore disto-medial. Orifice subcircular. Peristome
moderate. Brooding zooids with longer peristomes.
Description – Colony erect, articulated. Internodes straight or slightly curved,
as wide as a zooid, formed by pairs of back to back zooids. Articulation
undivided, originating laterally, between two peristomes. Autozooids clubshaped, tapering and bottleneck-shaped distally, elongate (mean L/W = 2.09)
(Fig. 2a–c); zooidal boundaries distinct. Frontal shield convex, granular,
regularly and evenly perforated by small, sunken, circular pores in furrows
between longitudinal ridges continuing into the peristome; ascopore distomedial, surrounded by a raised rim most developed proximally and laterally
(Fig. 2b). Orifice subcircular, about 100 µm in diameter. Peristome moderate,
about 0.3 mm long, angled at approximately 45˚ to the frontal shield, ridged,
ridge projections giving the appearance of a denticulate orificial rim, delimited
by a basal ridge (Fig. 2a–c). Brooding zooids with longer peristomes, 0.4–0.5
mm long, inflated proximally, 0.35–0.40 mm wide at the base (Fig. 2c).
Measurements – ZL 1026±66, 958–1124 (15, 30); ZW 492±32, 453–530 (15,
30).
Remarks – Internodes of Margaretta amitabhae sp. nov. have been found in
Burdigalian-Langhian and Serravallian sediments. Internodes are all
disarticulated in pairs of back-to-back zooids The shape and arrangement of
the internodes is very peculiar and distinguishes this species from all known
Recent and fossil species of Margaretta. However, specimens similar to the
Kalimantan species have been found also in samples from the Miocene of
Tanzania (B. Berning, in prep.).
Family Hippopodinidae Levinsen, 1909
Genus Hippopodina Levinsen, 1909
Hippopodina cf. feegeensis (Busk, 1884)
Plate 27
cf. Lepralia feegeensis Busk, 1884, p. 144, pl. 22, figs. 9, 9a, 9b.
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cf. Hippopodina feegeensis Harmer, 1957, p. 974, pl. 67, figs. 8–9; Ryland &
Hayward, 1992, p. 256, fig. 17a; Tilbrook, 1999, p. 451, fig. 1a–h.
Figured material – NHMUK PI BZ 6939, Serravallian, TF51, ‘Stadio Reef 1’,
Samarinda; NHMUK PI BZ 6940, early Tortonian, TF508, Bontang.
Description – Colony encrusting, multiserial, unilaminar, often very extensive.
Ancestrula and early astogeny not observed. Autozooids large, distinct,
separated by deep grooves, rectangular or hexagonal, slightly longer than
broad (mean L/W = 1.31) (Fig. 1a–b). Frontal shield convex, tuberculate,
evenly perforated by numerous small pseudopores. Orifice hoof-shaped,
slightly longer than wide, a pair of small, rounded, lateral condyles directed
medially and separating a rounded anter from a smaller poster with a straight
or slightly concave proximal margin (Fig. 1c). Adventitious avicularia generally
paired, though sometimes single, located distolaterally of orifice and orientated
medially (Fig. 1b–c); rostrum pointed, acutely triangular, raised; crossbar
complete. Ovicells very large, almost as long as wide, rounded, evenly
perforated (Fig. 1d). Orifice in ovicellate zooids shorter but wider than
autozooids, about 170 µm long by 260 µm wide. Avicularia not visible in
ovicellate zooids.
Measurements – ZL 809±33, 751–856 (5, 40); ZW 616±38, 577–668 (5, 40);
OL 222±22, 195–230 (5, 40); OW 199±20, 177–242 (5, 40); AL 234±25, 199–
273 (5, 40); OvL 551±8, 547–557 (5, 20); OvW 568±31, 539–600 (5, 20).
Remarks – Hippopodina cf. feegeensis is common and abundant in all of the
Serravallian and Tortonian samples, where it has been found encrusting
extensively the undersides of platy corals. At the present day H. feegeensis
has a circumtropical distribution in warm shallow waters within the 21˚C
surface water isotherm, forming very broad encrusting sheets on all kinds of
substrates, often occurring on coral rubble (Tilbrook, 1999). Tilbrook (1999)
pointed out the large morphological variation of this species, for example, in
the shape of the proximal margin of the orifice, seemingly geographical or
habitat-related, and which not warrant the erection of separate species. Some
differences can be observed in the Kalimantan material between Serravallian
and Tortonian colonies. In the Serravallian colonies the proximal margin of the
orifice is straight whereas in the Tortonian colonies it is concave. Furthermore,
the fossil specimens show generally smaller autozooids (0.81 x 0.62 mm) than
material from the Recent of the Philippines (0.98 x 0.62 mm), Australia (1.01 x
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0.63 mm), Fiji (0.98 x 0.58 mm) and the Red Sea (1.07 x 0.73 mm) (Tilbrook,
1999).
Hippopodina cf. pulcherrima (Canu & Bassler, 1928)
Plate 28
cf. Lepralia pulcherrima Canu & Bassler, 1928, pp. 25, 82, pl. 6, figs. 1–2.
cf. Hippopodina feegeensis Harmer, 1957, p. 974, pl. 67, fig. 7.
cf. Hippopodina pulcherrima Tilbrook, 1999, p. 452, fig. 1g–h; Tilbrook, 2006,
p. 246, pl. 54, figs. A–B.
Figured material – NHMUK PI BZ 6941, Messinian, TF511, ‘Sekarat Top
Reef’, Sangkulirang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids large, distinct, separated by deep grooves,
rectangular or hexagonal, longer than broad (mean L/W = 1.52). Frontal shield
convex, tuberculate, evenly perforated by numerous small pseudopores (Fig.
1b–c). Orifice hoof-shaped, slightly longer than wide, a pair of small, rounded,
lateral condyles separating a rounded anter from a smaller poster with a
concave proximal margin. Ovicell large, about 740 µm long by 670 µm wide,
rounded, evenly perforated (Fig. 1c). Adventitious avicularia generally single,
sometimes paired, located proximolaterally of orifice and orientated
proximomedially (Fig. 1d); rostrum raised, acutely triangular; crossbar
complete. Avicularium and orifice morphology not observed in ovicellate
zooids.
Measurements – ZL 1019±23, 1003–1046 (2, 20); ZW 672±26, 639–706 (2,
20); OL 293±15, 277–316 (2, 20); OW 274±17, 252–291 (2, 20); AL 298±9,
285–308 (2, 20).
Remarks – Two colonies of Hippopodina cf. pulcherrima have been found
encrusting branches of Messinian Porites. At the present day H. pulcherrima
has been described from the Caribbean, tropical western Atlantic, the Red Sea
and the Solomon Islands (Tilbrook, 2006). The zooidal size of the Kalimantan
specimens is slightly smaller than the Recent.
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Hippopodina indicata sp. nov.
Plate 29
Figured material – Holotype: NHMUK PI BZ 6942, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Etymology – Referring to its avicularia pointing towards the orifice.
Diagnosis – Colony encrusting. Autozooids rectangular or hexagonal. Frontal
shield tuberculate, evenly perforated except around the orifice. Orifice hoofshaped. Adventitious avicularia single or lacking, triangular. Ovicells globular,
evenly perforated.
Description – Colony encrusting, multiserial, unilaminar, often very extensive.
Ancestrula and early astogeny not observed. Autozooids large, distinct,
separated by deep grooves, rectangular or hexagonal, slightly longer than
broad (mean L/W = 1.37). Frontal shield convex, tuberculate, evenly
perforated by numerous moderately large pores except for in a smooth area
around the orifice (Fig. 1a–b). Orifice hoof-shaped, slightly longer than wide, a
pair of small, rounded, lateral condyles directed downwards and separating a
rounded anter from a smaller poster with a concave proximal margin; distal
edge of oral rim raised slightly (Fig. 1d). Adventitious avicularia often single,
sometimes lacking, never observed paired, originating laterally on the distal
third of the zooid, orientated distomedially (Fig. 1a–c); rostrum raised, acutely
triangular, pointing towards the orificial condyles; crossbar complete. A single
crushed ovicell, probably originally globular, about 400 µm long by 600 µm
wide, evenly perforated (Fig. 1c). Orifice in ovicellate zooid obscured.
Avicularium present in ovicellate zooid.
Measurements – ZL 1206±36, 1178–1257 (5, 50); ZW 883±41, 800–936 (5,
50); OL 320±24, 281–347 (5, 30); OW 285±33, 246–319 (5, 30); AL 410±30,
388–431 (5, 30).
Remarks – A fair number of large colonies of Hippopodina indicata sp. nov.
have been found encrusting the undersides of platy corals in late Burdigalian
to Langhian deposits. A single colony was fertile but unfortunately the roof of
the ovicell is crushed. It differs from the Kalimantan species assigned to
Hippopodina cf. feegeensis and H. cf. pulcherrima in having the frontal shield
perforated by fewer and much larger pores, and adventitious avicularia
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positioned more proximolaterally compared to the former species and
distomedially rather than proximomedially directed as in the latter species. It
also differs from the Recent H. pectoralis Harmer, 1957 from the Celebes Sea
and from the French Miocene species H. lappi David, 1965 in having
adventitious avicularia, and from the Spanish Pliocene species H. iberica
Pouyet, 1976 in having the frontal shield perforated by large circular instead of
polygonal pores and in the number, position and size of the adventitious
avicularia which are always paired, small and distally placed in H. iberica.
Genus Saevitella Bobies, 1956
Saevitella renemai sp. nov.
Plate 30
Figured material – Holotype: NHMUK PI BZ 6943, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Etymology – Named after Willem Renema (NCB Naturalis, Leiden, The
Netherlands) for his support during the fieldwork.
Diagnosis – Colony encrusting. Autozooids oval or polygonal. Frontal shield
finely tuberculate, evenly perforated. Orifice dimorphic. Ovicells immersed.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by deep grooves, oval
or irregularly polygonal, elongate (mean L/W = 1.62). Frontal shield convex,
finely tuberculate, evenly perforated by numerous small circular pores (Fig.
1b). Orifice surrounded by a narrow, and smooth rim, dimorphic: in nonovicellate zooids oval, small, longer than wide, averaging 170 x 130 µm, with
concave proximal margin (Fig. 1b); in ovicellate zooids much more
rectangular, about 200 µm wide by 150 µm long, with straight proximal margin
(Fig. 1d); condyles small. Ovicells immersed between the two distal zooids,
globular, small, wider than long, more tuberculate and less perforated than the
frontal shield (Fig. 1c–d).
Measurements – ZL 644±34, 614–676 (2, 30); ZW 397±25, 353–426 (2, 30);
OvL 174±15, 156–195 (2, 20); OvW 271±21, 244–294 (2, 20).
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Remarks – A few small colonies of Saevitella renemai sp. nov. have been
discovered on the bases of late Burdigalian platy corals. The Kalimantan
species differs from the coeval European S. inermis Bobies, 1956 in lacking a
wide non-porous lip around the orifice and in having much more numerous and
smaller pores perforating the frontal shield. The Recent S. peristomata
(Waters, 1899) from Madeira is characterized by a raised peristome absent in
the Kalimantan species.
Genus Thornelya Harmer, 1957
Thornelya sp.
Plate 31
Figured material – NHMUK PI BZ 6944, Serravallian, TF57, ‘Stadion Reef 2’,
Samarinda.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by shallow grooves,
arranged in alternating longitudinal rows, rectangular, varying in size, generally
longer than broad (mean L/W = 1.14), sometimes wider than long. Frontal
shield convex, tuberculate, perforated by 50–60 large circular pores on
average 30 µm in diameter (Fig. 1b). Orifice placed distally, slightly dimorphic,
oval, a little longer than wide with shallow concave proximal sinus and rounded
condyles medially directed in non-ovicellate zooids (Fig. 1d), subcircular,
slightly wider than long in ovicellate zooids (Fig. 1b). Oral spine bases of an
uncertain number, probably two, distolateral, widely spaced. Ovicell globular,
wider than long, 250 µm long by 360 µm wide, immersed in frontal shield of
the distal zooid, with similar perforations to those of the frontal shield (Fig. 1b).
Up to four adventitious avicularia per zooid, 50-110 µm long, oval or triangular,
with rounded or acute rostrum, placed latero-oral or along zooidal margins,
usually at mid-length or on the proximal margin, distolaterally or proximally
directed, on a small, smooth, raised cystid (Fig. 1c).
Measurements – ZL 517±74, 432–619 (1, 20); ZW 452±87, 369–580 (1, 20);
OL 136±7, 127–141 (1, 10); OW 128±7, 118–136 (1, 10).
Remarks – A single colony of Thornelya sp. has been found encrusting the
base of a Serravallian platy coral. Three Recent Indo-Pacific species of
Thornelya have been previously described: T. ceylonica (Thornely, 1905), T.
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fuscina Tilbrook, Hayward & Gordon, 2001, and T. perarmata Harmer, 1957.
The Kalimantan species has evenly and densely perforated frontal shields
which makes it easily distinguishable from T. perarmata, which has
pseudopores concentrated centrally and larger, distinct marginal areolae. T.
ceylonica and T. fuscina are very similar in general appearance, differing in the
number of oral spines and avicularia, and in the size and shape of the orifice.
T. fuscina shares with the fossil species the presence of three perioral
avicularia (two latero-oral and one on the proximal margin of the distal zooid)
seen in some of the zooids.
Family Gigantoporidae Bassler, 1935
Genus Gigantopora Ridley, 1881
Gigantopora milenae sp. nov.
Plate 32
Figured material – Holotype: NHMUK PI BZ 6945, Serravallian, TF57, ‘Stadion
Reef 2’, Samarinda. Paratype: NHMUK PI BZ 6946, Serravallian, TF522,
‘Coalindo Haulage Road 1’, Sangkulirang.
Etymology – Named after a good friend of the first author, Milena Crespi.
Diagnosis – Colony encrusting. Ancestrula discoidal. Autozooids rectangular
or rhomboidal. Frontal shield porous with pointed frontal processes. Primary
orifice obscured by a tall peristome; secondary orifice elliptical. Avicularia
paired, lateral to orifice, medially directed. Spiramen transversely oval or
reniform. Ovicell cap-like, ridged and perforated.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula large,
about 400 µm long by 300 µm wide, discoidal, frontal shield faintly granular,
minutely porous, with a small, distal, circular aperture (Fig. 1e); a single zooid
budded distally, similar in appearance to later autozooids but much smaller,
about 350 µm long by 200 µm wide. Autozooids distinct, separated by deep
grooves, quincuncially arranged, rectangular or rhomboidal, longer than broad
(mean L/W = 1.72). Frontal shield convex, with numerous, very small
pseudopores between raised, pointed frontal processes (Fig. 1a–b). Primary
orifice often obscured by a tall, frontally curved, thin peristome, a wide sinus
with two triangular rounded condyles visible in one autozooid; secondary
orifice elliptical, transversely elongate. Peristomial bridge over spiramen with
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more rounded tubercles than on the frontal shield, presence of perforations
unclear; spiramen transversely oval or reniform, similar in size to secondary
orifice, one-and-a-half times as wide as long (Fig. 1b). Ovicell small, globular,
cap-like on the peristome, slightly longer than wide, ridged and perforated by a
few pores, larger than in the frontal shield and irregularly distributed (Fig. 1c).
Avicularia paired, small, about 60 µm long, located laterally of orifice, medially
directed (Fig. 1d); crossbar complete.
Measurements – ZL 606±29, 573–640 (2, 30); ZW 353±16, 334–366 (2, 30);
OL 112±15, 91–133 (2, 30); OW 182±11, 167–201 (2, 30); OvL 217±9, 205–
224 (2, 10); OvW 195±18, 174–215 (2, 10).
Remarks – Gigantopora milenae sp. nov. is common in the Serravallian, even
though not abundant, occurring as small encrusting colonies on the bases of
platy corals. This species is characterised by the relatively small size of the
zooids, the small, irregularly perforate and ridged ovicells, and the small,
triangular peristomial avicularia medially directed. Three Recent species of
Gigantopora have been described from Indonesia: G. profunda Harmer, 1957,
which mainly differs from Gigantopora milenae sp. nov. in colony morphology,
being erect instead of encrusting; G. pupa (Jullien & Calvet, 1903), which
differs from the Kalimantan species in having much larger zooids (1.3 x 0.7
mm vs 0.6 x 0.4 mm), a larger ovicell completely encircling laterally and
distally the peristome, and rounded instead of pointed tubercles on the frontal
shield; and G. spiculifera Canu & Bassler, 1927 which has a larger, less
tuberculate ovicell and characteristic minute frontal tubercles that divide at
their ends. Fossil occurrences of the genus Gigantopora are uncommon.
Hayward & Winston (2011, p. 2304) stated that “species of Gigantopora have
been described from Tertiary horizons in New Zealand” without mentioning the
source but Gordon (1984, p. 79) described Gephyrophora polymorpha Busk,
1884 from the Kermadec Ridge which appears to be an encrusting form of G.
polymorpha recorded by Brown (1952) from the Middle Oligocene of New
Zealand and placed by the latter author in Gigantopora.
Family Lanceoporidae Harmer, 1957
Genus Calyptotheca Harmer, 1957
Calyptotheca sp. 1
Plate 33, fig. 1a–d.
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Figured material – NHMUK PI BZ 6947, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda; NHMUK PI BZ 6948, late Burdigalian, TF126, ‘3D Reef’, Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula, early
astogeny and basal pore chambers not observed. Autozooids distinct,
bordered by a thin calcified lining, hexagonal or irregularly polygonal, longer
than broad (mean L/W = 1.30). Frontal shield convex, perforated by 20–30
fairly large, round pores, on average 35 µm in diameter (Fig. 1a, c). Orifice
distally placed, oval, slightly wider than long, with concave proximal sinus (Fig.
1c–d); condyles small and rounded. Ovicell globular, wider than long, with
similar perforations to the frontal shield (Fig. 1d). Avicularia absent.
Measurements – ZL 537±18, 524–550 (1, 10); ZW 414±18, 402–427 (1, 10);
OL 147±3, 144–149 (1, 10); OW 163±5, 160–169 (1, 10); OvL 224±20, 204–
242 (1, 7); OvW 333±7, 326–340 (1, 7).
Remarks – Seven colonies of Calyptotheca sp. 1 encrust platy coral
fragments, one from the late Burdigalian, the other six from the Serravallian.
This species is characterised by the distribution and size of the frontal pores,
which are few in number but large compared to established species of
Calyptotheca, and by the lack of avicularia. The Oligo-Miocene C.
subhexagonalis Guha & Gopikrishna, 2007d and C. subrectangulata Guha &
Gopikrishna, 2007d from Gujarat, India, the Recent C. suluensis Harmer, 1957
from the Sulu Archipelago and C. rugosa from the Mediterranean also lack
avicularia. However, they all differ from the Kalimantan species in frontal shield
porosity.
Calyptotheca sp. 2
Plate 33, fig. 2a–b.
Figured material – NHMUK PI BZ 6949, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula, early
astogeny and basal pore chambers not observed. Autozooids distinct,
separated by deep grooves, irregularly polygonal, longer than broad (mean
L/W = 1.29). Frontal shield convex, granular, perforated by 25–35 small, round
pores, on average 15 µm in diameter (Fig. 2a). Orifice distally placed, oval,
longer than wide, with concave proximal sinus; condyles not seen. Peristome
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raised, flared proximally, bearing two latero-oral avicularia, small, oval and,
distally directed (Fig. 2b). Ovicell globular, partly immersed in the frontal shield
of the distal zooid, wider than long, perforated (Fig. 2b); pores smaller than
those on the frontal walls.
Measurements – ZL 488±53, 437–566 (1, 10); ZW 378±20, 354–414 (1, 10);
OL 154±11, 141–163 (1, 3); OW 105±9, 95–114 (1, 3); OvL 212±12, 197–227
(1, 5); OvW 264±9, 256–277 (1, 5); AL 74±5, 68–80 (1, 5).
Remarks – A single colony of Calyptotheca sp. 2 encrusts a Serravallian platy
coral. It differs from C. sp. 1 in the size of the frontal pores and in having
latero-oral, peristomial avicularia. C. parcimunita Harmer, 1957 has paired
avicularia resembling those of the fossil species, although wanting in ovicellate
zooids, but differs in the shape of the orifice, which is approximately as long as
wide in C. parcimunita and more elongate in C. sp. 2.
Family Actisecidae Harmer, 1957
Genus Actisecos Canu & Bassler, 1927
Actisecos sp. 1
Plate 34
Figured material – NHMUK PI BZ 6950, BZ 6951, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
Description – Colony ?free-living, discoidal, small, measuring 1.5-2 mm in
diameter, almost flat or slightly convex frontally and slightly concave basally
(Fig. 1a, d). Ancestrula broken. Autozooids distinct, separated by shallow
grooves, arranged regularly in alternating circlets, rhomboidal, longer than
broad (mean L/W = 1.20). Frontal shield convex, granular, perforated by 10–
15 moderately large, round pores (Fig. 1b). Peristome raised, tubular,
granular, imperforate. Avicularia absent. Ovicell globular, small, peristomial,
placed on the basal side of marginal peristomes, slightly wider than the
peristome, barely visible in frontal view as a small semicircular cap, porous
(Fig. 1b–c). Basal surface with depressions (Fig. 1d).
Measurements – ZL 380±23, 328–410 (2, 20); ZW 316±18, 296–357 (2, 20).
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Remarks – Two small colonies, formed by three circlets of zooids, of Actisecos
sp. 1 have been found in late Burdigalian sediments. The genus Actisecos
includes two Recent species characteristic of muddy-sandy sea-bottoms: A.
pulcher Harmer, 1957 described from the Makassar Strait and Java Sea at 5988 m depth, and A. regularis Canu & Bassler, 1927 described originally from
the Philippines at 84-104 m depth and reported by Harmer (1957) from the
Java Sea at 82-88 m depth and by Cook (1966) from New Guinea and Gulf of
Oman at 201 m depth. The former species has much larger and more convex
colonies, and considerably larger ovicells than the latter. The Kalimantan
species, with its nearly flat colonies and very small ovicells, seems to be more
similar to A. regularis. The fossil specimens have much smaller zooids than
those reported by Cook (1966, p. 208); however, this may be due to the fact
that the small fossil colonies only contain zooids from early astogeny. Harmer
(1957, p. 859) described a moderate number of foramina surrounded by a low
circular wall on the basal surface of both A. pulcher and A. regularis which are
interpreted as rootlet-chambers allowing colonies potentially to be attached to
the substrate by rootlets. Similar structures can be observed in A. sp. 1. In
contrast, Cook (1966, p. 208) described Actisecos as “apparently completely
free-living”.
Actisecos sp. 2
Plate 35
Figured material – NHMUK PI BZ 6952, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony ?free-living, hemispherical, small, measuring 2–3.5 mm
in diameter, strongly convex frontally, concave basally (Fig. 1a). Ancestrula
broken, leaving an oval depression surrounded by six periancestrular zooids
(Fig. 1b). Autozooids distinct, separated by deep grooves, arranged regularly
in alternating circlets, oval, longer than broad (mean L/W = 1.42). Frontal
shield convex, perforated by 10–12 large, round pores in raised, conical
processes (Fig. 1c). Peristome raised, tubular, coarsely tuberculate,
imperforate. Ovicell globular, large, peristomial, placed on the basal side of
peristomes of marginal zooids, wider than the peristome, porous (Fig. 1c).
Avicularia absent. Basal surface with depressions.
Measurements – ZL 480±37, 395–541 (2, 30); ZW 337±22, 290–376 (2, 30).
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Remarks – Four small colonies of Actisecos sp. 2 have been found in silty
sediments from the Serravallian. This species differs from Actisecos sp. 1 in
having larger and much more convex colonies, larger zooids and ovicells,
peristomes more densely and coarsely tuberculate, and larger frontal pores in
raised conical processes. These characters make it appear more similar to A.
pulcher.
Family Vicidae Gordon, 1988
Genus Vix Gordon, 1988
Vix sp.
Plate 36
Figured material –NHMUK PI BZ 6953, BZ 6954, BZ 6955, BurdigalianLanghian boundary, TF153, ‘Rainy Section’, Bontang.
Description – Colony erect, branching, branches bifurcating at an angle of
about 80˚, quadriserial (Fig. 1a, c). Autozooids distinct, separated by a very
thin, slightly raised wall, arranged in alternating longitudinal rows, facing
laterally, semielliptical, elongate (mean L/W = 2.35). Frontal shield convex,
distally raised, characterised by longitudinal ridges and furrows with small oval
pores between, evenly and widely spaced, about 30 µm apart (Fig. 1b, d).
Orifice placed subterminally; primary orifice obliterated by sediment;
secondary orifice semicircular, about 90 µm long by 115 µm wide, oral spine
bases lacking. Median suboral avicularium placed on the proximal rim of the
secondary orifice; rostrum always broken, giving the appearance of a
pseudosinus in the secondary orifice (Fig. 1e). Ovicells not observed.
Measurements – ZL 615±46, 556–682 (3, 15); ZW 262±18, 235–290 (3, 15).
Remarks – A few branch fragments of Vix sp. have been found scattered in
sediments of Burdigalian-Langhian age. The genus Vix is monotypic,
comprising only the type species, V. vagans (Thornely, 1912), described as
secondary (reparative) jointed and basally rooted, from the Seychelles and
Amirante Islands at 34–39 fathoms depth (about 62–71 m), and further
recorded from east Africa and Zanzibar by Waters (1913). The Kalimantan
fossil here identified as Vix sp. has similarly sized zooids to the type species
but the orifice is slightly more distally placed. However, the preservation of the
fossil specimens prevents the observation of the primary orifice and
avicularium rostrum, making further comparison difficult. The Kalimantan
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species represents the first fossil record for the genus, although a further,
unpublished record of Vix is in the Miocene of Tanzania (B. Berning, in prep.).
Family Petraliidae Levinsen, 1909
Genus Orbiculipora Guha & Gopikrishna, 2005d
Orbiculipora sp.
Plate 37
Figured material – NHMUK PI BZ 6956, late Burdigalian, TF 126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Basal pore chambers absent. Autozooids large,
distinct, separated by deep grooves, a thin rim of calcification delineating a
subhexagonal outline, longer than broad (men L/W = 1.31) (Fig. 1a–b). Frontal
shield convex, smooth, perforated by numerous tiny pseudopores (Fig. 1c);
marginal areolar pores indistinguishable from pseudopores. Orifice orbicular,
slightly longer than wide, divided into a wide horseshoe-shaped anter and a
smaller, shallow, bowl-shaped poster by two, lateral, blunt condyles (Fig. 1d).
Peristome slightly raised. Ovicell globular, large, slightly broader than long,
about 680 µm long by 710 µm wide, evenly and densely perforated by circular
pseudopores about 40 µm in diameter, coarser than pseudopores on the
frontal shield, projecting over the orifice restricting the size of the opening.
Avicularia not observed.
Measurements – ZL 1400±122, 1248–1591 (2, 20); ZW 1069±61, 991–1160
(2, 20); OL 322±24, 287–366 (2, 20); OW 294±19, 264–324 (2, 20).
Remarks – A few colonies of Orbiculipora sp. have been found encrusting the
undersides of platy corals from the late Burdigalian, often overgrown by
encrusting foraminifera. The genus Orbiculipora is monospecific and was
introduced for a Miocene species from Gujarat, India with orifices of orbicular
outline and pseudoporous frontal shields. The type species, O. gigantea Guha
& Gopikrishna, 2005d, has rare avicularia placed on the distal peristomial rim.
All of the Kalimantan specimens lack avicularia; however, colony size is too
small to definitively preclude the presence of polymorphs in the Kalimantan
species.
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Family Microporellidae Hincks, 1879
Genus Calloporina Neviani, 1895
Calloporina sp.
Plate 38
Figured material – NHMUK PI BZ 6958, Serravallian, TF 522, ‘Coalindo
Haulage Road 1’, Sangkulirang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny poorly preserved; ancestrula outline oval, about 280 µm long by 200
µm wide; first generation of autozooids rounded triangular in outline, slightly
smaller than later autozooids (Fig. 1a). Pore chamber windows visible at the
colony growing edge along distolateral walls, small, rounded. Autozooids
distinct, separated by deep grooves, oval or hexagonal, longer than broad
(men L/W = 1.31). Frontal shield slightly convex, rugose, imperforate centrally,
with a single series of lateral areolar septular pores, numbering 4 to 6 along
each margin, rounded or drop-shaped, and a few scattered circular pores
between the orifice and the ascopore (Fig. 1b, d). Ascopore circular or
longitudinally elliptical, on average 50 µm in diameter, placed approximately at
or slightly distally of mid-length, surrounded by a thin, raised rim (Fig. 1e).
Orifice semicircular, slightly longer than wide, high-arched, proximal margin
straight, surrounded by an uncertain number of oral spine bases, at least four,
on average 20 µm in diameter (Fig. 1e). Ovicell globose, hyperstomial,
partially immersed in frontal shield of distal zooid, wider than long, smooth,
with a narrow, about 35 µm wide, crescentic and pitted entooecium placed
subterminally and surrounded by a thin raised rim (Fig. 1c). Avicularia long,
slender, single or paired, if paired unequal in size, teardrop-shaped, originating
laterally to ascopore, extending to proximolateral corner of orifice and oriented
distally (Fig. 1e); rostrum elongate, triangular, raised, with acuminate tip
reaching the lateral distal edge of the orifice; crossbar complete.
Measurements – ZL 546±56, 468–667 (1, 10); ZW 416±41, 357–475 (1, 10);
OL 113±5, 109–118 (1, 5); OW 107±2, 105–109 (1, 5); OvL 231±19, 212–250
(1, 3); OvW 315±18, 300–335 (1, 3); AvL 184±30, 145–251 (1, 20).
Remarks – Two colonies of Calloporina sp. have been discovered on the
undersides of very thin platy coral fragments from the Serravallian ‘Coalindo
Haulage Road 1’ section. Unfortunately, the poor preservation of both colonies
prevents the observation of diagnostic features such as, for example, the
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presence of condyles or denticulation on the proximal margin of the primary
orifice and the exact number of oral spine bases. Two Recent species of
Calloporina, C. sculpta Canu & Bassler, 1929 and C. sigillata Canu & Bassler,
1929, originally reported from the Philippines, are known from a number of
localities within the Indo-Pacific (Tilbrook, 2006). C. sculpta has similar sized
autozooids but differs from the Kalimantan fossil in having much longer
avicularia distolaterally directed, and a transversely oval ascopore, while in
Calloporina sp. from Kalimantan the avicularia are distally directed and the
ascopore is circular. C. sigillata is very similar to the Kalimantan species in the
general appearance of autozooids with paired pointed avicularia, unequal in
size, distally directed and touching the margins of the orifice, the circular
ascopore, and the ovicells with a narrow, widely arched, crescentic band of
entooecium subterminally placed. However, the Kalimantan species has a
single series of areolar pores, and much smaller autozooids compared with C.
sigillata (0.55 x 0.42 mm vs 0.95 x 0.65 mm).
Genus Microporella Hincks, 1877
Microporella aff. browni Harmelin, Ostrovsky, Cáceres-Chamizo & Sanner,
2011
Plate 39
aff. Microporella browni Harmelin, Ostrovsky, Cáceres-Chamizo & Sanner,
2011, p. 3, figs. 1A–G, 2A–E.
Figured material – NHMUK PI BZ 6957, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by raised lateral
margins, quincuncially arranged, approximately pentagonal or oval, slightly
longer than broad (mean L/W = 1.30). Frontal shield moderately convex,
entirely covered by small rounded nodes with a few circular pseudopores
intercalated between them (Fig. 1a–b); slit-like marginal areolar pores poorly
visible. Primary orifice semicircular, broader than long, bearing six oral spine
bases, about 10 µm in diameter, widely spaced (Fig. 1c); proximal and distal
edges not visible because of sediment filling. Ascopore proximal to orifice at a
distance equal to half of orifice length, surrounded by a thick, slightly raised
rim; lumen C-shaped with median process small, rounded, with denticles (Fig.
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1c). Avicularium single, on the right or left, located close to the mediolateral
margin of the autozooid, relatively distant from the ascopore (Fig. 1c); rostrum
short, rounded triangular, truncated with channeled tip, distolaterally directed
(Fig. 1b–c); crossbar complete. Ovicells ‘personate’, globular, broader than
long, coarsely granular, with few small pores; no oral spine bases visible in
ovicellate zooids (Fig. 1d).
Measurements – ZL 471±18, 437–482 (1, 10); ZW 361±26, 319–391 (1, 10);
OL 77±9, 65–87 (1, 8); OW 104±4, 99–108 (1, 8); OvL 160±10, 150–170 (1,
3); OvW 206±17, 187–217 (1, 3); AvL 75±3, 72–79 (1, 10).
Remarks – Three species of Microporella, M. aff. browni, M. aff. coronata and
M. sp. (see below) occur in the Miocene of East Kalimantan but, unfortunately,
are represented by a few, poorly preserved colonies,
all encrusting
undersides of platy corals. This genus is one of the most distinctive and
speciose Neogene cheilostomes, with the oldest occurrence dating from the
Early Miocene of New Zealand and a widespread distribution at the present
day (Taylor & Mawatari, 2005). However, species identification is difficult
because it is often based on tiny morphological features of both nonmineralized parts, such as the avicularium mandibles, and skeletal characters,
or the tiny teeth and condyles on the primary orifice (Harmelin et al., 2011),
which are seldom completely preserved in fossil material. Furthermore, the
limited availability of specimens from Kalimantan precludes evaluation of
variability within a single species. The three species of Microporella from East
Kalimantan are distinguished by: the size of the autozooids and orifice;
aspects of the frontal shield; the number of oral spines (six, seven or eight);
and the number and position of the avicularia. ‘Ornamentation’ (i.e. teeth and
condyles) of the primary orifice, an attribute considered crucial for species
differentiation, is obscured by sediment and all of the Kalimantan specimens
have similarly sized ovicells with a ‘personate’ structure.
Two species of Microporella have been described from the Miocene of
Gujarat, India, M. waghotensis Guha & Gopikrishna, 2007d and Microporella
sp., both differing from the Kalimantan species in having non-personate
ovicells and oral spines absent or less numerous. Two Recent species of
Microporella are commonly recorded from the Indonesian Archipelago, M.
orientalis Harmer, 1957 and M. harmeri Hayward, 1988, both with personate
ovicells. M. orientalis is characterized by having four oral spines and a saucerlike expansion of the ascopore rim, while M. harmeri has three oral spines and
a large median process in the ascopore. Serravallian Microporella aff. browni
is similar to the nominal species from the Recent in the size of the zooids, the
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possession of six oral spines, personate ovicells and a single avicularium
proximolateral to the ascopore and distolaterally directed. Pores on the frontal
walls and ovicells are poorly visible due to preservational deficiencies.
However, the most diagnostic feature of M. browni is the primary orifice,
particularly the shape and distribution of the denticles on the distolateral edge,
the corrugated proximal edge and the presence of two low condyles,
characters which unfortunately cannot be observed in the fossil specimens. M.
browni has been recorded at the present day from the southeast
Mediterranean (Lebanon), Red Sea (Tadjoura) and Indian Ocean (Oman and
Maldives). Colonies of this species show geographical variability in the number
or oral spines (three to seven) and the exceptional presence of two avicularia.
Zooidal size is also variable. The colonies from Kalimantan fall within the
range of variability, their mean zooidal dimensions being more similar to those
of the Oman specimens, while the ovicells are always smaller.
Microporella aff. coronata (Audouin, 1826)
Plate 40
aff. Microporella coronata Harmelin, Ostrovsky, Cáceres-Chamizo & Sanner,
2011, p. 9, fig. 4A–E.
Figured material – NHMUK PI BZ 6959, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by deep grooves,
quincuncially arranged, hexagonal, slightly longer than wide (mean L/W =
1.32) (Fig. 1a). Frontal shield moderately convex, evenly covered by rounded
nodules with very small pseudopores between (Fig. 1b); marginal areolar
pores not visible. Primary orifice semicircular, broader than long, bearing
seven oral spine bases, about 20 µm in diameter, widely spaced (Fig. 1c);
proximal and distal edge not visible because of sediment infilling. Ascopore
very large, located close to proximal edge of orifice, at a distance less than
half orifice length, crescentic, surrounded by a thick, proximally raised rim (Fig.
1c); lumen and median process not visible. Avicularia paired, placed laterally
to orifice and distally to ascopore (Fig. 1b); rostrum small, truncated, with
channeled tip, directed distally or distolaterally at a small angle to axis of
autozooid; crossbar complete (Fig. 1c). Ovicells ‘personate’, globular, broader
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than long, about 190 µm long by 265 µm broad, nodular and perforated (Fig.
1d); no oral spine bases visible on ovicellate zooids.
Measurements – ZL 521±42, 465–594 (1, 12); ZW 396±36, 353–455 (1, 12);
OL 87±7, 76–94 (1, 10); OW 115±9, 102–127 (1, 10); AL 81±4, 77–89 (1, 6).
Remarks – The late Burdigalian Microporella aff. coronata represents the
oldest record for this genus in the Kalimantan samples. This species is similar
to M. coronata in the size of zooids, L/W proportion, nodular frontal shield with
small pores, two latero-oral avicularia directed distally, ascopore rim proximally
raised, and ‘personate’ ovicell. The number of oral spines in M. coronata
varies from six to eight but in most cases (59%) there are seven (Harmelin et
al., 2011), as in the Kalimantan species. M. coronata is characterized by a
personate collar that surrounds the ascopore, a feature not clear in the fossil
specimens. At the present day M. coronata has been recorded along the coast
of Lebanon and from the Red Sea. Fossil records from the Mediterranean
range from Miocene to Pleistocene but at least some may correspond to other
species (Harmelin et al., 2011).
Microporella sp.
Plate 41
Figured material – NHMUK PI BZ 6960, Burdigalian-Langhian boundary,
TF153, ‘Rainy Section’, Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by deep grooves,
quincuncially arranged, hexagonal or oval, elongate (mean L/W = 1.68) (Fig.
1a). Frontal shield moderately convex, evenly perforated by numerous,
relatively large, rounded, sunken pores absent between the ascopore and the
orifice (Fig. b–c). Primary orifice semicircular, broader than long, bearing eight
oral spine bases, about 20 µm in diameter, closely spaced (Fig. 1d); proximal
and distal edge not visible because of sediment infilling. Ascopore close to
proximal edge of orifice, at a distance less than half orifice length, with Cshaped lumen and very small, rounded median process; ascopore rim raised
proximally (Fig. 1d). Avicularium single, on the right or left, distolaterally placed
approximately at the level of the ascopore, directed distolaterally or distally
(Fig. 1d); rostrum and crossbar not visible. Ovicells ‘personate’, globular,
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broader than long, about 200 µm long by 265 µm wide, nodular and perforated
(Fig. 1c); no oral spine bases visible on ovicellate zooids.
Measurements – ZL 619±40, 542–680 (1, 20); ZW 369±33, 330–423 (1, 20);
OL 90±9, 79–105 (1, 20); OW 131±10, 118–149 (1, 20); AL 93±10, 85–111 (1,
10).
Remarks – Microporella sp. has been found in the section dated at the
Burdigalian-Langhian boundary. This species differs from the two previous
Microporella described from Kalimantan in having much larger and more
elongate zooids, a more porous and less nodular frontal shield, and a greater
number of oral spine bases. In addition, although Microporella sp. shares with
the Serravallian M. aff. browni the presence of a single avicularium which is
located laterally and directed distolaterally, this avicularium is at the level of
the ascopore in the former species but more proximally placed, below the level
of the ascopore, in the latter. M. donovani Taylor & Foster, 1994 from the PlioPleistocene of Tobago is similar in the aspect of the frontal shield but differs in
having 4–5 oral spine bases vs 8 of M. sp., and paired latero-oral avicularia.
Family Lacernidae Jullien, 1888
Genus Arthropoma Levinsen, 1909
Arthropoma renipora sp. nov.
Plate 42
Figured material – Holotype: NHMUK PI BZ 7002, late Burdigalian, TF126, ‘3D
Reef’, Bontang. Paratype: NHMUK PI BZ 6961, same details as holotype.
Etymology – Referring to the reniform pores on its frontal shield.
Diagnosis – Colony encrusting. Autozooids large, hexagonal. Frontal shield
evenly perforated by reniform pores except for a median longitudinal area.
Orifice semicircular with a deep sinus. Ovicells globular, imperforate.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids large, distinct, separated by deep grooves,
quincuncially arranged, hexagonal, slightly longer than broad (mean L/W =
1.35), size varying widely within the colony. Frontal shield convex, smooth,
evenly perforated by numerous reniform pores, about 25 µm long by 10 µm
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wide, concave outwardly from long axis of zooid, a median longitudinal area,
80–100 µm wide, is imperforate (Fig. 1a, d). Orifice small, semicircular, wider
than long, proximal margin straight with two shallow lateral indentations,
supporting two flat triangular condyles, and a U-shaped, narrow, deep sinus,
on average 60 µm long (Fig. 1d). Oral spine bases absent. Ovicells globular,
smooth, imperforate, broader than long, on average 220 µm long by 350 µm
broad (Fig. 1b–c). Avicularia not observed.
Measurements – ZL 731±87, 538–822 (6, 60); ZW 561±75, 490–636 (6, 60);
OL 125±21, 101–151 (6, 30); OW 157±20, 131–182 (6, 30).
Remarks – Arthropoma renipora sp. nov. is very abundant in the late
Burdigalian, encrusting the undersides of platy corals. The Kalimantan species
closely resembles the widespread A. cecilii (Audouin, 1826) known from Late
Miocene to Recent. The main difference between these two species is the
shape of the frontal pores, reniform in A. renipora sp. nov., rounded in A.
cecilii. The presence of an imperforate median longitudinal area, variable in
width, appears to be a common character (Harmer, 1957, p. 362), even though
specimens of A. cecilii, from British waters (Hayward & Ryland, 1979) and the
Kermadec Ridge of New Zealand (Gordon, 1984), for example, may exhibit an
evenly perforated frontal wall. Canu & Bassler (1923) described A. cornuta
from the Pliocene of Florida, USA, which differs from A. renipora sp. nov. and
A. cecilii in the presence of a median umbo on a granular perforated frontal
shield. A subspecies of A. cecilii, A. cecilii donghaiensis Lu, 1989, described
from the Pliocene of China with an irregular and subnodular instead of
encrusting colony morphology, had been probably misidentified and, based on
the description and figures (Lu, 1989, p. 41–42, pl. 5, figs. 1–5), seems likely
belonging to the genus Celleporina.
Family Escharinidae Tilbrook, 2006
Genus Bryopesanser Tilbrook, 2006
Bryopesanser bragai sp. nov.
Plate 43
Figured material – Holotype: NHMUK PI BZ 6962, Serravallian, TF59,
‘Southern Hemisphere’, Bontang.
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Etymology – Named after Prof. Giampietro Braga, in recognition of his
significant contribution to the study of bryozoans.
Diagnosis – Colony encrusting. Ancestrula tatiform, oval. Autozooids
irregularly polygonal. Frontal shield evenly perforated with areolar septular
pores at the proximal corners. Primary orifice with shallow condyles, deeply
arched anter, and drop-shaped sinus. Seven oral spine bases, six in ovicellate
zooids. Peristome with a spire-like median umbo. Avicularia adventitious,
paired. Ovicell cap-like, imperforate.
Description – Colony encrusting, multiserial, unilaminar, thick, small with on
average 20 autozooids. Ancestrula tatiform, oval, with an undefined number of
spine bases, generally partly or completely overgrown, budding a single
rectangular zooid distally, similar to later autozooids but smaller, about 300 µm
long by 200 µm wide (Fig. 1a–b). Second generation of autozooids 325–420
µm (mean L = 377 µm) long by 205–255 µm (mean W = 235) wide, elongate
(mean L/W = 1.60). Pore chamber windows visible at the colony growing edge,
along lateral walls, oval, about 45 µm long by 20 µm wide (Fig. 1d).
Autozooids distinct, separated by raised lateral margins, irregularly arranged,
rectangular, pentagonal or irregularly polygonal, longer than broad (mean L/W
= 1.31). Frontal shield smooth, flat or slightly convex, evenly perforated with
numerous minute rounded pseudopores (Fig. 1d); areolar septular pores
sometimes visible at the proximal corners. Primary orifice slightly broader than
long, anter deeply arched, proximal border slightly concave; condyles
occupying the entire length of the proximal border, shallow, smooth, dipping
medially; sinus drop-shaped, wider than long (Fig. 1c). Seven oral spine
bases, evenly spaced (Fig. 1b); six in ovicellate zooids. Proximal peristome
raised with a spire-like median umbo. Avicularia adventitious, paired, small,
teardrop-shaped with rounded bended tip, originating laterally to most proximal
pair of spines, distomedially directed, crossbar complete (Fig. 1c). Ovicell
hyperstomial, small, cap-like, wider than long, smooth, imperforate (Fig. 1d).
Measurements – ZL 527±37, 468–579 (5, 50); ZW 401±27, 357–472 (5, 50);
OL 100±7, 96–109 (5, 25); OW 108±7, 102–116 (5, 25); OvL 101±13, 79–108
(2, 5); OvW 140±8, 132–152 (2, 5); AL 78±7, 66–84 (5, 30).
Remarks – Bryopesanser bragai sp. nov. is a very common and abundant
encruster on late Burdigalian and Serravallian platy and branching corals. Its
colonies are usually small in size, with up to 20–25 autozooids, and
precociously reproductive. This is the first formally described fossil example of
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the genus, although Berning et al. (2009) reported Bryopesanser sp. as one of
the most abundant encrusting bryozoans on lepidocyclinid foraminiferan tests
from the Late Oligocene of Iran. Among Recent Bryopesanser species, three
have been reported from Indonesia, B. capitaneous Tilbrook, 2006, B.
crebricollis Tilbrook, 2012, B. puncturella Tilbrook, 2012, while B. latesco
Tilbrook, 2006, and B. tonsillorum Tilbrook, 2012 are Indo-Pacific in
distribution (Tilbrook, 2012). Before Tilbrook (2006) demonstrated the
existence of a complex of similar species, they were all assigned to Escharina
pesanseris, which was considered to be globally widespread in warmtemperate and tropical shallow waters, although Harmer (1957) did note subtle
differences between specimens (Tilbrook, 2012). Morphological characters
used to distinguish the different species of Bryopesanser are: primary orifice
(shape of condyles, proximal orificial rim, sinus and peristome); size and
position of avicularia, and frontal pore morphology. Bryopesanser bragai sp.
nov. closely resembles B. puncturella in the smoothly calcified frontal shield
with its multitude of minute pores, but differs in having smaller zooids, both the
orifice and the sinus wider than long while in B. puncturella they are longer
than wide, and a peristome with a median mucro instead of simply flared. In
addition, B. puncturella usually forms large colonies consisting of about 100
zooids. B. capitaneous has much larger zooids and an ovicell with a raised
process frontally; B. crebricollis has a pustulate frontal shield and no mucro on
the peristome; B. tonsillorum has a sinus which is longer than wide, coarsely
denticulate condyles, and avicularia with serrated edges; B. latesco has a
straight proximal orificial rim, flared peristome slightly raised medially, and
avicularia originating laterally to the second pair of spines.
Bryopesanser sanfilippoae sp. nov.
Plate 44
Figured material – Holotype: NHMUK PI BZ 6963, Burdigalian-Langhian
boundary, TF153, ‘Rainy Section’, Bontang.
Etymology – Named after Dr. Rossana Sanfilippo, palaeontologist at the
University of Catania, Italy, for her research on Pleistocene and Recent
invertebrates.
Diagnosis – Colony encrusting. Ancestrula tatiform, polygonal. Autozooids
irregularly polygonal. Frontal shield granular, evenly perforated with teardropshaped areolar septular pores at the proximal corners. Primary orifice with
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deeply arched anter, minute condyles, and drop-shaped sinus. Number of oral
spine bases probably seven; six in ovicellate zooids. Peristome absent.
Avicularia adventitious, paired. Ovicell cap-like, imperforate.
Description – Colony encrusting, multiserial, unilaminar, thick, small, consisting
on average of 15 autozooids. Ancestrula tatiform, polygonal, about 250 µm
long by 200 µm wide, with an uncertain number of spine bases (Fig. 1b). A
single rounded hexagonal zooid budded proximally from the ancestrula, similar
to later autozooids but smaller, about 300–325 µm long by 200–235 µm wide
(Fig. 1b). Pore chamber windows visible at the colony growing edge, along
lateral walls, oval or circular, about 30 µm in diameter (Fig. 1a). Autozooids
distinct, separated by shallow grooves, irregularly arranged, rectangular,
pentagonal or irregularly polygonal, longer than broad (mean L/W = 1.42).
Frontal shield granular, convex, evenly perforated with numerous mediumsized, rounded pseudopores; areolar septular pores sometimes visible at the
proximal corners, teardrop-shaped. Primary orifice almost as long as wide,
anter deeply arched, proximal border straight; condyles occupying the entire
length of the proximal border, shallow, minute; sinus drop-shaped, longer than
wide (Fig. 1d). Number of oral spine bases in non-ovicellate zooids uncertain,
probably seven; six in ovicellate zooids. Proximal peristome absent. Avicularia
adventitious, paired, small, oval, originating lateral to most proximal pair of
spines, distomedially directed, crossbar complete (Fig. 1c). Ovicell
hyperstomial, very small, cap-like, wider than long, about 30 µm long by 80 µm
wide, smooth, imperforate (Fig. 1c).
Measurements – ZL 442±43, 380–495 (5, 50); ZW 312±39, 244–377 (5, 50);
OL 62±3, 60–64 (5, 25); OW 63±3, 61–65 (5, 25); AL 53±4, 48–55 (5, 30).
Remarks – Bryopesanser sanfilippoae sp. nov. is very common and abundant
on the undersides of platy corals and branches in the Burdigalian-Langhian to
Serravallian of Kalimantan. The lack of a proximal peristome is the most
characteristic feature of this species. Autozooids of B. hebelomaia Tilbrook,
2012, known from Sri Lanka, also lack the peristome, except in brooding
zooids. The two species further differ in the smaller size of the autozooids in
the Kalimantan species, the size of the sinus, which is longer than wide in B.
sanfilippoae sp. nov. and as long as wide in B. hebelomaia, and in the
orientation of the avicularia, distomedially directed in the fossil and distally
directed in the Recent species.
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Superfamily Didymoselloidea Brown, 1952
Family Didymosellidae Brown, 1952
Genus Tubiporella Levinsen, 1909
Tubiporella magnipora sp. nov.
Plate 45
Figured material – Holotype: NHMUK PI BZ 6964, late Burdigalian, TF126, ‘3D
Reef’, Bontang. Paratypes: NHMUK PI BZ 6965, BZ 6966, same details as
holotype.
Etymology – Referring to the large areolar pores on its frontal shield.
Diagnosis – Colony erect. Branches triserial or quadriserial. Autozooids oval.
Areolar pores of varying shape and size. Ascopore rimmed, placed at midlength of the frontal shield. Peristome tall, imperforate, tuberculate. Secondary
orifice semielliptical. One teardrop-shaped, adventitious avicularium per zooid.
Ovicells cap-shaped.
Description – Colony erect, with flattened, foliaceous, narrow branches, about
1.5–2 mm wide, triserial or quadriserial, arising from a robust encrusting base.
Autozooids arranged in longitudinal rows only on the frontal side of the
branches, oval, longer than wide (mean L/W = 1.36). Frontal shield pierced by
large irregular areolar pores of varying shape and size, oval, circular, dropshaped, obscuring zooidal boundaries (Fig. 1b); ascopore rimmed, small,
circular, 40–55 µm in diameter, placed at mid-length (Fig. 1c). Peristome tall,
about 230 µm in length, imperforate, tuberculate, facing frontally or laterally
(Fig. 1b–c). Secondary orifice semielliptical, wider than long (Fig. 1c); oral
spine bases absent. A single, teardrop-shaped, adventitious avicularium per
zooid, rarely oval, placed at ascopore level, varying in size, 85–180 µm long
by 60–100 µm wide, medially or disto-medially directed, crossbar complete
(Fig. 1a–d). Ovicells peristomial, small, about 125 µm long by 175 µm wide,
cap-shaped, immersed in the frontal shield of the succeeding autozooid and
possessing the same nodular and pierced appearance (Fig. 1e). Dorsal side
slightly convex and ridged.
Measurements – ZL 604±45, 543–682 (5, 50); ZW 460±25, 421–488 (5, 50);
OL 162±17, 142–187 (5, 25); OW 191±17, 165–207 (5, 25).
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Remarks – Branch fragments of Tubiporella magnipora sp. nov. occur
abundantly in silty sediments of late Burdigalian age, while a few encrusting
bases have been found on the undersides of platy corals. The type species of
the genus Tubiporella, T. magnirostris (MacGillivray, 1883), recorded from
southern Australia, has a similar colony-form but differs from the Kalimantan
species in possessing paired adventitious avicularia with a much longer and
more slender rostrum, smaller frontal areolar pores, and shorter peristomes. T.
levinseni Borg, 1940 (p. 420, pl. 1, figs. 5–8) from the Recent of the West
Pacific is encrusting, with the frontal shield imperforate except for two rows of
small, marginal pores, and an avicularium placed between the orifice and the
ascopore. It may fit better in the genus Reptadeonella. The unique previous
fossil record of Tubiporella, T. bispinosa Guha & Gopikrishna, 2007d, from the
Eocene of Gujarat, differs from the Miocene Indonesian species in having an
encrusting colony-form and two prominent oral spine bases.
Superfamily Mamilloporoidea Canu & Bassler, 1927
Family Mamilloporidae Canu & Bassler, 1927
Genus Anoteropora Canu & Bassler, 1927
Anoteropora cf. magnicapitata Canu & Bassler, 1927
Plate 46
cf. Anoteropora magnicapitata Canu & Bassler, 1927, p. 10, fig. 11; Canu &
Bassler, 1929, p. 476, pl. 65, figs. 1–4; Harmer, 1957, p. 888, pl. 59, figs. 18–
21; Cook, 1966, p. 209; Cook & Chimonides, 1994, p. 53, figs. 1d, 2c–d.
Figured material – NHMUK PI BZ 6967, BZ 6968, Serravallian, TF76, ‘Batu
Putih 1’, Samarinda.
Description – Colony lunulitiform (anchored by basal rhizoids in life), up to 5
mm in diameter, discoidal, low domal, underside concave, porous, with
numerous small mounds and deep grooves outlining zooidal boundaries (Fig.
1a–c). Ancestrula central, similar to later autozooids but smaller and lacking
avicularia, surrounded by about six periancestrular zooids slightly smaller in
size than succeeding autozooids (Fig. 1b). Autozooids distinct, separated by
raised margins, seemingly arranged in six radial rows radiating from the
ancestrula with additional rows becoming intercalated between, hexagonal,
broader than long (mean L/W = 0.86). Frontal shield slightly convex, granular,
with occasional marginal pores (Fig 1d). Orifice almost central, rounded, as
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long as wide, with distinct lateral condyles downwardly directed, raised distally
(Fig. 1d), shorter in ovicellate zooids (240 µm vs 190 µm) (Fig. 1e). Ovicell
large, globular, minutely porous (Fig. 1e–f). Avicularia adventitious, single,
located distally to each autozooid (Fig. 1d), absent in ovicellate zooids (Fig.
1e–f); rostrum raised, spearhead-shaped, medially or distomedially directed;
crossbar complete.
Measurements – ZL 472±28, 435–519 (2, 40); ZW 552±49, 473–620 (2, 40);
OL 242±12, 226–254 (2, 40); OW 243±13, 231–264 (2, 40); OvL 283±11, 275–
291 (1, 2); OvW 410±33, 387–433 (1, 2); AL 230±10, 210–250 (2, 40).
Remarks – A few complete colonies and numerous fragments of Anoteropora
cf. magnicapitata have been discovered in silty-muddy Serravallian sediments
from Batu Putih along with free-living lunulitiform colonies of Reussirella sp. At
the present day, four species of Anoteropora are known to occur in the Indian
Ocean: A. inarmata Cook, 1965, A. latirostris Silén, 1947, A. otophora Cook &
Chimonides, 1994 and A. magnicapitata Canu & Bassler, 1927. A. inarmata
differs from the Kalimantan species in lacking avicularia, whereas A. latirostris
and A. otophora differ in having respectively one and two avicularia lateral to
the orifice on both non-ovicellate and ovicellate autozooids. In contrast, A.
magnicapitata closely resembles the Serravallian species, both having the
main diagnostic character for the nominal species, viz. the single distally
placed avicularium medially or distomedially directed and lacking in ovicellate
zooid. This species has a wide Indo-West Pacific distribution, extending from
the Torres Strait and the southern Philippines, to the Red Sea and along the
coast of East Africa to southern Madagascar (Cook & Chimonides, 1994).
Geographical differences among populations from different localities have
been observed by Cook & Chimonides (1994), mainly concerning the size of
the ovicells and orifices. Compared to Recent material from the Philippines
and Bali, the Indonesian fossils have smaller zooids, with a different
length/width ratio, larger orifices in non-ovicellate autozooids but smaller
orifices in brooding zooids, smaller avicularia and less prominent ovicells,
while the size of the avicularia and ovicells is similar to material from Zanzibar.
A Miocene species of Anoteropora, A. rajnathi Tewari, Bhargava & Tandon,
1958 has been described from India. It differs from A. cf. magnicapitata in
having six to eight large marginal pores, and smaller zooids, orifices and
avicularia; ovicells have not been observed.
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Superfamily Celleporoidea Johnston, 1838
Family Colatooeciidae Winston, 2005
Genus Cigclisula Canu & Bassler, 1927
Cigclisula aff. ramparensis Guha & Gopikrishna, 2007e
Plate 47
aff. Cigclisula ramparensis Guha & Gopikrishna, 2007e, p. 204, pl. 3, figs. 4–7.
Figured material –NHMUK PI BZ 6969, BZ 6970, Serravallian, TF76, ‘Batu
Putih 1’, Samarinda.
Description – Colony erect with a small oval encrusting base, rigid, bilamellar,
dichotomously branching. Branches relatively wide, with 5- to 10-serial,
cylindrical or flattened (Fig. 1a). Autozooids distinct, separated by fine shallow
grooves, arranged in alternating longitudinal rows, rhomboidal, longer than
broad (mean L/W = 1.62). Frontal wall convex, perforated by 12–15 large
circular pores, varying in size (Fig. 1c). Marginal areolar pores
indistinguishable. Primary orifice deeply immersed, bell-shaped, longer than
wide, arched distally with two proximolateral sharp condyles pointing
downwards and a concave wider proximal margin (Fig. 1b). Secondary
calcification affects the appearance of the orifice, with peristome thickening
sometimes forming knots, which hide the orificial proximal rim or even
completely close the orifice (Fig. 1d). Suboral avicularium (Fig. 1c, white arrow
on the left), small, transverse, oval with complete crossbar. A variable number
of similarly sized and shaped adventitious avicularia scattered on the frontal
walls, deeply immersed (Fig. 1c, black arrows). Large interzooidal avicularia
and ovicells absent.
Measurements – ZL 606±42, 526–680 (5, 50); ZW 373±32, 310–422 (5, 50);
OL 153±8, 141–164 (5, 30); OW 116±8, 107–126 (5, 30).
Remarks – Cigclisula aff. ramparensis is one of the most common species in
the Serravallian ‘Batu Putih 1’ section. More than 1000 branch fragments have
been found in the silty sediments. The abundance of available material allows
the observation of character variation during ontogeny by secondary
calcification. The Kalimantan species closely resembles the Burdigalian
Cigclisula ramparensis Guha & Gopikrishna, 2007e in the shape of the orifice,
in having a transverse suboral avicularium, in the appearance of the frontal
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wall with scattered small avicularia, and in the lack of ovicells. It differs in
having longer autozooids, a smaller orifice, and lacking interzooidal avicularia.
Cigclisula sp. 1
Plate 48
Figured material – NHMUK PI BZ 6971, early Tortonian, TF508, Bontang.
Description – Colony erect, rigid, bilamellar. Branch fragments subcylindrical,
flattened, 5–6 zooids in width (Fig. 1a). Autozooids distinct, separated by a thin
rim of calcification, arranged in alternating longitudinal rows, hexagonal or
irregularly polygonal, longer than broad (mean L/W = 1.55). Frontal wall
convex, perforated by a few large circular pores medially, and with dropshaped areolar pores around lateral and distal margins, separated by marked
radial ridges (Fig. 1c). Primary orifice deeply immersed, subcircular, slightly
longer than wide, about 160 µm long by 140 µm wide, arched distally with two
lateral, rounded triangular condyles located at about mid-length, downwardly
directed, and a concave, wider proximal margin (Fig. 1d). Peristome forming
two lateral tubercles/spines and one proximal umbo, acute, sharp, thick,
inwardly directed, hiding the orificial proximal rim (Fig. 1b–c). Avicularia
suboral, small, about 60 µm long, oval, transverse, sloping, enclosed between
the proximal orificial rim and the suboral umbo, with complete crossbar (Fig.
1b, d). A variable number of similarly sized and shaped adventitious avicularia
scattered over the frontal shield (Fig. 1b, top right). Large interzooidal
avicularia and ovicells not observed.
Measurements – ZL 614±33, 575–658 (1, 10); ZW 397±32, 337–429 (1, 10).
Remarks – A single fragment of Cigclisula sp. 1 has been found in sediments
from the early Tortonian. Although well preserved, the scarcity of available
material precludes species identification. However, it clearly differs from
Cigclisula aff. ramparensis in having autozooids with more convex frontal
shields, a peristome developing acute lateral spines, a suboral umbo hiding
the primary orifice, a less elongate orifice, sloping suboral avicularia, and
marginal areolar pores distinct from the frontal pores. Similarities in the
appearance of the frontal shield and in the shape of the orifice, including the
presence of the suboral umbo, are apparent with the Recent C. areolata
(Kirkpatrick, 1890) recorded from the Torres Strait and the Great Barrier Reef.
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Cigclisula sp. 2
Plate 49
Figured material – NHMUK PI BZ 6972, BZ 6973, BZ 6974, early Tortonian,
TF508, Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by deep grooves and a
thin rim of calcification, chaotically arranged, hexagonal or irregularly
polygonal, slightly longer than broad (mean L/W = 1.17) (Fig. 1a, c, e). Frontal
shield smooth or nodular, convex, medially perforated by 10–15 circular
pseudopores medially (Fig. 1b, f), and with areolar pores in drop-shaped
depressions, separated by low radial ridges (Fig. 1e). Primary orifice deeply
immersed, longer than wide, two robust, triangular condyles located at about
one-third of the length, proximally directed, separating a deeply arched anter
from a shallow, larger, concave poster (Fig. 1b). Four to six perioral, massive,
conical processes (Fig. 1a–c, e). Suboral avicularium, small, on average 65
µm long, oval, transverse, sloping, distolaterally directed, with complete
crossbar (Fig. 1e, top left), sometimes absent. One or two additional, similarly
sized, adventitious avicularia, oval or pear-shaped, marginal, generally located
at the zooidal corners, transverse or randomly directed, with complete
crossbar (Fig. 1a, b, d). Rare vicarious, spatulate avicularia, about 275 µm
long, indenting the lateral margin of their sibling zooids (Fig. 1d); rostrum
spoon-shaped, slightly narrowing (min W = 100 µm) immediately distally of the
complete crossbar, then expanding distally (max W = 150 µm), with a straight
tip and extensive palate (L= 125 µm), proximal opesia transversely crescentshaped, distal opesia pear-shaped. Ovicells not observed.
Measurements – ZL 546±53, 441–624 (3, 20); ZW 467±54, 362–552 (3, 20);
OL 173±4, 166–176 (3, 10); OW 145±6, 139–151 (3, 10).
Remarks – This species has been found only in the early Tortonian locality
TF508, where two small encrusting fragments, detached from their substrate,
and a small colony encrusting a very thin platy coral were collected. It differs
from Cigclisula aff. ramparensis and Cigclisula sp. 1 in having an encrusting
rather than an erect, bilamellar colony-form, and in its large spatulate
avicularia. In addition, Cigclisula aff. ramparensis lacks perioral processes,
while Cigclisula sp. 1 has only three, acute, thin spine-like peristomial
tubercles rather than 4-6 massive processes, and the condyles are placed at
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mid-length in the orifice whereas they are more proximally placed in Cigclisula
sp. 2.
Genus Trematooecia Osburn, 1940
Trematooecia sp.
Plate 50
Figured material – NHMUK PI BZ 6975, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by deep grooves,
irregularly arranged, oval, erect and deep-bodied, longer than broad (mean
L/W = 1.37) (Fig. 1a–b, e). Frontal shield smooth, convex, imperforate apart
from a single row of oval areolar pores. Primary orifice deeply immersed,
semicircular (Fig. 1e). Five perioral, massive, conical, flat-tipped processes
(Fig. 1a–b, e). Suboral avicularium absent. One or two adventitious avicularia,
small, circular, on average 60 µm in diameter, marginal, with complete
crossbar (Fig. 1d). Large avicularia, about 400 µm long by 100 µm wide,
probably vicarious; rostrum parallel-sided, with slightly spatulate tip, complete
crossbar, and extensive palate (L = 200 µm), proximal opesia transverse, oval,
distal opesia high-arched, proximolaterally directed (Fig. 1c). Ovicell not
observed.
Measurements – ZL 510±45, 447–592 (2, 12); ZW 372±23, 322–398 (2, 12);
OL 146±11, 128–157 (2, 6); OW 126±16, 110–151 (2, 6).
Remarks – A few, small colonies of Trematooecia sp. are present on the
undersides of platy corals from the late Burdigalian and Serravallian. Infilling
sediment unfortunately prevents the observation of the structure of the primary
orifice and the poor preservation also makes difficult the recognition of ovicells
which in this genus can be completely immersed in the calcification and visible
mainly as a grid of small pores.
The Kalimantan species differs from the Recent Indo-Pacific Trematooecia
clivulata Tilbrook, 2006 in the lack of pores in its frontal, and in the shape and
size of the large avicularium, which is parallel-sided in the former but widely
spatulate in T. clivulata. Other Neogene and Recent species do not show
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close similarity with the Kalimantan species, which must remain in open
nomenclature because of the poor preservation of the colonies, especially the
orifices and ovicells.
Family Celleporidae Johnston, 1838
Genus Buffonellaria Canu & Bassler, 1917
Buffonellaria sagittaria sp. nov.
Plate 51, fig. 1a–d.
Figured material – Holotype: NHMUK PI BZ 6976, late Burdigalian, TF126, ‘3D
Reef’, Bontang. Paratype: NHMUK PI BZ 6977, same details as holotype.
Etymology – Referring to the arrowhead-shaped rostra of its giant avicularia.
Diagnosis – Colony encrusting. Autozooids hexagonal. Frontal shield flat,
generally smooth with sparse tubercles, imperforate. Primary orifice with
rounded anter, small condyles and narrow, U-shaped sinus. Ovicell with
narrow ectooecium and large, smooth, exposed entooecium. Suboral
avicularia small, oval. Giant avicularia with arrowhead-shaped rostrum
proximally directed and complete crossbar.
Description – Colony encrusting, multiserial, unilaminar or multilaminar.
Ancestrula and early astogeny not observed. Autozooids distinct, separated by
shallow grooves, arranged quincuncially, hexagonal, longer than broad (mean
L/W = 1.32) (Fig. 1a). Frontal shield slightly convex to flat, generally smooth
except for some sparse, medioproximal, coarse, low tubercles, and
imperforate except for a few small, reniform, areolar pores (Fig. 1d). Primary
orifice on average as long as wide, length/width relationship variable,
depressed (Fig. 1b); anter comprising two-thirds of a full circle, proximal
margins short and slightly sloping, passing into a narrow and shallow Ushaped sinus, occupying about one-fifth of total orifice length and half of its
total width; condyles small, as long as proximal margins, rounded. Ovicell
slightly wider than long, about 200 µm long by 230 µm wide, marginal band of
ectooecium very narrow, exposed entooecium therefore large, with a smooth
surface (Fig. 1c). Suboral avicularia small, oval, about 40 µm long, single,
located proximolaterally of orifice, directed distolaterally, situated at the
proximal end of a slightly raised and swollen cystid (Fig. 1b); crossbar or
condyles not seen. Giant avicularia situated distolaterally to autozooid, usually
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on the opposite side to a suboral avicularium, proximally directed, located on a
swollen and smooth cystid gently sloping distally (Fig. 1c–d); rostrum
arrowhead-shaped, narrowing distally at crossbar, long, thin, with a rounded
tip; opesiae semicircular; crossbar complete.
Measurements – ZL 486±43, 426–553 (2, 30); ZW 368±30, 330–425 (2, 30);
OL 100±8, 93–107 (2, 30); OW 99±5, 95–109 (2, 30); AL 134±1, 133–135 (2,
5).
Remarks – Two colonies of Buffonellaria sagittaria sp. nov., one of which has
two layers of zooids, have been discovered on the base of thin platy corals
from the late Burdigalian. At the present day, the genus Buffonellaria occurs
worldwide from the Arctic to the Antarctic but individual species have a
restricted geographical distribution (Berning & Kuklinski, 2008). One fossil
species of Buffonellaria, B. cornuta Guha & Gopikrishna, 2007e, has been
described from the Early Miocene (Aquitanian) of Gujarat; two species, B.
holubicensis Zágoršek, 2010b and B. kuklinskii Zágoršek, 2010b, have been
described from the Middle Miocene (Langhian) of Czech Republic; and B. cf.
entomostoma (Reuss, 1847) has been reported from the Late Miocene of the
Atlantic region (Berning, 2006, p. 114). B. cornuta differs from the Kalimantan
species in having a large horn-shaped avicularium with spatulate rostrum
directed distolaterally; B. holubicensis and B. kuklinskii are both erect; and B.
cf. entomostoma has large avicularia variously directed. With regard to general
zooidal morphology and size, Buffonellaria sagittaria sp. nov. resembles the
Recent B. ritae Berning & Kuklinski, 2008 from Madeira. However, B. ritae has
a much wider sinus, different proportions of length and width in ovicells, and
large avicularia with triangular instead of arrowhead-shaped rostra. A similar
shaped avicularium is described for the Recent deep-sea species B. nebulosa
(Jullien & Calvet, 1903) from the east Azores but this species has much larger
zooids and small suboral avicularia generally paired and more distally placed
than in the Kalimantan species.
Genus Lagenipora Hincks, 1877
Lagenipora sciutoi sp. nov.
Plate 51, fig. 2a–b.
Figured material – Holotype: NHMUK PI BZ 6978, late Burdigalian, TF126, ‘3D
Reef’, Bontang.
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Etymology – Named after Dr. Francesco Sciuto, palaeontologist at the
University of Catania, Italy, for his research on Pleistocene and Recent
invertebrates.
Diagnosis – Colony encrusting. Autozooids flask-shaped. Frontal shield
imperforate, tuberculate. Peristome tubular. Avicularia absent. Ovicells with a
frontal imperforate tabula.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Basal pore chambers oval, visible at the growing edge
(Fig. 2b). Autozooids distinct, separated by deep grooves, quincuncially
arranged, flask-shaped, longer than wide (mean L/W = 1.52) (Fig. 2a). Frontal
shield slightly convex or flat, imperforate, granular, covered by numerous
tubercles (Fig. 2b); areolar pores absent. Primary orifice hidden by a tall,
tubular, smooth peristome with an elliptical secondary orifice (Fig. 2b).
Peristomial and vicarious avicularia absent. Ovicells small, wider than long,
distal to the peristome and with a frontal, flat, smooth, imperforate tabula (Fig.
2b).
Measurements – ZL 466±51, 394–559 (2, 25); ZW 306±37, 265–375 (2, 25);
OvL 124±9, 116–133 (2, 6); OvW 177±7, 172–185 (2, 6).
Remarks – Lagenipora sciutoi sp. nov. forms small colonies on the base of late
Burdigalian platy corals. It resembles the Recent L. ferocissima Gordon, 1984
from the Kermadec Ridge in having tuberculate frontal shields yet smooth
peristomes, but it differs in the lack of multibranched spinose processes on the
tubercles and peristomial avicularia. L. laevissima Gordon, 1984 also lacks
peristomial avicularia and has ovicells with flat, imperforate tabulae, but in this
species the zooids are larger and linearly arranged, and the frontal shield is
smooth. Lagenipora sciutoi sp. nov. differs from the type species, L.
lepralioides (Norman, 1868), in lacking marginal areolar pores. L. crenulata
Gordon, 1984 also lacks marginal pores and has similarly sized zooids, but the
frontal shield is smooth, and there is a pair of tiny peristomial avicularia as well
as vicarious avicularia. The Miocene L. chedopadiensis Guha & Gopikrishna,
2007e, from Gujarat, differs in having smooth or bulbous frontal shield fringed
by areolar pores, and a shorter peristome bearing an oval avicularium.
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Genus Predanophora Tilbrook, 2006
Predanophora sp.
Plate 52
Figured material – NHMUK PI BZ 6979, Serravallian, TF59, ‘Southern
Hemisphere’, Bontang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by shallow grooves,
arranged quincuncially, small, hexagonal, as long as wide (mean L/W = 1.01).
Frontal shield slightly convex, evenly and densely tuberculate (Fig. 1b), with
sparse, small, areolar pores. Primary orifice suborbicular, longer than wide,
anter large, rounded, separated from the smaller, shallow poster by two faint
condyles. Peristome widely flared, bearing avicularia on inner edge, single or
paired, small, oval, proximolaterally placed, obliquely directed (Fig. 1c–d);
crossbar not preserved. Ovicells globular, wider than long, resting on the
frontal shield of the next distal autozooid; roof broken or incomplete (Fig. 1b–c).
Measurements – ZL 282±24, 254–331 (4, 40); ZW 278±24, 246–318 (4, 40);
OL 90±5, 84–95 (4, 20); OW 73±3, 70–75 (4, 20); OvL 110±11, 99–128 (2,
16); OvW 130±12, 114–142 (2, 16); AL 52±4, 48–58 (2, 10).
Remarks – Although not abundant, Predanophora sp. has been found in a
relatively large number of sections, from late Burdigalian to Serravallian. The
genus was introduced by Tilbrook (2006) for Drepanophora-like species with a
flared peristome and lacking a lyrula or oral denticles. Since then, two Recent
species have been assigned to the genus, P. longiuscula (Harmer, 1957) and
P. ensenada Tilbrook, 2006. The former species is recorded from the Bay of
Suez at 13 m depth, the latter from the Solomon Islands. The Kalimantan
species is distinguishable from both by its entire, minutely tuberculate frontal
shield and its flared peristome with single or paired suboral avicularia.
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Genus Turbicellepora Ryland, 1963
Turbicellepora aff. canui Guha & Gopikrishna, 2007e
Plate 53
Figured material – NHMUK PI BZ 6980, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda.
Description – Colony multilaminar, forming nodular encrustations (Fig. 1a).
Ancestrula and early astogeny not observed. Autozooids distinct, separated by
deep grooves, chaotically arranged, mostly erect and deep-bodied, longer
than wide (mean L/W = 1.41) (Fig. 1c). Frontal shield thick, convex, smooth,
with a few, large marginal pores. Primary orifice deeply immersed, centrally
placed, subcircular, anter rounded and U-shaped poster separated by blunt
condyles (Fig. 1b–c). Oral spines absent. Peristome high, bearing avicularia
on the lateral margins, single or paired, oval or rhomboidal, small, 50 µm long
by 40 µm wide, distally directed (Fig. 1b); crossbar complete. Large vicarious,
spatulate avicularia occasionally occur; rostrum raised, tongue-shaped,
randomly directed; palate smooth occupying about one-third of the total length;
distal opesia large and oval (Fig. 1c–d); crossbar complete. Ovicells common,
globular, suspended from the distal peristomial rim, recumbent on the frontal
shield of the adjacent zooid, wider than long, smooth with numerous, large,
round, pores (Fig. 1b–d).
Measurements – ZL 459±35, 434–484 (2, 20); ZW 326±17, 315–338 (2, 20);
OL 116±4, 114–119 (2, 8); OW 105±1, 104–105 (2, 8); OvL 162±7, 153–169
(2, 10); OvW 200±22, 171–210 (2, 10); AL 266±6, 261–270 (2, 10); AW
165±14, 155–175 (2, 10).
Remarks – Turbicellepora aff. canui commonly forms encrusting, mound-like
colonies on branching coral or erect bryozoan fragments from the Serravallian
section ‘Batu Putih 1’. This species closely resembles T. canui Guha &
Gopikrishna, 2007e from the Aquitanian of Gujarat, in orificial and ovicellular
characters, and in having one or two small, peristomial avicularia and large,
vicarious, spatulate avicularia. Although the size of the vicarious avicularia and
ovicells is similar to the Indian species, the Kalimantan species has much
smaller peristomial avicularia, about half size, but much larger autozooids
(0.45 x 0.33 mm vs 0.18 x 0.16 mm). However, it should be noted that
because the autozooids are generally upright in disposition, mostly developed
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in height instead of length, zooidal measurements have been taken at the
periphery of the colony where autozooids show entirely their outlines. The
large difference in zooidal size might therefore be due to different way of
taking measurements. The main difference between the Kalimantan and the
nominal species is the palate length of spatulate avicularia, which extents
about 90% of total avicularium length in T. canui while it occupies only onethird of the total length in T. aff. canui.
Family Hippoporidridae Vigneaux, 1949
Genus Scorpiodinipora Balavoine, 1959
Scorpiodinipora cf. costulata (Canu & Bassler, 1929)
Plate 54
cf. Schizoporella costulata Canu & Bassler, 1929, p. 317, pl. 36, fig. 10.
cf. Scorpiodinipora costulata Harmelin et al., 2012, p. 129, figs. 1–4.
Figured material – NHMUK PI BZ 6981, early Tortonian, TF508, Bontang.
Description – Colony encrusting, multiserial, unilaminar, large. Ancestrula
small, oval, about 210 µm long by 150 µm wide, frontal shield not preserved,
budding one proximal autozooid and one lateral autozooid seemingly deflected
in a distal direction by a bump in the substrate, slightly larger than the
ancestrula, smoother than later autozooids, budding a single or two other
autozooids distally, increasing progressively in size, the colony becoming
multiserial (Fig. 1c). Basal pore-chambers not seen. Autozooids distinct,
separated by deep grooves, quincuncially arranged, hexagonal, slightly longer
than wide (mean L/W = 1.29) (Fig. 1b). Frontal shield convex, mamillated, with
circular areolar pores, widely spaced, generally two visible proximally and 2–3
laterally, totally hidden by calcification in some zooids, and 8–10 slightly
pronounced radiating ribs between them (Fig. 1b). Orifice ovoidal, longer than
wide, bearing distinct downwardly curved condyles placed a little lower than
mid-length, with anter and poster similarly sized and rounded, lateral sides
straight and parallel (Fig. 1b). Oral spines absent. Kenozooids variable in size
and shape, irregularly polygonal, frontal shield the same as autozooids but
without an orifice, irregularly scattered within the colony (Fig. 1d). Ovicells,
avicularia and nanozooids absent.
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Measurements – ZL 357±16, 332–382 (1, 30); ZW 278±24, 235–304 (1, 30);
OL 123±5, 116–132 (1, 30); OW 85±7, 73–95 (1, 30).
Remarks – A single well-preserved colony of Scorpiodinipora cf. costulata has
been found encrusting a gastropod shell from the early Tortonian (Fig. 1a). At
the present-day, S. costulata is distributed worldwide in shallow waters in
tropical and sub-tropical seas, showing a marked preference for calcareous
organic substrates, especially gastropod shells (Harmelin et al., 2012).
Harmelin et al. (2012), examining specimens attributed to S. costulata from
different geographical regions (Pacific Ocean, Philippines; Indian Ocean,
Oman; Red Sea, Egypt; SE Mediterranean, Lebanon; SE Atlantic, Ghana; SW
Atlantic, Brazil), observed the same general morphological features.
Differences in the external aspect of the frontal shield, with more or less
pronounced costae within and between colonies, were attributed to ontogeny
and degree of calcification, whereas the variation in the mean size of the
autozooids and orifices were explained by regional factors, such as local
climatic conditions or specific traits of local populations (Harmelin et al., 2012).
Another variation is in the number of daughter autozooids budded by the
ancestrula in colonies from different localities, which can vary from two to four.
Periancestrular zooids can be budded equally from the proximal and distal
sides of the ancestrula. Based on these observations, the Kalimantan
specimen falls within the range of variability reported for the nominal species.
The most similarly sized specimens are from Brazil. The nanozooids observed
in colonies from Lebanon are absent in the fossil material; however,
kenozooids without apertures are common.
This is the first documented fossil record for Scorpiodinipora. Point
mineralogical analysis made using Laser Raman spectroscopy on the
Kalimantan specimen showed the frontal shield to have an aragonitic
composition, which may at least in part explain the previous absence of this
genus from the fossil record.
Family Phidoloporidae Gabb & Horn, 1862
Genus Lifuella Gordon & d’Hondt, 1997
?Lifuella sp. 1
Plate 55, fig. 1a–c.
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Figured material – NHMUK PI BZ 6982, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, multilaminar. Ancestrula and early
astogeny not observed. Autozooids separated by shallow grooves, less distinct
in some parts of the colony, quincuncially arranged, small, irregularly
polygonal, as long as wide (mean L/W = 1.09) (Fig. 1a). Frontal shield convex,
nodular, imperforate; areolar pores lacking or obscured by sediment. Orifice
bell-shaped, almost equidimensional, with a broadly arcuate anter and slightly
concave proximal rim; condyles not observed. Oral spine bases numbering
seven, 15–20 µm in diameter, closely spaced (Fig. 1b–c). Suboral umbo stout,
partly overhanging the primary orifice (Fig. 1b). Adventitious avicularia laterooral, oval, distolaterally directed, crossbar complete (Fig. 1b). Ovicells
subimmersed, covered by a layer of secondary calcification with the same
nodular appearance as that of the frontal shield, smooth if uncovered (Fig. 1b),
wider than long, central roof usually broken.
Measurements – ZL 316±28, 273–352 (1, 10); ZW 290±31, 255–335 (1, 10);
OL 86±6, 77–91 (1, 6); OW 91±8, 81–100 (1, 6); OvL 144±12, 127–161 (1, 5);
OvW 166±9, 157–180 (1, 5); AL 66±8, 58–68 (1, 5); AW 43±2, 42–47 (1, 5).
Remarks – A single small, mound-like colony of ?Lifuella sp. 1 encrusts the
base of a platy coral from the late Burdigalian. This colony is only tentatively
assigned to Lifuella because its preservation prevents the observation of the
inner rim of the primary orifice: the presence of denticulations differentiates
Fodinella Tilbrook, Hayward & Gordon, 2001 from the otherwise similar Lifuella.
?Lifuella sp. 2
Plate 55, fig. 2a–c.
Figured material – NHMUK PI BZ 6983, Serravallian, TF522, ‘Coalindo
Haulage Road 1’, Sangkulirang.
Description – Colony encrusting, multiserial, multilaminar. Ancestrula and early
astogeny not observed. Autozooids chaotically arranged, separated by a thin,
raised rim, sometimes indistinct owing to preservation, irregularly polygonal,
slightly longer than wide (mean L/W = 1.16) (Fig. 2a–c). Frontal shield convex,
granular, imperforate (Fig. 2c); areolar pores absent. Orifice roughly bellshaped, longer than wide. Oral spine bases numbering four, 10 µm in
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diameter, widely spaced (Fig. 2b, centre). Suboral umbo absent. Ovicells not
observed. Adventitious avicularia suboral, teardrop-shaped, rostrum acute,
medially directed, crossbar complete (Fig. 2c).
Measurements – ZL 411±26, 379–450 (1, 10); ZW 353±39, 283–392 (1, 10);
OL 138±9, 128–149 (1, 5); OW 126±2, 122–129 (1, 5); AL 110±6, 103–118 (1,
5); AW 95±12, 79–103 (1, 5).
Remarks – This small, mound-like colony of ?Lifuella sp. 2 encrusts the base
of a very thin platy coral of Serravallian age. It can be only tentatively assigned
to Lifuella for the same reason mentioned above for ?Lifuella sp. 1. The two
species differ in the size of zooids, in the shape, position and orientation of the
avicularia, and in the number of oral spine bases.
Genus Plesiocleidochasma Soule, Soule & Chaney, 1991
Plesiocleidochasma cf. laterale (Harmer, 1957)
Plate 56, fig. 1a–b.
cf. Cleidochasma laterale Harmer, 1957, p. 1044, pl. 71, figs. 9–11.
cf. Plesiocleidochasma laterale Soule, Soule & Chaney, 1991, p. 475, pl. 1, fig.
5; pl. 3, fig. 2. Tilbrook, 2006, p. 291, pl. 64, figs. C–D.
Figured material – NHMUK PI BZ 6984, late Burdigalian, TF126, ‘3D Reef’,
Bontang.
Description – Colony encrusting, multiserial, unilaminar or multilaminar.
Ancestrula and early astogeny not observed. Autozooids distinct, separated by
shallow grooves, quincuncially arranged, oval to polygonal, slightly longer than
broad (mean L/W = 1.17). Frontal shield slightly convex, nodular, imperforate
apart from a few, scattered, oval, areolar pores, usually visible only at
distolateral corners (Fig. 1b). Orifice longer than broad, clithridiate, surrounded
by a thin, slightly raised rim; two small, rounded, lateral condyles separating a
deeply arched, horseshoe-shaped anter from a shallow, smaller, bluntly arrowshaped poster (Fig. 1b). Oral spine bases not observed. Ovicell globular, 163
µm long by 210 µm wide, observed only incomplete (Fig. 1b). Adventitious
avicularia usually single, sometimes paired or absent, placed proximolaterally
of orifice, varying in size (Fig. 1b); rostrum rounded triangular or lanceolate,
directed distomedially, sometimes bent towards the distal rim of the orifice;
opesia trifoliate; crossbar complete; smaller avicularia 125–156 µm, on

241	
  

Miocene Bryozoa from East Kalimantan

average 137 µm long; larger avicularia length 200–283 µm, on average 228
µm long.
Measurements – ZL 519±36, 483–612 (1, 30); ZW 443±34, 389–518 (1, 30);
OL 137±11, 122–158 (1, 30); OW 101±7, 87–114 (1, 30).
Remarks – A few extensive colonies of Plesiocleidochasma cf. laterale have
been found encrusting late Burdigalian to Langhian platy corals. Some of
these colonies show frontal budding and overgrowth by other bryozoan
species such as Puellina spp. and Arthropoma renipora sp. nov. Unfortunately,
none is fertile apart from one colony in which only a broken ovicell has been
observed (Fig. 1b). The Kalimantan fossil is similar to the Recent, widespread
Indo-Pacific species P. laterale in the size and general appearance of the
autozooids, and the shape and position of the avicularia which also vary in
size. However, avicularia are distomedially directed in the Kalimantan species
but distally directed in the nominal species, and the orifice is slightly smaller in
the Kalimantan species. In addition, P. laterale is characterized by three distal
oral spines which are not evident in the fossils, although the presence of oral
spines in this genus seems often to be restricted to young zooids.
Plesiocleidochasma sp. 1
Plate 56, 2a–c.
Figured material – NHMUK PI BZ 6985, Serravallian, TF522, ‘Coalindo
Haulage Road 1’, Sangkulirang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula with the
same appearance as later autozooids but smaller, about 220 µm long by 150
µm wide, surrounded by six periancestrular autozooids, on average 250 µm
long by 200 µm wide (Fig. 2b). Autozooids distinct, separated by shallow
grooves, quincuncially arranged, hexagonal, slightly longer than broad (mean
L/W = 1.14). Frontal shield flat or slightly convex, nodular, sometimes
developing a suboral umbo, imperforate apart from two, circular or oval,
areolar pores, placed at variable distances apart, usually on the lateral corners
corresponding to the maximum width of the zooids (Fig. 2b–c). Orifice longer
than broad, clithridiate, surrounded by a thin rim (Fig. 2c); two small, rounded,
lateral condyles separating a deeply arched, horseshoe-shaped anter from a
shallow, smaller, bluntly arrow-shaped poster. Oral spine bases numbering
five (Fig. 2c). Ovicell globular, immersed on the frontal shield of the next distal
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autozooid, wider than long, roof usually incomplete (Fig. 2c). Avicularia absent.
Measurements – ZL 317±33, 268–374 (1, 30); ZW 278±21, 238–321 (1, 30);
OL 107±6, 93–114 (1, 30); OW 77±3, 72–85 (1, 30); OvL 152±6, 143–160 (1,
5); OvW 212±10, 199–222 (1, 5).
Remarks – A single colony of Plesiocleidochasma sp. 1 has been found
encrusting the underside of a very thin, platy coral fragment of Serravallian
age. This species differs from Plesiocleidochasma cf. laterale (Harmer, 1957)
in the absence of avicularia and in having conspicuous oral spine bases. The
single colony found is small and dominated by astogenetically young zooids;
distal oral spines are usually not prominent in species of Plesiocleidochasma
except in young zooids. Although it differs from all of fossil and Recent species
previously described, the finding of only one colony without avicularia or
complete ovicells does not favour the introduction of a new species.
Plesiocleidochasma sp. 2
Plate 56, fig. 3a–c.
Figured material – NHMUK PI BZ 6986, Messinian, TF 518, ‘Kampung Narut’,
Sangkulirang.
Description – Colony encrusting, multiserial, unilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by deep furrows,
quincuncially arranged, hexagonal, slightly longer than broad (mean L/W =
1.19). Frontal shield flat or taphonomically collapsed (Fig. 3a), nodular,
imperforate apart from two, circular, areolar pores, usually placed at condyle
level. Orifice longer than broad, clithridiate (Fig. 3b); two small, rounded,
lateral condyles separating a horseshoe-shaped anter from a shallow, smaller,
wide, bluntly arrow-shaped poster. Oral spine bases not seen. Adventitious
avicularia single or absent, small, placed proximolaterally to orifice (Fig. 3c);
rostrum triangular with rounded tip, distolaterally directed; crossbar complete.
Ovicells not observed.
Measurements – ZL 498±35, 445–550 (1, 10); ZW 417±23, 389–449 (1, 10);
OL 140±6, 133–144 (1, 5); OW 101±4, 97–106 (1, 5); OvL 230±17, 208–249
(1, 5); OvW 240±12, 223–251 (1, 5); AL 99±7, 93–113 (1, 6).
Remarks – A few colonies of Plesiocleidochasma sp. 2, usually with the frontal
shields and ovicells collapsed, have been found encrusting the bases of
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Messinian platy corals. This species differs from the late Burdigalian material
of Plesiocleidochasma cf. laterale in the shape and size of the adventitious
avicularia, and from the Serravallian Plesiocleidochasma sp. 1 in having larger
zooids, an adventitious frontal avicularium, a wider sinus, and lacking oral
spine bases. The most similar species seems to be the Recent Indo-Pacific
Plesiocleidochasma porcellaniforme (Soule, Soule & Chaney, 1991), which
has a similarly nodular frontal shield and avicularia of comparable shape
although with much more acute rostra. The Kalimantan species is left in open
nomenclature owing to the poor preservation and the absence of ovicells in all
available specimens.
Genus Rhynchozoon Hincks, 1895
Rhynchozoon sp.
Plate 57
Figured material – NHMUK PI BZ 6987, early Tortonian, TF 508, Bontang.
Description – Colony encrusting, multiserial, multilaminar. Ancestrula and early
astogeny not observed. Autozooids distinct, separated by deep grooves,
irregularly arranged, oval to hexagonal, longer than wide (mean L/W = 1.39).
Frontal shield convex, nodular, with a few, irregularly spaced, areolar pores
varying in size from very small to very large (Fig. 1b–c). Primary orifice
rounded, as wide as long, about 100 µm in diameter, stout, proximal border
with wide, shallow, bowl-shaped sinus, occupying about half its width,
delimited by two lateral, rounded rectangular condyles (Fig. 1d); distal
denticles widely spaced. Two oral spine bases, sometimes absent or covered
by calcification of the distal zooid (Fig. 1b–c). Peristome including a tall,
conical proximomedial process obscuring the orifice (Fig. 1b–c); unclear if it
bears a suboral avicularium. Large frontal avicularia common, usually one per
autozooid, placed on the proximal margin of the autozooid on a raised and
swollen cystid, oval, proximolaterally directed (Fig. 1b–c); pivotal bar not
preserved. Ovicells not observed.
Measurements – ZL 321±25, 295–378 (1, 10); ZW 231±10, 217–249 (1, 10);
AL 104±10, 92–112 (1, 5).
Remarks – A single small colony of Rhynchozoon sp. encrusts an early
Tortonian platy coral fragment. This species is characterised by an almost
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round orifice with shallow, bowl-shaped sinus, a tall, conical proximomedial
process, and a large, frontal, oval, raised avicularia. None of the Recent IndoPacific or Miocene European species of Rhynchozoon have this combination
of characters. However, a new species is not introduced as only one small
colony lacking ovicells is available for study.
Genus Triphyllozoon Canu & Bassler, 1917
Triphyllozoon sp.
Plate 58
Figured material – NHMUK PI BZ 6988, BZ 6989, BZ 6990, BZ 6991, late
Burdigalian, TF 126, ‘3D Reef’, Bontang.
Description – Colony erect, rigid, dichotomously branching at angles of 30–
40˚; branches 0.30–0.40 mm wide, narrowest immediately after bifurcation,
straight or slightly curved (Fig. 1a). Autozooids in 2 or 3 longitudinal rows,
distinct, separated by raised sutures, flask-shaped, longer than broad (mean
L/W = 1.67) (Fig. 1b). Frontal shield granular, flat or convex, with small,
sparse, round, areolar pores along proximal and lateral margins, on average
15 µm in diameter. Peristome tubular, relatively well developed; proximal rim
with a deep, median sinus, teardrop-shaped and with three stout denticulations
(Fig. 1c); oral spine bases numbering four in non-ovicellate zooids, widely and
regularly spaced, comprising two smaller spine bases, 10–12 µm in diameter,
placed distally and two larger spine bases, 18–20 µm in diameter, placed
laterally; ovicellate zooids possessing only the two lateral spine bases (Fig.
1c–g). Secondary orifice elliptical, wider than long, about 100 µm wide by 45
µm long. Suboral avicularia of two kinds sometimes present: small, 50 µm long
by 40 µm wide, oval, adjacent to sinus, with raised rostrum proximally or
proximolaterally directed, and complete crossbar; or large, 100–120 µm long
by 50 µm wide, with parallel-sided rostrum laterally directed, and complete
crossbar (Fig. 1e). Frontal avicularia medium-sized, 70 µm long by 50 µm
wide, spatulate, centrally placed, proximally or proximolaterally directed, with
extensive palate, small oval opesia, and complete crossbar (Fig. 1b–d).
Ovicells immersed in the calcification, appearing externally as a bulge, slightly
wider than long, with a broad labellum and trilobate frontal fissure (Fig. 1f–g).
Abfrontal surface granular, divided into irregularly polygonal sectors by vibices;
within each sector sparse, small pores, and numerous, randomly directed,
spatulate avicularia similar to those seen on the frontal shield (Fig. 1h–i).
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Measurements – ZL 368±11, 358–385 (5, 50); ZW 221±16, 203–245 (5, 50);
OvL 150±15, 140–160 (2, 6); OvW 160±16, 148–171 (2, 6).
Remarks – Hundreds of fragments of Triphyllozoon sp. have been found in
silty sediments of late Burdigalian and Serravallian age in East Kalimantan.
Genera of phidoloporids are distinguished by features of the ovicells and
peristomes. In the Kalimantan specimens, the primary orifice is always hidden
by infilling sediment and ovicells are often completely immersed in the
secondary calcification, making it difficult to observe diagnostic features.
However, a preserved ovicell seems to show a trilobate fissure on its frontal
(Fig. 1f–g), which allows the identification of this species as Triphyllozoon. Six
Recent species of Triphyllozoon are known from the Indonesian Archipelago:
T. formosoides Hayward, 2004, T. indivisum Harmer, 1934, T. patulum Harmer,
1934, T. separatum Harmer, 1934, T. trifoliatum Harmer, 1934, and T.
tuberculiferum Harmer, 1934. All show a range of avicularian polymorphs that
differ from those of the fossil species. Although T. patulum has similar
spatulate frontal avicularia, these are much larger and this species also differs
in lacking suboral avicularia.
Phidoloporidae sp. 1
Plate 59, fig. 1a–e.
Figured material – NHMUK PI BZ 6992, BZ 6993, late Burdigalian, TF 126, ‘3D
Reef’, Bontang.
Description – Colony erect, rigid, ?fenestrate, dichotomously branching at an
angle of 40–50˚; branches 0.35–0.55 mm wide, narrowest after bifurcation,
curved (Fig. 1a, c). Autozooids in three longitudinal rows, distinct, separated
by raised sutures, rectangular to irregularly polygonal, longer than broad
(mean L/W = 1.43) (Fig. 1b). Frontal shield smooth with gentle irregularities,
and sparse, round, areolar pores along proximal and lateral margins, on
average 25 µm in diameter. Secondary orifice subcircular, 85–100 µm in
diameter; proximal rim undulose, with a transversely set, medially placed
avicularium, small, oval, about 30 µm long by 23 µm wide, crossbar complete
(Fig. 1b). Oral spines absent. Frontal avicularia of two kinds: medium-sized,
80–100 µm long by 30 µm wide, oval, medioproximally placed and medially
directed; and large, 180–250 µm long by 55 µm wide, with raised, narrow,
triangular or spoon-shaped rostrum and channeled tip, placed underneath the
orifice, proximolaterally directed; both types with extensive palate, small oval
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opesia, and complete crossbar (Fig. 1b). Ovicells not observed. Abfrontal
surface smooth, divided into irregular sectors by vibices; within each sector
sparse, small pores, and numerous, randomly directed avicularia of three
kinds: (1) small and oval similar to suboral avicularia; (2) medium-sized
elongate oval or triangular similar to those seen on the frontal; and (3) very
long (L = 300–400 µm), narrow (W = 60–80 µm) avicularia with slightly
spatulate rostrum, extensive palate, triangular opesia, and complete crossbar
(Fig. 1d–e).
Measurements – ZL 359±22, 323–383 (5, 50); ZW 251±23, 218–271 (5, 50).
Remarks – Phidoloporidae sp. 1 is very abundant in late Burdigalian silty
sediments. However, ovicells have not been observed in any of the specimens,
probably because of the poor preservation and secondary calcification.
Characters of the peristome and primary orifice are also poorly preserved or
hidden by sediment. The absence of these key morphological features
prevents genus identification.
Phidoloporidae sp. 2
Plate 59, fig. 2a–d.
Figured material – NHMUK PI BZ 6994, BZ 6995, late Burdigalian, TF 126, ‘3D
Reef’, Bontang.
Description – Colony erect, rigid, dichotomously branching at an angle of 60˚;
branches 0.28–0.36 mm wide, narrowest after bifurcation, straight or slightly
curved (Fig. 2a, c). Autozooids in one or two longitudinal rows, distinct,
separated by raised sutures, flask-shaped, longer than broad (mean L/W =
1.54). Frontal shield smooth with single or paired, small, round, areolar pores
proximally, on average 17 µm in diameter (Fig. 2b). Peristomial orifices
elliptical, 100 µm long by 60–70 µm wide; proximal rim undulose, with a small
U-shaped sinus medially (Fig. 2b). Oral spines absent. Frontal avicularia
absent. Ovicells not observed. Abfrontal surface granular, divided into irregular
sectors by vibices; within each sector sparse, small pores and numerous large
avicularia, varying in size, 160–230 µm long by 50–70 µm wide, rostrum
triangular with acute distal tip, proximally or proximolaterally directed,
extensive palate, pear-shaped opesia, crossbar lacking (Fig. 2c–d).
Measurements – ZL 392±14, 374–413 (5, 25); ZW 255±13, 240–266 (5, 25).
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Remarks – Phidoloporidae sp. 2 is very abundant in late Burdigalian silty
sediments, along with Triphyllozoon sp. and Phidoloporidae sp. 1. It differs
from these two phidoloporids in the shape of the peristomial sinus, in lacking
oral and frontal avicularia, and in the shape of abfrontal avicularia. The
absence of ovicells precludes generic identification.
Phidoloporidae sp. 3
Plate 60, fig. 1a–e.
Figured material – NHMUK PI BZ 6996, BZ 6997, Serravallian, TF 76, ‘Batu
Putih 1’, Samarinda.
Description – Colony erect, rigid, fenestrate; fenestrulae oval (0.9–1.4 x 0.4–
0.7 mm), trabeculae as wide, consisting of two to four alternating, longitudinal
series of autozooids (Fig. 1a). Autozooids distinct, separated by raised
sutures, rectangular, longer than broad (mean L/W = 1.97). Frontal shield
smooth; one or two areolar pores proximally. Peristomial orifices subcircular,
averaging 100 µm in diameter. Peristome thin, scarcely raised, proximal rim
smooth with a small teardrop-shaped sinus medially (Fig. 1c). Uncertain
number of oral spine bases in non-ovicellate autozooids; two lateral oral spine
bases in ovicellate zooids. Ovicells longer than wide, 190 µm long by 170 µm
wide, with a short, longitudinal suture (Fig. 1b–c). Frontal adventitious
avicularia absent; large vicarious avicularia rare, placed on the edges of the
fenestrulae, rostrum triangular with truncated tip, 200 µm long by 70 µm wide,
proximolaterally directed (Fig. 1d). Abfrontal surface nodular, divided into
irregular sectors by vibices (Fig. 1e); avicularia not observed.
Measurements – ZL 454±25, 422–480 (5, 25); ZW 230±14, 215–250 (5, 25).
Remarks – Phidoloporidae sp. 3 is very abundant in the Serravallian silty
sediments of ‘Batu Putih 1’, along with several different erect species such as
Adeonellopsis sp. 2, Cigclisula aff. ramparensis, and Sendinopora prima sp.
nov. (see below) among others. This species is distinguished from all other
erect phidoloporid species described here mainly in its ovicells with a short,
longitudinal suture, the presence of vicarious avicularia and lack of frontal and
suboral adventitious avicularia. Similar ovicells characterise species of both
Reteporella and Reteporellina. An additional feature, useful in discriminating
between the two genera, is the peristome, which varies from widely open to
deep with a medioproximal sinus in Reteporella, to deep with a flared proximal
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rim developed into rounded crenulations, bearing a narrow medioproximal
sinus in Reteporellina. Unfortunately, specimens from Kalimantan, even
though abundant, are poorly preserved with peristomes broken and abraded.
Family Incertae sedis
Genus Sendinopora gen. nov.
Type species – Sendinopora prima sp. nov., Serravallian, East Kalimantan,
Indonesia.
Etymology – Named after Consuelo Sendino, fossil bryozoan curator at the
NHMUK.
Diagnosis – Colony erect, rigid, dichotomously branching. Branches
subcylindrical, quadriserial. Autozooids distinct, arranged in alternating
longitudinal rows. Frontal shield imperforate apart from one or more rows of
areolar pores close to zooidal margins; ascopore mediodistal. Peristome
raised, tubular, including a small proximal avicularium. Orifice semicircular.
Oral spines absent. Ovicells not observed.
Remarks – This new genus is introduced for a Serravallian species
characterised by quadriserial branches, peristomial avicularia, and a
marginally areolate frontal shield. Within the family Porinidae, Tremotoichos
Canu & Bassler, 1917 shows a similar suboral avicularium but its ascopore is
more proximally placed. It also differs in having lateral branching and
peristomes opening only on the frontal side, a feature that characterises other
genera in the family such as Haswelliporina Gordon & d’Hondt, 1997 and
Semihaswellia Canu & Bassler, 1917. Furthermore, the frontal shield of
porinids is pseudoporous, as it is in Margarettidae. Margaretta Gray, 1843 has
a similar colony form and ascopore but it differs, in addition to frontal shield
porosity, in lacking avicularia. Siphonicytaridae and Tessarodomidae have
imperforate frontal shields apart from marginal areolar pores, with the former
family having a lepralioid frontal shield and the latter an umbonuloid frontal
shield (Gordon & d’Hondt, 1997). The inner side of the frontal shield has not
been observed in the new genus, thereby preventing its placement in a family.
However, Siphonicytara Busk, 1884 differs in having the ascopore placed in a
sharply marked area, outlined by distinct septal lines, an orifice which occupies
a large part of the frontal surface, and usually very large avicularia. As in
Sendinopora it lacks ovicells. In contrast, Tessaradoma Norman, 1869 has
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prominent, imperforate ovicells, and differs from the new genus also in lacking
peristomial avicularia. Adeonellidae and Adeonidae have marginal areolae, a
roughly semicircular orifice, suboral avicularia and lack ovicells. Genera
included in those two families, however, are bilaminar foliaceous (e.g.
Adeonella, Adeonellopsis, Adeona) or encrusting (e.g. Reptadeonella).
Sendinopora prima sp. nov.
Plate 61
Figured material – Holotype: NHMUK PI BZ 6998, Serravallian, TF76, ‘Batu
Putih 1’, Samarinda. Paratypes: NHMUK PI BZ 6999, BZ 7000, same details
as holotype.
Etymology – Referring to the first species of this new genus.
Diagnosis – Colony erect. Branches quadriserial. Autozooids rhomboidal.
Frontal shield ridged, imperforate except for a few, marginal areolar pores.
Ascopore mediodistally placed. Peristome tubular with half-moon shaped
avicularium. Secondary orifice semicircular. Ovicells absent.
Description – Colony erect, rigid, dichotomously branching at an angle of 30˚;
branches subcylindrical, quadriserial (Fig. 1a, d). Autozooids distinct,
separated by shallow sutures, arranged in alternating longitudinal rows,
rhomboidal, longer than wide (mean L/W = 1.98), tapering proximally, raised
distally (Fig. 1b–c, e). Frontal shield flat or slightly convex, faintly granular,
ridged, imperforate apart from one to three rows of small, round, areolar pores
along zooidal margins; ascopore round, placed mediodistally and surrounded
by a slightly raised rim (Fig. 1f). Peristome prominent, tubular, rising
perpendicularly to the frontal plane (Fig. 1c), including on its proximal edge a
small, half-moon shaped avicularium, transversely oriented, about 70 µm long
(Fig. 1f); pivotal bar and condyles not observed. Secondary orifice
semicircular, wider than long (Fig. 1f). Ovicells absent.
Measurements – ZL 947±22, 907–977 (10, 100); ZW 478±21, 445–504 (10,
100); OL 123±3, 119–125 (10, 50); OW 163±6, 157–169 (10, 50).
Remarks – Branch fragments of Sendinopora prima sp. nov. are very
abundant (c. 3500 specimens) in Serravallian silty sediments collected at ‘Batu
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Putih 1’. This species is characterised by its frontal shield with narrow ridges
and sulci and half-moon shaped peristomial avicularium.
4.3 Summary
The Miocene bryozoans described from East Kalimantan in this study,
including the first part of the present monograph (Di Martino & Taylor, 2014),
number 123 species and comprise 15 cyclostomes, 36 anascan-grade and 72
ascophoran-grade cheilostomes.
The faunas include 33 new species (26%), two of which, the cribrimorph
Antoniettella exigua Di Martino & Taylor, 2012b and the anascan Setosinella
perfluxa Di Martino & Taylor, 2012a were introduced in earlier papers. Of the
remaining 31 new species described, two are cyclostomes and belong to the
genera Microeciella and Pseudidmonea, nine are anascan bryozoans
belonging to the genera Cranosina (1), Parellisina (1), Vincularia
(4), ?Gontarella (1) and Canda (2), and 20 species are ascophoran bryozoans
classified in the genera ?Filaguria (1), Puellina (1), Caberoides (1), Trypostega
(1), Oviexechonella gen. nov. (1), Reptadeonella (2), ?Hippomenella (2),
Margaretta (1), Hippopodina (1), Saevitella (1), Gigantopora (1), Arthropoma
(1), Bryopesanser (2), Tubiporella (1), Buffonellaria (1), Lagenipora (1), and
Sendinopora gen. nov. (1).
Twenty-six taxa (22%) have been identified to species level. Among them, 20
species (16%) show Recent Indo-Pacific affinities; two (2%), Scorpiodinipora
cf. costulata and Hippopodina cf. pulcherrima, show similarities to Recent
species recorded circumtropically; three species (3%) were known previously
from the fossil record: Adeonellopsis aff. obliqua from the Cenozoic of
Australia, Cigclisula aff. ramparensis and Turbicellepora aff. canui from the
Early Miocene of India.
The remaining 65 species (53%) have been identified only at genus- or familylevels owing to deficient preservation and/or scarcity of available material. Of
the 61 species (50%) identified at genus level, twelve (9%) are assigned to a
genus only tentatively, while one (‘Berenicea’ sp.) is a nomen dubium used as
a form genus. The most diverse genus is Vincularia with five species, followed
by Disporella with four species, and Puellina, Adeonellopsis, Stylopoma,
Hippopodina, Microporella and Cigclisula with three species each. Four taxa
(3%) have been identified only to family level, one belongs to Pyrisinellidae,
and three erect, fenestrate species belong to Phidoloporidae.
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The 123 species from East Kalimantan belong to 78 genera, including three
newly erected, Antoniettella, Oviexechonella and Sendinopora, within 48
families. Of these 48 families, most contain only one (20 families), two (12
families), three (1 family), four (8 families) or five species (5 families). Two
families – Calloporidae and Phidoloporidae – contain six and ten species in
four and five genera respectively. Apart from these two families, the most
diverse are Smittinidae, Hippopodinidae and Celleporidae with 4 genera each.
The majority of the bryozoan species (71%) from the Miocene of East
Kalimantan are encrusting, typically with two-dimensional colonies; 25% of
species are erect, with the majority of these articulated and flexible; and 4% of
the species are free-living.
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Table 4.1
Species listing with known ranges. OR= oldest range limit; TFR= Miocene range from
‘Throughflow’ samples (LB= Late Burdigalian, B/L= Burdigalian Langhian boundary, L=
Langhian, S= Serravallian, T= Tortonian, M= Messinian); YR= youngest range limit.

Species

OR

Antoniettella exigua
?Filaguria kalimantanensis sp. nov.
Puellina cf. voigti
Puellina bontangensis sp. nov. X
Puellina sp.
?
Caberoides gordoni sp. nov.
Trypostega hasibuani sp. nov. X
Poricella sp.
Eocene
Exechonella sp.
Oviexechonella digeronimoi sp. nov.
Adeonellopsis aff. obliqua Miocene
Adeonellopsis sp. 1
?
Adeonellopsis sp. 2
?
Reptadeonella curvabilis sp. nov.
Reptadeonella toddi sp. nov.
Celleporaria sp.
Eocene
?Hippomenella devatasae sp. nov.
?Hippomenella uniserialis sp. nov.
?Umbonula sp.
Eocene
Parasmittina sp.
Eocene
?Pleurocodonellina sp.
Smittina sp.
Eocene
Smittoidea cf. pacifica
?Stephanosella sp.
Miocene
Stylopoma sp. 1
?
Stylopoma sp. 2
?
Stylopoma sp. 3
?
Margaretta aff. gracilior
Margaretta aff. tenuis
Margaretta aff. watersi
Margaretta amitabhae sp. nov.

LB
X

B/L
X

L

X
X

X
X
X

X
X

TFR
S
X
X
X

YR
T

M
X
Recent
Recent
?

X
X
X
X
X

Recent

X
X
X
X

X

?
?

X
X

Recent

X
X
X
X
X
X
X
X

Recent
Recent
Recent
Recent
Recent

X

X
X
X

X
X
X
X

?
?
X
?
Recent
Recent
Recent

X
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Species

OR
LB

Hippopodina cf. feegeensis
Hippopodina cf. pulcherrima
Hippopodina indicata sp. nov. X
Saevitella renemai sp. nov.
Thornelya sp.
Gigantopora milenae sp. nov.
Calyptotheca sp. 1
?
Calyptotheca sp. 2
?
Actisecos sp. 1
?
Actisecos sp. 2
?
Vix sp.
Orbiculipora sp.
Aquitanian
Calloporina sp.
Miocene
Microporella aff. browni
Microporella aff. coronata
Microporella sp.
Aquitanian
Arthropoma renipora sp. nov. X
Bryopesanser bragai sp. nov. X
Bryopesanser sanfilippoae sp. nov.
Tubiporella magnipora sp. nov. X
Anoteropora cf. magnicapitata
Cigclisula aff. ramparensis Burdigalian
Cigclisula sp. 1
?
Cigclisula sp. 2
?
Trematooecia sp.
Miocene
Buffonellaria sagittaria sp. nov.
Lagenipora sciutoi sp. nov.
Predanophora sp.
Turbicellepora aff. canui Aquitanian
Scorpiodinipora cf. costulata
?Lifuella sp. 1
?
?Lifuella sp. 2
?
Plesiocleidochasma cf. laterale
Plesiocleidochasma sp. 1
?
Plesiocleidochasma sp. 2
?
Rhynchozoon sp.
?
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X
X

B/L

L

TFR
S
X

YR
T
X
X

M
Recent
Recent

X
X

Recent

X
X

X
X

?
?
?
Recent

X
X
X
X
X
X

Recent
Recent
Recent
Recent

X
X

X

X
X

X
X
X

Recent
X
X

X
X
X
X

X

X

X

X
X

?
?
Recent
Recent
Recent

X
X
X
X
X

X Recent
?
?
Recent
?
X
?
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Species
Triphyllozoon sp.
Phidoloporidae sp. 1
Phidoloporidae sp. 2
Phidoloporidae sp. 3
Sendinopora prima

OR

?
?
?

LB
X
X
X

B/L

X

L

TFR
S
X

X
X

YR
T

M
Recent
?
?
?
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Plate 1
Antoniettella exigua Di Martino & Taylor, 2012b, Burdigalian-Langhian boundary, TF153,
‘Rainy Section’, Bontang. Fig. 1. Holotype: NHMUK PI BZ 5842. a, view of entire colony;
scale bar = 500 µm. b, group of autozooids; scale bar = 200 µm. c, pentagonal autozooid;
scale bar = 100 µm. d, hexagonal autozooid; scale bar = 100 µm.
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Plate 2
?Filaguria kalimantanensis sp. nov., Serravallian, TF57, ‘Stadion Reef 2’, Samarinda. Fig.
1. Holotype: NHMUK PI BZ 6900. a, view of a few preserved zooids; scale bar = 1 mm. b,
frontal shield; scale bar = 150 µm. c, ?vicarious avicularium; scale bar = 150 µm. d,
autozooid; scale bar = 150 µm. e, ovicellate zooid; scale bar = 150 µm.
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Plate 3
Puellina cf. voigti (Ristedt, 1985), late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1.
NHMUK PI BZ 6901. a, part of the colony; scale bar = 500 µm. b, group of ovicellate and
non-ovicellate zooids; scale bar = 100 µm. c, ovicellate zooid; scale bar = 100 µm. d,
autozooid with six oral spine bases, and an interzooidal avicularium; scale bar = 100 µm.
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Plate 4
Puellina bontangensis sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1.
Holotype: NHMUK PI BZ 6902. a, part of the colony showing numerous ovicellate zooids;
scale bar = 300 µm. b, tatiform ancestrula; scale bar = 20 µm. c, two autozooids and long,
interzooidal avicularia; scale bar = 100 µm. d, kenozooids at the colony growing edge
showing basal pore chamber windows; scale bar = 300 µm. e, an adventitious avicularium,
placed lateral to the ovicell, with pointed rostrum and serrated lateral edges; scale bar = 20
µm.
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Plate 5
Puellina sp., Burdigalian-Langhian boundary, TF153, ‘Rainy Section’, Bontang. Fig. 1.
NHMUK PI BZ 6903. a, autozooid, ovicellate zooid and interzooidal avicularium; scale bar =
150 µm. b, autozooid and interzooidal avicularium; scale bar = 100 µm. c, interzooidal
avicularium; scale bar = 50 µm. d, ovicell; scale bar = 50 µm.
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Plate 6
Caberoides gordoni sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–d,
Holotype NHMUK PI BZ 6904. a, frontal view of branch fragment; scale bar = 500 µm. b,
two autozooids; scale bar = 100 µm. c, orifice, ?operculum, and avicularium; scale bar = 20
µm. d, primary orifice; scale bar = 20 µm. e–g, Paratype NHMUK PI BZ 6905. e, dorsal
view of branch fragment; scale bar = 500 µm. f, close-up of dorsal side; scale bar = 100 µm.
g, vibraculum-like chamber; scale bar = 50 µm.
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Plate 7
Trypostega hasibuani sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1.
Holotype: NHMUK PI BZ 6906. a, general view of a colony; scale bar = 500 µm. b,
ancestrula and periancestrular zooids; scale bar = 200 µm. c, autozooid and ovicellate
zooid; scale bar = 100 µm. d, ovicellate zooid; scale bar = 100 µm.
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Plate 8
Poricella sp., Serravallian, TF522, ‘Coalindo Haulage Road 1’, Sangkulirang. Fig. 1.
NHMUK PI BZ 6907. a, view of part of a colony; scale bar = 500 µm. b, large, spatulate,
vicarious avicularium; scale bar = 100 µm. c, oblique close-up of an orifice with two oral
spine bases (see arrows), and interzooidal avicularia; scale bar = 100 µm. d, group of
autozooids and interzooidal avicularia of varying size; scale bar = 150 µm.
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Plate 9
Exechonella sp., Serravallian, TF57, ‘Stadion Reef 2’, Samarinda. Fig. 1. NHMUK PI BZ
6908. a, group of zooids; scale bar = 500 µm. b, zooid showing frontal projections; scale
bar = 200 µm. c, kenozooidal structures at the corners of two autozooids; scale bar = 150
µm. d, orifice and peristome; scale bar = 50 µm.

264	
  

Chapter 4

Plate 10
Oviexechonella digeronimoi gen. et sp. nov., Serravallian, TF59, ‘Southern Hemisphere’,
Bontang. Fig. 1. Holotype: NHMUK PI BZ 6909. a, view of the colony (arrow indicates
ancestrula outline); scale bar = 500 µm. b, group of zooids; scale bar = 200 µm. c,
autozooid and ovicellate zooid; scale bar = 100 µm. d, group of ovicellate zooids; scale bar
= 200 µm.
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Plate 11
Adeonellopsis aff. obliqua MacGillivray, 1895, late Burdigalian, TF126, ‘3D Reef’, Bontang.
Fig. 1. NHMUK PI BZ 6910. a, branch fragment; scale bar = 500 µm. b, group of
autozooids; scale bar = 100 µm. c, autozooid and adventitious avicularium showing the
trifoliate premandibular portion of the opesia; scale bar = 50 µm.
Adeonellopsis sp. 1, Burdigalian-Langhian boundary, TF153, ‘Rainy Section’, Bontang. Fig.
2. NHMUK PI BZ 6911. a, branch fragment; scale bar = 500 µm. b, group of autozooids;
scale bar = 100 µm.
Adeonellopsis sp. 2 Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 3. NHMUK PI BZ
6912. a, branch fragment; scale bar = 1 mm. b, autozooid; scale bar = 100 µm. c,
damaged, ?maternal zooid; scale bar = 100 µm.
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Plate 12
Reptadeonella curvabilis sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–b,
Holotype: NHMUK PI BZ 6913. a, group of autozooids; scale bar = 200 µm. b, sickleshaped avicularium; scale bar = 50 µm. c–d, Paratype: NHMUK PI BZ 6914. c, group of
autozooids with small, slender, triangular avicularia; scale bar = 300 µm. d, autozooid; scale
bar = 100 µm.
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Plate 13
Reptadeonella toddi sp. nov., Serravallian, TF51, ‘Stadion Reef 1’, Samarinda. Fig. 1. a–c,
Holotype: NHMUK PI BZ 6915. a, group of autozooids; scale bar = 500 µm. b, autozooid;
scale bar = 150 µm. c, pear-shaped avicularium; scale bar = 50 µm.
Reptadeonella toddi sp. nov., Burdigalian-Langhian boundary, TF153, ‘Rainy Section’,
Bontang. Fig. 1. d, Paratype: NHMUK PI BZ 6916. Ancestrula and early astogeny; scale
bar = 100 µm.
Reptadeonella toddi sp. nov., Serravallian, TF57, ‘Stadion Reef 2’, Samarinda. Fig. 1. e–f,
Paratype: NHMUK PI BZ 6917. e, maternal zooid; scale bar = 150 µm. f, view of part of the
colony with fertile zooids; scale bar = 1 mm.
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Plate 14
Celleporaria sp., Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. NHMUK PI BZ 6918.
a, mound-shaped colony; scale bar = 500 µm. b, two autozooids and suboral avicularia;
scale bar = 100 µm. c, group of autozooids and avicularia; scale bar = 200 µm. d, two
autozooids showing two distolateral oral spine bases and small suboral avicularia; scale bar
= 100 µm.
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Plate 15
?Hippomenella devatasae sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1.
Holotype: NHMUK PI BZ 6919. a, autozooid; scale bar = 100 µm. b, close-up of orifice with
eight oral spine bases; scale bar = 50 µm. c, ovicell; scale bar = 50 µm. d, adventitious
avicularium; scale bar = 20 µm.
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Plate 16
?Hippomenella uniserialis sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–
c, Holotype: NHMUK PI BZ 6920. a, view of a colony; scale bar = 500 µm. b, orifice with
nine oral spine bases; scale bar = 50 µm. c, ovicell. d–e, Paratype: NHMUK PI BZ 6921. d,
autozooid with ridged frontal shield; scale bar = 150 µm. e, autozooid; scale bar = 150 µm.
?Umbonula sp., Langhian, TF56, ‘Badak South’, Samarinda. Fig. 2. NHMUK PI BZ 6922. a,
general view of the colony; scale bar = 500 µm. b, group of autozooids; scale bar = 200 µm.
c, autozooid; scale bar = 100 µm.
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Plate 17
Parasmittina sp., Serravallian, TF57, ‘Stadion Reef 2’, Samarinda. Fig. 1. NHMUK PI BZ
6923. a, group of autozooids; scale bar = 200 µm. b, orifice and lyrula; scale bar = 20 µm.
c, autozooid; scale bar = 100 µm. d, frontal, adventitious avicularia; scale bar = 20 µm.
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Plate 18
?Pleurocodonellina sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ
6924. a, view of part of the colony; scale bar = 500 µm. b, autozooid and latero-oral
avicularia; scale bar = 200 µm. c, three zooids, one of which ovicellate; scale bar = 200 µm.
d, ovicell; scale bar = 100 µm.
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Plate 19
Smittina sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ 6925. a,
part of the colony; scale bar = 500 µm. b, group of autozooids and ovicellate zooid; scale
bar = 300 µm. c, group of autozooids showing two or three oral spine bases, suboral
avicularia and an ovicell with crushed roof (bottom); scale bar = 150 µm. d, close-up of a
suboral avicularium; scale bar = 20 µm.
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Plate 20
Smittoidea cf. pacifica Soule & Soule, 1973, late Burdigalian, TF126, ‘3D Reef’, Bontang.
Fig. 1. NHMUK PI BZ 6926. a, part of the colony with ancestrula and early astogeny; scale
bar = 500 µm. b, group of zooids one of which is ovicellate; scale bar = 200 µm. c, orifice
with lyrula; scale bar = 20 µm. d, ovicell; scale bar = 50 µm. e, suboral avicularium; scale
bar = 20 µm.
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Plate 21
?Stephanosella sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ
6927. a, part of the colony; scale bar = 500 µm. b, group of autozooids showing basal pore
chamber windows at distal edge; scale bar = 200 µm. c–d, orifice with six oral spine bases;
scale bar = 50 µm.
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Plate 22
Stylopoma sp. 1, Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. NHMUK PI BZ
6928. a, part of the colony; scale bar = 500 µm. b, autozooid; scale bar = 100 µm. c, orifice;
scale bar = 20 µm. d, ovicell; scale bar = 50 µm. e, autozooid with latero-oral avicularium;
scale bar = 100 µm. f, latero-oral avicularium; scale bar = 20 µm.
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Plate 23
Stylopoma sp. 2, early Tortonian, TF508, Bontang. Fig. 1. NHMUK PI BZ 6929. a, view of
the colony; scale bar = 1 mm. b, autozooid; scale bar = 100 µm. c, orifice; scale bar = 50
µm. d, two autozooids with closure plates; scale bar = 200 µm. e, orifice with closure plate
and lozenge-shaped, latero-oral avicularium; scale bar = 50 µm. f, ovicell; scale bar = 100
µm.

Plate 24
Stylopoma sp. 3, Messinian, TF511, ‘Sekarat Top Reef’, Sangkulirang. Fig. 1. NHMUK PI
BZ 6930. a, view of the colony; scale bar = 1 mm. b, group of autozooids; scale bar = 500
µm. c, autozooid with latero-oral avicularium; scale bar = 150 µm. d, orifice with latero-oral
avicularium; scale bar = 50 µm.
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Plate 25
Margaretta aff. gracilior (Ortmann, 1892), late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig.
1. a–c, NHMUK PI BZ 6931. a, branch fragment; scale bar = 500 µm. b, autozooid with
orifice immersed in the calcification; scale bar = 500 µm. c, autozooid with semicircular
orifice; scale bar = 100 µm. d, NHMUK PI BZ 6932, fragment of a basal internode; scale bar
= 500 µm.
Margaretta aff. tenuis Harmer, 1957, late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 2.
NHMUK PI BZ 6933. a, branch fragment; scale bar = 1 mm. b, autozooid; scale bar = 250
µm. c, autozooid and tripartite articulation; scale bar = 250 µm.
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Plate 26
Margaretta aff. watersi (Canu & Bassler, 1930), Serravallian, TF76, ‘Batu Putih 1’,
Samarinda. Fig. 1. a–b, NHMUK PI BZ 6934. a, branch fragment; scale bar = 1.5 mm. b,
autozooid; scale bar = 500 µm. c–d, NHMUK PI BZ 6935. c, branch fragment with basal
articulation; scale bar = 1 mm. d, close-up of autozooids with swollen and longer
peristomes; scale bar = 500 µm.
Margaretta amitabhae sp. nov. Burdigalian-Langhian boundary, TF153, ‘Rainy Section’,
Bontang. Fig. 2. a–c, Holotype: NHMUK PI BZ 6937. a, lateral view of a disarticulated
internode; scale bar = 500 µm. b, frontal view of a disarticulated internode; scale bar =

500 µm. c, Paratype: NHMUK PI BZ 6938, lateral view of a disarticulated
internode with ?fertile zooid; scale bar = 200 µm.
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Plate 27
Hippopodina cf. feegeensis (Busk, 1884), early Tortonian, TF508, Bontang. Fig. 1. a–c,
NHMUK PI BZ 6940. a, view of part of the colony; scale bar = 500 µm. b, autozooid; scale
bar = 200 µm. c, orifice and paired distal avicularia; scale bar = 100 µm.
Hippopodina cf. feegeensis (Busk, 1884), Serravallian, TF51, ‘Stadio Reef 1’, Samarinda.
Fig. 1. d, NHMUK PI BZ 6939, group of ovicellate zooids; scale bar = 200 µm.
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Plate 28
Hippopodina cf. pulcherrima (Canu & Bassler, 1928), Messinian, TF511, ‘Sekarat Top
Reef’, Sangkulirang. Fig. 1. NHMUK PI BZ 6941. a, view of part of the colony; scale bar = 1
mm. b, two autozooids; scale bar = 300 µm. c, group of zooids, one of which is ovicellate;
scale bar = 500 µm. d, avicularium; scale bar = 50 µm.
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Plate 29
Hippopodina indicata sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1.
Holotype: NHMUK PI BZ 6942. a, group of autozooids; scale bar = 300 µm. b, autozooid;
scale bar = 150 µm. c, autozooid and broken ovicell; scale bar = 300 µm. d, orifice; scale
bar = 100 µm.
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Plate 30
Saevitella renemai sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. Holotype:
NHMUK PI BZ 6943. a, view of part of the colony; scale bar = 500 µm. b, autozooid; scale
bar = 100 µm. c, ovicellate zooid; scale bar = 100 µm. d, orifice and ovicell; scale bar = 100
µm.
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Plate 31
Thornelya sp., Serravallian, TF57, ‘Stadion Reef 2’, Samarinda. Fig. 1. NHMUK PI BZ
6944. a, view of part of the colony; scale bar = 250 µm. b, ovicellate zooid; scale bar = 150
µm. c, two autozooids with numerous adventitious avicularia; scale bar = 250 µm. d, orifice
and disto-lateral avicularium; scale bar = 50 µm.
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Plate 32
Gigantopora milenae sp. nov., Serravallian, TF57, ‘Stadion Reef 2’, Samarinda. Fig. 1. a–c,
Holotype: NHMUK PI BZ 6945. a, view of the colony; scale bar = 500 µm. b, group of
autozooids; scale bar = 200 µm. c, ovicell; scale bar = 50 µm. d, avicularia; scale bar = 50
µm.
Gigantopora milenae sp. nov., Serravallian, TF522, ‘Coalindo Haulage Road 1’,
Sangkulirang. Fig. 1. e, Paratype: NHMUK PI BZ 6946, ancestrula; scale bar = 100 µm.

290	
  

Chapter 4

291	
  

Miocene Bryozoa from East Kalimantan
Plate 33
Calyptotheca sp. 1, Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. a–b, NHMUK PI
BZ 6947. a, group of zooids; scale bar = 300 µm. b, group of ovicellate zooids; scale bar =
150 µm.
Calyptotheca sp. 1, Late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. c–d, NHMUK PI
BZ 6948. c, autozooid; scale bar = 200 µm. d, orifice and broken ovicell; scale bar = 100
µm.
Calyptotheca sp. 2, Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 2. NHMUK PI BZ
6949. a, view of the colony; scale bar = 250 µm. b, two autozooids and ovicell; scale bar =
100 µm.
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Plate 34
Actisecos sp. 1, late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–c, NHMUK PI BZ
6950. a, view of the colony; scale bar = 500 µm. b, group of ovicellate and non-ovicellate
zooids; scale bar = 200 µm. c, ovicell; scale bar = 20 µm. d, NHMUK PI BZ 6951, dorsal
view of the colony; scale bar = 500 µm.
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Plate 35
Actisecos sp. 2, Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. NHMUK PI BZ 6952.
a, view of the colony; scale bar = 1 mm. b, early astogeny; scale bar = 300 µm. c, group of
ovicellate and non-ovicellate zooids; scale bar = 200 µm. d, two autozooids; scale bar = 100
µm.
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Plate 36
Vix sp., Burdigalian-Langhian boundary, TF153, ‘Rainy Section’, Bontang. Fig. 1. a–b,
NHMUK PI BZ 6953. a, branch fragment; scale bar= 500 µm. b, two autozooids; scale bar=
150 µm. c–d, NHMUK PI BZ 6954. c, dichotomously branched fragment; scale bar= 300
µm. d, autozooid; scale bar= 100 µm. e, NHMUK PI BZ 6955, orifice; scale bar= 50 µm.
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Plate 37
Orbiculipora sp., late Burdigalian, TF 126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ 6956.
a, view of part of the colony; scale bar = 500 µm. b, ovicell; scale bar = 150 µm. c, minutely
porous frontal shield; scale bar = 200 µm. d, orifice; scale bar = 100 µm.
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Plate 38
Calloporina sp., Serravallian, TF 522, ‘Coalindo Haulage Road 1’, Sangkulirang. Fig. 1.
NHMUK PI BZ 6958. a, view of part of the colony with poorly preserved ancestrula and
early astogeny; scale bar = 200 µm. b, group of ovicellate and non-ovicellate zooids; scale
bar = 300 µm. c, ovicell; scale bar = 100 µm. d, two autozooids; scale bar = 200 µm. d,
autozooid with paired avicularia and raised ascopore; scale bar = 100 µm.
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Plate 39
Microporella aff. browni Harmelin, Ostrovsky, Cáceres-Chamizo & Sanner, 2011,
Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1. NHMUK BZ 6957. a, view of the
colony; scale bar = 500 µm. b, group of autozooids; scale bar = 200 µm. c, orifice with six
oral spine bases, ascopore and adventitious avicularium; scale bar = 50 µm. d, zooids with
‘personate’ ovicells; scale bar = 200 µm.
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Plate 40
Microporella aff. coronata (Audouin, 1826), late Burdigalian, TF126, ‘3D Reef’, Bontang.
Fig. 1. NHMUK PI BZ 6959. a, view of the colony; scale bar = 500 µm. b, autozooid; scale
bar = 100 µm. c, orifice with seven oral spine bases, ascopore and adventitious
avicularium; scale bar = 20 µm. d, zooid with ‘personate’ ovicell; scale bar = 100 µm.
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Plate 41
Microporella sp., Burdigalian-Langhian boundary, TF153, ‘Rainy Section’, Bontang. Fig. 1.
NHMUK PI BZ 6960. a, view of the colony; scale bar = 500 µm. b, group of autozooids;
scale bar = 300 µm. c, two autozooids and an ovicell (lower left); scale bar = 200 µm. d,
orifice with eight oral spine bases, ascopore and adventitious avicularium; scale bar = 50
µm.
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Plate 42
Arthropoma renipora sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–c,
Holotype: NHMUK PI BZ 7002. a, group of autozooids; scale bar = 200 µm. b, ovicellate
zooid; scale bar = 200 µm. c, orifice and ovicell; scale bar = 100 µm. d, Paratype: NHMUK
PI BZ 6961, orifice; scale bar = 50 µm.
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Plate 43
Bryopesanser bragai sp. nov., Serravallian, TF59, ‘Southern Hemisphere’, Bontang. Fig. 1.
a–b, Holotype: NHMUK PI BZ 6962. a, view of the colony; scale bar = 500 µm. b,
ancestrula and first budded zooid; scale bar = 150 µm. c, orifice and avicularium; scale bar
= 50 µm. d, ovicellate zooid with basal pore chamber windows along the lateral margin;
scale bar = 100 µm.
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Plate 44
Bryopesanser sanfilippoae sp. nov., Burdigalian-Langhian boundary, TF153, ‘Rainy
Section’, Bontang. Fig. 1. Holotype: NHMUK PI BZ 6963. a, view of the colony; scale bar =
300 µm. b, ancestrula and first budded zooid; scale bar = 100 µm. c, ovicell; scale bar = 50
µm. d, orifice; scale bar = 20 µm.
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Plate 45
Tubiporella magnipora sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–c,
Holotype: NHMUK PI BZ 6964. a, branch fragment; scale bar = 250 µm. b, two autozooids;
scale bar = 200 µm. c, peristomial orifice, ascopore and smaller avicularium; scale bar = 50
µm. d, Paratype: NHMUK PI BZ 6965, orifices and an oval avicularium; scale bar = 150 µm.
e, Paratype: NHMUK PI BZ 6966, orifice of zooid with an ovicell; scale bar = 50 µm.
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Plate 46
Anoteropora cf. magnicapitata Canu & Bassler, 1927, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda. Fig. 1. a–c, NHMUK PI BZ 6967. a, frontal view of a broken colony; scale bar =
1 mm. b, ancestrula and early astogeny; scale bar = 200 µm. c, dorsal side; scale bar = 200
µm. d–f, NHMUK PI BZ 6968. d, autozooid and distal avicularium; scale bar = 100 µm. e,
group of ovicellate and non-ovicellate zooids; scale bar = 200 µm. f, ovicellate zooid; scale
bar = 150 µm.
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Plate 47
Cigclisula aff. ramparensis Guha & Gopikrishna, 2007e, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda. Fig. 1. a–c, NHMUK PI BZ 6969. a, part of a branch fragment; scale bar = 500
µm. b, orifice; scale bar = 50 µm. c, group of autozooids with suboral avicularium on the
peristomial shelf (white arrow) and frontal avicularia (black arrows); scale bar = 150 µm. d,
NHMUK PI BZ 6970, group of autozooids with secondary calcification closing the apertures;
scale bar = 200 µm.

307	
  

Miocene Bryozoa from East Kalimantan

Plate 48
Cigclisula sp. 1, early Tortonian, TF508, Bontang. Fig. 1. NHMUK PI BZ 6971. a, part of a
bilaminar, branch fragment; scale bar = 300 µm. b, orifice and suboral avicularium; scale
bar = 50 µm. c, two autozooids; scale bar = 150 µm. d, primary orifice and suboral
avicularium; scale bar = 50 µm.
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Plate 49
Cigclisula sp. 2, early Tortonian, TF508, Bontang. Fig. 1. a–b, NHMUK PI BZ 6972. a,
colony fragment; scale bar = 500 µm. b, autozooid showing the primary orifice; scale bar =
100 µm. c–d, NHMUK PI BZ 6973. c, colony fragment; scale bar = 200 µm. d, spatulate
vicarious avicularium and small, pear-shaped adventitious avicularium; scale bar = 50 µm.
e–f, NHMUK PI BZ 6974. e, group of autozooids; scale bar = 150 µm. f, inner view of the
pseudoporous frontal shield (upper-right orifice broken); scale bar = 50 µm.
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Plate 50
Trematooecia sp., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ 6975.
a, view of the colony; scale bar = 250 µm. b, group of autozooids; scale bar = 150 µm. c,
vicarious avicularium; scale bar = 100 µm. d, adventitious avicularium; scale bar = 50 µm.
e, three autozooids; scale bar = 100 µm.
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Plate 51
Buffonellaria sagittaria sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. a–c,
Holotype, NHMUK PI BZ 6976. a, view of the colony; scale bar = 300 µm. b, orifice; scale
bar = 20 µm. c, ovicell and avicularium; scale bar = 50 µm. d, Paratype, NHMUK PI BZ
6977, zooid and avicularium; scale bar = 100 µm.
Lagenipora sciutoi sp. nov., late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI
BZ 6978. a, view of the colony; scale bar = 500 µm. b, ovicellate zooid; scale bar = 100 µm.
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Plate 52
Predanophora sp., Serravallian, TF59, ‘Southern Hemisphere’, Bontang. Fig. 1. NHMUK PI
BZ 6979. a, view of the colony; scale bar = 500 µm. b, group of autozooids and ovicellate
zooids with broken ovicells; scale bar = 150 µm. c, autozooid with paired, latero-oral
avicularia; scale bar = 100 µm. d, orifice and peristome bearing a small avicularium; scale
bar = 20 µm.
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Plate 53
Turbicellepora aff. canui Guha & Gopikrishna, 2007e, Serravallian, TF76, ‘Batu Putih 1’,
Samarinda. Fig. 1. NHMUK PI BZ 6980. a, mound-like colony; scale bar = 500 µm. b, two
ovicellate zooids; scale bar = 100 µm. c, ovicellate zooids and spatulate vicarious
avicularium; scale bar = 150 µm. d, orifice and vicarious avicularium; scale bar = 50 µm.
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Plate 54
Scorpiodinipora cf. costulata (Canu & Bassler, 1929), early Tortonian, TF508, Bontang. Fig.
1. NHMUK PI BZ 6981. a, colony encrusting a gastropod shell; scale bar = 2 mm. b, group
of autozooids; scale bar = 100 µm. c, ancestrula and early astogeny; scale bar = 150 µm. d,
group of autozooids and kenozooids; scale bar = 300 µm.
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Plate 55
?Lifuella sp. 1, late Burdigalian, TF126, ‘3D Reef’, Bontang. Fig. 1. NHMUK PI BZ 6982. a,
group of ovicellate and non-ovicellate zooids; scale bar = 150 µm. b, autozooid with oval
latero-oral avicularium and an ovicell; scale bar = 50 µm. c, ovicellate zooids with broken
ovicells; scale bar = 100 µm.
?Lifuella sp. 2, Serravallian, TF522, ‘Coalindo Haulage Road 1’, Sangkulirang. Fig. 2.
NHMUK PI BZ 6983. a, group of autozooids with frontal avicularium; scale bar = 150 µm. b,
group of autozooids with or without frontal avicularia; scale bar = 100 µm. c, autozooid;
scale bar = 100 µm.
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Plate 56
Plesiocleidochasma cf. laterale (Harmer, 1957), late Burdigalian, TF126, ‘3D Reef’,
Bontang. Fig. 1. NHMUK PI BZ 6984. a, view of part of the colony; scale bar = 1 mm. b,
zooids showing cleithridiate orifices, adventitious avicularia varying in size, and a broken
ovicell; scale bar = 50 µm.
Plesiocleidochasma sp. 1, Serravallian, TF522, ‘Coalindo Haulage Road 1’, Sangkulirang.
Fig. 2. NHMUK PI BZ 6985. a, view of the colony; scale bar = 1 mm. b, ancestrula and
early astogeny; scale bar = 150 µm. c, an ovicellate zooid and non-ovicellate autozooids
with five oral spine bases; scale bar = 100 µm.
Plesiocleidochasma sp. 2, Messinian, TF 518, ‘Kampung Narut’, Sangkulirang. Fig. 3.
NHMUK PI BZ 6986. a, group of autozooids; scale bar = 200 µm. b, orifice; scale bar = 20
µm. c, adventitious avicularium; scale bar = 20 µm.
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Plate 57
Rhynchozoon sp., early Tortonian, TF 508, Bontang. Fig. 1. NHMUK PI BZ 6987. a, view of
the colony; scale bar = 250 µm. b, autozooid showing large, frontal avicularium, suboral
umbo, denticulate anter and oral spine bases; scale bar = 50 µm. c, group of autozooids;
scale bar = 100 µm. d, primary orifice; scale bar = 20 µm.
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Plate 58
Triphyllozoon sp., late Burdigalian, TF 126, ‘3D Reef’, Bontang. Fig. 1. a–d, NHMUK PI BZ
6988. a, frontal view of a branch fragment; scale bar = 500 µm. b, two, flask-shaped
autozooids showing frontal avicularium and deep, teardrop-shaped sinus; scale bar = 100
µm. c, close-up of a peristome of an ovicellate zooid (top right) with only two oral spine
bases, and a peristome of a non-ovicellate zooid with four oral spine bases; note the
proximal denticulation; scale bar = 100 µm. d, ovicellate zooids lacking suboral avicularia;
scale bar = 100 µm. e, NHMUK PI BZ 6989, ovicellate zooids with two types of suboral
avicularia; scale bar = 50 µm. f–g, NHMUK PI BZ 6990. f, ovicell; scale bar = 25 µm. g,
ovicell with trilobate frontal suture; scale bar = 25 µm. h–i, NHMUK PI BZ 6991. h, abfrontal
view of a branch fragment; scale bar = 500 µm. i, close-up of the abfrontal side; scale bar =
100 µm.

323	
  

Miocene Bryozoa from East Kalimantan

324	
  

Chapter 4
Plate 59
Phidoloporidae sp. 1, late Burdigalian, TF 126, ‘3D Reef’, Bontang. Fig. 1. a–b, NHMUK PI
BZ 6992. a, frontal view of a branch fragment; scale bar = 500 µm. b, autozooids showing
different types of suboral and frontal avicularia; scale bar = 100 µm. c–e, NHMUK PI BZ
6993. c, abfrontal view of a branch fragment; scale bar = 500 µm. d, close-up of the
abfrontal side at a bifurcation showing three different types of avicularia; scale bar = 150
µm. e, oval avicularia at the abfrontal edge; scale bar = 100 µm.
Phidoloporidae sp. 2, late Burdigalian, TF 126, ‘3D Reef’, Bontang. Fig. 2. a–b, NHMUK PI
BZ 6994. a, frontal view of a branch fragment; scale bar = 350 µm. b, autozooid; scale bar =
100 µm. c–d, NHMUK PI BZ 6995. c, abfrontal view of a branch fragment; scale bar = 300
µm. d, close-up of the abfrontal side with large, triangular avicularia; scale bar = 100 µm.
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Plate 60
Phidoloporidae sp. 3, Serravallian, TF 76, ‘Batu Putih 1’, Samarinda. Fig. 1. a–d, NHMUK
PI BZ 6996. a, frontal view of a fenestrate fragment; scale bar = 1 mm. b, ovicellate zooids
with a median longitudinal fissure on the ovicells; scale bar = 100 µm. c, ovicellate zooid
showing a small, teardrop-shaped, peristomial sinus; scale bar = 100 µm. d, vicarious
avicularium at the edge of a fenestrula; scale bar = 50 µm. e, NHMUK PI BZ 6997, close-up
of the abfrontal surface; scale bar = 20 µm.
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Plate 61
Sendinopora prima gen. et sp. nov., Serravallian, TF76, ‘Batu Putih 1’, Samarinda. Fig. 1.
a–c, Holotype: NHMUK PI BZ 6998. a, branch fragment; scale bar = 1 mm. b, autozooid
with a rimmed ascopore; scale bar = 200 µm. c, autozooid with suboral avicularium; scale
bar = 200 µm. d–e, Paratype: NHMUK PI BZ 6999. d, dichomotously branched fragment;
scale bar = 1 mm. e, two autozooids at a bifurcation; scale bar = 150 µm. f, Paratype:
NHMUK PI BZ 7000, orifice, suboral avicularium and ascopore; scale bar = 50 µm.
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Pyrisinellidae, a new family of anascan cheilostome bryozoans
Emanuela Di Martino & Paul D. Taylor
Published in Zootaxa, 2012, 3534: 1–20
Abstract
A new family of anascan-grade cheilostome bryozoans, Pyrisinellidae n. fam.,
is introduced, together with two new genera, Pyrisinella n. gen. and
Spinisinella n. gen. Containing species previously assigned either to the large,
paraphyletic Calloporidae, or Microporidae, pyrisinellids are characterized by
having small autozooids with a conspicuous pear-shaped ridge formed by the
mural rim and distal rim of the opesia, articulated oral spines, and hyperstomial
ovicells recumbent on the distal zooid and indenting its mural rim. Five species
of pyrisinellids are described, two of which are new: Spinisinella zagorseki n.
gen. et sp., from the Cenomanian or Turonian (Upper Cretaceous) of the
Czech Republic, and Setosinella perfluxa n. sp., from the Langhian (Middle
Miocene) of Kalimantan, Indonesia. A Recent species, Megapora ringens
(Busk), is redescribed and questionably assigned to Pyrisinellidae. Important
evolutionary changes within Pyrisinellidae having parallels elsewhere among
anascan cheilostomes include: (1) the development of opesiules for passage
of the parietal muscles which correlates with a change from a trifoliate to a
semielliptical opesia; and (2) the transition from an open spinose ovicell in the
oldest species (Spinisinella zagorseki) to a conventional ovicell with a solid
hood-like ooecium that characterizes all other species belonging to the family.

5.1 Introduction
Calloporidae Norman, 1903 is one of the largest families of bryozoans with
respect to generic diversity: D.P. Gordon placed no fewer than 76 genera in
this anascan-grade neocheilostome family in his provisional listing of genera
for
the
Treatise
on
Invertebrate
Paleontology
(http://www.bryozoa.net/treat_family_2011.pdf).
The
type
genus
of
Calloporidae, Callopora Gray, 1848, has: (1) multiserial encrusting colonies;
(2) autozooids with extensive ovoidal opesia, a circumopesial ring of
articulated spines, a slight frontal wall comprising cryptocystal and
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gymnocystal elements, pore chambers, and ovicells containing an ectooecial
window through which the entooecium is visible; and (3) small avicularia borne
generally on the gymnocystal of the autozooids. Other genera placed in
Calloporidae, however, differ considerably from Callopora. Ryland & Hayward
(1977, p. 87) remarked: “The genera assembled in this family are a somewhat
heterogeneous group”. More recently, Reverter-Gil et al. (2011, p. 13)
described Calloporidae as “disproportionately large and a little heterogeneous,
with morphological characters that overlap with those of other (including
segregate) families”. Indeed, some calloporids are uniserial encrusters, others
grow erect, many have an extensive frontal wall composed of gymnocystal
and/or cryptocystal components, while some lack spines or have oral spines at
the distal end of the autozooid only, a hyperstomial ovicell with a fully calcified
ectooecium, and do not develop avicularia or have avicularia varying widely in
morphology and location.
While large families can be justified if they are monophyletic, Calloporidae as
currently applied is almost certainly paraphyletic. Taking the family as a whole,
no unique apomorphies are evident: calloporid characters are either primitive
and were inherited from their malacostegan ancestor (e.g. articulated spines
and pore chambers), or are advanced relative to malacostegans but shared
with other neocheilostome families (e.g. ovicells and avicularia). Calloporidae
is the oldest known family of neocheilostomes, first recorded in the Albian
stage of the mid-Cretaceous (e.g. Ostrovsky et al., 2008), and as currently
constituted represents a waste-bin for basal, paraphyletic neocheilostomes
(i.e. cheilostomes with brooded larvae). The dismantling of Calloporidae into
monophyletic groups (clades) of genera is clearly necessary and has already
begun. For example, Grischenko et al. (2004) introduced a new family,
Doryporellidae, for ‘calloporids’ with a distinctive suite of characters including
an extensive cryptocystal frontal wall ornamented by a reticulate pattern of
polygonal ridges. Similarly, Gordon & Winston (in Winston, 2005) made the
new family Foveolariidae and Tilbrook (1998) resurrected Antroporidae
Vigneaux, 1949 for various genera formerly placed in Calloporidae.
Canu & Bassler’s (1933) monograph of the bryozoan fauna from the
Vincentown Limesand (Paleocene) of New Jersey introduced a new
monospecific genus Setosinella, with S. prolifica Canu & Bassler, 1933 as the
type species. Setosinella was assigned by Canu & Bassler (1933) to
Setosellidae Levinsen, 1909. While Setosinella does indeed possess
autozooids resembling those of the type genus of Setosellidae, Setosella
Hincks, 1877, the latter genus has characteristically small colonies with spirally
budded zooids and a setiform avicularium located distally of each autozooid
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(see Silén, 1942; Rosso, 2008a), features not seen in Setosinella. Placement
of Setosinella in Setosellidae is therefore inappropriate. The description of a
second, Cretaceous species assigned to Setosinella prompted Taylor &
McKinney (2006) to transfer the genus to Calloporidae, which, as noted above,
is a paraphyletic waste-bin. An alternative assignment to Microporidae Gray,
1848 (Gordon, 2011) is equally unsatisfactory given the immersed ovicells and
lack of a gymnocyst in this family compared with the hyperstomial ovicells and
gymnocyst of Setosinella.
The aim of the current paper is to describe two new genera (Pyrisinella and
Spinisinella) which are considered to be closely related to Setosinella, to unite
these two genera with Setosinella in a new family (Pyrisinellidae), and to
describe all known species of the new family, two of which are new
(Spinisinella zagorseki and Setosinella perfluxa).

5.2 Material and Methods
Material from museum collections, including type specimens, as well as
specimens of a new species of Setosinella collected in East Kalimantan,
Borneo (Indonesia), have been used for this study. The Indonesian fossils
were found during the second field season of the Marie Curie Throughflow
Project in June 2011. They came from a thin floatstone of platy corals in a
marly matrix at the top of a patch reef exposed in a road-cutting in the
Indominco Mine near the village of Bontang. This section (0.151300°N;
117.304380°E) has been designated TF126 and is known colloquially as the
‘3D Reef’ (Novak et al., 2013). Based on larger benthic foraminifera in
combination with calcareous nannoplankton, it is dated as Langhian (Middle
Miocene), early Tf2 age in the East Indian letter classification (Novak et al.,
2013). A total of 18 colonies of the new Miocene species of Setosinella were
obtained from three bulk samples. They encrust the bases of various platy
scleractinian corals such as agariciids, Cyathoseris, Echinopora, Podabacia
and Porites. All specimens of this new species have been catalogued and
deposited in the fossil collections of the Natural History Museum, London
(abbreviated NHMUK). In order to remove clay particles, the bryozoans were
variously cleaned, including scrubbing under running water with a soft
toothbrush, soaking in a dilute solution of the detergent Quaternary-O and
treatment in an ultrasonic bath.
Through the kindness of JoAnn Sanner (Smithsonian Institution, Washington
DC) we have been able to obtain new SEM images of the type material of
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Setosinella prolifica Canu & Bassler, 1933 and Amphiblestrum orbiculatum
Canu & Bassler, 1920. For further comparison with the new Miocene species
from Kalimantan, studies were also made of topotype specimens of S. prolifica
and A. orbiculatum, plus the type material of S. meniscacantha Taylor &
McKinney, 2006, all held in the palaeontological collections of the NHMUK, as
well as material of the Recent species Megapora ringens (Busk, 1856) from
the zoological collections of the NHMUK. Finally, SEM images taken at the
NHMUK by Kamil Zágoršek, were used to describe a new taxon from the
Cretaceous of Bohemia. The only known specimen of this rare species is in
the collection of the Národní Museum, Prague (abbreviated, NMP) and comes
from Kaňk, in the vicinity of the city of Kutná Hora, where Late Cenomanian to
Early Turonian rocks outcrop (Taylor & Zágoršek, 2011). The tiny colony fouls
a larger colony of the cyclostome Stomatopora divaricata (Reuss) figured by
Počta (1892) who appears to have overlooked its presence.
Scanning electron microscopy (SEM) was undertaken on uncoated specimens
using a low-vacuum scanning electron microscope (LEO VP-1455) at the
NHMUK, using a back-scattered electron detector. Zooidal measurements
were made from SEM images with the image processing program ImageJ.
Measurements are given as the mean in microns plus or minus standard
deviation, observed range and number of specimens used and total number of
measurements made.

5.3 Systematic palaeontology
Family Pyrisinellidae fam. nov.
Type genus – Pyrisinella gen. nov.
Diagnosis – Colony encrusting and multiserial. Autozooids distinct, oval,
separated by deep furrows. Gymnocyst narrow, visible around entire
circumference of zooid, often enlarged proximally. Cryptocyst extensively
developed, depressed, flat and granular. Frontal surface of autozooids marked
by pear-shaped ridge formed proximally and laterally by mural rim and distally
by distal rim of opesia. Opesiules absent or present but few in number and
small. Orifice trifoliate or semielliptical. Oral spines present, closely spaced,
forming an arch distally around the orifice. Cryptocystal closure plates often
developed. Ovicell hyperstomial, resting on distal zooid and indenting its mural
rim. Growing edge stepped, revealing windows of pore chambers, that of the
distal pore chamber the largest, ovoidal and facing frontally. Avicularia absent
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or present and variously adventitious, interzooidal or vicarious; rostrum
acuminate or rounded; pivotal bar entirely calcified or represented by two
condyles.
Remarks – This new family is erected to accommodate two new genera
(Pyrisinella and Spinisinella) plus an existing genus (Setosinella) which share
a sufficient numbers of skeletal morphological characters to suggest that they
represent a clade of anascan-grade neocheilostomes distinguishable from
other ‘calloporids’. In all three genera, the small autozooids have a salient
mural rim extending to the proximolateral corners of the opesia and joining
with the opesial rim to form a pear-shaped ridge around the cryptocyst and
opesia, an arch of oral spines over the orifice, and a prominent hyperstomial
ovicell. A fourth genus, Megapora, is tentatively referred to Pyrisinellidae,
although it differs from the other three genera in that the proximal part of the
pear-shaped ridge is located within the cryptocyst rather than representing a
true mural rim marking the boundary between the cryptocystal and
gymnocystal components of the frontal wall. Although a few genera of
Microporidae Gray, 1848 possess a similar pear-shaped ridge, they differ from
pyrisinellids in one or more of the following characters: immersed ovicells, lack
of gymnocyst, and presence of connecting tubes between the zooids (as in
Mollia Lamouroux, 1816).
Pyrisinella is chosen as the type genus of the new family for the following
reasons: (1) Spinisinella is represented by only a single small colony whereas
Pyrisinella is abundant; (2) using Setosinella as the type genus would result in
a family name confusingly similar to Setosellidae Levinsen, 1909; and (3)
Megapora is only provisionally assigned to the new family.
Stratigraphical distribution – Cretaceous (Cenomanian or Turonian) to
Miocene (Langhian), ?Recent.

333	
  

Pyrisinellidae, a new cheilostome bryozoan family

Key to the species of Pyrisinellidae

1.

2.

Opesia trifoliate; opesiules lacking

2

Opesia semielliptical; opesiules present

4

Ovicell ooecium constructed of spines

Spinisinella zagorseki

Ovicell ooecium conventional, hood-like
3.

3

Ridge on frontal wall coincident with mural rim; ovicell not associated
with a small distal kenozooid

Pyrisinella meniscacantha

Ridge on frontal wall located within cryptocyst; ovicell associated with
a small distal kenozooid

4.

Megapora ringens

Avicularia present; oral spines located close to rim of opesia

5

Avicularia lacking; significant gap between oral spines and rim
of opesia
5.

Interzooidal avicularia numerous, long and narrow; vicarious avicularia
rare

Interzooidal avicularia rare, triangular and small
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Genus Pyrisinella gen. nov.
Type species – Setosinella meniscacantha Taylor & McKinney, 2006.
Etymology – From the Latin pirum, meaning pear, in reference to the pearshaped ridge formed by the mural rim and distal rim of the opesia.
Diagnosis – Colony encrusting, multiserial, unilaminar. Autozooids small,
distinct, rounded polygonal, longer than broad, separated by deep furrows.
Gymnocyst convex, narrow, best developed proximally. Cryptocyst extensively
developed, depressed, flat and densely granular, bounded by pear-shaped
ridge comprising mural rim and distal rim of opesia. Opesia trifoliate. Oral
spines present. Ovicell hyperstomial, globular, prominent, smooth with a
dumbbell-shaped opening, resting on proximal gymnocyst of distal zooid and
indented its mural rim. Intramural buds common. Closure plates depressed
beneath level of cryptocyst. Avicularia interzooidal or more commonly
adventitious. Distal pore chamber larger than distolateral pore chambers; pore
windows oval. Ancestrula having the appearance of a small astogenetically
mature autozooid with an indeterminate number of spine bases, budding a
single distal zooid.
Remarks – Important differences between this monospecific genus and the
Paleocene type species of Setosinella, S. prolifica Canu & Bassler, 1933, are
the trifoliate shape of the opesia and lack of opesiules.
Distribution – Upper Cretaceous (Maastrichtian) of Alabama, Mississippi and
North Carolina, USA.
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Pyrisinella meniscacantha (Taylor & McKinney, 2006) n. comb.
Plate 5.1, figs. 1−8; Table 5.1
Setosinella meniscacantha Taylor & McKinney, 2006: 110−112, pls. 75−76.
Material examined – Holotype: NHMUK PI BZ 4796(1a), Maastrichtian, Prairie
Bluff Chalk, Livingston, Sumter County, Alabama, USA. Paratypes: NHMUK PI
BZ 4796(1b), encrusting same shell as holotype; BZ 4810(2), BZ 5042,
Maastrichtian, Ripley Formation, Jefferson, Marengo County, Alabama, USA;
NHMUK PI BZ 5182, Maastrichtian, Peedee Formation, Ideal Quarry, New
Hanover County, North Carolina, USA.
Description – Colony encrusting, multiserial, unilaminar, usually irregular in
outline shape. Growing edge stepped, implying intrazooidal budding, some
incomplete buds present comprising basal wall and stumps of vertical walls
(Figs. 7, 8). Distal pore chamber larger than distolateral pore chambers; pore
windows oval (mean L = 33 µm, mean W = 16 µm) surrounded by a mural
ring. Ancestrula having the appearance of a small astogenetically mature
autozooid (mean L = 165 µm, mean W = 140 µm) with an indeterminate
number of spine bases; budding a single periancestrular zooid distally (Fig. 2).
Autozooids in zone of primary astogenetic change transitional in size between
ancestrula and later autozooids. Autozooids small, rhomboidal, longer than
broad (mean L/W = 1.20), separated by deep furrows and arranged in welldefined rows. Gymnocyst narrow, usually broadest proximally. Cryptocyst
depressed, forming an extensive flat shelf, finely and densely granular, with
granules immediately proximally of orifice tending to be aligned in weak radial
rows. Mural rim salient, together with distal rim of opesia forming pear-shaped
ridge enclosing cryptocyst and opesia. Opesia trifoliate, the larger, distal
semielliptical part divided from the shallower proximal part by an indentation in
the mural rim (Fig. 5). Six to eight oral spine bases, large and closely spaced,
arranged in a prominent crescentic arch around distal rim of orifice; distalmost
pair of oral spines hidden by ovicell in ovicellate zooids. Ovicell hyperstomial,
globose, prominent, with a dumbbell-shaped opening, resting on proximal
gymnocyst of distal zooid and indenting its mural rim (Fig. 6). Intramural buds
observed especially in damaged zooids. Closure plates depressed beneath
level of cryptocyst, with a sunken pore located almost centrally. Avicularia
interzooidal or more commonly adventitious, confined to furrows between
autozooids and budded onto autozooidal gymnocyst, most orientated obliquely
distally; gymnocyst variably developed, more extensive in interzooidal than
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adventitious avicularia; cryptocyst granular and broadest proximally; opesia a
uniformly tapering teardrop shape; rostrum acuminate, longer than wide;
pivotal bar calcified.
Remarks – Taylor & McKinney (2006) originally assigned this species from the
Late Cretaceous of the Atlantic and Gulf Coast plains of the USA to
Setosinella Canu & Bassler, 1933, having questioned the presence of
opesiules in the type species of this genus, S. prolifica. However, new SEM
studies have shown that opesiules are present in S. prolifica (see below),
whereas they are clearly lacking in Pyrisinella.
Small, fan-like outgrowths observed in some of the larger colonies of
Pyrisinella meniscacantha from the Prairie Bluff Chalk were considered by
Taylor & McKinney (2006) to be peripheral subcolonies budded from the larger
colony but new SEM observations show this not to be the case. Instead, they
represent new colonies founded by larvae that settled close to the edge of a
dormant or dead colony, in some instances within a partly formed zooid at the
growing edge.

Plate 5.1 (next page)
Pyrisinella meniscacantha (Taylor & McKinney, 2006) n. comb, Cretaceous, Maastrichtian,
Prairie Bluff Chalk, Livingston, Alabama, USA 1. view of colony, NHMUK PI BZ 4796 (1a),
holotype, scale bar = 500 µm; 2. same, ancestrula and early astogeny showing overgrowth
of some early zooids at centre, scale bar = 100 µm; 3. same, close-up of a non-ovicellate
zooid, scale bar = 100 µm; 4. same, ovicellate zooids and avicularia, scale bar = 100 µm; 5.
close-up of two autozooids and interzooidal avicularium, showing the trifoliate opesia and
six orificial spine bases, NHMUK PI BZ 4796 (1b), paratype, scale bar = 100 µm; 6. closeup of ovicell and avicularium, NHMUK PI BZ 4796 (1a), holotype, scale bar = 100 µm; 7.
same, stepped edge of colony with some incomplete buds, pore windows and closure
plates visible along the margin, scale bar = 200 µm; 8. same, intramural bud, scale bar =
100 µm.
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Distribution – Maastrichtian (Upper Cretaceous) of Alabama, Mississippi and
North Carolina, USA.

TABLE 5.1
Measurements (in µm) of Pyrisinella meniscacantha (Taylor & McKinney, 2006) n. comb. N,
Number of colonies and number of zooids measured; SD, standard deviation.

Zooid length
Zooid width
Orifice length
Orifice width
Ovicell length
Ovicell width
Avicularia length
Avicularia width

N
3, 30
3, 30
3, 30
3, 30
3, 25
3, 25
3, 12
3, 12

Mean
361
304
83
98
133
154
139
77

SD
29
33
17
17
21
19
28
12

Range
295-405
243-374
47-123
57-132
78-167
126-191
87-133
50-90
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Genus Spinisinella gen. nov.
Type species – Spinisinella zagorseki sp. nov.
Etymology – Spini-, in reference to the ovicell ooecium constructed of spines,
combined with -sinella, the suffix used for other genera belonging to this
family.
Diagnosis – Colony encrusting, multiserial, unilaminar. Autozooids small,
distinct, oval, slightly longer than broad, separated by deep furrows.
Gymnocyst narrow. Cryptocyst extensively developed, depressed, flat and
granular; mural rim salient, together with distal rim of opesia forming pearshaped border around the cryptocyst and opesia; opesiules lacking. Opesia
trifoliate, longer than wide, a pair of rounded indentations present in the
proximal third. Oral spines present. Ovicell cribrate, ooecium represented by a
pair of spine bases arranged parallel to the long axis of the zooid and
bordering a depression on the proximal gymnocyst of the distal zooid.
Avicularia and ancestrula not observed.
Remarks – The spinose ovicell of this new genus is unique for Pyrisinellidae.
Ostrovsky & Taylor’s (2005) review of spinose ovicells in cheilostome
bryozoans found these primitive ovicells to be present in ten genera belonging
to five families of anascan-grade cheilostomes. Of these genera, the zooidal
characters of Spinisinella most closely resemble the Cretaceous (and
?Paleocene) monoporellid genus Stichomicropora Voigt, 1949 (see also Taylor
& McKinney 2002, 2006), especially Stichomicropora sp. 3 of Ostrovsky &
Taylor (2005, pp. 329, 331, fig. 8A-C) from the Coniacian of Kent. However,
the ovicell spine bases of species of Stichomicropora are aligned transversely
to the long axis of the zooids, forming either a straight line or a gently curved
arch, whereas those of Spinisinella are arranged parallel to the long axis. In
addition, Spinisinella has trifoliate opesia and lacks opesiules, compared with
Stichomicropora in which the opesia is semielliptical and opesiules are present
in the cryptocyst.
Distribution – Cenomanian or Turonian (Upper Cretaceous).

340	
  

Chapter 5

Spinisinella zagorseki sp. nov.
Plate 5.2, figs. 9–12; Table 5.2
Material examined – Holotype: NMP O-6751, Cretaceous, Cenomanian or
Turonian, Kaňk, Bohemian Basin, Czech Republic.
Etymology – Named for Kamil Zágoršek (Národní Museum, Prague) in
recognition of his significant contribution to the study of bryozoans.
Description – Colony encrusting, multiserial, unilaminar. Autozooids small,
distinct, separated by deep furrows, oval, slightly longer than wide (mean L/W
= 1.14). Gymnocyst narrow, separated from the extensive cryptocyst by a thin
salient mural rim forming together with distal rim of opesia a pear-shaped
border around the cryptocyst and opesia, highest distally. Cryptocyst deep,
shelf-like, flat and finely granular. Opesia trifoliate, longer than wide, a pair of
rounded downwards directed denticles separating the larger, distal
semielliptical part from the shallower proximal part with a straight or barely
convex edge (Fig. 12). Four oral spine bases located distolaterally of the
opesia (mean D = 10 µm). Ovicell spinose, ooecium represented by two pairs
of spine bases (mean D = 15 µm) arranged in a line parallel to the proximaldistal axis of the zooids, the proximal pair positioned close to the distal oral
spine bases of the maternal zooid; a depression on the proximal gymnocyst of
the distal zooid is delimited by the pair of spine bases and the straight proximal
edge of the mural rim of the distal zooid (Fig. 12). Avicularia and ancestrula
not observed.
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Plate 5.2
Spinisinella zagorseki sp. nov., NMP O-6751, holotype, Cretaceous, Cenomanian or
Turonian, Kaňk, Czech Republic. 9. view of colony, scale bar = 200 µm; 10. ovicellate and
non-ovicellate zooids, scale bar = 100 µm; 11. close-up of two autozooids, scale bar = 100
µm; 12. close-up of spinose ovicell, scale bar = 20 µm.
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Remarks – This species is immediately distinguishable from other species of
pyrisinellids in having a spinose ovicell represented by two pairs of spine
bases. The spine bases in living colonies are inferred to have borne basally
articulated spines bent towards the median axis of the ovicell to forming a
cage-like structure. The embryo would have been accommodated in the space
between the depression on the proximal gymnocyst of the distal zooid and the
overarching spines. Given their close proximity to the ovicell, it is possible that
the distalmost pair of oral spines of the maternal zooid also contributed to the
ovicell roof. If so, the brood chamber was constructed, unusually, by spines
from both the maternal and distal zooids.
Distribution – Cenomanian or Turonian? (Late Cretaceous) of the Bohemian
Basin, Czech Republic.
TABLE 5.2
Measurements (in µm) of Spinisinella zagorseki sp. nov. N, Number of colonies and number
of zooids measured; SD, standard deviation.

Zooid length
Zooid width
Orifice length
Orifice width
Cryptocyst length
Cryptocyst width

N
1, 8
1, 8
1, 8
1, 8
1, 8
1, 8

Mean
201
176
65
57
83
130

SD
22
15
4
8
12
10

Range
159-230
154-197
55-69
51-63
61-96
113-143
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Genus Setosinella Canu & Bassler, 1933
Type species – Setosinella prolifica Canu & Bassler, 1933, by monotypy.
Revised diagnosis – Colony encrusting, multiserial, unilaminar. Autozooids
small, distinct, rounded polygonal or oval, longer than broad, separated by
deep furrows. Gymnocyst convex, narrow, best developed proximally.
Cryptocyst extensively developed, depressed and flat, finely granular,
bounded by a salient mural rim, forming pear-shaped ridge together with distal
rim of opesia, perforated by two small circular or reniform lateral opesiules
situated about midway along cryptocyst. Opesia semicircular. Oral spines
present, variable in number. Ovicell hyperstomial, globular, prominent and
smooth, resting on proximal gymnocyst of distal zooid and indented its mural
rim. Avicularia interzooidal, vicarious or absent. Pore chambers placed distally
and distolaterally; pore windows oval. Ancestrula having the appearance of a
small astogenetically mature autozooid but with a different number of spines,
budding a single autozooid in a distal location. First generation of zooids
transitional in size between ancestrula and astogenetically mature zooids.
Remarks – This genus was founded by Canu & Bassler (1933, p. 41) for a rare
new species from the Paleocene Vincentown Limesand of New Jersey. Canu
& Bassler (1933), and subsequently Bassler (1953), placed Setosinella in the
family Setosellidae on account of its similarity to Setosella Hincks, 1877,
particularly with respect to the morphology of the autozooidal frontal wall, while
noting the existence of some important differences between the two genera.
First, the ovicell of Setosinella seems not to be closed by the operculum as in
Setosella where it is also smaller and subimmersed. Furthermore, Setosinella
does not exhibit a spiral pattern of zooidal budding and lacks the small
setiferous avicularia located distally of each autozooid that is characteristic of
Setosella. Finally, Setosinella has conspicuous oral spines represented by
stout spine bases in fossil material.
In his provisional listing of genera for the revision of Treatise on Invertebrate
Paleontology, Gordon (2011) reassigned Setosinella to Microporidae. Canu &
Bassler (1933) had earlier mentioned in their description of the genus its
affinity to Microporidae, commenting that the zooidal structure of Setosinella
was exactly that of Micropora but differing in the ovicell, which is hyperstomial
and not closed by the operculum in Setosinella but endozoecial and closed by
the zooidal operculum in Micropora. Microporidae, unlike Setosinella, also
lacks a gymnocyst and the oral spines are usually replaced by a short pair of
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tubular processes, except in the Antarctic species Micropora notialis Hayward
& Ryland, 1993, which has articulated oral spines on the marginal zooids, and
in Andreella Jullien, 1888. Furthermore, the Cretaceous-Paleocene genus
Hoplitaechmella Voigt, 1949, placed in Microporidae because of its
endozooecial ovicell by Voigt (1949), shows up to eight oral spines and also
resembles Setosinella in the extensive granular cryptocyst entirely surrounded
by a prominent mural rim, and the semicircular to trifoliate orifice. It differs,
however, in the type of ovicell and greater prominence and convexity of the
cryptocyst contrasting with the deep, flat cryptocyst of Setosinella.
Based on the similarities between their Maastrichtian species Setosinella [now
Pyrisinella] meniscacantha and the genus Amphiblestrum Gray, 1848, as well
as the apparent lack of opesiules, Taylor & McKinney (2006) suggested that
Setosinella belonged to Calloporidae in the broad sense of this family currently
prevailing. SEM study of well-preserved material of S. meniscacantha showed
clearly that opesiules were lacking in this species. Regarding opesiules in S.
prolifica, Canu & Bassler (1933, p. 42) stated: “We have not observed true
perforating opesiules; the place of some of these is, however, sufficiently
indicated to prove that they must occur. They must have been very small,
which explains their disappearance in fossilization”. Canu & Bassler’s figures
of S. prolifica do not provide any evidence that opesiules are actually present
in Setosinella. However, SEM studies of an NHMUK topotype of S. prolifica,
identified and donated by R.S. Bassler, reveal the presence of two small
circular lateral opesiules (Plate 5.4, fig. 22) in a few zooids; diagenetic
cementation and/or infilling sediment probably explains the inability to observe
opesiules in all zooids. Additionally, opesiules are clearly visible in all of the 18
specimens of the new species of Setosinella, S. perfluxa, described here from
the Miocene of East Kalimantan (see below). These structures, defined as
open foramina in the cryptocyst for the passage of parietal muscles, are here
considered to be a generic character that is also correlated with the shape of
the opesia, the main opening through which the tentacle crown is extruded. A
trifoliate opesia with notches at the proximolateral corners to accommodate the
parietal muscles but without opesiules is interpreted to be the primitive state in
Pyrisinellidae, whereas a smaller semicircular opesia accompanied by
opesiules for the parietal muscles is inferred to be the advanced state (see
Discussion below).
Distribution – Paleocene (Thanetian)–Miocene (Langhian).
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Setosinella prolifica Canu & Bassler, 1933
Plate 5.3, figs. 13−18; Plate 5.4, figs. 19–22; Table 5.3
Setosinella prolifica Canu & Bassler, 1933: 41−42, pl. 9, figs. 7−8.
Material examined – Holotype: USNM 73903, Paleocene, Vincentown, New
Jersey, USA; NHMUK D33347 (encrusting another bryozoan), details as for
holotype.
Description – Colony encrusting, multiserial, unilaminar. Growing edge
stepped, budding pattern apparently intrazooidal. Pore windows (mean L = 26
µm, mean W = 13 µm) visible in transverse vertical walls at colony growing
edge, oval, facing frontally. Ancestrula small (L = 125 µm, W = 100 µm),
resembling later autozooids with two solid oral spines. Autozooids small,
distinct, separated by deep furrows, rounded hexagonal or oval, longer than
wide (mean L/W = 1.46). Gymnocyst narrow, better developed proximally to
the opesia, separated from cryptocyst by salient mural rim together with distal
rim of opesia forming a pear-shaped outline. Cryptocyst extensive, deep, shelflike, generally flat except for a very slight median convexity, finely granular and
perforated by two small circular opesiules (D = 10 µm) (Fig. 22) usually
obscured by sediment or cement. Opesia semielliptical, limited distally by the
mural rim and proximally by a transverse salient trabeculum attached to the
mural rim. Oral spine bases numbering seven or eight in non-ovicellate zooids,
six in ovicellate autozooids, closely spaced in an arch around the distal margin
of the opesia; spine diameters ranging from 10 to 20 µm, variability
independent of their position in the arch. Ovicells numerous, hyperstomial,
globular, prominent, slightly broader than long, smooth, the ectooecium
completely calcified, resting on proximal gymnocyst of distal zooid and
indenting its mural rim. Avicularia interzooidal numerous, long and narrow,
confined to furrows between autozooids, orientated obliquely distally.
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Plate 5.3
Setosinella prolifica Canu & Bassler, 1933, USNM 73903, holotype, Paleocene, Vincentown
Limesand, Vincentown, New Jersey, USA. 13. ovicellate and non-ovicellate zooids, scale
bar = 200 µm; 14. ovicellate zooids and interzooidal avicularia, scale bar = 100 µm; 15.
ancestrula, early astogeny and vicarious avicularium visible at the colony growing edge
(centre lower right), scale bar = 200 µm; 16. growing edge of colony fouling an older colony,
scale bar = 200 µm; 17. close-up of an ovicellate zooid and two interzooidal avicularia,
scale bar = 100 µm; 18. detail of colony growing edge showing a distal pore window, scale
bar = 100 µm.
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Gymnocyst variably developed, narrower laterally, more extensive proximally
and distally. Cryptocyst generally narrow, broadest proximally. Opesia
teardrop shaped. Rostrum longer than wide, truncated distally, the tip open or
channeled. Two small sharp condyles present. Vicarious avicularia rare (Fig.
15), triangular, distally orientated, generally observed at the margin of the
colony. Gymnocyst narrow, more extensive laterally. Cryptocyst broadest
proximally. Rostrum long and narrow, truncated distally, the tip open or
channeled.

Plate 5.4
Setosinella prolifica Canu & Bassler, 1933, NHMUK D33347, Paleocene, Vincentown
Limesand, Vincentown, New Jersey, USA. 19. view of colony encrusting another bryozoan,
scale bar = 100 µm; 20. ovicellate and non-ovicellate zooids, scale bar= 100 µm; 21. closeup of an interzooidal avicularium, scale bar = 20 µm; 22. close-up of a zooid showing two
small circular opesiules, scale bar = 20 µm.
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Remarks – Canu & Bassler (1933) described small, perforated distal
kenozooids surmounting some of the autozooids in this species. These
structures are reinterpreted here as oval pore windows visible at the growing
edge of a colony fouling an older colony in the type specimen. They also
reported four oral spines but a greater number (6–8) is clearly evident in SEM
images of the holotype and the NHMUK topotype specimen. The latter
specimen also provides evidence that the opesiules hypothesized to exist by
Canu & Bassler (1933), but not actually observed by them, are indeed present
in Setosinella prolifica.
Distribution – Thanetian (Paleocene), Vincentown Limesand of New Jersey,
USA.
TABLE 5.3
Measurements (in µm) of Setosinella prolifica Canu & Bassler, 1933. N, Number of colonies
and number of zooids measured; SD, standard deviation.

Zooid length
Zooid width
Orifice length
Orifice width
Ovicell length
Ovicell width
Cryptocyst length
Cryptocyst width
Avicularia length
Avicularia width

N
2, 20
2, 20
2, 20
2, 20
2, 10
2, 10
2, 20
2, 20
2, 20
2, 20

Mean
302
206
75
79
120
146
148
178
227
70

SD
41
22
10
10
4
15
23
25
14
9

Range
221-349
177-238
54-92
66-96
116-126
126-165
125-167
131-219
211-244
57-77
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Setosinella orbiculata (Canu & Bassler, 1920) n. comb.
Plate 5.5, figs. 23−26; Plate 5.6, figs. 27–30; Table 5.4
Amphiblestrum orbiculatum Canu & Bassler, 1920, pp. 161–162, pl. 30, fig. 4.
Material examined – Holotype: USNM 63932, Eocene (Upper Jacksonian =
Priabonian), Ocala Limestone, Old Factory, 1.5 miles above Bainbridge,
Georgia, USA; NHMUK D34666, details as for holotype.
Description – Colony encrusting, multiserial, unilaminar. Growing edge
stepped implying intrazooidal budding. Pore windows (mean L = 45 µm, mean
W = 15 µm) visible in transverse vertical walls at colony growing edge, oval,
facing frontally and laterally. Ancestrula not observed. Autozooids small,
distinct, rounded hexagonal or oval, little elongated (mean L/W = 1.38),
separated by deep furrows. Gymnocyst slight, broadest proximally. Mural rim
thin, salient, together with distal rim of opesia forming a pear-shaped wall
around cryptocyst and opesia. Cryptocyst shelf-like, deep, flat, granular.
Opesia semicircular, limited distally by the mural rim and proximally by a
transverse salient trabeculum attached to the mural rim. An indeterminate
number of spine bases (possibly nine) in non-ovicellate zooids, six in ovicellate
autozooids, forming an arch close to the distal rim of the opesia. Ovicell
hyperstomial, globular, prominent, slightly broader than long, smooth, the
ectooecium completely calcified, opening dumbbell-shaped, resting on
proximal gymnocyst of distal zooid and indenting its mural rim. Avicularia rare,
interzooidal, small and triangular.
Remarks – Compared with the type species of the genus, Setosinella prolifica
from the Paleocene, this Late Eocene species has larger autozooids and
smaller and less frequent avicularia. Opesiules and pores were not observed
during SEM study of both holotype and topotype but the coarse preservation
of the cryptocyst may account for this. Canu & Bassler’s solitary photograph of
this species (Canu & Bassler, 1920, pl. 30, fig. 4) shows up to about 10 pores
(‘tremopores’) distributed more or less evenly over the cryptocyst. However,
like the opesia and oral spines, these imaginary structures have been inked in
on top of the photograph.
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Plate 5.5
Setosinella orbiculata Canu & Bassler, 1920 n. comb., USNM 63932, holotype, Eocene,
Priabonian, Ocala Limestone, Bainbridge, Georgia, USA. 23. view of part of the colony with
putative ancestrula (bottom centre), scale bar = 200 µm; 24. part of the colony showing
distal pore windows at the colony growing edge, scale bar = 200 µm; 25. close-up of two
autozooids and interzooidal avicularium, scale bar = 100 µm; 26. close-up of an ovicellate
zooid, scale bar = 100 µm.

Canu & Bassler (1920) noted the similarity between Amphiblestrum
orbiculatum and Micropora but remarked on the difference in the ovicells,
which are hyperstomial in A. orbiculatum but endozooecial in Micropora.
Canu & Bassler (1920, p. 161) assigned this species to Amphiblestrum on the
grounds of the ‘interopesial avicularia’, oral spines and hyperstomial ovicell
explaining that this species is a very divergent type of Amphiblestrum where
the opesia is transformed into a real aperture with an operculum.
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Plate 5.6
Setosinella orbiculata Canu & Bassler, 1920 n. comb., NHMUK D34666, Eocene,
Priabonian, Ocala Limestone, Bainbridge, Georgia, USA. 27. view of part of the colony,
scale bar = 200 µm; 28. ovicellate zooids and interzooidal avicularia, scale bar = 100 µm;
29. close-up of two ovicellate zooids and interzooidal avicularium, scale bar = 100 µm; 30.
Poorly preserved early astogenetic stages, scale bar = 100 µm.

We here reassign the species to Setosinella because of the combination of the
following characters: zooids with a narrow gymnocyst separated from the
extensive and flat cryptocyst by a thin, salient mural rim that, together with the
rim of the opesia forms a pear-shaped wall, hyperstomial ovicell, and
semielliptical opesia with a distal arch of oral spines. There are other species
assigned to Amphiblestrum (e.g., A. willetti Brown, 1952) which resemble
Setosinella but have an ovoidal rather pear-shaped mural rim.
Distribution – Priabonian (Late Eocene), Upper Jacksonian of Georgia, USA.
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TABLE 5.4.
Measurements (in µm) of Setosinella orbiculata (Canu & Bassler, 1920) n. comb. N,
Number of colonies and number of zooids measured; SD, standard deviation.

Zooid length
Zooid width
Orifice length
Orifice width
Ovicell length
Ovicell width
Cryptocyst length
Cryptocyst width
Avicularia length
Avicularia width

N
1, 10
1, 10
1, 10
1, 10
1, 5
1, 5
1, 10
1, 10
1, 2
1, 2

Mean
391
283
68
89
140
152
255
255
180
79

SD
41
45
4
5
10
8
34
43
16
3

Range
327-443
246-356
62-73
79-95
126-155
147-167
192-286
206-308
168-192
77-81

Setosinella perfluxa sp. nov.
Plate 5.7, figs. 31−38; Table 5.5
Material examined – Holotype: NHMUK PI BZ 5849, Langhian (Middle
Miocene), Indominco Mine, Bontang, East Kalimantan, Indonesia; Paratypes:
NHMUK PI BZ 5850, details as for holotype.
Etymology – From the Latin per, through, and fluxus, flow, in reference to the
name of the Marie Curie Project ‘Throughflow’ funding this research.
Description – Colony encrusting, multiserial, unilaminar, usually irregular in
outline shape. Growing edge stepped implying intrazooidal budding. Oval pore
windows (mean 38 µm by 16 µm) exposed along distal, distolateral and
proximolateral vertical walls at the colony growing edge. Ancestrula
resembling a very small autozooid (mean L = 140 µm, mean W = 120 µm),
with up to ten spine bases visible around the entire mural rim, possibly with
additional spine bases hidden by surrounding autozooids (Fig. 33); budding a
single periancestrular zooid distally. Autozooids small, rounded hexagonal,
longer than broad (mean L/W = 1.24), separated by deep furrows. Gymnocyst
narrow, more developed proximally and laterally of the orifice, separated from
the extensive cryptocyst by a thin, salient mural rim which together with distal
rim of opesia forms a pear-shaped wall around cryptocyst and opesia.
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Cryptocyst shelf-like, deep, flat and finely granular, perforated by two small
reniform opesiules. Opesia semicircular, limited distally by the mural rim and
proximally by a transverse salient trabeculum attached to the mural rim. Nine
oral spine bases in non-ovicellate zooids, six in ovicellate autozooids, forming
an arch around but somewhat distant (mean D = 28 µm) from the distal edge
of the opesia (Fig. 38); spine diameters ranging from 10 to 20 µm
independently of their position. Ovicell hyperstomial, globular, prominent,
slightly broader than long, smooth, the ectooecium completely calcified, resting
on proximal gymnocyst of distal zooid and indenting its mural rim (Fig. 34).
Avicularia lacking.

Plate 5.7 (next page)
Setosinella perfluxa sp. nov., Miocene, Langhian, Indominco Mine, Bontang, East
Kalimantan, Indonesia. 31. NHMUK PI BZ 5849, holotype, view of colony scale bar = 500
µm; 32. same, several autozooids, scale bar = 200 µm; 33. same, close-up of ancestrula,
scale bar = 100 µm; 34. same, close-up of an ovicellate autozooid, scale bar = 100 µm; 35.
NHMUK PI BZ 5850, paratype, view of colony, scale bar = 500 µm; 36. same, early
astogeny, scale bar = 200 µm; 37. same, close-up of a zooid showing two small reniform
opesiules, scale bar = 100 µm; 38. same, close-up of a zooid at the colony growing edge,
showing oral spine bases and distal pore window, scale bar = 100 µm.
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Remarks – Compared with the Paleocene type species of Setosinella, this new
Miocene species has slightly more oral spines (9 vs 7–8) which are placed
significantly more distantly from the distal rim of the opesia and larger
autozooids. Furthermore, it lacks avicularia, which also differentiates S.
perfluxa from S. orbiculata.
Distribution – Langhian (Middle Miocene) of East Kalimantan, Indonesian
Borneo.
TABLE 5.5
Measurements (in µm) of Setosinella perfluxa n. sp. N, Number of colonies and number of
zooids measured; SD, standard deviation.

Zooid length
Zooid width
Orifice length
Orifice width
Ovicell length
Ovicell width
Cryptocyst length
Cryptocyst width

N
3, 40
3, 40
3, 40
3, 40
3, 9
3, 9
3, 40
3, 40

Mean
374
300
57
84
159
172
199
222

SD
39
45
8
10
12
15
20
30

Range
330-451
223-382
45-69
57-132
145-187
147-189
125-167
131-219

Genus Megapora Hincks, 1877
Type species – Lepralia ringens Busk, 1856.
Revised diagnosis – Colony encrusting, multiserial, unilaminar. Autozooids
small, distinct, rounded polygonal or oval, longer than broad, separated by
deep furrows. Gymnocyst narrow. Cryptocyst well developed, granular,
depressed except for a rounded submarginal ridge. Opesia strongly trifoliate.
Oral spines present. Distal pore chamber larger than distolateral pore
chambers; pore windows oval. Ancestrula smaller than astogenetically mature
autozooids, with gymnocyst absent (or overgrown), an extensive granular
cryptocyst, trifoliate opesia and oral spines. Ovicell hyperstomial, prominent;
ectooecium with a narrow, median triangular window; distal zooid reduced to
small kenozooid. Avicularia absent. Kenozooids often developed around edge
of colony.
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Remarks – This cold-water monospecific genus is tentatively assigned to
Pyrisinellidae. Although the morphology of the autozooids is closely similar to
both Pyrisinella and Spinisinella, the pear-shaped ridge characteristic of
pyrisinellids is located inwardly of the mural rim and is formed by a
cryptocystal elevation (plus the distal rim of the opesia) rather than being
coincident with the mural rim at the boundary between the gymnocyst and the
cryptocyst. The taxonomic importance of this difference is unclear. The mural
rim in anascans is typically located at the highest point of the frontal wall and is
the line along which the frontal membrane is attached to the skeleton. It is
conceivable that this attachment migrated outwards during the evolution of
Megapora from a conventional pyrisinellid ancestor, causing it to lie outwardly
of the highest point on the frontal wall.
Distribution – Recent.
Megapora ringens (Busk, 1856)
Plate 5.8, figs. 39−44; Table 5.6
Lepralia ringens Busk, 1856: 308.
Megapora ringens: Hincks, 1880: 172, pl. 22, fig. 1; Prenant & Bobin, 1966:
273; Ryland & Hayward, 1977: 107, fig. 47; Hayward & Ryland, 1998:
196−199, figs. 58B−59.
Material examined – NHMUK 1911.10.1.629, Recent (specimen figured by
Hincks, 1880, pl. 22, fig. 1), Shetland (Barlee), 80−170 fathoms. NHMUK
1911.10.1.631, Recent, Porcupine Bight, several encrusting three small
pebbles.
Description – Colony encrusting, multiserial, unilaminar, developing small
rounded patches. Pore chambers present, distal pore chamber slightly larger
than distolateral pore chambers; pore windows oval (mean L = 37 µm, mean
W = 10 µm), surrounded by a mural ring, that of the distal pore chamber facing
frontally. Ancestrula oval and smaller than astogenetically mature autozooids
(L = 223 µm, mean W = 166 µm); gymnocyst absent or hidden by later zooids,
cryptocyst densely granular, occupying half of the frontal area, opesia trifoliate
with two small oral spines (D = 12 µm) placed distally (Fig. 44). Autozooids in
zone of early astogeny transitional in size and morphology between ancestrula
and later autozooids (Fig. 43). Autozooids small, rounded hexagonal or oval,
longer than broad (mean L/W = 1.27), separated by deep furrows. Gymnocyst
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narrow, slightly broader proximally. Cryptocyst extensive, coarsely and
densely granular, depressed centrally, submarginally raised to form a rounded
ridge which together with distal rim of the opesia forms a pear-shaped outline
on the frontal wall and around the opesia. Opesia strongly trifoliate, the
proximal edge gently convex with rounded indentations at the proximolateral
corners; a pair of rounded thick lateral denticles directed downwardly divide
the larger, distal semicircular part of the opesia from the smaller but broader
proximal part (Fig. 41). Oral spines numbering six, arranged in an arch around
the distal edge of the opesia, the most proximal pair almost level with the
denticles; distalmost pair of oral spines spaced more widely in ovicellate than
non-ovicellate zooids. Complete ovicell not observed but that figured by
Hayward & Ryland (1998, p. 197, fig. 58B) is hyperstomial, prominent,
rounded and elongated, with a narrow, median triangular ectooecial window
with thickened edges; a small rounded triangular kenozooid with a cryptocystal
frontal area and a tiny central lacuna is present immediately distally of each
ovicell (Fig. 41). Closure plates developed in some autozooids as distal
extensions of the cryptocyst, with a small tuberculum located medially level
with the proximal edge of the opesia, which is completely occluded (Fig. 40).
Kenozooids of irregular shape frequently present along lateral margins of
lobate colonies, slightly smaller (L = 258−291 µm, W = 195−218 µm) than
autozooids; gymnocyst narrow but wider than in autozooids; cryptocyst
coarsely and densely granular, continuous over the entire frontal area except
for a small, round, lacuna (mean D = 25 µm) near the centre (Fig. 42).
Avicularia absent.
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Plate 5.7
Megapora ringens (Busk, 1856), NHMUK 1911.10.1.631, Recent, Porcupine Bight. 39. view
of several autozooids and kenozooids, scale bar = 200 µm; 40. group of autozooids
showing a closure plate and lateral, distolateral and distal pore windows, scale bar = 200
µm; 41. detail of the strongly trifoliate orifice with six oral spine bases and inner view of a
broken ovicell with associated distal kenozooid, scale bar = 100 µm; 42. zooid and
kenozooid at the colony growing edge, scale bar = 100 µm; 43. early astogeny, scale bar =
200 µm; 44. close-up of ancestrula, scale bar = 20 µm.
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Remarks – None of the material examined of this species had an intact ovicell;
in all instances the roof of the ovicell was broken, revealing a floor consisting
of an exterior skeletal wall with planar spherulitic microstructure delineating
two lobes on either side of a median depression (Fig. 41). The presence of a
small kenozooid distal of each ovicell, which is unique among the species
described in this paper, recalls various other cheilostomes (e.g. Bishop &
Househam, 1987; Ostrovsky et al., 2008), and may signify evolutionary
reduction of the zooid distal of the maternal zooid from an autozooid to a
kenozooid.
Hayward & Ryland (1993) introduced the new genus Apiophragma for M.
hyalina Waters, 1904, referring to the shape of the mural rim from the Greek
apios, a pear and phragma, a wall. Apiophragma resembles Megapora in its
depressed cryptocyst, thick mural rim and distal arc of spines but differs in
having only a weakly trifoliate opesia which is much smaller and narrowly bellshaped, and the presence of opesiules. The inclusion of Apiophragma in the
new family Pyrisinellidae should be considered after restudy of the type
material of A. hyalina.
Distribution – Recent of boreal and arctic areas, widely distributed in the
northeast Atlantic, extending southwards, in deep waters, as far as the
Shetland Isles and Bergen, Norway (Hayward & Ryland, 1998).
TABLE 5.6
Measurements (in µm) of Megapora ringens (Busk, 1856). N, Number of colonies and
number of zooids measured; SD, standard deviation.

Zooid length
Zooid width
Orifice length
Orifice width
Ovicell length
Ovicell width
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N
3, 30
3, 30
3, 15
3, 15
2, 3
2, 3

Mean
414
333
100
93
180
219

SD
39
32
13
3
3
11

Range
367-489
294-384
82-116
90-95
177-182
206-228
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5.4 Discussion
The species united here were previously assigned either to the large,
paraphyletic, ‘waste-bin’ family Calloporidae, or doubtfully to Microporidae.
Recognition of the new family Pyrisinellidae allows these species to be placed
for the first time in a putative clade distinguished from other anascans by a
combination of characters including: a frontal wall consisting of an extensive,
depressed cryptocyst and a narrow marginal gymnocyst with a pear-shaped
ridge (usually the mural rim) outlining the cryptocyst and opesia; a crescent of
spine bases around the distal edge of the trifoliate or semicircular opesia;
small zooid size; pore chambers, of which the distal one has a frontally facing
window; an intrazooidal mode of budding; and hyperstomial ovicells resting on
the gymnocyst of the distal zooid. Other characters present or absent include
opesiules, avicularia, kenozooids, closure plates and intramural reparative
buds. Assessing which of these characters are primitive and which are
advanced awaits a phylogenetic analysis incorporating related taxa, a task
beyond the scope of the current paper.
Evolutionary changes within Pyrisinellidae can be suggested based on the
different geological ages of the five or six included species, along with
comparisons with other anascans. The pyrisinellid species are distributed in
time as follows: Spinisinella zagorseki (c. 93 Ma), Pyrisinella meniscacantha
(c. 67 Ma), Setosinella prolifica (c. 57 Ma), Setosinella orbiculata (c. 35 Ma),
Setosinella perfluxa (c. 14 Ma), and the questionably assigned Recent species
Megapora ringens. Character suites of particular interest are the frontal
wall/opesia complex and ovicells.
The two Cretaceous species (Spinisinella zagorseki and Pyrisinella
meniscacantha), as well as the Recent Megapora ringens, have trifoliate
opesia and lack opesiules. Parietal muscles that pull on the frontal membrane
to raise hydrostatic pressure and extend the tentacles presumably pass
through the rounded indentations at the proximolateral corners of the opesia.
The three species of Setosinella from the Cenozoic have semielliptical opesia
and opesiules, which can be interpreted as a more derived condition in which
the parietal muscles pass through the separate openings provided by the
opesiules. Other groups of anascans appear to have independently acquired
opesiules, for example lunulitiforms such as Discoporella and Selenaria (Cook,
1965; Cook & Chimonides, 1985). Ristedt (1991) and Moyano (1994)
described the evolution of more complete calcified coverings of the frontal
surface of anascan zooids through development of the cryptocyst in a distal
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direction and the formation of opesiules, a morphoseries leading from taxa
with a minor cryptocyst (as in Amphiblestrum), to the increasingly more
protected condition seen in such opesiulate genera as Micropora and
Andreella.
All pyrisinellids have hyperstomial ovicells resting on the proximal gymnocyst
of the distal zooid and indenting its mural rim. In the oldest species,
Spinisinella zagorseki, the ovicell has a primitive, spinose morphology. The
ooecium of S. zagorseki was apparently constructed from two pairs of spines
borne on the proximal gymnocyst of the distal zooid, possibly supplemented by
the distalmost pair of oral spines of the maternal zooid (the spines themselves
are broken-off). The ooecium would have been a loose, cage-like structure (cf.
Ostrovsky & Taylor, 2004, text-fig. 2B). Similar ovicells constructed of
separated, basally articulated spines are known in the ‘calloporid’ Distelopora
and the monoporellid Stichomicropora, both from the Late Cretaceous. The
frontal wall and opesial morphologies of the second of these genera are
sufficiently similar to those of Spinisinella to suggest a close relationship.
Younger pyrisinellids have more conventional ovicells with non-spinose
ooecia. Evolutionary change from spinose to non-spinose ooecia appears to
have occurred independently in ‘calloporids’, monoporellids and cribrimorphs
(see Ostrovsky & Taylor, 2005). Pyrisinellids provide a further example of this
trend. The change from a spinose ooecium of the type found in Spinisinella to
a non-spinose ooecium like that of Pyrisinella and younger pyrisinellids would
have entailed: (1) reduction in spine number from four to two; (2) fusion of the
basal articulations; (3) flattening of the two spines; and (4) lateral coalescence
of the spines along the midline of the ooecium to form a hood-like structure.
Subsequent changes in pyrisinellid ovicell morphology were comparatively
minor. However, in the questionable pyrisinellid Megapora ringens the ovicell
has an incompletely calcified ectooecium containing a triangular window
(Hayward & Ryland, 1998), and there is a small kenozooid distally of the
ooecium which can be interpreted as the vestige of distal autozooid.
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CHAPTER 6
Systematics and life history of Antoniettella exigua, a new
genus and species of cribrimorph bryozoan from the Miocene
of East Kalimantan (Indonesia)
Emanuela Di Martino & Paul D. Taylor
Published in Bollettino della Società Paleontologica Italiana, 2012, 51(2):
99–108.
Abstract
A new genus and species of cheilostome bryozoan, Antoniettella exigua gen.
et sp. nov., is described from East Kalimantan (Indonesia) in rocks around the
Burdigalian-Langhian boundary (Lower-Middle Miocene). Colonies encrust the
undersides of platy scleractinian corals that formed patch reefs in turbid
shallow waters. Included in the cribrimorph ascophorans, the monospecific
genus Antoniettella differs from all existing cribrimorph genera and can be
distinguished by a combination of its keyhole-shaped orifice and lack of
pelmata, intercostal lacunae and ovicells. Colonies are always small in size,
subcircular in outline, thick and usually multilayered, with new layers spreading
outwards from the centre of the colony. Ecological categorization of
Antoniettella as a ‘spot colony’ is discussed and its life history inferred. A
survivorship curve suggests low initial rates of mortality followed by a constant
rate of mortality. Colonies appear to have been well adapted to occupy and
defend small patches of substrate space, possibly in a low-nutrient
microenvironment.

6.1 Introduction
Bryozoans are common and diverse components of modern tropical reef
environments (e.g. Cuffey, 1973; Winston, 1986; Kobluk et al., 1988).
Nevertheless, they are poorly known in these settings, in part because they
tend to be represented by inconspicuous small colonies encrusting the
undersides of living corals and reef rubble. Knowledge of Cenozoic fossil
bryozoans from tropical reefs is even more deficient. Encrusted surfaces of
fossil corals and other substrates in fossil reefs are seldom favourably
exposed, the combined effects of aragonite dissolution and cementation
365	
  

New genus of cribrimorph bryozoan from East Kalimantan

limiting opportunities for observing encrusting bryozoans in hand specimens.
Thin sections occasionally reveal the presence of bryozoans but seldom
provide adequate information on their external features to permit taxonomic
identification. However, burial of reefs in some mixed carbonate-siliciclastic
environments by muddy sediment may ameliorate the deleterious effects of
carbonate diagenesis. If this mud is weathered away, or can be washed off,
then surfaces with identifiable encrusting bryozoans may become visible. Just
such a situation exists in the Miocene of the Kutai Basin, East Kalimantan.
Here, moderately well-preserved bryozoans are found encrusting the
undersides of platy corals, providing important insights into the composition of
Miocene reef-associated bryozoan communities in the Indo-Pacific region,
which is a major diversity hotspot at the present-day.
The aim of this paper is to describe a new cheilostome bryozoan genus and
species – Antoniettella exigua – that encrusts corals from the Miocene of East
Kalimantan. Unusually among cheilostomes found in these deposits, colonies
are uniformly small and resemble the ‘spot’ category of encrusting bryozoans
recognized by Bishop (1989). Spot colonies have been interpreted as adapted
to the exploitation of temporal refuges, rapidly colonizing substrates that are
ephemeral in duration or availability, reaching sexual maturity precociously,
and dying while young and still small in size. Analysis of the size structure of
populations of the new bryozoan is undertaken to allow aspects of its life
history to be inferred and to test to what extent A. exigua matches the concept
of a classical spot bryozoan.

6.2 Geological Setting
The research area is located in the Kutai Basin, the largest sedimentary basin
in Borneo, formed during the Middle to Late Eocene as consequence of
tectonic extension across the Makassar Straits. The basin is characterised by
rapid siliciclastic sedimentation related to high rates of uplift of the central
ranges of Borneo towards the end of the Oligocene, the erosion of this
landmass, and the development of deltaic and pro-delta environments (Wilson
& Moss, 1999). Since the Early Miocene the Mahakam Delta has been actively
prograding eastwards, contributing to the infilling of the Kutai Basin. Despite
the rapid and constant siliciclastic input to the Mahakam Delta, shallow-water
carbonate production occurred contemporaneously in the proximal delta-front
environment. Carbonate outcrops of Miocene age have been interpreted as
low-relief patch reefs that developed in turbid, shallow waters influenced by
high levels of siliciclastic input (Wilson, 2005). These carbonates are
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considered as transitional shelf sediments deposited between deltaic and
deep-marine facies (Allen & Chambers, 1998).

Figure 6.1
Position of the type locality of Antoniettella exigua gen. et sp. nov., TF153, the
‘Rainy Section’ in East Kalimantan, Indonesian Borneo.

6.3 Material and methods
Material examined comes from a site located near the village of Bontang (East
Kalimantan, Indonesia). Specimens were collected in June 2011 during the
second field season of the Throughflow Project from a muddy carbonate
deposit exposed in a road cut, designated TF153 and known colloquially as
the ‘Rainy Section’ (0.096440°N; 117.380370°E) (Fig. 6.1). Based on larger
benthic Foraminifera this section has been dated around the BurdigalianLanghian boundary, within zones Tf1/2 following Renema (2007). Colonies of
Antoniettella exigua gen. et sp. nov. encrust the bases of platy or, less often,
the branches of ramose scleractinian corals. A total of 125 colonies were
obtained from two different types of samples: (1) bulk samples, collected
directly from the outcrop from a framestone with thin platy and branching
corals in a clay matrix; and (2) float samples collected as hand specimens
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from a pile of platy corals lying adjacent to the outcrop. All of these specimens
are catalogued and deposited in the Department of Palaeontology, Natural
History Museum, London (abbreviated NHMUK).
Scanning electron microscopy (SEM) was carried out on several specimens,
most of which were first soaked in a dilute solution of the detergent
Quaternary-O to remove clay particles and were subsequently cleaned
ultrasonically. SEM observations were made on uncoated specimens using a
low-vacuum scanning electron microscope (LEO VP-1455) at the NHMUK.
Measurements of the zooidal and colonial dimensions were made under the
stereomicroscope at high magnification or alternatively from SEM images.
Colony size (maximum and minimum diameter), number of zooids per colony,
and number of layers of zooids were measured and counted for all 125
colonies. In damaged parts of the colonies in which the zooidal frontal shields
had been lost, the number of zooids could be ascertained from the remaining
vertical and basal walls. The various morphometric parameters of the zooids
were measured in several colonies for up to 15-20 zooids whenever possible
to evaluate intercolonial variability.

6.4 Systematic palaeontology
Order Cheilostomata Busk, 1852
Suborder Ascophora Levinsen, 1909
Superfamily Cribrilinoidea Hincks, 1879
Family Cribrilinidae Hincks, 1879
Genus Antoniettella gen. nov.
Type species – Antoniettella exigua sp. nov.
Etymology – Named after Prof. Antonietta Rosso (Catania University) for her
contributions to our knowledge of living and fossil bryozoans.
Diagnosis – Cribrilinidae with small, spot-like encrusting, often multilaminar
colonies; autozooids thick, costae numbering 8 to 11, no intercostal pores, oral
orifice with a sinus, oral spine bases numbering 3 to 8, ovicells not observed;
small, subcircular polymorphs developed distolateral to some orifices.
Description – Colony encrusting, multiserial, unilaminar or multilaminar, thick
but small in size. Autozooids angular and polygonal, enlarging through
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astogeny, with an increasing ratio of length to width. Frontal shield moderately
convex, composed of 8 to 11 costae closely-placed, some tightly fused along
their entire length, some spaced at the margin of the costate shield. Intercostal
lacunae and costal lumen pores (pelmata) absent or not evident because of
relatively poor preservation and neomorphism of the skeleton. Primary orifice
longer than wide, possessing a pair of small rounded shallow, downwardly
directed condyles separating a horseshoe-shaped anter from a smaller Ushaped poster. Peristome sinusoidal, quite high. Oral spines present. One or
two small oval or subcircular polymorphs sometimes present distolateral to the
orifice are probably kenozooids but possibly adventitious avicularia. No
ovicells. Ancestrular characters unclear, a single distal zooid seemingly
budded from the ancestrula.
Remarks – This new genus differs from all existing genera of cribrimorphs in
the unique combination of colony morphology (small in size yet multilayered),
orifice shape, and absence of intercostal lacunae, pelmata and ovicells. The
keyhole shape of the orifice (Pl. 6.1, fig. 4), with a small sinus-like poster and
larger anter, is found only in a minority of cribrimorphs, notably species of the
Cretaceous genera Andriopora, Lagynopora and Leptocheilopora Lang, 1916
and the extant genera Bellulopora Lagaaij, 1963 and Figularia Jullien, 1886.
However, Andriopora, Lagynopora, Leptocheilopora and Bellulopora all differ
from Antoniettella in possessing costate ovicells (Ostrovsky & Taylor, 2005).
Furthermore Andriopora develops uniserial colonies, and the apertural bar is
strongly developed in Lagynopora and sharply bent proximally in
Leptocheilopora. The Recent genera Bellulopora and Figularia have intercostal
pores, not clearly present in Antoniettella.
The presence of the sinus was probably important in providing a passage for
water to flow into the ascus when the lophophore was extended, a function
fulfilled in most cribrimorphs by intercostal spaces which appear to be lacking
in A. exigua. It is likely that the fissures apparent in some zooids are
abrasional or diagenetic in origin. They contrast with colonies of Puellina spp.
from the same locality which show unequivocal intercostal pores.
Antoniettella exigua sp. nov.
Plate 6.1, figs. 1–7; Plate 6.2, figs. 1–8; Fig. 6.2
Material – Holotype: Natural History Museum, London NHMUK PI BZ 5842;
Paratypes: NHMUK PI BZ 5843, BZ 5844, BZ5845, BZ5846, BZ5847.
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Miocene, Burdigalian-Langhian, Bontang, East Kalimantan, Indonesian
Borneo.
Etymology – The specific name derives from the Latin exiguus, meaning small
or spot, in reference to the characteristically small size of the colonies.
Diagnosis – See genus.
Description – Colony encrusting, multiserial, unilaminar or often multilaminar,
with up to four layers of zooids, each layer thick; size typically small (Pl. 6.2,
figs. 1, 5), only a few mm in diameter with a minimum of four and a maximum
of 68 zooids exposed (i.e. not overgrown), the majority of colonies with 20-30
exposed zooids, approximately circular in outline.

Figure 6.2
Interpretive drawing of two zooids of Antoniettella exigua gen. et sp. nov.
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Autozooids angular in outline shape (Pl. 6.1, figs. 2, 3), pentagonal or
hexagonal, enlarging progressively during astogeny from the periancestrular
zone to the edge of the colony, with the ratio of length to width increasing.
Quantitative characters of the later generations of zooids are given in Tab. 6.1.
Frontal shield cribrimorph (Pl. 6.1, figs. 2, 3), slightly convex, usually
composed of 8 to 10 prominent costae, rarely 11 costae; intercostal lacunae
and costal lumen pores not visible. Two or three oval communication pore
windows (mean L = 40 µm and mean W = 15 µm) along distolateral vertical
walls, sometimes visible along the margins of zooids at the colony growing
edge (Pl. 6.1, fig. 6). Primary orifice longer than wide (L = 0.15–0.17 mm, W =
0.10–0.14 mm), a pair of rounded shallow condyles directed downwards and
separating a horseshoe-shaped anter from a smaller poster that has a broad
U-shaped sinus with a nearly straight or slightly convex proximal edge (Pl. 6.1,
fig. 4). Orifice surrounded by a low peristome, higher distally. Oral spines
articulated, represented by spine bases only, diameter 20 µm, their number
uncertain, some zooids showing only three or four, but as many as eight in
others, arranged in an arc around the distal edge of the orifice (Pl. 6.1, figs. 4,
5, 7). One or two small oval or subcircular structures sometimes present
distolateral to the orifice may be polymorphs, probably kenozooids but possibly
adventitious avicularia (Pl. 6.1, figs. 2, 4, 5). Ancestrular characters unclear, a
single distal zooid seemingly budded from the ancestrula. Periancestrular zone
formed by 5 or 6 small zooids. Ovicells not observed in sample of 125
colonies, presumed to be lacking in the species.
Table 6.1
Morphometric data for Antoniettella exigua gen. et sp. nov. (10 colonies). Abbreviations: N =
number of zooids measured for generation, L = mean length of the zooid, W = mean width
of the zooid.

Zooid size (mm)
Astogenetic zone
Periancestrular
st
nd
1 and 2 generation
(N=60)
Intermediate
rd
th
3 to 5 generation
(N=150)
Edge
th
6 generation
(N=100)

Ratio L/W

L

W

0.25

0.18

1.39

0.41

0.45

0.91

0.48

0.58

0.82
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Remarks – Colonies of Antoniettella exigua were found associated with
scleractinian corals, both platy genera such as Echinopora, Pachyseris and
Fungophyllia, and less often branching genera of Acroporidae. Found together
with A. exigua are 26 other bryozoan species (4 cyclostomes and 22
cheilostomes), 20 of which are rare and represented by only one or two
specimens. This bryozoan assemblage is dominated by A. exigua (54%),
followed by Reptadeonella spp. (10%), Disporella spp. (8%), Bryopesanser sp.
(8%), Celleporidae spp. (4%) and Microporella sp. (2%). Colonies of all of
these species tend to be rather small with the exception of Reptadeonella spp.
Other groups of encrusters observed on the undersurface of the corals,
including serpulids, molluscs and abundant thread-like foraminifera, often
completely overgrow the bryozoans.
Distribution – Lower-Middle Miocene (Burdigalian-Langhian boundary) of East
Kalimantan (Indonesia) (Fig. 6.1).

Plate 6.1 (next page)
Antoniettella exigua gen. et sp. nov. 1, Holotype, NHMUK PI BZ 5842, group of zooids,
scale bar = 100 µm. 2, Holotype NHMUK BZ 5842, close-up of a hexagonal zooid, scale bar
= 100 µm. 3, Paratype, NHMUK PI BZ 5843, close-up of a pentagonal zooid, note possible
predator boring to the lower right of the orifice, scale bar = 100 µm. 4, Paratype, NHMUK PI
BZ 5843, close-up of the orifice, scale bar = 100 µm. 5, Paratype, NHMUK PI BZ 5843,
close-up of an orifice showing four oral spine bases, scale bar = 100 µm. 6, Paratype,
NHMUK PI BZ 5844, close-up of zooid located on the edge of the colony showing two
lateral oval pore windows on the upper left margin, scale bar = 100 µm. 7, Paratype,
NHMUK PI BZ 5844, close-up of an orifice showing eight oral spine bases, scale bar = 100
µm.
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6.5 Discussion
Antoniettella exigua gen. et sp. nov. colonies are typically small, spot-like,
essentially subcircular to circular (Fig. 6.3d) and often multilayered (Fig. 6.3a;
Pl. 6.2, fig. 5). Rarely colonies are more irregular in shape, elongated in one
direction to form an equilateral triangle (minimum diameter corresponding to
the base and maximum diameter corresponding to the height of the triangle),
in general due to irregularities in the substrate or growth interference from
other organisms such as cemented bivalves, foraminifera, serpulids and other
species of bryozoans.
The ancestrula apparently budded a single zooid distally. Budding then
proceeded in a spiral pattern for two generations of autozooids corresponding
to the periancestrular zone, after which zooidal buds of increasing size were
oriented radially in all the directions or only in one direction depending on the
availability of substrate space. The ancestrula sometimes appears overgrown
or obscured by secondary calcification or sediment (Pl. 6.2, fig. 4), giving the
false impression that the oldest zooid is the smallest budded autozooid.
Colonies are characterised by thick margins (Pl. 6.2, fig. 2), which are 0.40
mm in height on average, and the production of up to four additional layers of
zooids. These intracolony overgrowths always originate from the centre of the
colony, directly above or near the ancestrula, partially or completely covering
earlier layers of zooids (Pl. 6.2, fig. 5).

Plate 6.2 (next page)
Antoniettella exigua gen. et sp. nov. 1, Holotype, NHMUK PI BZ 5842, view of entire colony,
scale bar = 500 µm. 2, Paratype, NHMUK PI BZ 5845, view of the edge of a colony showing
two thick layers, scale bar = 500 µm. 3, Paratype, NHMUK PI BZ 5847, ?tatiform ancestrula
and periancestrular zone of a single-layered colony, scale bar = 200 µ m. 4, Paratype,
NHMUK PI BZ 5847, close-up of the ?tatiform ancestrula, scale bar = 200 µm. 5, Paratype,
NHMUK PI BZ 5844, view of a two-layered colony, the white line marking the outline of the
second layer of zooids, scale bar = 500 µm. 6, Paratype, NHMUK PI BZ 5844, view of the
pseudoancestrula appearing as a smaller autozooid, scale bar = 200 µ m. 7, Paratype,
NHMUK PI BZ 5845, view of pseudoancestrula, scale bar = 200 µm. 8, Paratype, NHMUK
PI BZ 5846, example of overgrowth of a lichenoporid cyclostome (left) by Antoniettella
exigua, scale bar = 500 µm.
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The constancy in location of the overgrowth origins makes it extremely unlikely
that they represent fouling of adult colonies by larvae of the same species (i.e.
intracolonial overgrowths).

6.5.1 Analysis of colony size
Multilaminar colonies account for 60 (48%) of the 125 specimens studied (Fig.
6.3a). The majority (39%) of the multilaminar colonies have two zooidal layers,
while 7% and 2% of the colonies have three and four layers respectively. The
number of zooids forming the exposed frontal layer of the colony ranges a
minimum of 4 to a maximum of 68 (Fig. 6.3b). With respect to the number of
exposed zooids, 7% of colonies have from 1 to 9 zooids, 27% from 10 to 19
zooids, 40% from 20 to 29 zooids, 19% from 30 to 39 zooids, 4% from 40 to 49
zooids, 1% from 50 to 59 zooids, and 2% from 60 to 69 zooids. The average
diameter of colonies in about 80% of cases is in the range 1 to 3 mm, with only
a few colonies (3%) less than 1 mm in diameter and a higher proportion (17%)
more than 3 mm (Fig. 6.3c). There is no significant correlation between colony
diameter and number of layers.
A survivorship curve (Fig. 6.4) has been constructed based on the pattern of
size-frequency distribution of all 125 available colonies. The shape of such
curves is primarily influenced by the change in mortality rate as colonies grow
(McKinney & Taylor, 1997). The first portion of the curve, with the percentage
of survivorship plotted on a logarithmic scale, is nearly horizontal up to an
average colony diameter of 2 mm, indicating a very low initial mortality rate.
Thereafter, the curve is a straight line, reflecting a constant probability of
death.
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Figure 6.3
Graphs summarizing quantitative data for Antoniettella exigua gen. et sp. nov. a) Histogram
of number of layers of zooids in each colony. b) Histogram of number of zooids per colony.
c) Histogram of average diameters of colonies. d) Plot of minimum versus maximum colony
diameters.
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Figure 6.4
Survivorship curve based on the average diameter of 125
available colonies of Antoniettella exigua gen. et sp. nov.

6.5.2 Life history
The consistently small size and subcircular outline (Pl. 6.2, figs. 1, 5) of the
encrusting colonies of Antoniettella exigua gen. et sp. nov. invites comparison
with so-called ‘spot colonies’ as defined by Bishop (1989). Classical examples
of spot colonies among cribrimorph bryozoans, such as the Plio-Pleistocene
species Cribrilina puncturata (Wood, 1844) from the Red Crag of England, are
small in size (25–50 zooids with a colony diameter of 1.5–2 mm),
approximately equidimensional in shape, and produce ovicells as early as the
three-zooid stage (Bishop, 1989). Colonies of A. exigua match this definition in
size and shape, being approximately as broad as long and typically having
only 20–30 exposed zooids with a colony diameter of 1–3 mm. However, none
of the colonies observed have ovicells, an absence which is discussed below.
Spot colonies were interpreted by Bishop (1989) as being adapted for the
colonization of temporal refuges provided by substrates that are available to
be colonized only for a short period of time. In these circumstances it is
imperative that colonies recruit speedily, grow quickly and produce larvae
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rapidly. Colonies of Antoniettella exigua usually grew on the undersides of
scleractinian platy corals, except for a few specimens observed encrusting the
branches of ramose corals. These substrates are likely to have been longlasting, in contrast to substrates typically utilized by spot colonies, potentially
offering a large surface area for the development of extensive two-dimensional
colonies. However, it is possible that storms or rivers periodically introduced
sediment into the system, causing the demise of these encrusting communities
(cf. Berning et al., 2009), or that the undersides of the corals were normally
buried and only occasionally available for encrustation over relatively short
periods of time.
A further contrast between Antoniettella exigua and classical spot colonies is
evident when survivorship curves are compared between this species and
Cribrilina puncturata. The survivorship curve for C. puncturata shows a low
initial mortality rate followed by an abruptly increasing rate. The rapidity of
mortality increase correlates with the height of the concave surfaces of the
bivalve shells encrusted by C. puncturata, with the most rapid rates in the
smallest substrates which were usually the most ephemeral (Bishop, 1992).
While the first portion of the C. puncturata curve has approximately the same
trend as A. exigua, even though the mortality rate is lower, the second part
contrasts with the straight-line relationship seen in A. exigua (Fig. 6.4) and
indicating a constant mortality rate for each size class. Furthermore, there is
no correlation between substrate and colony size in A. exigua.
Other examples of spot cribrimorphs have been reported in Maastrichtian
thalassinoidean burrows by Voigt (1987), on Lepidocyclina tests from the early
Chattian by Berning et al. (2009) and in Recent caves by Harmelin (1986). The
dwarf Maastrichtian cribrimorphs were observed on the walls of mm-scale
borings or cavities produced by sponges and bivalves that were too narrow for
most other encrusting organisms. Abundant and well-preserved cribrilinid
species form spot colonies on lepidocyclinids in a relatively turbid shallowwater setting. Minute forms of Recent Cribrilaria minima Harmelin, 1984 and
C. pedunculata (Gautier, 1956) are quite abundant in obscure caves, which
presumably acted as refuges. However, these occurrences of spot colonies
may also be explained in terms of low food availability (Okamura et al., 2001),
or as response to a potential frequent disturbance and abrasion due to
suspended particles and high rates of sedimentation (Berning et al., 2009).
The small size of Antoniettella exigua colonies in the Miocene coral reef
habitat of Kalimantan is comparable with two bryozoans common under
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foliaceous colonies in the Recent of Jamaica, the ascophoran Drepanophora
tuberculatum and the cyclostome Disporella fimbriata (see McKinney &
Jackson, 1989, pp. 110–112). Described as ‘solitary’ colonies, these species
recruit very rapidly, release larvae within three months, and usually die within
six months.
In the case of Antoniettella exigua the spot-like morphology is always coupled
with thickened colony margins and quite often with multilaminar growth. In
general, thick colonies present a greater barrier to overgrowth by competitors
than thin colonies (Buss, 1980; 1981), while multilaminar growth potentially
allows fouling organisms to be smothered. These attributes suggest that A.
exigua may place more emphasis on resisting overgrowth (e.g. Pl. 6.2, fig. 8)
and fouling than is typical for ephemeral spot colonies.
Large stable substrata in modern tropical reefs, such as corals and coral
rubble, are encrusted predominantly by cheilostome species (e.g. Parasmittina
sp., Rhynchozoon spp. and Trematooecia aviculifera) that produce large
colonies with a prevalence of frontal budding and self-overgrowth that increase
colony thickness as an adaptation to cope with continual interactions with
highly aggressive spatial competitors and predators (McKinney & Jackson,
1989, p. 162). The capacity for frontal budding in ascophoran cheilostomes is
generally dependent on the presence of areolae and a hypostegal coelom
(Lidgard, 1985), structures lacking in cribrimorphs such as Antoniettella
exigua. Nonetheless, some ascophoran species without a hypostegal coelom
and areolae, such as Celleporella hyalina (Linnaeus, 1767), are able to
develop frontal buds from frontally directed pore chambers located near the
proximolateral margins of the zooids. There is no evidence for comparable
pore chambers in A. exigua. Different types of frontal budding sensu-lato may
also occur among anascans and cribrimorphs. For example, the Recent
anascan Antropora tincta (Hastings, 1930) is capable of producing
multilaminar colonies through eruptive frontal budding, some zooids continuing
to grow upwards to extend their vertical walls above the frontal surfaces of
adjacent zooids and thence to bud laterally across the old colony surface
(Lidgard, 1985). Frontal budding is unusual in cribrimorphs. However, the
genus Vicariopora Zágoršek & Kázmér, 2001 from the Eocene of Hungary
develops multilamellar, columnar colonies with concentric zooecial layers. In
addition, this unusual growth form has been recorded as result of the
expansion of cuticle and coelomic tissue derived from pelmatidia in
Corbulipora, and through a special type of pore chamber in Anaskopora (Bock
& Cook, 2001). Pelmatidia are lacking in Antoniettella exigua and though pore
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windows are visible at growing edges (Pl. 6.1, fig. 6) these are not exposed in
mature zooids. Therefore, neither of the known modes of cribrimorph frontal
budding appear to occur in A. exigua and, unfortunately, the imperfect
preservation of all available specimens does not allow the origin of frontal
budding to be ascertained in this bryozoan. Nevertheless it is clear that
overgrowths start directly above or near the ancestrula more or less at the
centre of the colony, as is frequently the case in ascophoran cheilostomes,
particularly schizoporellids and celleporids (Ristedt, 1996). The likelihood is
that frontal budding in A. exigua originates through upward growth of the
ancestrula itself, producing a pseudoancestrula resembling a small autozooid
in the new layer. This pseudoancestrula in turn may then have produced its
own frontal bud to initiate a third layer of zooids etc.
The lack of ovicells complicates the recognition of Antoniettella exigua as a
classic spot colony which are sexually mature at a small colony size (Bishop,
1989). Two possible reasons for this absence can be suggested. First, it is
possible that the population of A. exigua sampled was non-reproductive
because it inhabited a marginal setting atypical for the species. If this is true,
one would expect to find source populations of the species from more optimal
environments in which ovicells are present. Such populations have not been
found so far. Alternatively, A. exigua may have been an internal brooder.
Internal brooding has been reported among numerous families of cheilostome
bryozoans, including anascans belonging to Flustridae, Candidae,
Steginoporellidae, Poricellariidae and Chlidoniidae, and ascophorans
belonging to Adeonidae, Adeonellidae, Watersiporidae, Cryptosulidae and
Euthyrisellidae (Ostrovsky et al., 2006). However, internal brooding is poorly
documented among cribrimorphs, although it is perhaps present in two Recent
species from South Africa, Cribrilina simplex O'Donoghue & de Watteville,
1935 and C. dispersa O'Donoghue & de Watteville, 1937. With regard to the
former, O'Donoghue & de Watteville (1935, p. 210) remarked: “Careful
examination of all the colonies in the collection, some of which are of a fair
size, and presumably age also, failed to reveal any ooecia….”.
In conclusion, Antoniettella exigua developed small colonies usually on the
undersides of platy corals inhabiting muddy reefs during the late Early
Miocene in the region that is now East Kalimantan. Some aspects of this
cribrimorph cheilostome seem to match those of a classical spot colony
adapted to the exploitation of short-lived substrates. However, it is more likely
that the corals encrusted provided long-lived substrates, and that the small
size of A. exigua was an adaptation to low food supply (Okamura et al., 2001)
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in the cryptic recesses beneath the reef corals, or an adaptation to the high
sedimentation rates and turbidity usually regarded as detrimental to the growth
of encrusting bryozoans (Berning et al., 2009), along with a strategy of
occupying and defending a tiny patch of substrate against lateral overgrowth
and fouling.
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Abstract
Most studies of Cenozoic shallow-water, mixed carbonate-siliciclastic
depositional systems have focused on their sedimentology. To date, however,
comprehensive analyses of biotas and biofacies of Indo-West Pacific reefs that
developed in mixed carbonate-siliciclastic systems are lacking. This study
describes the palaeoenvironment and biodiversity of a late Burdigalian patch
reef that developed in a mixed carbonate-siliciclastic depositional system. The
studied exposure is located at the northeast margin of the Kutai Basin near
Bontang (Indonesia), and is approximately 80 m wide and 25 m thick. Multitaxon analysis of the most abundant fossil groups, including larger benthic
foraminifera, corals, coralline algae, and bryozoans, aims to provide a model
for environmental interpretation that will allow comparison with similar deposits
of Indo-West Pacific region. Based on fossil content and lithology, five different
facies types have been distinguished: foraminiferal packstone (FP), bioclastic
packstone with foralgal communities (BP), thin-platy coral sheetstone (CS),
platy-tabular coral platestone (CP), and shales (S). Among larger benthic
foraminifera, smaller and more robust forms dominate in the FP and BP facies,
while larger and flatter forms are the most abundant in the CS and CP facies.
Thin-platy corals are dominant in the CS facies and gradually change into
thicker platy-tabular forms in the CP facies. Assemblages and growth forms of
coralline algae show no major differences between the facies types and are
dominated by melobesioids and Sporolithon. The majority of bryozoan species
are encrusting and were found only in the CS facies. Light-dependent
organisms occurring in the reef indicate low light conditions typical for
mesophotic reefs. The relatively small size of this reef complex and quite
distinct vertical changes in the facies types, combined with the high siliciclastic
385	
  

Environmental reconstruction of a Miocene patch reef

content in most of the units, points to strong terrigenous input affecting water
transparency as the main factor controlling the reef growth.

7.1 Introduction
The Miocene was an important interval for the origin of exceptional shallow
marine diversity in Southeast Asia (Williams & Reid, 2004; Williams, 2007;
Renema et al., 2008). Miocene reef development was globally widespread,
characterised by a notable increase in coral reefs during the Early Miocene
that reached an acme in the Middle Miocene (Perrin, 2002). This trend is
largely based on the records from Europe, while Caribbean reef development
was low and restricted during the Miocene (Johnson et al., 2008). Southeast
Asian reef development, however, is less well-documented, even though it is
likely to have been the most diverse region for corals from the Neogene to the
Recent (Wilson & Rosen, 1998). Documenting palaeoenvironments of
Southeast Asian reefs during the Miocene could help to understand the
observed differences in the history of reefs and other shallow marine
ecosystems between European and Indo-West Pacific regions.
Mixed carbonate-siliciclastic depositional systems are no longer thought to be
an exceptional phenomenon in shallow-water habitats and many coral reefs in
Southeast Asia during the Miocene thrived in such turbid environments
(Wilson & Lokier, 2002; Wilson, 2005, 2012; Sanders & Baron-Szabo, 2005;
Lokier et al., 2009). The development of isolated patch reefs within siliciclastic
sediments epitomises the Miocene carbonate deposits of East Kalimantan
(Indonesia) where shallow-water reefal carbonates were deposited in turbid
waters. These reefs developed in mesophotic conditions (Kahng et al., 2010;
Morsilli et al., 2011) and contain a diverse marine biota, including corals, larger
benthic foraminifera, calcareous algae, echinoderms, and bryozoans (Wilson,
2005; Lokier et al., 2009). Depositional mechanisms and the influence of
terrigenous sediments on the organisms living in these environments have
been described in previous sedimentological studies (Allen & Chambers, 1998;
Wilson & Lokier, 2002; Lokier et al., 2009; Morsilli et al., 2011; Wilson, 2012).
However, palaeoecological information can also be extracted from the biotic
assemblages preserved in such a mesophotic reefs. To date a comprehensive
analyses of the biota and biofacies of mixed carbonate-silicilastic system reefs
in Indo-West Pacific region are lacking.
This study describes the palaeoenvironment and biodiversity of a late
Burdigalian shallow-water carbonate patch reef that developed in a mixed
carbonate-siliciclastic depositional system, based on a multi-taxon analysis of
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the most abundant fossil groups, including larger benthic foraminifera, corals,
coralline algae, and bryozoans. Larger benthic foraminifera and coralline algae
are known to be excellent palaeoenvironmental indicators (Hallock & Glenn,
1986; Hottinger, 1997; Renema & Troelstra, 2001; Braga & Aguirre, 2001,
2004; Renema, 2006a, b; Bassi & Nebelsick, 2010; Braga et al., 2010). The
distribution of both groups is primarily controlled by light and substrate
conditions, but nutrient input and sedimentation rate may also play important
roles. In addition, larger benthic foraminiferal biostatigraphy can establish a
timeframe for reef formation, allowing further comparisons with the betterknown coeval reefs of other regions (i.e., Jackson & Johnson, 2000; Schuster,
2002; Johnson et al., 2008; Brandano et al., 2010; Morsilli et al., 2011). Corals
are the main frame builders in these reefs, determining their three-dimensional
structures and their distribution is controlled by light intensity and wave
exposure (Rosen, 1975; Geister, 1977; Chappell, 1980). Bryozoans have been
poorly documented from both fossil and extant Indo-West Pacific reefs, but
they are likely to add information about palaeobathymetry and Miocene reef
biodiversity.
The aims of this study are (1) to assess the depositional environment within
the prodeltaic setting in a late Burdigalian Indo-West Pacific reef, (2) to
describe the biotic assemblages (larger benthic foraminifera, corals, coralline
algae, and bryozoans) of the patch reef, and (3) to place these data in the
context of modern coral reefs growing under the influence of terrestrial input.

7.2 Geological Setting
The research area is situated in the Kutai Basin, the largest siliciclastic
dominated sedimentary basin in Borneo. Rifting of the Makassar Straits during
the Middle Eocene initiated basin development (Wilson & Moss, 1999). This
was followed by high rates of Neogene uplift and erosion of the Borneo
landmass, resulting in progradation of the Proto-Mahakam delta and filling of
the Kutai Basin (Hall & Nichols, 2002). In East Kalimantan, Cenozoic
carbonates were deposited in three environmental settings: large-scale
platforms, mixed carbonate-siliciclastic systems, and localized carbonate buildups (Wilson et al., 1999). Carbonate outcrops of Miocene age are shelf
sediments formed between deltaic and deep-water marine deposits (Allen &
Chambers, 1998). They are considered to be low-relief patch reefs that
developed in turbid, shallow waters influenced by high siliciclastic input
(Wilson, 2005). Reef carbonate formation in East Kalimantan is usually within
muddy sediments at the bases and tops of depositional sequences with the
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thickness of the siliciclastic sediments (hundreds of meters) far exceeding the
amount of reef carbonates (tens of metres), reflecting the dominance of
terrigenous input in the Kutai Basin (Wilson, 2005).

7.3 Methods
The studied outcrop is located in East Kalimantan (Indonesia), in the
Indominco Mine area near Bontang (Fig. 7.1B), within Miocene sediments at
the northeast margin of the Kutai Basin. The exposure is approximately 80 m
wide and 25 m thick, with beds dipping WSW at an angle of about 25°. The
relatively complete section through a reefal structure offers the opportunity to
study the bedding geometry, facies architecture, and biotic composition in
detail.
Fieldwork was undertaken in two steps: (1) characterisation of lithology and
geometry of the reef deposits, and (2) sampling for fossil assemblages.
Lithological units were identified following a detailed logging of eight sections
along the outcrop in order to describe reef morphology and lateral changes
(Fig. 7.1A). Samples for petrographical analysis were collected from each unit.
Microfacies analyses of thin sections included carbonate lithofacies
classification and skeletal component logging, from which relative abundances
of larger benthic foraminifera, corals, and coralline algae were estimated for
each sample. For the facies classification we adopted the textural schemes of
Dunham (1962) and Insalaco (1998).

Figure 7.1
Late Burdigalian (Early Miocene) patch reef complex, Indominco Mine, Bontang
(Indonesia). A, Photomosaic of the logged section with log positions; B, Location of the
studied outcrop (GPS: 0.1513 N, 117.3044 E).
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Larger benthic foraminifera and coralline algae were primarily examined using
petrographic thin sections (48x28 mm). For foraminiferal assemblage analysis
31 samples were processed, including 26 thin sections and washed isolated
specimens (500 µm mesh) from five bulk samples. Additionally, 10 oriented
thin sections were polished from isolated larger foraminifera specimens.
Foraminifera were identified to the lowest taxonomic level (typically species or
genus) and their abundance was calculated by counting the foraminifera
specimens that were identified in each sample. Coralline algae were studied in
a total of 57 ultra-thin sections (48x28 mm; 10-15 µm thick) with the
nongeniculate coralline algae identified to the most precise level possible
(typically species or genus). Relative abundances of coralline algae were
estimated in ultra-thin sections by measuring the proportional cross-sectional
area occupied by each taxon relative to all coralline algae.
Corals and bryozoans were examined in nine bulk samples that were soaked
in water overnight, then washed, sieved through 5 mm, 2 mm, and 500 µm
meshes and air-dried. Corals were identified to species level in most cases
and taxon abundances were calculated as the percentage of the total volume
from the bulk samples. Abundances of typical coral colony forms, including
free-living solitary, branching, encrusting, and platy (defined by Rosen et al.,
2002), were also estimated. Bryozoans were identified using a
stereomicroscope to genus or family level and their relative abundances were
estimated by counting the number of encrusting colonies observed on the
corals and the fragments of erect species scattered in the sediments.
Following Cheetham et al. (1999) bryozoan species were assigned to three
major colony growth-form categories: encrusting (runners, unilaminar sheets,
multilaminar massive), erect (articulated, rigid), and free-living. Scanning
electron microscope (SEM) images were used to confirm identifications and
generate images of bryozoan specimens.

7.4 Results
7.4.1 Age
Stratigraphically important larger benthic foraminifera (Fig. 7.3) include the
common occurrence of Nephrolepidina ferreroi (Burdigalian to late
Serravallian; Lunt & Allan, 2004), Miogypsina cf. globulina (Burdigalian; Lunt &
Allan, 2004), Lepidosemicyclina polymorpha (late Burdigalian to late
Serravallian; Lunt & Allan, 2004), and Flosculinella bontangensis (late
Burdigalian to Langhian; Lunt & Allan, 2004). An NN4-5 age can be assigned
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to this locality based on the presence of the coccolith Sphenolithus
heteromorphus (Jeremy Young, personal communication, 2011). These
occurrences allow a late Tf1 stage in the East Indian Letter Classification to be
inferred, that equates to a late Burdigalian age (Renema, 2007).

7.4.2 Fossil groups
The taxonomic composition, growth form, and facies of the nine units are
shown in Table 7.1 and Fig. 7.7. Two assemblages of larger benthic
foraminifera can be distinguished. Smaller robust forms dominate in Units 1
and 2 (Amphistegina, Lepidosemicyclina, Quinqueloculina, smaller rotaliids),
while larger and flatter forms (Cycloclypeus, Nephrolepidina, Amphistegina,
Miogypsina) are the most abundant in Units 3 to 7 (Table 7.1, Figs. 7.3, 7.7).
Scleractinian corals are very abundant in Units 4, 5 and 7, rare in Units 3 and
6, and absent at the base (Units 1 and 2) and top of the outcrop (Units 8 and
9; Table 7.1, Fig. 7.7). Octocorals were observed in Units 4 and 5, represented
by branches of Isis sp. and large sclerites of indeterminate affinity (~5 mm).
Corals were examined from cleaned individual specimens recovered from bulk
samples. Porites spp. specimens were also studied in four thin sections made
for lithological analysis. In total, the coral assemblage included 36 coral
species from 29 genera and 14 families (Appendix A). Species richness is
higher in Unit 4 (29 spp.) and Unit 7 (21 spp.), than in Unit 5 (14 spp.), and
Porites is the only genus present throughout the coral-bearing part of the
succession (Units 3–7).
The taxonomic composition and growth form of coralline algae assemblages in
the successive units are shown in Table 7.1. There are no major differences in
the coralline algal assemblage and growth forms between the units of the
studied reef. Assemblages are dominated by melobesioids (mainly
Mesophyllum) and Sporolithon (Table 7.1, Fig. 7.7). Foralgaliths (defined as
nodules containing an abundance of both encrusting foraminifera and coralline
algae; Prager & Ginsburg, 1989) and crusts of coralline algae and encrusting
foraminifera on coral surfaces were common, especially in Units 4 and 5.
Bryozoans were found only in Units 4 and 7. The bryozoan assemblage in total
consists of 62 species, with 7 cyclostomes and 54 cheilostomes (Appendix A).
Richness in Unit 4 is 27 species (107 specimens), and in Unit 7 richness is 54
species (1651 specimens). The difference in species richness and specimen
abundance between these units is probably due to the better quality of
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preservation observed in Unit 7. The majority of species are encrusting (73%)
with mostly two-dimensional colonies, 25% of species are erect, and only one
species is free-living.

7.4.3 Facies types
By combining the data from the eight logged sections, nine sedimentary units
(Units 1–9; Fig. 7.2) were distinguished in the studied reef and associated
deposits, including both siliciclastic- and carbonate-dominated rocks. They
were grouped into five different facies types, based on rock textures,
components and geometrical relationships (Fig. 7.2, 7.7; Table 7.1).

Figure 7.2
Interpretation of the studied section at the Indominco Mine (Indonesia), with lithological
units (U 1–9), log positions (log 1–8) and facies (FP, BP, CS, CP, S).

Foraminiferal packstone (FP) – The FP facies is characterised by slightly
altered bioclastic packstone with a moderate larger benthic foraminiferal
content (~20%; Fig. 7.8), fragmented bioclasts, and a medium- to fine-grained
siliciclastic component. Based on the low fossil diversity, restricted to larger
benthic foraminifera floating in the sediment without any sedimentary
structures, this facies can be recognized in Units 1 and 2 of the studied
outcrop. The foraminiferal assemblage shows a dominance of robust
Amphistegina and Lepidosemicyclina, with subordinate Operculina and
Quinqueloculina, and rare Palaeonummulites.
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Table 7.1. Overview of stratigraphical units, facies types, lithologies and fossil groups from the studied reef.

Chapter 7

Bioclastic packstone with foralgal communities (BP) – The foralgal bioclastic
packstone facies includes slightly recrystallised bioclastic packstone with finegrained matrix and a reduced siliciclastic component compared to the FP
facies. Co-occurrence of larger benthic foraminifera and small amounts of
corals and coralline algae (Figs. 7.7, 7.8), and absence of bryozoans marks
the BP facies, represented in Units 3 and 6. Among larger benthic foraminifera
the highest abundance of flat and elongated foraminifera (Cycloclypeus and
Nephrolepidina martini), and a decrease in the abundance of robust forms
(Amphistegina, Lepidosemicyclina and Operculina) characterise BP facies. A
single occurrence of soritid foraminifera was detected. Melobesioid coralline
algae are the most dominant algal group in BP facies.
Thin-platy coral sheetstone (CS) – The thin-platy coral sheetstone facies
(Insalaco, 1998; growth fabric dominated by sheet like and lamellar colonies)
comprises dominant platy growth forms and occasional branching coral
fragments, with isolated larger foraminiferal tests occurring in a muddy matrix.
This facies occurs in Units 4 and 7. Compared to BP facies, the larger benthic
foraminiferal assemblage shows an increase in diversity (Appendix A) and
dominance of more robust forms, mostly Amphistegina and Nephrolepidina
ferreroi. The coral assemblage shows a similar composition in Units 4 and 7,
with 12 species in common (out of 29 spp. in Unit 4, and 21 spp. in Unit 7).
The thin-platy colonies are mainly represented by Echinopora sp., Porites sp.
1, Psammocora sp. and Cyphastrea, with thicknesses ranging from 0.3 to 1.5
cm. The best preservation was observed in Unit 7, where a large number of
thin platy corals conserve most of the calicular and coenosteum features on
their surfaces (Fig. 7.4). Corals in Unit 4 are likewise frequently well preserved.
Bryozoa were found only in this facies. The dominant bryozoan taxa are the
flexible branching Margaretta spp., and the encrusting Oncousoecia sp.,
Lichenoporidae spp., and Puellina spp.
Platy-tabular coral platestone (CP) – This facies is characterised by thick-platy
corals (up to 10 cm) and tabular corals that developed a platestone growth
fabric (sensu Insalaco, 1998). A rigid coral framework marks this facies type in
Unit 5, and gaps within the coral framework are filled with foraminiferal and
algal packstone. The larger benthic foraminiferal assemblage is similar to FP
and CS facies, with Nephrolepidina being the most abundant taxon. Platytabular colonies in CP facies include Porites sp. 1, Oxypora sp. and
Progyrosmilia sp. (maximum thicknesses of 10.5 cm). In Unit 5 platy-tabular
coral skeletons are in growth position, poorly preserved, characterised by a
friable texture and mostly embedded in a compact sediment matrix.
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Shales (S) – Homogeneous, organic-rich, dark shales and fine-grained
interbedded sandstones that are barren in fossils belonging to the studied
groups constitute the final S facies which occurs in Units 8 and 9.

7.4.4 Lithological geometry
Units 1 and 2 (FP facies) form two beds of relatively constant thickness (0.75
and 1 m, respectively) underlying the entire reefal structure. The sharp contact
between these units (Fig. 7.2) is caused by a change in the grain size. Unit 3
forms a package of 3.2 m in thickness composed of BP facies. The contact
with the underlying beds is sharp and no sedimentary structures were
detected. Towards the top of the Unit 3, the muddy component increases and
gradually transits into Unit 4 with CS facies.
The thickness of Unit 4 (2.5–3.2 m) is more variable than the previous units,
with the thickest part occurring at the centre of the outcrop and fossil size
(coral thickness) increasing towards the top of the bed. This is the only unit
present in all eight logged sections. The boundary between Units 4 and 5 is
gradual and is defined based on the width to height ratio of the corals in the
bed, with ratio being >30:1 in Unit 4, and <30:1 in Unit 5 (sensu Insalaco,
1998). The coral platestone of Unit 5 contains CP facies and is the most
laterally variable bed in the studied outcrop, with a lens-like geometry and
thickness ranging from 0–3.5 m. A less variable thickness of 1.2–1.5 m
characterises Unit 6 which consists of BP facies and shows a sharp contact
with both the underlying and overlying beds. Unit 7 is a thin layer of coral
sheetstone (0.5 m) composed of CS facies without any sedimentary
structures. The gradual disappearance of platy corals defines the transition to
thick shales in the final part of the outcrop (S facies). The top of the outcrop
was covered by vegetation so the full thickness of the shales is unknown.
In general, excluding the fossil barren siliciclastic S facies, larger benthic
foraminifera occur in all four remaining facies (FP, BP, CS, CP), followed by
coralline algae present in three (BP, CS, CP), corals in two (CS, CP), and
bryozoans only in CS facies (Table 7.1). Coralline algae always co-occur with
larger benthic foraminifera, mainly in packstone lithofacies, while bryozoans
are coupled with corals in the muddy matrix, growing on their undersides.
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7.5 Discussion
Based on observed geometry and vertical facies changes, the studied outcrop
was characterised as a patch reef (i.e. small isolated reef outcrop). The
absence of lateral variation observed throughout logs along the outcrop, and
relatively flat geometry of the initial reef unit, could suggest that the structure
corresponds to a coral carpet (Reiss & Hottinger, 1984). In the studied reef,
however, the coral framework in the CP facies changed the seabed
topography as it developed a bioherm morphology that shows a threedimensional structure. In contrast, a coral carpet habitat should result in the
development of a relatively uniform biostromal coral framework facies (Riegl &
Piller, 2000a). In addition, the size of the main reef body in the studied outcrop
is relatively small in contrast to proposed high areal extension of coral carpets
(Riegl & Piller, 1999).
The fossil communities of light-dependent reef building organisms indicate
variations in light levels (Wilson & Lokier, 2002; Wilson, 2005; Lokier et al.,
2009; Brandano et al., 2010; Morsilli et al., 2011). Changes in light regime can
result from sea-level fluctuations (deepening/shallowing) or alterations in
terrestrial influx, including sediment and nutrient input. In environments
influenced by terrestrial input, transparency changes depending on depth and
distance from the sediment source (Renema & Troelstra, 2001; Bassi &
Nebelsick, 2010). For example, the same amount of light would irradiate corals
growing closer to a delta in shallower depths, as corals growing further from
the sediment source, but in deeper environment. Taking into consideration the
relatively high siliciclastic component in the sediment, the studied reef grew in
a turbid mesophotic environment. Paleoenvironmental interpretation based on
light dependant organisms in such a mixed depositional setting can therefore
only be completed by comparison between different fossil assemblages, which
would provide relative rather than absolute depth interpretations.

7.5.1 Larger benthic foraminifera
As larger benthic foraminifera host photosymbionts (Leutenegger, 1984; Reiss
& Hottinger, 1984), they require light which limits their occurrence to the photic
zone. Changes in foraminiferal assemblages can indicate fluctuations in light
level, providing information valuable for interpretation of palaeoenvironments
(Hallock & Glenn, 1986; Hottinger, 1997; Hohenegger et al., 1999; Renema &
Troelstra, 2001; Hohenegger, 2006; Renema, 2006a, b).
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Even though several of the taxa found in the Miocene reef complex are now
extinct, it is possible to interpret the palaeoenvironment of the fossil
assemblages from the studied reef in a modern environmental context.
Assemblage of larger benthic foraminifera in the FP facies (Units 1 and 2) is
dominated by Amphistegina and Lepidosemicyclina, that are characteristic of
an inter-reef environment. In the present day, such conditions occur distal to
the prodelta, for example on the Berau shelf in Indonesia (Renema, 2006b).
The unusual shape of the foraminifera belonging to the Lepidosemicyclina
polymorpha group may reflect an adaptation to the muddy environment by
increasing the surface vs. volume ratio, preventing the foraminifera from being
buried in sediment. The environmental affinities of the assemblage identified in
BP facies (Unit 3), with the highest abundance of Nephrolepidina and
Cycloclypeus, indicates lower light conditions than underlying FP facies.
Although there is no modern analogue of Nephrolepidina, the flat shape of N.
martini (Fig. 7.3C) observed in this unit, and the co-oocurrence with
Cycloclypeus, a genus that is typical for one of the deepest facies of the recent
Berau shelf (Renema, 2006b), indicates a position in the lower part of the
photic zone. The CS facies (Unit 4) is characterised by representatives of
Nephrolepidina and Amphistegina which are found in shallower waters.
Compared to the previous facies, more robust morphology of these taxa
resulted either from a need to shelter the symbionts from irradiation
overexposure, or from living in higher hydrodynamic conditions. The high
abundance of N. ferreroi (Fig. 7.3A) in combination with the absence of
Cycloclypeus points to a shallower depositional environment than the one of
the underlying BP facies (Renema, 2006b). The foraminiferal assemblage
composition of the CP facies (Unit 5), with relatively high abundances of
Nephrolepidina and Lepidosemicyclina along with Cycloclypeus, is very similar
to BP (Unit 3), again suggesting light conditions typical of the lower part of the
photic zone. Samples of these facies (CS and CP) were collected from
sediments accumulated within the gaps of coral framework. In modern
Indonesian platy-coral reefs rich larger benthic foraminiferal assemblages
have been observed living on corals covered by sand (Renema, 2006b).
Moving up-sequence, the BP facies re-occurs in Unit 6, but the low abundance
and diversity of benthic foraminifera indicates less favourable conditions, most
likely caused by a rapid change in the light regime. In contrast, the CS facies
in the overlying Unit 7 contains the highest species richness of larger benthic
foraminifera in the studied reef, with the abundant Amphistegina and
Nephrolepidina indicating stabilisation of environmental conditions, in the form
of decrease of terrigenous input. Although some changes in the light regime
can be inferred based on the larger benthic foraminiferal communities, the
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assemblages present in the studied reef show a generally similar composition
throughout the succession, indicating low light conditions typical for the
mesophotic reefs.

Figure 7.3
Stratigraphically important larger benthic foraminifera from the studied reef. A,
Nephrolepidina ferreroi. B, Miogypsina cf. globulina. C, Nephrolepidina martini. D,
Flosculinella bontangensis.

7.5.2 Corals
Turbid-water coral communities are common in the geological record (Rosen
et al., 2002, and references therein; Sanders & Baron-Szabo, 2005). The
studied reef is a typical representative of a turbid reef that developed under
conditions of considerable terrigenous input. Study of modern examples of
turbid-water coral communities (Johnson & Risk, 1987; Perry et al., 2009;
Palmer et al., 2010) indicates their importance as alternative states of reef
development, as compared to the warm and clear-water coral reefs currently
distributed across the tropical belt (Kleypas et al., 1999; Perry & Larcombe,
2003). The complex interplay of factors that influence coral communities living
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under high sediment input is still not well-understood even in these modern
examples (McClanahan & Obura, 1997; Perry & Smithers, 2010). Furthermore,
the studied modern examples all represent coastal reefs and not delta front or
prodelta reefs. The influence of sediment stress on fossil coral assemblages
can be interpreted on the basis of the colony forms present. Most of the corals
found in CS facies (Units 4 and 7) exhibit thin-platy growth forms. Three
interrelated factors can favour platy colony forms in corals: low-light conditions,
substrate and turbidity. The adoption of platy forms by corals has been widely
interpreted as a strategy to optimise light capture in low-light settings, due to
deeper and/or more turbid environments (Rosen et al., 2002). We infer that
most of the corals in the Miocene patch reef were zooxanthellate because all
of their extant representatives are zooxanthellate forms including Porites,
Cyphastrea, Echinopora, and Oxypora. The flattening strategy has been
observed in modern corals with high morphological plasticity, e.g. Stylophora
pistillata which photoacclimatizes to deeper water (down to 40 m) by changing
from its regular branching form to a more plate-like morphology allowing
increased light capture (Mass et al., 2007). It has also been observed that
substrate type can drive the most successful forms found on soft sediments
towards thin-platy shapes (Hoeksema & Moka, 1989). Thin-plate corals have a
relatively high surface area to mass ratios that reduces the risk of sinking
down into muddy sediment. The development of small polyps arranged in
cerioid and plocoid forms seems to be a common characteristic of Cenozoic
turbid-water communities (Sanders & Baron-Szabo, 2005). Small-caliced
forms are dominant in this patch reef, including Porites (cerioid with a calicular
diameter of 1-1.5 mm) and Cyphastrea species (plocoid with a calicular
diameter of up to 3 mm). In addition, it has been suggested that among
mushroom corals, flat forms and convex surfaces can facilitate sediment
rejection in silty environments (Schuhmacher, 1979). These characteristics
were common not only in the mushroom corals recovered from the studied
reef (Podabacia sp., Lithophylon sp. and Cycloseris cf. sinensis; Fig. 7.4E), but
also in some agariciids (Cyathoseris, Pavona, Pachyseris and Leptoseris),
pectiniids (Oxypora, Echinophyllia and Fungophyllia), siderastreids
(Coscinarea and Pironastrea), and the eusmiliid Progyrosmilia.
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Figure 7.4
Representative scleractinian corals from the studied reef. A, Colony of Porites sp. 1.
showing a plate-patellate shape (scale bar = 2 cm); B–C, Cyphastrea sp. 1, B. three
fragments of a thin-platy colony (scale bar = 2 cm), C. detail of calices (scale bar = 1 cm);
D, calices of Echinopora sp., (scale bar = 1 cm); E, free-living solitary coral Cycloseris cf.
sinensis, (scale bar = 1 cm). F–K, Scleractinian corals from different species and families,
showing convergence on skeletal features: platy forms, serial corallites, and/or septal
arrangements: F. Hydnophora sp., Family Merulinidae, (scale bar = 1 cm); G. Pachyseris
sp., Family Agariciidae, (scale bar = 1 cm); H. Pavona sp., Family Agariciidae, (scale bar =
1 cm); I. Podabacia sp., Family Fungiidae, (scale bar = 1 cm); J. Coscinarea sp. Family
Siderastreidae, (scale bar = 1 cm); K. Cyathoseris cf. lophiophora, Family Agariciidae,
(scale bar = 1 cm).

Thin-platy corals of CS facies (Unit 4) gradually change into thicker platytabular forms in CP facies (Unit 5), indicating more optimal environmental
conditions of better illuminated, shallower and/or less turbid water due to a
change in delta input, as suggested by Rosen et al. (2002) for “abandoned
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delta lobe environments” in the palaeoenvironmental interpretation of different
platy coral communities. The low abundance of branching corals in the studied
reef reinforces the interpretation as a setting with relatively constant low
energy, as ramose coral morphologies are inferred to require more water
movement for sediment clearance and feeding (Sheppard, 1982; Huston,
1985; Morsilli et al., 2011).
Coral species richness (36 species) is high compared to other coral
assemblages known from Indonesia during the Neogene (8 to 22 species),
and is comparable with the Tokelau Limestone of Fiji (late Burdigalian) with 34
species (Bromfield & Pandolfi, 2012).

7.5.3 Coralline algae
In coralline algal assemblages on present-day coral reefs, the relative
abundance of members of the subfamily Melobesioideae (such as
Mesophyllum and Lithothamnion) increases with depth (Adey et al., 1982;
Adey, 1986; Iryu et al., 1995). Melobesioids together with Sporolithon are the
dominant coralline algae in deeper settings, from 15-20 m to 100-120 m (Adey
et al., 1982; Minnery, 1990; Verheij & Erftemeijer, 1993; Iryu et al., 1995; Lund
et al., 2000). A similar pattern in the proportions of melobesioids can be
observed in Miocene reefs in which palaeodepth gradients are well
constrained (Perrin et al., 1995; Braga et al., 2009, 2010). As with other algal
groups, light is the primary factor controlling the distribution of coralline algal
species, and light intensity and wavelength strongly depend on depth. Water
turbulence generally decreases with depth as well. Therefore, the dominance
of melobesioids in deeper reef settings probably reflects the preference of
members of this subfamily for low light intensity and quiet habitats. The
melobesioid-dominated coralline algal assemblages in the studied reef can be
interpreted as indicative of a deep-water environment, or a shallower setting
with lower light conditions due to high sediment load. However, the absence of
shallow water assemblages in the units with lowest sediment influx (Unit 4 and
5) suggest a relatively deep environment.
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Figure 7.5
Coralline algae from the studied reef. A, Mesophyllum sp. (protuberant morphology); B,
Foralgalith: thin laminar coralline alga (middle) and Sporolithon sp. (top) with encrusting
foraminifera; C, Lithoporella sp.

In addition, coralline algal thalli become thinner with decreasing light
conditions. Deep rhodoliths, crusts and the algal parts of foralgaliths are
composed of thin laminar and foliose coralline algae (Montaggioni, 1979; Adey
et al., 1982; Lund et al., 2000; Webster et al., 2009). The four main growth
forms of coralline algae in the studied reef are foralgaliths with thin encrusting
corallines, relatively thin crusts on corals or superimposed on other corallines,
fine protuberant, and foliose thalli. No coralline algae show thick crusts. The
recorded growth forms support the interpretation of an environment with low
light levels.
The most plausible reason for the absence of coralline algae in Units 1, 2 and
8 is the high siliciclastic influx. As observed in the Great Barrier Reef, coralline
algal abundance decreases with an increase of siliciclastic influx (Fabricius &
De’ath, 2001; Fabricius, 2005).

7.5.4 Bryozoans
Platy corals provided the main substrates for bryozoan settlement. The
present bryozoan species exhibit a wide range of colony morphologies
including encrusting runners (3%), encrusting unilaminar sheets (67%),
encrusting multilaminar (massive) (3%), erect rigid fenestrate (reteporiform)
(5%), erect rigid branching (7%), erect articulated branching (13%), and freeliving (2%). Encrusting colonies and the cemented base of erect species
usually grew on the undersides of corals, but a few specimens of Puellina
were observed encrusting the upper surface of corals. It is likely that coral
undersides represented exposed sites for settlement of bryozoan larvae while
the corals were living. These larvae were unable to settle directly on the
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muddy sea-floor whereas the corals offered a large surface area for the
development of both encrusting and small erect colonies. Therefore, the
studied reef could be interpreted as a framework that maintained a threedimensional structure above the sea-bottom. While unilaminar encrusting
bryozoans do not require significant vertical space, massive nodular and erect
species demand more vertical space for their growth, although some
reteporiform colonies are able to grow horizontally in a plane roughly parallel
to the surface of the substrate at a rather constant distance of 2-5 mm (Cuffey
& McKinney, 1982).
In contrast to encrusting and erect, the rare free-living cheilostome Actisecos
is directly associated with soft unstable sea-bottoms. The application of
uniformitarianism allows the presence of this genus to give a tentative estimate
of palaeobathymetry based on the depth ranges of extant congeneric species.
Only two species belonging to this genus are known so far, A. pulcher and A.
regularis, and their depth range extends from 59 down to 104 m (Canu &
Bassler, 1929; Harmer, 1957). All the other bryozoan genera co-occurring with
Actisecos in the studied reef belong to genera with large depth ranges that
cannot provide any useful palaeobathymetrical information. Based on their
relatively good preservation, it is unlikely that these specimens were resedimented.
The presence of 62 species of bryozoans and as many as 54 in a single unit,
is noteworthy. This figure is double the number (31 species) of fossil
bryozoans reported previously from the Cenozoic of the entire Indonesian
Archipelago (e.g. Lagaaij, 1968b; Lagaaij & Cook, 1973). Despite the great
diversity of bryozoans at this locality, they do not contribute significantly to
carbonate production in this coral reef complex as the number of specimens is
low and most species are represented by small-sized colonies. The high
species richness, low number of colonies and small body sizes are
characteristic of oligotrophic tropical environments, where bryozoans are
diverse but subordinate in biomass with respect to other faunal components
(Scholz & Hillmer, 1995).
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Figure 7.6
Representative bryozoans from the studied reef. A, ?Skylonia sp. (scale bar = 200 µm); B,
Actisecos sp. (scale bar = 200 µm); C, Margaretta sp. (scale bar = 500 µm); D, Tubiporella
sp. (scale bar = 200 µm); E, Triphyllozoon sp., front (scale bar = 200 µm); F, Triphyllozoon
sp., back (scale bar = 200 µm); G, Caberea sp., front (scale bar = 100 µm); H, Caberea sp.,
back (scale bar =100 µm); I, Vincularia sp. (scale bar = 200 µm); J, Puellina aff. voigti
(scale bar = 200 µm); K, Puellina sp. 1 (scale bar = 200 µm).
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Figure 7.7
Lithological log of the section of the studied reef, with biotic zonation and abundance within
studied fossil groups.

7.5.5 Facies interpretation
Light dependent organisms occurring in the studied reef suggest a mesophotic
environment. The dominance of flat shaped larger benthic foraminifera
combined with melobesioid coralline algal assemblage indicates low light
intensity and quiet habitats. In addition, the morphology of the platy corals is
indicative of muddy substrate type. These conditions characterised by low
energy and mesophotic illumination could, in general, be developed in
relatively deep clear-water settings, or in shallow-water turbid conditions. The
observed vertical changes in fossil assemblages and reef facies can be
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explained either by sea level variations or/and changes in terrestrial influx,
possibly accompanied by changes in nutrient input. Lithological analysis
revealed minimal lateral variation between eight sections along the outcrop,
and no sedimentary structures indicative of water turbulence were detected in
any of the units. Based on data gathered from the facies analysis and fossil
components, deposition in a low energy environment below the fair-weather
wave base is proposed for the studied reef. The relatively small size of this
reef and the distinct vertical changes within a reduced thickness, combined
with the high siliciclastic content in most of the units, point to changes in the
delta morphology, and its consequent terrigenous influx affecting
transparency, as the driving factor of reef facies variations.

Unit 9
Unit 8
Unit 7
Unit 6
sediment
corals
LBF
algae

Unit 5
Unit 4
Unit 3
Unit 2
Unit 1
0%

20%

40%

60%

80%

100

Figure 7.8
Percentage of sediment matrix, corals, larger benthic
foraminifera, and calcareous coralline algae estimated for
each lithological unit of the studied reef. LBF = larger benthic
foraminifera.

The studied sequence was initiated with the deposition of a bioclastic
packstone (FP facies; Fig. 7.9A) with a high siliciclastic content. The fine- to
medium-grain size of the bioclastic and siliciclastic constituents suggest that
the FP facies developed closer to the delta front than the overlying facies. The
low diversity of fossil groups, with only larger foraminifera observed in these
samples, suggests that high silicliastic influx inhibited reef growth (Lokier et al.,
2009). Reduced terrestrial influx increased illumination resulting in conditions
favourable for scarce platy corals and coralline algae to appear and colonise
the soft sediment, joining the existing larger benthic foraminiferal communities
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(BP facies; Fig. 7.9B). This highlights the role of foraminifera and, in a lesser
extent, of coralline algae in stabilising the substrate allowing the initiation of
reef growth, particularly in mixed carbonate-siliciclastic systems. With further
decrease in terrestrial influx, platy corals dominated the environment and in
turn provided habitat for colonisation of bryozoans (CS facies; Fig. 7.9C). In
the overlying CP facies, the reduced input of siliciclastic material, and
increased transparency in the water column, enhanced carbonate production
of the thick-tabular coral framework (Fig. 7.9D). This framework contrasts with
previously studied outcrops in the region that were described as low-relief
buildups lacking rigid frameworks (Wilson, 2005). The development of reef
framework was inhibited by high sediment input (Macdonald & Perry, 2003),
reflected by the higher proportion of siliciclastic matrix and lower fossil
abundance in the following BP facies (Fig. 7.9E). Only a few corals, coralline
algae, and rare larger foraminifera were able to survive in this rapidly changing
environment. When conditions and substrate were stabilized again, platy
corals reappeared for a brief period within a muddy matrix (CS facies; Fig.
7.9F). The top of this unit marks the end of local reef development and is
followed by deposition of fine-grained siliciclastics (S facies; Fig. 7.9G),
coinciding with the local disappearance of all studied fossil groups. This last
step of sedimentary evolution was probably driven by a relative sea level rise,
promoting the deposition of prodelta shales in the area.
The morphology of the studied reef can be compared with that of a Recent
reef from the central Great Barrier Reef in Australia that developed at sea level
in a turbid zone influenced by fluvial sediments (Palmer et al., 2010). Although
the external morphologies of the two reefs show some similarities, there are
also significant differences, for example in the size of the reefs, the lack of
framestone in the modern reef, and the coral types building the reefs. This
contrast can be explained by differences in depth, energy of the environment,
and the amount of terrigenous input. However, some morphological similarities
are present suggesting the potential for identifying different depositional
environments based on the facies (Palmer et al., 2010). Recurrent patterns of
coral community development since the onset of reef sedimentation led Perry
et al. (2011) to suggest that reefs can be re-established successfully and that
re-growth may be nearly identical by reef-building communities with identical
depositional structures. In the reef described in this study, autocyclicity can be
observed in the repetitive pattern of the CS facies developed after deposition
of BP facies.
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Although incomplete, this repetitive pattern occurs with thin-platy corals
following the deposition of foralgal packstones. This supports the findings
proposed by Perry et al. (2011) of the ability of the reefs to re-establish when
environmental conditions improve or new (stabilised) substrate becomes
available.
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Interpretation
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7.6 Conclusion
Based on facies analysis and fossil components, the depositional setting of the
studied reef was interpreted as a low energy mesophotic environment within a
prodelta. Coral reefs in such settings are very rare in the present day IndoWest Pacific area, and when found contain low biodiversity. Taking into
consideration the thickness of the reefal deposits, distinct vertical changes in
facies types, and the absence of sedimentary structures, the main factor
controlling the reef growth are proposed to be fluctuations in light level caused
by terrigenous influx affecting water transparency, most likely brought into the
depositional basin by a large river. Of the reef-building taxa considered here,
larger benthic foraminifera show the highest tolerance to siliciclastic input in
the fossil reef and played an important role in stabilising the substrate, allowing
the initiation of reef growth. Corals and coralline algae were most affected by
terrigenous input and entered the environment only when conditions and the
substrate were stabilised. The appearance of platy corals in turn provided
suitable substrates for bryozoans, which colonised cryptic undersides.
Combined data from the studied fossil groups, based on morphology and
environmental affinities (primarily light conditions), provided important
information for palaoenvironmental reconstruction.
The multi-taxon fossil assemblage analysis employed here proved to be
effective for the understanding and interpretation of the dynamic deltaic
palaeoenvironment represented by the studied reef complex, and can serve as
a model for further studies on Indo-West Pacific patch reefs developed in
mixed carbonate-siliciclastic depositional systems.
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Supplementary material
Appendix A

1. Percentages of abundance of Larger Benthic foraminifera per unit.

LB foraminifera (%)

Unit 1

Unit 2

Unit 3

Unit 4

Unit 5

Unit 6

Unit 7

Amphistegina

40.6

39.7

12.5

29.3

18.4

5.0

46.3

Cycloclypeus

0.0

0.0

20.2

0.3

14.8

0.0

1.2

Flosculinella

0.0

1.5

0.0

0.0

0.0

0.0

5.1

27.5

22.1

13.3

1.5

19.8

0.0

0.0

Miogypsina

0.0

0.0

0.0

0.0

0.0

0.0

7.3

Nephrolepidina spp.

0.0

1.5

32.5

29.9

24.8

0.0

14.7

Nephrolepidina sp. 1

0.0

0.0

0.8

12.4

1.6

4.0

0.4

Nephrolepidina sp. 2

0.0

0.0

2.5

6.9

3.0

0.0

1.6

Nephrolepidina ferreroi

0.0

0.0

1.0

17.0

0.1

0.0

0.0

Nephrolepidina martini

0.0

0.0

0.0

0.4

0.0

0.0

16.5

Lepidosemicyclina

Operculina

17.4

19.1

1.7

0.2

1.2

0.0

1.6

Palaeonummulites

0.0

1.5

0.0

0.0

0.4

0.0

0.0

Planorbulinella

0.0

0.0

0.0

0.6

0.7

5.8

1.2

Quinqueloculina

5.1

1.5

7.6

0.6

0.0

13.3

2.7

Sorites

0.0

0.0

0.2

0.0

0.0

3.3

0.0

Sphaerogypsina

0.0

0.0

0.2

0.0

0.1

0.0

0.0

small rotaliids

8.0

7.4

4.3

0.5

15.0

50.5

0.0

planktonic

1.4

5.9

3.3

0.5

0.2

18.0

1.2

100.0

100.0

100.0

100.0

100.0

100.0

100.0

Total
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2. Percentages of abundance of Coralline Algae per unit.

Coralline algae (%)

Unit 3

Unit 4

Unit 5

Unit 6

Unit 7

Melobesiodeae

25

6

10

7

15

Mesophyllum sp.

39

23

25

45

0

Lithothamnion sp.

0

3

0

5

0

Corallinales (foliose)

0

6

11

0

0

16

17

18

2

35

Corallinales (geniculate)

3

0

0

0

0

Mastophoroideae sp. 1

0

0

6

13

0

Lithoporella sp.

5

14

9

15

0

Lithophyllum pustulatum

0

0

0

0

20

Corallinales (thin laminar)

Sporolithon sp.

12

30

19

13

30

Peyssonnelia sp. 1

0

0.5

0

0

0

Halimeda

0

0.5

2

0

0

100

100

100

100

100

Total
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3. Percentages of abundance of Corals per unit.
Coral taxa (%)

Unit 3

Unit 4

Unit 5

Unit 6

Unit 7

Astreopora sp.

0

1.7

8.3

0

1.7

Dictyaraea cf. micrantha

0

0.7

0

0

0

Cyathoseris cf. lophiophora

0

2

1.7

0

2

Leptoseris cf. papyracea

0

0.7

0

0

0

Leptoseris -like

0

0.3

0

0

0

Pachyseris cf. denticulata

0

0.7

0

0

0

Pachyseris sp.

0

1.7

0

0

2.3

Pavona sp.

0

0

0

0

0.3

Agariciidae sp.1

0

0

1.7

0

0.7

Stylocoeniella sp.1

0

3

0

0

0

Stylocoeniella sp.2

0

1.7

0

0

3

Turbinaria sp.

0

0

0

0

0

Cyphastrea sp.1

0

6.7

0

0

26.7

Cyphastrea sp.2

0

0

10

0

12

Echinopora sp.

0

23.3

5

0

5

Montastraea sp.

0

1.7

0

0

0

Trachyphyllia sp.

0

0.7

0

0

0

Cycloseris cf. sinensis

0

0.7

0.7

0

6.3

Lithophyllon sp.

0

0.3

0

0

2.4

Podabacia sp.

0

3.3

0

0

12

Progyrosmilia sp.

0

0

13.3

0

0

Hydnophora sp.

0

0

0

0

1.7

Cynarina sp.

0

1.3

1.3

0

0.7

Echinophyllia spp.

0

0.7

0.7

0

3.4

Fungophyllia sp.

0

1.7

0

0

3.7

Mycedium sp.

0

0

0

0

0.7

Oxypora sp.

0

0

11.7

0

0

Seriatopora sp.

0

0.7

0

0

0

Goniopora sp.

0

1.7

0

0

1.7

Porites sp.1

+

21.4

28

+

5

Porites sp.2

+

5

13.3

0

8.7

Coscinarea sp.

0

1.7

0

0

0

Pironastrea sp.

0

0

4

0

0

Psammocora sp.

0

8.3

0

0

0

Scleractinia platy

0

7

0

0

0

Scleractinia solitary

0

0.7

0

0

0

?Nephtheidae

0

0.3

0

0

0

Isis sp.

0

0.3

0.3

0

0

100

100

Total

100
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4. Percentages of abundance of Bryozoans per unit.

Bryozoan species (%)

Unit 4

Unit 7

Stomatopora sp.

0

2.2

Filisparsa sp.

0

0.6

1.9

9.0

0

0.6

Oncousoecia sp.
Exidmonea sp.
Plagioecia sp.

1.9

0

Annectocymidae sp.

0

0.1

Lichenoporidae spp.

1.9

5.1

Crassimarginatella sp.

0

0.4

Cranosina cf. coronata

0.9

0.2

Antropora sp.

4.7

0.7

Vincularia sp. 1

9.3

0.2

Vincularia sp. 2

9.3

0.1

Setosellina sp.

0.9

0

Caberea sp.

0

4.8

2.8

1.2

Scrupocellaria sp.

0

0.2

Setosinella perfluxa

0

1.1

Monoporella sp.

2.8

0.1

Floridina sp.

5.6

0.1

Steginoporella spp.

5.6

1.3

?Skylonia sp.1

0.9

0

0

0.1

Canda spp.

Smittipora sp.
Puellina aff. voigti

1.9

1.0

Puellina sp. 1

0

0.5

Puellina sp. 2

1.9

0.4

0

0.3

2.8

0

Caberoides sp.
Exechonellidae sp.
Trypostega sp.

0

0.1

10.3

1.1

Adeonellopsis cf. obliqua

0

0.5

Parasmittina sp.

0

0.1

Umbonula sp.

0

0.3

Lagenicella sp.

0

1.3

Reptadeonella spp.

Margaretta sp. 1

7.5

3.0

Margaretta sp. 2

1.9

12.2

Hippopodina cf. feegeensis

0

1.8

Bryopesanser sp.

0

0.7

0.9

0.7

Orbiculipora sp.
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Bryozoan species (%)

Unit 4

Unit 7

Saevitella sp.

0.9

0.6

Actisecos sp.

1.9

0

0

0.5

0.9

0

Arthropoma sp.

0

3.6

Trematooecia sp.

0

0.1

0.9

0.4

0

0.2

Microporella sp.
Crepidacantha sp.1

Buffonellaria sp.
Lagenipora sp.
Celleporidae spp.

1.9

4.0

Plesiocleidochasma cf. laterale

0

0.1

Plesiocleidochasma sp.

0

0.1

Triphyllozoon sp.

0

24.2

Rhynchozoon sp.

0

0.1

Phidoloporidae sp. 1

0

5.5

Phidoloporidae sp. 2

1.9

1.2

Hippomenella sp.

0

0.1

1.9

0.5

Cheilostome sp. 1

0

0.1

Cheilostome sp. 2

0

0.2

Cheilostome sp. 3

0

0.1

Cheilostome sp. 4

0

0.1

Cheilostome sp. 5

0

0.1

Cheilostome uniserial sp. 1

Cheilostome sp. 6

0

0.4

Cheilostome ind.

14.0

5.4

Total

100

100

415	
  

CHAPTER 8
A diverse patch reef from turbid habitats in the Middle
Miocene, East Kalimantan, Indonesia
Nadiezhda Santodomingo, Vibor Novak, Vedrana Pretković, Nathan
Marshall, Emanuela Di Martino, Elena Lo Giudice, Anja Rösler, Sonja
Reich, Juan C. Braga, Willem Renema & Kenneth G. Johnson
Submitted in Palaios
Abstract
The Kutai Basin (East Kalimantan, Indonesia) contains a rich and wellpreserved Miocene fossil record of small patch reefs that developed under
the influence of high siliciclastic inputs associated with the progradation of the
Mahakam Delta. In this study, we reconstruct the biodiversity and
palaeoenvironments of one of these delta-front mixed carbonate-siliciclastic
systems that developed at the Serravallian-Tortonian boundary near the city
of Samarinda. In two newly exposed sections, we analyzed the
sedimentology and distribution of main fossil biota including corals,
foraminifers, coralline algae, and bryozoans. Seven sedimentary units were
recognized including facies dominated by platy corals and by larger benthic
foraminifera in addition to fossil-barren units. Facies distributions were driven
by sea level changes and variation in input of terrigenous sediments within a
range of delta-front habitats. Despite the turbid conditions, fossil assemblages
are highly diverse, including 69 coral species and 28 bryozoan species that
occur in coral-dominated facies. Crustose coralline algae are mainly
associated with the coral-dominated facies, while larger benthic foraminifera
show broader ecological tolerances within the range represented in the
studied units and are common in most facies. These diverse patch reef
ecosystems were able to cope with high fine-grained siliciclastic inputs.
Further studies of ancient and modern coral communities living in marginal
habitats characterized by low light, high turbidity, extreme temperatures, or
high nutrients are critical to understand how coral reefs could respond to
ongoing global environmental change.
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8.1 Introduction
Coral reefs are declining worldwide as a result of human activities (Hughes et
al., 2003; Hoegh-Guldberg, 2011). Anthropogenic stressors include local
activities such as overfishing and water pollution from urban areas, and at
global scale, global warming and ocean acidification (Bellwood et al., 2004;
Hughes et al., 2007). Global warming has changed rainfall patterns (Xie et
al., 2010), that in combination with coastal expansion and deforestation
around river basins have led to increased discharges of sediments into the
oceans and, as a consequence, many of the coral reefs have undergone
phase shifts into sediment-tolerant dominated systems (Hughes et al., 2007;
Hoegh-Guldberg et al., 2007).
Understanding the dynamics of coral reefs living under terrigenous influence
would contribute to a better understanding of the ecological processes that
support reef resilience. Terrigenous influx is a key control on the
development of coral reefs, because (1) it leads to increased water turbidity,
reducing light available for light-dependent organisms; and (2) smothering of
biota due to high sedimentation regimes (Rogers, 1990; Nugues & Roberts,
2003; Fabricius, 2005). Numerous studies show that prolonged exposure to
sediment discharges from rivers has a negative impact on corals and other
reef biota leading to decreased coral reef health (Rogers, 1990; Katwijk et al.,
1993; Stafford-Smith, 1993; Fabricius & De’ath, 2001; Fabricius, 2005).
There is also a generally accepted view that coral diversity tends to be low in
reefs substantially impacted by siliciclastic input (Woesik et al., 1999;
DeVantier et al., 2006; De’ath & Fabricius, 2010). In contrast, other studies
challenge the idea of a negative effect of sediments on reef development
(Kleypas et al., 1999; Larcombe et al., 2001; Perry et al., 2012; Browne et al.,
2012). Indeed, Perry et al. (2012) found that periods of most rapid accretion
over the past ~700 years coincide with phases of reef development
dominated by fine-grained terrigenous sediment accumulation.
Palaeoecological studies are key to understand the dynamics of the
environmental parameters that drive coral reef development and diversity at
broader temporal and spatial scales (Perry et al., 2009; Roff et al., 2013). In
the geological record there are numerous examples of coral assemblages
developing in environments under high siliciclastic influence since at least the
Late Triassic (Rosen et al., 2002) in the Mediterranean (Hayward, 1982;
Braga et al., 1990; Morsilli et al., 2011; Pomar et al., 2012) and the
Caribbean (Mcneill et al., 2000; Klaus et al., 2008). Indeed, the fossil record
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of Southeast Asia, the region that hosts the most diverse marine ecosystems
on Earth also known as the Coral Triangle (Bellwood et al., 2005; Hoeksema,
2007), is rich in well-preserved coral assemblages that mainly developed
under high sediment influx (Gerth, 1923; Umbgrove, 1929; Wilson, 2005;
Novak et al., 2013).
Sedimentology and carbonate dynamics of Miocene reefs in the Coral
Triangle have been studied in a regional context (Wilson & Lokier, 2002;
Wilson, 2005), revealing the potential high diversity of patch reefs that formed
in mixed carbonate-siliciclastic deposits (Wilson, 2005). However, little is still
known about the species composition, development, and detailed
palaeoecology of those Miocene turbid environments (Novak et al., 2013).
Due to urban development in the area, numerous new outcrops are exposed,
regularly increasing the number of sections through patch reefs beyond those
available for study by Wilson (2005).
In this study, we characterize a new example of coral-rich facies that occur
within mixed carbonate-siliciclastic systems in the region. These sections are
referred to as the Stadion coral carbonates (Stadion CC) as they are exposed
at the intersection of a coal-mine access road and the highway leading to
Stadion Utama Kaltim, which opened in 2008. The main goals of this study
are: (1) to describe the assemblages of corals, benthic foraminifera, coralline
algae, bryozoans, and molluscs occurring in the sections of a patch reef; (2)
to perform a palaeoenvironmental reconstruction based on the analyses of
the sedimentology and biota; (3) to describe the developmental stages of this
patch-reef; and (4) to discuss the consequences of these new insights for the
importance of terrigenous sediments as a controlling factor for modern coral
reefs. This manuscript is part of a series of papers produced by the
Throughflow Project, in a collaborative effort to provide detailed information
about biodiversity during the Miocene of East Kalimantan (Johnson et al.,
submitted).

8.2 Geological setting
The study area is located within the Kutai Basin in East Kalimantan (Fig. 8.1),
a depositional basin that formed during the middle Eocene when the
Makassar Straits and Philippines Sea opened (Cloke et al., 1999; Wilson &
Moss, 1999). Throughout the Miocene, large amounts of clastic sediments
formed rapidly prograding deltas (Hall & Nichols, 2002). In particular, during
the Middle Miocene more than 4 km of shelf to fluvial sediments were
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deposited as the Mahakam Delta system prograded to its current position
(Wilson & Moss, 1999; Hall & Nichols, 2002; Marshall et al., submitted). The
modern Mahakam Delta is located in a low wave-energy coast and its
dynamics are tide-dominated so that the deltaic sediments are characterized
by high silt and clay contents as little sand is sorted by longshore currents
(Allen & Chambers, 1998; Storms et al., 2005).

Figure 8.1
Location of the Stadion patch reef in A, East Kalimantan, Indonesia, nearby B,
Samarinda city. The Stadion coral carbonates (Stadion CC) were studied in two sections
C, Stadion CC-1 and D, Stadion CC-2.

The Miocene Mahakam Delta sequence (Fig. 8.2A) begins with shaledominated shelf deposits and includes several carbonate intervals that are
exposed as prominent ridges such as the Batu Putih patch reefs (Moss &
Chambers, 1999; as Air Putih in Wilson, 2005; Lokier et al., 2009; Marshall et
al., submitted). Stratigraphically above the Batu Putih patch reefs, coarsergrained deltaic sedimentation begins and sandstones become progressively
the dominant lithology often directly above coal beds. A sedimentation rate of
about 74.6 cm/kyr has been estimated throughout the Samarinda sequence
by Marshall et al. (submitted), based on magnetostratigraphic analyses that
correlate the Samarinda polarity pattern and the geomagnetic polarity
timescale (see Fig. 11 in Marshall et al., submitted). The Stadion CC are a
second set of carbonates with abundant fossils that overlie ~400 m of marine
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influenced sediments (Fig. 8.2). Within 20 m above the Stadion CC, fluvial
sedimentation resumes as thick sandstones and fossil barren shales
(Marshall et al., submitted).
The age of the Stadion locality has been placed at the Serravallian/Tortonian
boundary (11.6 Ma) using integrated magnetostratigraphy and biostratigraphy
(Marshall et al., submitted). Thus, the Stadion CC would be younger than
other carbonate sections previously studied by Wilson (2005) within the
Samarinda sequence and considered to be Lower to predominately Middle
Miocene, such as the Dibelakan Parliament, Air Putih and Permasip.
8.3 Terminology
Facies descriptions in this work follow the nomenclature and
characterizations developed by Insalaco (1998). These terms are an
extension of the boundstone category applied by Dunham (1962) to facies
that are dominated by in situ bioconstructors (corals, sponges, bryozoans,
etc.) in growth position that may or may not form a true framework. From this
approach, the term ‘growth fabric’ is used to describe the texture of coral
facies. The term ‘framework’, sensu stricto, can be applied when a degree of
rigidity, wave resistance, and intergrowth could be inferred for the growth
fabric (Insalaco, 1998). The Insalaco nomenclature is based on the growth
form of scleractinian corals as the primary descriptor, therefore a facies
dominated (>60%) by branching corals is named a pillarstone, by platy to
tabular corals (width to height ratio ≤30 to ~3:1) is a platestone, by thin-platy
to sheet-like corals (width to height ratio >30:1) is a sheetstone, by domal
massive corals are domestones, and those facies dominated by a variety of
coral growth morphologies are mixstones. Regarding the geometry of the
bioconstructions, the term ‘biostrome’ is applied to facies that are distinctly
bedded and do not thicken into lenses so that their upper and lower surfaces
are flat and parallel. In contrast, ‘bioherm’ is used to define rigid structures
that caused modification of seabed topography and therefore are likely to
have distinct ecological zonation (Cummings, 1932).
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Although extensively used in palaeoenvironmental interpretations, the terms
‘reefs’ and ‘patch reefs’ have countless, contradictory, and ambiguous
definitions (see review in Fagerstrom, 1987; Rosen, 1990). Therefore, we
constrained our direct comparisons to previous studies in the region (Moss &
Chambers, 1999; Wilson & Lokier, 2002; Wilson, 2005, 2008; Lokier et al.,
2009; Novak et al., 2013). In East Kalimantan, the term ‘patch reef’ has been
applied to modern coral communities characterized as small isolated
assemblages, which develop in shallow waters on the delta-front eight
kilometers from the mouth of the Berau River (Tomascik et al., 1997). A
similar approach was used for the interpretation of Miocene fossil coral
assemblages located in the delta-front of the Mahakam delta, in which the
term ‘patch reef’ has been applied to carbonate structures that “developed in
shallow waters, form low-relief coral buildups, lack rigid frameworks, and had
gently sloping margins of a few degrees (Wilson, 2005)”. It is important to
note that Wilson’s (2005) definition implies the use of the term ‘reef’ in a
broad sense due to the ‘lack of rigid framework’ of the carbonate structures;
likewise, in the present study the term ‘patch reef’ is used following the broad
sense of Wilson (2005), to describe coral carbonates regardless the
lack/presence of rigid frameworks (Moss & Chambers, 1999; Wilson & Lokier,
2002; Wilson, 2008; Lokier et al., 2009; Novak et al., 2013).
From our descriptive approach, we suggest to treat ‘biostrome’ independently
from the term ‘coral carpets’ proposed by Riegl & Piller (2000b, 2002),
because the use of coral carpets implies a environmental interpretation by
analogy with modern coral settings. While coral carpets can be preserved as
biostromes, not all biostromes have been interpreted as being deposited by
coral carpets (e.g. algal biostromes, Bosence, 1983; Benisek et al., 2009;
bryozoan biostromes, Taylor and Zaborski, 2002). These concepts provide
the background for further interpretations of the different facies within the
Stadion CC.

8.4 Methods
The Stadion CC are exposed in two outcrops, Stadion CC-1 located at 0.585
S, 117.120 E (Fig. 8.1C) and Stadion CC-2 at 0.586 S, 117.120 E (Fig. 8.1D)
that are 150 m apart, at the crossroad of the stadium highway and a coal
mine road. The outcrops Stadion CC-1 and Stadion CC-2 correspond to the
Throughflow Project localities TF57 and TF51, respectively. The two studied
sections are 8–10 m thick, with an eastward dip of 55°, and were laterally
exposed for a few tens of meters but partially covered by vegetation. Both
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sections were logged and sampled to identify lithological units, sedimentary
structures, relative abundance of fossil components, and main taphonomic
features. Photomosaics were taken to describe morphology and lateral
variation (Fig. 8.1C–D), and the units were correlated and summarized in two
logs and a schematic sketch of the facies architecture (Figs. 8.2B, 8.3).
Lithological samples were collected in each unit for further microfacies
analysis of 21 thin sections (28x48 mm). Lithology and facies descriptions
follow Folk (1980) for siliciclastics, and Dunham (1962) and Insalaco (1998)
for carbonates. Carbonate contents of the sediment matrix were determined
using Total Inorganic Carbon (TIC) analysis; for this assessment 50 mg of
each sample was ground and then analyzed with the front-end acid digestion
instrument CM 5240, which converts inorganic carbonate species into CO2.
The generated CO2 is transported into a CM 5014 Coulometer that measures
the TIC percentage from which the CaCO3 percentage was calculated.
Standard used for the carbon calibration is 12% carbon.

8.4.1 Fossil assemblages
The Stadion CC contain mainly corals, foraminifers, coralline algae,
bryozoans, and molluscs. In addition, some echinoid spines, serpulid tubes,
small brachiopods, and crustacean chelae were found within the sediments
or cemented to coral surfaces. In this study, only the former five main groups
were considered based on their abundance and the taxonomic expertise of
the research team. The primary datasets used to describe the distributions of
these five main taxa within the units include field observations, hand
specimens and bulk samples collected from the fossiliferous units, and thin
sections. Bulk samples consisted of approximately 5 to 7 kg mix of sediment
and fossil material that were dug out from each unit in the outcrops; once in
the laboratory the bulk samples were soaked in water, washed, and sieved
through 5 mm, 2 mm, 500 µm and 125 µm sieves. Fossil specimens were
identified, mostly to genus or species, according to their preservation and
taxonomic framework available for each group. Some taxa were left in open
nomenclature pending detailed taxonomic description that is beyond the
scope of this study. Representative specimens of corals, bryozoans and
molluscs are deposited at the Natural History Museum (London), larger
benthic foraminifera at the Naturalis Biodiversity Center (Leiden), and
coralline algae at the Departamento de Estratigrafía y Paleontología of the
University of Granada.
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Corals were studied from 53 bulk samples as well as specimens individually
collected from the outcrop surface. Bulk sediments were sampled randomly
within each unit and also along 4–5 m long line transects. Transects were
placed at each observed change of composition within each unit, thus nine
transects were measured at Stadion CC-1 and equivalent seven transects at
Stadion CC-2 (Fig. 8.3). High taxonomic richness and the lack of a rigorous
regional taxonomic framework for Miocene reef-corals restricted our ability to
identify taxa in the field, so transects were used to estimate percentages of
the different types of coral growth forms, including massive, branching
(ramose and phaceloid), solitary, and platy, the later one sub-classified as
thin-platy and platy tabular (Insalaco, 1998; Rosen et al., 2002). The relative
abundance of sediment and coral in each unit was estimated along each
transect. Specimens recovered from samples were counted and weighed,
and relative abundances were estimated as a percentage of each taxon per
unit (Appendix A). External morphological characters of corals observed with
a Leica microscope MZ16, such as colony forms and calice features were
used for taxonomic identifications in the laboratory and taxa names were
assigned following the recent revision on Indo-Pacific fossil corals by
Johnson et al. (submitted). Acropora specimens were identified into ‘species
groups’ (Wallace, 1999). Well-preserved corals weathered out at the base of
the outcrops were also collected to enhance taxonomic lists and
identifications.
Larger benthic foraminifera were examined in 11 thin sections (28x48 mm)
and as specimens picked from 14 bulk samples (500 µm to 2 mm fractions;
~300 foraminifera per sample). Taxon abundances were estimated relative to
the total number of foraminifera identified in each sample or thin section
(Appendix B). A semi-quantitative approach was applied to evaluate benthic
foraminiferal assemblages within the 125–500 µm fraction from each sample.
In each sample, ~100 specimens were sorted, identified, and scored as
abundant if they represented more than 40%, common between 15 and 40%,
frequent from 5 to 15%, and rare if less than 5%. The percentage of
planktonic/benthic foraminifera was also calculated (Appendix C).
Coralline algae were collected in the field and subsequently studied in a total
of 32 ultra-thin sections (10–15 µm thick). Relative abundances of taxa of
coralline algae were estimated by measuring the proportional cross-sectional
area occupied by each taxon in relation to the total coverage of coralline
algae (Perrin et al., 1995). Structures built by coralline algae such as crusts,
rhodoliths, and foralgaliths that are compact nodules with foraminifers
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(Prager & Ginsburg, 1989), were recognized in hand specimens and in thin
sections. Growth forms were described using the terms of Woelkerling et al.
(1993).
Bryozoans were found encrusting the bases of platy corals and coral
branches, and as colony fragments picked from sediment fractions larger
than 500 µm from ten bulk samples. Bryozoan specimens were identified
using a stereomicroscope or SEM to species, genus or family level. Relative
abundances of taxa were estimated by counting the number of encrusting
colonies on the corals and fragments of erect species scattered in the
sediments. The proportion of corals encrusted by bryozoans was also
estimated by comparing the number of coral specimens/fragments encrusted
by bryozoans and the total number of coral specimens/fragments contained
in the bulk samples. Colony growth-forms of bryozoans included two main
categories, encrusting and erect (following Cheetham et al., 1999), and their
respective proportions were calculated in terms of both species richness and
specimen abundance.

8.4.2 Statistical analysis
To assess changes in the community composition among facies and between
the two sections, non-metric multidimensional scaling (NMDS) ordinations
were produced for corals and larger benthic foraminifera. Coral abundances
were estimated as weight percentages standardized using the “Wisconsin
double standardization” where species are first standardized by maxima and
then sites by site totals (Oksanen et al., 2013). NMDS plots based on
transformed data from percentages of the number of fragments and/or
colonies showed a similar pattern of clustering to that obtained from their
respective weight percentages; hence the latter plots are not included here.
Analyses of similarity (ANOSIM) where used to test for intergroup
differences, and similarity of percentages analysis (SIMPER) was used to
identify species that were most responsible for the discrimination between
facies and outcrops. Statistical analyses were performed using the vegan
package (Oksanen et al., 2013) within the R statistical software environment
(R-Core Team, 2013).
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8.5 Results
Seven main lithological units were recognized and correlated across both
sections (Fig. 8.2B). Each of the lithofacies extended laterally at least 150 m,
as along-strike exposures were identified no farther than 50 m north from
Stadion CC-1 and 300 m south from Stadion CC-2. Therefore, the horizontal
size of the structure could be interpreted as larger than 150 m and less than
300 m.

Figure 8.3
Interpretation of the Stadion coral carbonates sections, including
lithological units (U1 to U7) and facies, laminated siltstone = LZ,
carbonaceous shales = CaS, bioclastic sandstone = BSa, coral
platestone = CPl, foraminiferal packstone = FPa, coral sheetstone
= CSh, clay shales = ClS. Red contours indicate line transects (T1
to T9).
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8.5.1 Facies types
A combined analysis of the sedimentary composition and main fossil contents
of the seven lithological units showed that each unit corresponds to a
distinctive facies type (Figs. 8.2B, 8.3–8.4). Table 8.1 shows a summary of
the most relevant characteristics of the facies and their respective fossil
contents.
Laminated Siltstone Facies (LZ) – The lowest facies is characterized by a
laminated siltstone with thin (3–10 mm) mudstone layers and occasional
ripple marks (Fig. 8.4A). The lower part of the unit is intensely bioturbated.
Towards the top, the siltstone alternates with fine-grained sandstones and
thin layers of carbonaceous shale no more than 1 cm thick. Fossils are
absent. The exposed unit is about 1 m thick in both sections, with its base
covered.
Carbonaceous Shale Facies (CaS) – The carbonaceous shale bed (Fig.
8.4B) is 20 cm thick in Stadion CC-1 and 40 cm thick in Stadion CC-2. This
unit has sharp contact with the laminated siltstone facies at the base and a
gradual change into the mixed siliciclastic-carbonate facies towards the top.
Carbonaceous content decreases upwards as clay and silt content increases.
Small pieces of amber were observed in the lower part of this unit with no
other fossils.
Bioclastic Sandstone Facies (BSa) – This facies is a 20-cm thick transitional
unit of mixed siliciclastic and bioclastic carbonate components (Fig. 8.4C).
Contacts with the basal and the top unit are gradual. Compared to the
underlying facies, the carbonaceous content is lower (<10 %) while the
average carbonate content is higher (36%). The siliciclastic component is
predominately moderately to well-sorted fine sand composed of a mix of
subangular to subrounded fine-grained quartz. Larger benthic foraminifers
are about 15% of the sediment (Fig. 8.4D) and some mollusc fragments were
also observed. A few planktonic foraminifers were observed in the finer
fractions (2%). No other fossils were recovered.
Coral Platestone Facies (CPl) – This is a mixed carbonate and siliciclastic
unit, with an average of 45% CaCO3 in a gray matrix, in which corals and
other bioclasts are present (Fig. 8.4E–F). Its thickness is 1.1 m at the Stadion
CC-1 and 3 m at the Stadion CC-2. The transition from the underlying
bioclastic sandstone facies is gradual from sand to a silt-rich sediment matrix
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with abundant fossils. Corals constitute the main carbonate-forming
component of this unit (60–70%, Fig. 8.5). Most corals are densely packed in
growth position, with their calicular surfaces facing upwards and bioclastic
sediments in the interstices. Relative abundances of the different coral
growth forms change from the base to the top of the unit (Fig. 8.5). Corals
first appear in transect 2 (Figs. 8.3, 8.5), mainly as thin-platy forms (1 to 7
mm thick) and delicate ramose corals (1 to 6 mm in diameter). More robust
forms became abundant in the middle of this unit, including ramose corals
(up to 16 mm in diameter), platy-tabular (4 to 7 cm thick), and small massive
forms (10 to 15 cm high). At the upper part of the unit, the growth fabric is
composed by relatively similar proportions of small massive (21.2%),
phaceloid (17%), and platy-tabular corals (16.4%) (Fig. 8.5). Larger benthic
foraminifers appear as a subordinate component (10%) within the siliciclastic
matrix. Coralline algae occur in low abundances (5%), mainly as encrusting
plants. The majority of molluscs recovered from the Stadion CC belong to this
unit. Some echinoid spines were also observed within the sediments.
Foraminiferal Packstone Facies (FPa) – This facies has the highest
carbonate content (72%) and it is a packstone dominated by larger benthic
foraminifers (Fig. 8.4G–H). The thickness is relatively uniform, varying from 1
m at Stadion CC-1 to 1.2 m at Stadion CC-2. The contacts with the units
below and above are sharp. Corals were observed as a subordinate
component (15%), preserved in growth position, and evenly distributed
among thin-platy, massive, tabular, and ramose forms. From the base to the
top, no changes in the fossil assemblages were observed. Coralline algae,
Halimeda fragments, echinoid spines, and entirely recrystallized gastropods
occur as minor components.
Coral Sheetstone Facies (CSh) – Corals are the main component (40–60%)
of this mixed carbonate-siliciclastic bed (Fig. 8.4I). The thickness is 1.6 m at
Stadion CC-1 and 1.8 m at Stadion CC-2. Carbonate content within the
sediment matrix is on average 30%, decreasing from 40 to 11 % up section.
The upper part of the unit is characterized by a decline in coral abundance.
Among the corals, thin-platy forms dominate (65–95%) resulting in a
sheetstone fabric. These thin-platy corals are mostly 1–5 mm thick, and
densely packed in growth position. Platy-tabular corals (30%) up to 3 cm
thick were also observed, mainly towards the top of the bed, and some
clusters of branching corals were sparsely distributed along the transects.
The siliciclastic sediment matrix is yellow and clay-rich with abundant larger
benthic foraminifers (20–30%). Crustose coralline algae occur in low
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proportions (5%), mainly encrusting corals together with foraminifers (Fig.
8.4J). Bryozoans are commonly found encrusting the under surfaces of thinplaty corals, with 27% of the corals colonized by bryozoans. Sparse cidaroid
echinoid spines, gastropods and fragments of bivalves also occur.
Clay-shale Facies (ClS) – Clay sediments and the absence of fossils
characterize the uppermost facies exposed at the Stadion CC sections.
Although the top of the outcrop is covered by vegetation with no other
deposits exposed, several hundred meters of thick deltaic sandstones are
visible further up the section (Cibaj, 2009).
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Figure 8.4
Facies: A, Laminated siltstone.
B, Carbonaceous shale. C–D,
Bioclastic sandstone and D,
micrograph of thin section
showing well sorted fine-sand
and larger benthic foraminifera.
E–F, Coral platestone; E, large
tabular colony of Progyrosmilia
sp. and F, micrograph of thin
section
showing
Nephrolepidina ferreroi. G–H,
Foraminiferal packstone and
H, micrograph of thin section
showing Nephrolepidina and
Amphistegina.
I–J,
Coral
sheetstone showing multiple
stacks of thin platy coral
colonies and J, detail of larger
benthic foraminifera encrusting
on coral surface of a Pavona
sp. Common larger benthic
foraminifera
include
Nephrolepidina
=
Ne,
Amphistegina = Am, and
Lepidosemicyclina bifida= Lb
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8.5.2 Fossil Assemblages
The four middle facies of the Stadion sections, coral platestone and
sheetstone, bioclastic sandstone and foraminiferal packstone are richly
fossiliferous. The remaining facies are barren in fossils. Percentages of
abundance for the five main fossil groups studied in the Stadion sections are
illustrated in Fig. 8.5.
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Figure 8.5
Facies of the Stadion patch reef, including percentages of the main substrate components
and fossil groups. Biotic distribution and abundance of corals, foraminifers, coralline algae,
bryozoans, and molluscs are illustrated, including the main growth forms, taxa or feeding
strategy, accordingly. Asterisks (*) indicate the occurrence of the fossil group but
preservation issues hampered the estimation of its abundance within the facies.
Percentages of calcium carbonate (%CaCO3) in the marine facies are shown in the last
column.
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Corals – A high richness of coral species was recorded from the studied
sections (Table 8.1; Fig. 8.6). A total of 69 species from 43 genera were
identified from 4686 specimens, including 66 species from 40 genera of
scleractinians. Other taxa were the hydrozoan Millepora sp., and the
octocorals Heliopora sp. (Fig. 8.6A) and Isis sp. (Appendix A). A few
octocoral sclerites (3–5 mm long) were also recovered. A small percentage of
the specimens (<1%) could not be identified. Although useful as comparative
material for improving the taxonomic framework, the 157 specimens collected
from the outcrop surface only yielded two additional taxa, Leptoseris aff.
mycetoserioides and Lobophyllia sp.
Species occurrences varied within and among the different facies but not
markedly between the sections (Table 8.1; Fig. 8.5). The first corals
appeared at the base of the coral platestone facies, about 20 cm above the
carbonaceous shale, including Porites sp. 1 (Fig. 8.6A), Leptoseris sp. 7, and
Heliopora sp. (Fig. 8.6G). Coral abundances and richness increased to 22 in
transects 3 and 5, reaching its maximum number of 31 species in transect 4.
Within this facies, platy tabular forms of Progyrosmilia sp. 2 (Fig. 8.6C) and
Astreopora spp. were dominant in the Stadion CC-2, while small massive
colonies of Porites sp. 3 (Fig. 8.6E) were typical in the Stadion CC-1. At the
top of the coral platestone facies, the phaceloid taxa Galaxea spp. (Fig. 8.6F)
and ramose Porites sp. 2 and Dictyaraea sp. were more common
components of the community. In total for the coral platestone facies, 48
species from 43 genera were identified, with 24 species common to both
sections.
Corals were poorly preserved in the foraminiferal packstone facies. No new
taxa were found in this facies, and 43 coral species that were present in the
previous coral platestone facies did not occur in this facies. Only five species
were identified from samples collected in transect 6, from which massive
Porites sp. 3 (44%), ramose Porites sp. 2 (30.5%), and platy Porites sp. 1
(9.8%) were the most abundant corals.
With a total of 56 species, the highest coral richness and the best-preserved
specimens were observed in the coral sheetstone facies, mainly dominated
by thin-platy forms of Porites sp. 1, the agariciids Leptoseris spp. (e.g. Fig.
8.6J) and Pavona spp. (e.g. Fig. 8.6L), the merulinids Cyphastrea spp. (e.g.
Fig. 8.6M) and Echinopora sp., and the siderastreid Psammocora sp. (e.g.
Fig. 8.6N). Twenty-three coral species were present in the upper part of coral
sheetstone facies, including Porites sp. 1, Cyphastrea cf. imbricata, and other
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agariciids. Thirty-seven species were shared with the previous coral
platestone facies, and except for the small massive Porites sp. 3, all species
from the underlying foraminiferal packstone facies were present in the coral
sheetstone facies. However, the coral sheetstone and coral platestone facies
contained significantly different assemblages in terms of species abundances
(ANOSIM R= 0.278, p-value=0.022; Fig. 8.7A). No significant differences
were observed on coral composition between the Stadion CC-1 and Stadion
CC-2 sections (R= 0.078, p-value= 0.206).
Foraminifera – In the coarser fractions (>2 mm and 0.5-2 mm), assemblages
of larger benthic foraminifera varied among the lithofacies (Table 8.1, Fig.
8.5, Appendix B). Small and robust forms of Amphistegina and
Nephrolepidina (Fig. 8.8A) dominated in the bioclastic sandstone facies, with
rare occurrences of thin and flatter Lepidosemicyclina (Fig. 8.8C). In the coral
platestone facies richness increased slightly, with Amphistegina and
Nephrolepidina still dominant, albeit with increased abundance of
Lepidosemicyclina, and subordinate Operculina. Although very abundant,
they were less rich in the foraminiferal packstone facies than in the coral
platestone facies, and again contained abundant Amphistegina, with
subordinate Nephrolepidina and Lepidosemicyclina. In the uppermost
fossiliferous unit, the coral sheetstone facies, there was an abrupt change in
larger benthic foraminifers composition as Lepidosemicyclina bifida became
the most abundant taxon with subordinate Nephrolepidina, Amphistegina and
Operculina, and rare occurrences of flat discoidal Cycloclypeus annulatus
(Fig. 8.8C). The ordination analyses showed these two distinctive groups of
larger benthic foraminifers (Fig. 8.7B), one preserved in the bioclastic
sandstone, coral platestone, and foraminiferal packstone facies and another
found in the coral sheetstone facies (ANOSIM R= 0.706, p-value= 0.001). No
significant differences were found between the two Stadion sections
(ANOSIM R= 0.461, p-value <0.001).
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Figure 8.6
Representative corals from the Stadion patch reef. A–B, Porites sp. 1 NHMUK AZ 6718
from the coral sheetstone facies; A, Fragment of a platy colony of Porites sp. 1 and B, Detail
of corallites. C–H, some corals from the coral platestone facies; C, Progyrosmilia sp.
NHMUK AZ 6575, D, Symphyllia recta NHMUK AZ 7214, E, Porites sp. 3 NHMUK AZ 7238,
F, Galaxea sp. NHMUK AZ 6477, G, Heliopora sp. NHMUK AZ 7230, H, Acropora sp.
elegans group NHMUK AZ7302. I–O, some corals from the coral sheetstone facies; I,
Goniopora planulata NHMUK AZ 6606, J, Leptoseris sp. NHMUK AZ 7329, K, Pachyseris
sp. 4 NHMUK AZ 6722, L, Pavona cf. varians NHMUK AZ 7351, M, Cyphastrea sp. NHMUK
AZ 6979, N, Psammocora sp., NHMUK AZ 7159, O, Siderastrea sp. NHMUK AZ 6833.
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Figure 8.7
Non-metric multidimensional scaling analysis of A, Coral assemblages and B, Larger
benthic foraminiferal assemblages. Open symbols correspond to Stadion CC-1, and filled
symbols to Stadion CC-2.

Among the 125 µm fractions recovered from the bulk samples, benthic
foraminifera were present in the bioclastic sandstone, coral platestone, and
coral sheetstone facies, but absent from the clay-shale facies (Appendix C).
In general, foraminiferal tests were poorly preserved and taxonomic
identifications were only possible at the genus level. Six taxa were identified,
from which Amphistegina spp. (Fig. 8.8D) were the most abundant, followed
by Operculina spp. (Fig. 8.8E), Elphidium spp. (Fig. 8.8G) and Cibicidoides
spp. (Fig. 8.8H). Small differences could be noticed among the facies types:
abundances of Cibicidoides and Elphidium increased from frequent at
bioclastic sandstone and coral platestone facies to common in coral
sheetstone facies. Similarly, miliolids (Fig. 8.8F) were rare in the bioclastic
sandstone and coral platestone facies but common in coral sheetstone
facies. Samples from the coral sheetstone facies were moderately well
preserved and contained the highest benthic foraminiferal richness.
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Figure 8.8
Representative foraminifera from the Stadion patch reef. Common foraminifers from the
coarse fraction (>0.5 mm) include A, Nephrolepidina martini, B, Cycloclypeus annulatus
and C, Lepidosemicyclina bifida. Foraminifers from the fine fraction (125 µm–0.5 mm)
include D, Amphistegina sp., E, Operculina sp., F, miliolid, G, Elphidium sp., and H,
Cibicidoides sp.

Coralline Algae – Abundances, growth forms, and groups commonly
associated with coralline algae assemblages in the successive carbonate
units are shown in Table 8.1 and detailed data per taxon in the Appendix D.
Coralline algae were present as a subordinate component in the coral
platestone, foraminiferal packstone, and coral sheetstone facies.
Abundances were higher in coral platestone and coral sheetstone facies,
mainly encrusting corals, forming foralgaliths, and also as fragments within
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the matrix (Fig. 8.5). Assemblages and growth forms of coralline algae did
not vary significantly between the coral-dominated facies, but both were
characterized by abundant mastophoroids (Fig. 8.9), mainly Neogoniolithon
spp. (Fig. 8.9A–B). In the foraminiferal packstone facies, coralline algae were
less abundant and very recrystallized limiting taxonomic identification.

Figure 8.9
Representative crustose coralline algae of the Stadion patch reef. A, Neogoniolithon sp.
AR274-3. B, Neogoniolithon fosliei AR262-1. C, Spongites sp. AR267-1. D, Lithoporella
sp. AR263D-1.

Bryozoans – Although bryozoans were restricted to the coral sheetstone
facies (Table 8.1, Fig. 8.5), they included 28 species, with 3 cyclostomes, 25
cheilostomes (9 anascan-grade and 16 ascophoran-grade species)
(Appendix D), and rare ctenostome borings visible on the undersurfaces of
corals. Species richness and specimen abundance was very similar in the
two sections: 25 species (450 specimens) at the Stadion CC-1 and 24
species (475 specimens) at the Stadion CC-2. Twenty-one of the species that
occur in both sections were the most abundant taxa. In contrast, the four
species found exclusively in Stadion CC-1 and the three species unique to
Stadion CC-2 were represented by a few or even a single colony. The
dominant taxa among erect colonies were the articulated anascan Vincularia

438	
  

Chapter 8

berningi Di Martino & Taylor, 2014 (11%) and the fenestrate ascophoran
Triphyllozoon sp. (7%), both found as scattered fragments and as specimens
cemented to coral surfaces and a few colony bases. Among encrusters the
anascans Steginoporella spp. (27%; Fig. 8.10B), ?Crassimarginatella sp.
(3%), Cranosina rubeni Di Martino & Taylor, 2014 (Fig. 8.10A), Antropora cf.
subvespertilio (Canu & Bassler, 1929) (Fig. 8.10D), the cribrimorph Puellina
spp., and the ascophorans Reptadeonella sp. nov. Di Martino & Taylor,
submitted (Fig. 8.10C) and Hippopodina cf. feegeensis (Busk, 1884) (5%)
usually developed large colonies on coral undersides; only a few specimens
were observed encrusting the surfaces of ramose corals. Unidentifiable
cheilostome specimens accounted for 33% at Stadion CC-1 and 17% at
Stadion CC-2, mainly represented by fenestrate phidoloporid fragments.
Most species were encrusters (78%), mostly with two-dimensional colonies of
low relief; 22% of the species were erect, flexible or rigid fenestrate. Almost
the same proportions of growth-forms occurred in terms of specimen
abundance: 82% of specimens were encrusters, 18% were fragments of
erect species (Fig. 8.5); free-living species are absent.
Molluscs – Eighty-six poorly preserved specimens were recovered, including
representatives of three bivalve families and at least eleven gastropod
families (Appendix F). Aragonitic molluscs are rare and mainly represented
by very small, incomplete, and highly recrystallized shells. Gastropods with
an outer calcitic shell layer and/or relatively thick shells (e.g. Trochidae and
Turbinidae; Gainey & Wise, 1980; Beesley et al., 1998) are comparatively
common at the Stadion section. The majority of bivalves present at the
studied sections are epifaunal taxa that aggregate calcitic foliated, and
therefore relatively hard and chemically resistant shells (Kennedy et al.,
1969; Taylor & Layman, 1972).
Most molluscs were mainly recovered from coral platestone facies, in which
92% of the total number of specimens was collected. Bivalves were
predominately preserved as fragments and include oysters (e.g. Lopha s.l.),
pectinids, and one specimen of the Lucinidae ?Anodontia (Pegophysema).
The most common gastropod families were Turritellidae (n = 13), Trochidae
(?Euchelus sp., n = 12) and Turbinidae (Astraea sp., n = 6; opercula of two
species). Other identifiable families were Cerithiidae, Scaliolidae, Rissoidae,
Iravadiidae, Triphoridae, and Pyramidellidae, each with very low abundances
(n < 4). Gastropods were represented by herbivores, suspension feeders,
and parasites (Fig. 8.5). Predatory taxa are entirely lacking, although they are
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dominant in modern reef-associated gastropod faunas (Taylor, 1977) due to
the preservation constrain.

Figure 8.10
Representative bryozoans from the Stadion patch reef. A, Cranosina rubeni Di Martino &
Taylor, 2014 B, Steginoporella sp., C, Reptadeonella sp. nov. Di Martino & Taylor,
submitted, D, Antropora cf. subvespertilio.
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8.6 Discussion
Most of the fossils found in the Stadion sections are light-dependent benthic
organisms, including zooxanthellate corals, larger benthic foraminifera and
coralline algae, that lived as distinct communities during deposition of
bioclastic sandstone, coral platestone, foraminiferal packstone, and coral
sheetstone facies (units 3 to 6), indicating that in those settings light reached
the benthic environment. The varying composition of the communities in these
facies suggest a variation in light levels, most likely related to changes in depth
and/or fine-grained terrestrial input (Perrin et al., 1995; Wilson, 2005, 2012;
Bassi & Nebelsick, 2010; Novak et al., 2013).
In this study, the growth forms and taxonomic composition of fossil
assemblages were analyzed because these two aspects are key to interpret
palaeoenvironments based on (e.g. scleractinian corals Perrin et al., 1995;
Pandolfi, 1996; Klaus et al., 2008; Johnson et al., 2009; larger benthic
foraminifera Hallock & Glenn, 1986; Hottinger, 1997; Hohenegger et al., 1999;
Renema & Troelstra, 2001; coralline algae Bosence, 1983; Braga et al., 2009).

8.6.1 Facies interpretation
The Stadion CC were deposited during a brief interval of time within a 1.5 km
thick succession of alternating shallow marine, deltaic, and fluvial intervals in
the full Samarinda section, which depositional time framework comprise the
interval between 16 and 11 Ma (Marshall et al., submitted). The ~400 m of
marine influenced sediments preceding the Stadion CC indicate that an
important change occurred in relative water depth/sedimentation rate that
created marginal marine environments with deltaic sand and lagoonal coal
cycles. The Stadion CC signals a furthering of this trend by introducing reef
taxa requiring fully marine environments and relatively low turbidity (Cibaj,
2009; Marshall et al., submitted). At the base of the Stadion CC, the lack of
marine fossils in the laminated and occasionally rippled siltstones and finegrained sandstones siltstones facies suggests a low-energy depositional
environment within the delta plain (Allen & Chambers, 1998). Increase in
marine influence relative to fluvial influence leading to the development of
coastal swamps or estuarine mangrove environments can be inferred from the
appearance of thin carbonaceous layers, first occasionally at the top of the
laminated siltstone facies and becoming more abundant until they form the
distinctive carbonaceous shale facies. Although a definitive interpretation of
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mangrove facies would require to satisfy the criteria proposed by Plaziat et al.
(1995), recent research has shown that coal-bearing sequences of Miocene
age in the Kutai Basin evolved from lower delta plain deposits of Nipa palm in
swamp environments and brackish water-fed mangroves (Widodo et al., 2010;
Gastaldo, 2010).
Following on from these low-energy swamp conditions, the first occurrence of
larger benthic foraminifera marks the transition into a fully marine environment
during deposition of bioclastic sandstones. The bioclastic fraction was mainly
composed of fragmented foraminifers tests. The foraminiferal assemblage in
the bioclastic sandstone facies, dominated by smaller and robust specimens of
Amphistegina and Nephrolepidina with subordinate miogypsinids and
Operculina, supports the interpretation of shallow-water conditions and the
increase of energy levels in the environment (Hallock & Glenn, 1986). Similar
communities of foraminifers remain in the subsequent coral platestone facies,
even though up section smaller and more robust forms decreased in favor of
the appearance of slightly thinner and elongated forms.
In the coral platestone facies corals are preserved in growth position (Fig. 8.4)
indicating fully marine conditions. The platy morphology of corals has been
recognized as an adaptation to low-light environments (Rosen et al., 2002;
Sanders & Baron-Szabo, 2005) that could have resulted from increased
terrigenous input indicated by the silty siliciclastic matrix of the facies.
However, the subsequent appearance of platy-tabular colonies together with
small massive, phaceloid, and ramose morphologies towards the top of the
coral platestone facies imply that despite the siliciclastic influx, the facies was
deposited in an environment with changing hydrodynamic energy. Such
shallow habitats could have allowed the growth of three-dimensional coral
forms such as branching and small massive corals that are supposedly typical
of relatively higher light regimes and hydrodynamic energy (Perrin et al., 1995;
Sanders & Baron-Szabo, 2005). The initial stage of the coral platestone facies
was characterized by low coral abundances (<10%) and dominance of thinplaty forms (Fig. 8.5), suggesting plausible constratal framework (Insalaco,
1998) with corals growing at the same rate of siliciclastic deposition. Once this
pioneer coral community was established, the framework might have become
partially suprastratal as suggested by higher abundances of corals arranged
with more colony intergrowth and the appearance of small massive and
branching growth forms (Insalaco, 1998). However, any growth above sea
floor was limited to a few decimeters resulting in the relatively flat parallel
geometry of the bed after compaction. Gastropods from the coral platestone
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facies such as Turbinidae, Trochidae, Cerithiidae, and Turritellidae are typical
inhabitants of reefs and other shallow marine habitats (Taylor, 1968; Héros et
al., 2007). The presence of sponges in the community is inferred by the
occurrence of the gastropod family Triphoridae that are recognized sponge
parasites (Marshall, 1983). Bivalves from the coral platestone facies included
Lophinae that are subtidal (Beesley et al., 1998) and ?Anodontia
(Pegophysema) that, as a chemosymbiotic lucinid, indicate organic- and
sulphide-rich sediments (Williams et al., 2004). The absence of encrusting
bryozoans in the coral platestone facies, despite the abundant offer of coral
substrates for their colonization, can be explained as a preservation issue due
to the cementation of sediments on coral surfaces, as it has been suggested
by Taylor and Di Martino (in press).
Coralline algae assemblages provide the most reliable signal for an
interpretation of palaeodepth for the coral platestone facies. Mastophoroids
are well-known components of the algae communities that live on shallow
parts of modern coral reefs, mainly in the first 30 m depth (Adey, 1986;
Minnery, 1990; Verheij & Erftemeijer, 1993; Iryu et al., 1995). Relatively high
abundance of thick crusts of members of the subfamily Mastophoroideae
(such as Neogoniolithon and Spongites) has also been well constrained to
shallow-water environments in tropical Miocene reefs (Perrin et al., 1995;
Braga et al., 2009, 2010). While the palaeodepth interpretation of coralline
algae with affinity for low light is ambiguous, as they could mean deep/clear or
shallow/turbid waters, the photophilic (high-light affinity) property of
mastophoroid species constitutes an unequivocal indication of a shallow
palaeodepth for the coral platestone facies. Large discharges of sediments
have characterized the Kutai Basin since its early formation (van de Weerd &
Armin, 1992; Allen & Chambers, 1998). In the modern Mahakam delta-front
system water transparency is very low, with Secchi disc estimation at
maximum of 13 m (Budhiman et al., 2012), due to high quantities of
suspended sediments (Storms et al., 2005). Therefore, by analogy to modern
conditions around the Mahakam delta, the co-occurrence of mastophoroids
and platy coral communities within a terrigenous-rich matrix suggest that coral
development took place at a few meters depth, most likely less than 10 m
depth and probably even shallower.
In the foraminiferal packstone facies, the dominance of flatter forms of
Nephrolepidina combined with the presence of Cycloclypeus suggest a
decrease of light-levels so that the facies was deposited in the darkest and
lowest-energy habitat of the studied sections (Renema, 2006b). Corals are
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secondary component within this facies, providing additional evidence for a
reduction in light-levels. Although coralline algae were difficult to extract from
the compact and indurated matrix in the foraminiferal packstone facies, the
presence of unidentifiable crustose corallines and fragments of geniculated
corallines merely confirm that the unit was deposited in the photic zone but
cannot provide more refined interpretation.
In the uppermost fossiliferous facies, the coral sheetstone, an increase in
terrigenous input resulted in increased deposition of clay-rich sediments and
reduction of carbonate content (Fig. 8.5). Flat forms are more common in the
foraminiferal assemblages that are dominated by Lepidosemicyclina bifida and
include abundant Amphistegina and Nephrolepidina. Increased surface area to
volume ratios has been proposed as a morphological response of foraminifers
to provide more surface for symbionts to capture of light in low-light
environments (Hallock & Glenn, 1986), as was characteristic of the coral
sheetstone facies. On the other hand, corals from this facies were mostly
thinner than 5 mm suggesting that light availability was much lower under claysized than under the silty sediment influx in the coral platestone facies, as
corals growing at their tolerance limits can develop helical spiraling colony
forms to maximize both light capture and ability to shed sediment (Rosen et
al., 2002; Sanders & Baron-Szabo, 2005). Agariciids are among the most
common corals of the coral sheetstone facies and provide more evidence for a
dark turbid habitat. Agariciid corals are the principal inhabitants of many
modern mesophotic reefs (Kahng et al., 2010), mainly associated with deep
and clear waters in the Indo-Pacific (Maragos & Jokiel, 1986), Red Sea (Fricke
et al., 1987), and Caribbean (Reed, 1985). In fact, Leptoseris species are the
deepest known zooxanthellate corals that live today at depths of 150 m
(Kahng & Maragos, 2006), suggesting that the taxonomic composition of coral
communities in low-light environments could be the same in turbid shallow
waters such as the Stadion habitat, and clear deep waters as in the modern
examples. The rich community of bryozoan epibionts preserved on the
underside of agariciids and other taxa, indicates that corals may have grown
suprastratally, even though the sheetstone facies was built almost entirely of
thin-platy corals. Abundant larger benthic foraminifera and crustose coralline
algae were observed partially overgrowing the calicular surfaces of thin-platy
corals, suggesting significant partial mortality of the corals before burial. For
some taxa, coral growth can be enhanced in turbid habitats (Edinger et al.,
2000), and rapid growth would allow colonies to survive high levels of partial
mortality, promoting rapid accretion of coral carbonates in turbid environments
(Perry et al., 2012).
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The abundance of mastophoroid corallines indicates relatively high light levels
in this shallow habitat influenced by siliciclastics. Thus, thin-platy agariciid
corals, elongated foraminifera, the occurrence of mastophoroid coralline algae,
and a clay-rich matrix all suggest a habitat characterized by high terrigenous
influx at a palaeodepth of about 10 m depth but in relatively calm waters. The
absence of fossils and any carbonate contents in the clay-shale facies record
a return to fluvial-deltaic environments with levels of siliciclastic input
intolerable for coral growth.
In summary, the laminated siltstone and carbonaceous shale were deposited
within the lower delta plain, most likely on the flood plain in peat swamp or
mangrove estuarine environments. In contrast, the bioclastic sandstone, coral
platestone, foraminiferal packstone and coral sheetstone developed on the
delta front, probably at depths < 10 m, and fully marine environmental
conditions. The clay shales record the termination of marine-dominated
habitats suitable for reef biota.

8.6.2 Palaeoenvironmental evolution
The observed geometry and lateral continuity of the deposits that extend at
least 150 m between the two studied sections suggests that the Stadion CC
could have developed as a low-relief patch reef (Moss & Chambers, 1999;
Wilson, 2005). The main factors controlling this patch reef were most likely
sea-level change and episodic variations of terrigenous influx of different
composition (Figs. 8.11–8.12).
The transition from delta-plain siltstone and sandstone to swamp or mangrove
carbonaceous shales to fully marine conditions clearly indicates deepening up
section (Figs. 8.11A–C). The establishment of fully marine conditions occurred
during deposition of bioclastic sandstones, in which only larger benthic
foraminifera could settle and stabilize the substrate (Fig. 8.11C). As turbidity
decreased, relatively higher light-levels allowed a pioneer thin-platy coral
community and larger benthic foraminifers to colonize and initiate the patch
reef development. Although platy forms were dominant in the patch reef, the
observed sequence from thin-platy, platy-tabular/small massive, to ramose
and phaceloid forms on top of this unit (Fig. 8.11D), could be interpreted as the
reef catching up to sea level (Neumann & Macintyre, 1985).
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Flattening of the larger benthic foraminifera and the occurrence of
Cycloclypeus annulatus indicates that the foraminiferal packstone was formed
under darker conditions through some combination of change in terrigenous
input and increased depth (Fig. 8.11E). Intolerable low-light levels for corals
could have favored the abrupt dominance of foraminifers and the decrease of
coral abundances at the foraminiferal packstone facies. Subsequently, the
recolonization of thin-platy corals in the coral sheetstone facies could be a
response to lower inputs of siliciclastics and a change of their composition
from silt to clay-rich (Fig. 8.11F) as it has been found that thin-platy corals are
successful in turbid environments if the influx contain finer fractions of
sediments (Lokier et al., 2009). Higher nutrient inputs associated with
terrigenous influx can also be inferred at this stage, based on the proliferation
of large encrusting colonies of filter-feeding organisms such as bryozoans
(Moissette et al., 2007a). Although catching up with terrestrial influx, the coral
community did not acquire ecological differentiation at this stage, but remained
as thin veneers following the sea-floor morphology, similar to those described
as coral carpets (Riegl & Piller, 2000b). Coral carpets could be located where
environmental conditions constrain reef aggradation (Riegl & Piller, 2000b).
Successive accumulation of these Porites-agariciid coral carpets could have
adopted a low relief in the order of decimeters to a maximum of 2 meters.
The coral communities were terminated by increased influx of terrigenous
material resulting in the deposition of barren clays that capped the sections
(Fig. 8.11G).
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Figure 8.12
Diagram illustrating the influence of siliciclastic inputs, depth, and
hydrodynamic energy on the Stadion patch reef environments.

8.6.3 Diversity of fossil assemblages
Species richness varied among the studied fossil assemblages, but corals
were both the main carbonate-forming group and the most diverse taxon. The
substrate provided by corals is likely to have enhanced overall diversity in the
Stadion settings by hosting molluscs, bryozoans and coralline algae. Bryozoan
community had a medium diversity in comparison to other studied localities of
Miocene age in East Kalimantan (Di Martino et al., submitted), yet did not
contribute significantly to carbonate accretion. The record of molluscs in the
Stadion section is highly biased due to a lack of aragonite preservation as it
appears to be typical of reef associated mollusc faunas in the Miocene of East
Kalimantan (field observations, 2010–2011) and it has been observed in other
modern habitats and several fossil localities (Wright et al., 2003, and
references therein); hence this preservational bias impede the reconstruction
of the molluscan faunal diversity or ecology. Larger benthic foraminifera were
present in the greater number of fossil facies due to their higher ability to
tolerate terrigenous inputs with respect to corals (Lokier et al., 2009) and
because they are efficient colonizers of soft substrates (Hohenegger et al.,
1999; Renema, 2008). Richness of larger benthic foraminifera of the Stadion
CC is comparable to modern low-light marine environments of Indonesia, but it
is lower than in clear waters (Renema & Troelstra, 2001; Renema, 2008).
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Higher diversity in clear waters is probably due to increased habitat partitioning
along an extended photic gradient (Hallock, 1987; Renema & Troelstra, 2001).
In this study, the analysis of larger benthic foraminifera was used mainly as a
palaeoenvironmental proxy rather than as a diversity indicator. Even though
coralline algae are important palaeodepth indicators, in the Stadion patch reef
their abundance and diversity was relatively low and restricted to few
mastophoroids species and Sporolithon (Rösler et al., submitted). Therefore,
discussion about diversity in the Stadion sections is focused on the richest
taxa found in the Stadion CC represented by corals and bryozoans.
Corals – The 69 coral taxa identified from these sections indicate that high
coral richness could develop under turbid conditions in the Stadion CC. Corals
will be smothered and die at high levels of terrigenous input (Woesik et al.,
1999; Fabricius, 2005), but these findings clearly show that below this lethal
threshold, turbid coral environments can support healthy and rich communities
over ecologically significant time scales. Likewise, the Stadion coral
assemblages were not building large-scale high relief reef structures,
supporting the idea that high coral species diversity can be independent of reef
development (Johnson et al., 2008). Thus, high siliciclastic inputs are a major
control on the functioning of reef-coral communities even though a high
diversity of coral species would be able to thrive under turbid conditions (Klaus
et al., 2011).
The Stadion coral assemblages are the richest known for a Miocene setting in
the Indopacific and could be comparable to some modern clear-water coral
settings. Previous records in the area (Wilson, 2005; Lokier et al., 2009)
include at least ten coral genera, one quarter the richness discovered in this
study. In terms of species richness, the maximum number of species per
locality recorded so far is at 34 species in a Middle Miocene site in Fiji
(Bromfield & Pandolfi, 2012), and 36 species for a Burdigalian patch reef
located about 80 km to the north the Stadion CC (Novak et al., 2013). Coral
assemblages of Late Oligocene age in similar mixed carbonate-siliciclastic
settings in Sabah, Malaysian Borneo are also less rich, a maximum of 37
genera per site (McMonagle et al., 2011, unpublished data). Turbid-water
Stadion patch reef contains a similar number of species as communities in
clear waters on the nearshore Great Barrier Reef, estimated to be around 60
species per site (van Woesik et al., 1999). The Stadion assemblages are
almost three times as diverse as coral assemblages currently growing under
high river and tidal influence, in which average coral richness per site could
vary from 20 to 24 species per site (Woesik et al., 1999). In comparison to a
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larger study performed along the nearshore of the Great Barrier Reef that
included 135 reefs, the average coral richness found was 39.5 taxa (DeVantier
et al., 2006), from which the Stadion assemblages contained almost as twice
as the number of taxa.
There were significant differences in taxonomic composition of coral
assemblages between the coral platestone and coral sheetstone facies (Fig.
8.7A) in terms of the abundances of the dominant Porites species. Studies on
Porites species at the Great Barrier Reef have shown that colonies of this
genus are able to tolerate long-term influx of sediments, low-light levels, in
relatively calm waters for large periods of time (Stafford-Smith & Ormond,
1992; Stafford-Smith, 1993; Anthony, 1999; Perry et al., 2009); thus, Porites
was able to dominate in the coral sheetstone facies that contained higher
levels of terrigenous clay.
The coral platestone and sheetstone facies also differed in the presence of
acroporids and agariciids, so that acroporids are characteristic of the
platestone facies, while agariciids are more common and diverse in the
sheetstone facies (Table 8.2). Although acroporids are mainly known to prefer
clear and shallow water habitats on modern reefs, some Astreopora and the A.
elegans-group (Fig. 8.6H) species that are typical of the coral platestone facies
are also known from low-light environments such as shallow turbid reefs and
reef slopes (Wallace, 1999; Veron, 2000). A higher abundance and diversity of
agariciids in the coral sheetstone facies, including Pachyseris, Leptoseris and
Pavona species, could be explained by their ability to grow and colonize
disturbed habitats as observed in modern Indo-Pacific (Tomascik et al., 1997)
and Caribbean reefs (Jackson & Hughes, 1985). In the Leitha Limestone
(Austria), Middle Miocene coral assemblages dominated by a platy Leptoseris
species developed as coral carpets with a rich associated bryozoan
community that are very similar to the Stadion CC (Reuter et al., 2012). Even
though both coral carpet communities have been interpreted to occur under
similar high siliciclastic environments, species richness of the Stadion in the
Indo-Pacific is much higher than those impoverished carpets of the Leitha
Limestone in the Paratethys.

451	
  

Middle Miocene patch reef from turbid habitats

Table 8.2
Percentage contribution by the top 24 coral species to the Bray-Curtis similarity (SIMPER
analysis) in species biomass (weight in grams) at the coral platestone (= CPl) and coral
sheetstone (= CSh) facies in the Stadion patch reef.
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Bryozoans – Twenty-eight bryozoan species occurred within the Stadion coral
environments and these new records increase our knowledge of this poorly
studied group in fossil communities of the Indo-Pacific (Di Martino and Taylor,
2012a, b; Novak et al., 2013). The undersides of platy corals supported a
relatively rich encrusting bryozoan community. These surfaces represented
potentially long-lived, cryptic habitats for the settlement of bryozoan larvae,
offering a large surface area for the growth of encrusting bryozoans and
adequate vertical space for erect colony growth. Despite their moderate
richness, the abundance of bryozoans is essentially due to a few common
encrusting species, particularly Steginoporella spp. and Reptadeonella spp. In
the studied units, these two cheilostomes covered more substrate space than
any other species. Furthermore, Steginoporella spp. often overgrows older
colonies of the same species by frontal budding. Congeneric species
encrusting the undersurfaces of foliaceous reef corals in Jamaica at the
present-day show a similar tendency to monopolize the substrate (Jackson &
Winston, 1982; Jackson, 1984). According to Jackson & Hughes (1985),
Jamaican species of Steginoporella are usually extremely mobile, growing
laterally at rates up to 11 cm per year. This is faster than any other encrusting
bryozoans. They form asymmetrical lobes or fans that sweep across the coral
undersurface, and colonies survive an average of only about 120 days. In
contrast, Jamaican species of Reptadeonella are relatively stationary, growing
only 3–4 cm per year. They form fairly symmetrical colonies that are highly
persistent, surviving for an average of about 500 days. These differences
reflect the distribution of the two species on the undersides of platy corals, with
Steginoporella more common than Reptadeonella in more disturbed
microhabitats such as the edges of coral colonies. Although in the Stadion
material it is impossible to distinguish with certainty between coral edges and
inner zones due to the levels of colony fragmentation, the occurrences of
Steginoporella spp. and Reptadeonella spp. on different coral colony
fragments may reflect the same pattern showed by congeneric Jamaican
species (Jackson & Hughes, 1985).

8.6.4 Comparison with coeval regional patch reefs
Wilson (2005) described seven other Miocene delta-front patch reefs located
in the Kutai Basin. She proposed that all seven patch reefs most likely
developed under constant high siliciclastic inputs in turbid shallow waters with
low-light penetration at about or less than 10 m depth during periods of
lowstand to transgressive intervals that favored the transient confinement of
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terrestrial influx. Within this context, the local-scale palaeoenvironmental
reconstruction and fossil assemblages presented here have similar sequence
development to other reefs described in the region, but also add new elements
that help to better understand the dynamics of turbid-water coral communities
during the Miocene. Here we limit comparisons between the Stadion and the
Batu Putih and Dibelakan Parliament patch reefs described by Wilson (2005)
and the Bontang patch reef described in Novak et al. (2013). The Batu Putih
carbonates occur about 2.3 km below the Stadion CC in the Samarinda
sequence, and the Dibelakan Parliament has been considered as a lateral
extension of the youngest carbonates of Batu Putih patch reef (Marshall et al.,
submitted). The Bontang patch reef (Novak et al., 2013) is about 83 km to the
north and late Burdigalian in age.
As for most Miocene patch reefs in the region, it is inferred that coral
development in the Stadion patch reef occurred during a transgressive
interval, based on the observation that transition from carbonaceous shale to
coral-rich facies in the lower part of the section clearly indicates a change from
fluvial-deltaic to fully marine environments. Although disseminated carbon and
some leaves (2–4%) were also observed at the base of the succession in Batu
Putih and Dibelakan Parliament patch reefs (see Fig. 8 and Table 2 in Wilson,
2005), the development of the patch reef on top of a carbonaceous shale
makes the Stadion coral assemblages unique from all previously described
patch reefs of the region. This is interesting because it shows that a relatively
minor change in sea level could trigger coral development, and that coral
communities could cope with high levels of siliciclastic inputs and low-light
levels in the ancestral Mahakam Delta.
In terms of biota composition, mastophoroid coralline algae are dominant in
the Stadion CC in contrast to the Melobesioidae assemblage observed in
patch reefs described by Wilson (2005) and Novak et al. (2013). Coral
assemblages follow a relatively similar succession, changing from sheetplatestones to mixstones and pillarstones (Wilson, 2005; Lokier et al., 2009),
but this succession is partially developed (sheet to platestone) in the Bontang
patch reef (Novak et al., 2013). In the coral platestone facies of the Stadion
patch reef this succession of thin-platy to small massive and branching coral
growth forms occurs within a very small thickness but without a sharp
differentiation into distinct facies.
Common coral genera mentioned by Wilson (2005) are also present in the
Bontang patch reef (Novak et al., 2013) and the Stadion patch reef, yet direct
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taxa comparisons can only be performed between the latter two. Although
poritids (Porites and Goniopora) are abundant in the four settings, the Bontang
patch reef hosts more common merulinid taxa (former Faviidae), while in the
Stadion CC, acroporids (Astreopora spp.) and agariciids are more abundant.
Thus, a spectrum of three different types of biota assemblages within these
turbid environments can be recognized: (1) the Stadion patch reef with
characteristic photophilic coralline algae and ‘compacted succession’ of coral
development, (2) Batu Putih and Dibelakan Parliament patch reefs with
coralline algae tolerant of a broader range of turbid low-light habitats and an
‘ideal’ succession of reef development (Wilson, 2005), and (3) the Bontang
patch reef (Novak et al., 2013) also with coralline algae that can thrive in turbid
low-light but an incomplete succession of corals restricted to sheet and
platestones. Such differences in the composition of coralline algae and corals
could be interpreted as a response of the biota to slightly different levels within
the low-light levels range of these shallow turbid habitats, in which the Stadion
patch reef developed in the upper limits of such low-light levels, Batu Putih and
Dibelakan Parliament patch reefs (Wilson, 2005) within the whole range of
low-light levels allowing more habitat partitioning, and the Bontang patch reef
(Novak et al., 2013) developed at the lower boundaries of low-light levels.
According to Wilson (2005), turbid conditions on the delta-front would limit
coral development to habitats less than 10 m deep, within or above the fairweather wave base. The Stadion patch reef occupied a similar habitat. In the
case of the Bontang reef, mesophotic conditions resulted from both high
terrigenous inputs and relatively deeper waters below the fair-weather wave
base (Novak et al. 2013). In the absences of detailed multi-taxa analysis, it is
not possible to suggest precise water depths for any of the Wilson (2005)
patch reefs.
An alternative scenario that could explain the differences found among the
fossil communities could be associated to the relative position of the patch
reefs within the delta system. In deltaic environments, turbidity and light
penetration are largely controlled by the relative position of a site within the
deltaic complex. In the modern Mahakam delta system, the maximum
concentration of suspended particles is found in the mouth of the main delta
lobes, while the minimum concentration is observed in the offshore region
(Budhiman et al., 2012). Similarly, sands decrease in grain size in an offshore
direction (see Fig. 8 in Storms et al., 2005). Superimposed on these onshoreoffshore trends there is a north-south variation caused by the southward flow
of the Indonesian Throughflow current that generally persists throughout the
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year (Murray and Arief, 1988) and favors a higher concentration of carbonates
on the northern part of the shelf (Roberts & Sydow, 2003). Therefore, the
Stadion patch reef might have developed north of an active delta lobe, whilst
the Bontang (Novak et al., 2013) and the Batu Putih and Dibelakan Parliament
patch reefs (Wilson, 2005), could have been located closer to different active
delta lobes. However, this hypothesis cannot be tested here, as larger
temporal and spatial scale studies, including detailed multi-taxa and
sedimentological analyses are required to untangle the effect of depth and
sediment influx on the light-levels and how are the biota responses in the past
history of coral development of the Kutai basin.

8.6.5 Shallow turbid reefs and coral diversity
The reef-coral fauna recovered from the Stadion patch reef is one of the
richest Miocene assemblages yet discovered and is a useful record of the
transition from foraminifera- to coral dominated carbonates that occurred
during the Early Miocene in this region (Wilson & Rosen, 1998) and it is likely
related to the initiation of the modern-day Indo-West Pacific biodiversity
hotspot as recorded by diverse coral assemblages from the Late Oligocene in
Malaysian Borneo (McMonagle et al., 2011). These Oligocene faunas, and the
various patch-reefs that have been described from the Kutai basin all
developed in turbid habitats yet contain significant diversity. This suggests that
such habitats might have played a role in either increased diversification
during the Miocene or might have acted as refuges allowing taxa to escape
extinction during intervals of accelerated regional or global environmental
change in the Miocene. The potential role of turbid environments as sites of
both accelerated speciation and as potential refugia demands further study, as
turbid settings might act in similar ways as clear-water reefs are increasingly
damaged by present-day anthropogenic environmental change (HoeghGuldberg, 2011; Rogers, 2013).
In the search for candidate refugia habitats, investigations have been focused
on resilient marginal ecosystems, such as deep mesophotic habitats (Kahng et
al., 2010; Bongaerts et al., 2010). Recent studies have shown that mesophotic
habitats located in clear deep-waters could potentially escape from current
impacts (pollution, storms, etc.), yet they only host about 25% of the species
that are also present in shallow waters and thus could only provide
recolonization for species with broad depth tolerances (Bongaerts et al., 2010).
Shallow turbid habitats might be more promising candidates, despite receiving
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more direct anthropogenic impacts. For example, corals growing in turbid
waters in Palau bleached less during the 2010 event than those in clearer,
offshore waters, even though they experienced the highest temperatures
(Woesik et al., 2012). In this context, our findings show that shallow-water
turbid habitats hosted a high diversity in the past that could cope with ancient
environmental changes. These fossil reefs might be providing a glimpse into
the future of reef systems as “typical” clear-water reefs continue to decline in
most regions.

8.7 Conclusions
The carbonate bodies of the Stadion CC can be interpreted as a shallow-water
patch reef, in which the main controls for coral development were sea-level
change and water turbidity. Evidence gathered in this study support a
palaeodepth interpretation for the Stadion patch reef within turbid waters at a
maximum of 10 m depth. Different facies were most likely deposited following
a deepening sequence as laminated siltstone ≤ carbonaceous shales <
bioclastic packstones < coral platestone < foraminiferal packstone ≤ coral
sheetstone ≤ clay shales.
Larger benthic foraminifera were present in all fossiliferous facies supporting
their role as the most siliciclastic-tolerant group. Although the environmental
conditions for coral development within the Samarinda sequence were
ephemeral, the Stadion patch reef had a rich coral assemblage that could
cope with changing terrigenous influx. Yet their demise was due to increased
siliciclastic influx exceeding the tolerance of any coral species. Corals
enhanced the overall diversity in these turbid settings by hosting bryozoans,
coralline algae, molluscs, echinoderms and probably sponges.
Comparisons to coeval patch reefs in East Kalimantan show that platy corals
are dominant in these environments with some taxa found in most sites but
other taxa more unevenly distributed among habitats. Communities of larger
benthic foraminifera tend to be similar among all patch reefs, but calcareous
coralline algal assemblages vary significantly according to light availability with
characteristic assemblages in lower and higher light habitats within the
Samarinda turbid settings during the Miocene. Bryozoans are highly diverse
and its presence in the studied fossil record is usually associated with thin
platy coral assemblages. Molluscs are poorly preserved in these settings.
Large ecologically-sampled collections and multi-taxa analysis of fossil
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assemblages are important to
palaeoenvironmental conditions.

the

better

understanding

of

the

The high diversity of coral species highlights the importance of marginal turbid
habitats as a reservoir of diversity during the origins of the Coral Triangle
hotspot and might provide useful analogues to understand the future of reef
systems as they become restricted to former “marginal” habitats.
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Supplementary material
Appendix A
Percentages of abundance of corals per facies in the Stadion coral carbonates.
HS= Hand Specimens.
Species

CPL

FPa

CSh

HS

Growth form

CC-1

CC-2

CC-2

CC-1

CC-2

CC-2

0.00

0.34

0.00

0.00

0.01

0.00

Ramose

0.00

0.12

0.00

0.01

0.04

0.00

Ramose

SCLERACTINIA
Acroporidae
1

Acropora aspera
group

2

Acropora
elegans group

3

Alveopora sp.1

3.59

1.67

0.00

0.02

0.00

0.00

Ramose

4

Astreopora sp.1

2.21

10.15

0.00

0.00

0.00

0.00

Thin-platy

5

Astreopora sp.2

2.90

6.25

0.00

2.31

1.70

0.00

Thin-platy

6

Astreopora sp.3

0.00

0.00

0.00

0.58

0.13

0.00

Thin-platy

7

Montipora

11.86

5.26

0.00

0.26

0.00

0.00

Small massive

1.83

0.00

0.00

0.00

0.00

0.00

Thin-platy

cf.

venosa
Agariciidae
8

Gardineroseris
sp.1

9

Leptoseris sp.1

0.00

0.44

0.00

0.08

0.06

0.00

Thin-platy

10

Leptoseris

aff.

0.00

0.20

0.00

1.54

15.64

12.70

Thin-platy

aff.

0.06

0.82

0.00

0.00

0.02

0.00

Thin-platy

aff.

0.00

0.00

0.00

0.00

0.05

0.00

Thin-platy

aff.

0.00

0.00

0.00

0.00

0.00

8.43

Thin-platy

0.04

0.00

0.00

0.19

0.16

0.00

Thin-platy

explanata
11

Leptoseris
gardineri

12

Leptoseris
hawaiiensis

13

Leptoseris

mycetoserioides
14

Leptoseris

aff.

papyracea
15

Leptoseris sp.7

14.10

4.72

0.00

0.00

0.00

0.00

Thin-platy

16

Leptoseris sp.8

0.00

0.01

0.00

2.15

0.03

26.88

Thin-platy

17

Leptoseris sp.9

0.00

0.00

0.00

0.09

0.74

0.00

Thin-platy
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Species

CPL

FPa

CSh

HS

CC-1

CC-2

CC-2

CC-1

CC-2

Growth form

CC-2

SCLERACTINIA
18

Leptoseris sp.10

0.00

0.00

0.00

0.40

0.09

0.00

Thin-platy

19

Pachyseris sp.

0.00

0.99

0.00

6.55

3.07

38.28

Thin-platy

20

Pavona sp.1

0.00

0.00

0.00

0.31

0.16

0.00

Thin-platy

21

Pavona

0.00

0.67

0.00

10.18

6.87

0.00

Thin-platy

aff.

varians
22

Platy-tabular

Agariciidae sp.1

0.10

0.00

0.00

0.47

0.00

0.00

Thin-platy

0.01

0.01

0.00

0.00

0.00

0.00

Solitary

0.00

0.00

0.00

0.10

1.61

0.00

Thin-platy

cf.

0.04

0.12

0.00

0.39

0.40

6.39

Free-living

26

Lithophyllon sp.1

0.00

0.00

0.00

0.00

0.02

0.00

Free-living

27

Podabacia sp.1

0.00

0.00

0.00

1.93

0.84

1.02

Thin-platy

Caryophylliidae
23

Paracyathus
sp.1

Dendrophylliidae
24

Turbinaria sp.1

Fungiidae
25

Cycloseris
sinensis

Lobophylliidae
28

Acanthastrea sp.

0.00

0.02

0.00

0.00

0.00

0.00

Platy-tabular

29

Cynarina sp.

0.94

0.06

0.00

0.08

0.12

0.00

Solitary

30

Lobophyllia sp.1

0.00

0.00

0.00

0.00

0.00

0.00

Phacelloid

31

Scolymia

aff.

0.00

0.00

0.00

0.00

0.60

0.00

Solitary

cf.

1.98

2.35

0.00

0.44

0.34

0.37

Platy-tabular

0.00

14.09

0.00

0.01

6.72

0.00

Platy-tabular

0.00

0.00

0.00

6.05

0.32

0.00

Thin-platy

vitiensis
32

Symphyllia
recta

Meandrinidae
33

Progyrosmilia
sp.2

34

Progyrosmilia
vacua

Platy-tabular

Merulinidae
35

Caulastrea sp.1

0.01

0.49

0.00

0.00

0.00

0.00

Phacelloid

36

Caulastrea sp.2

0.48

0.33

0.00

0.00

0.00

0.00

Phacelloid

37

Cyphastrea sp.1

0.00

10.21

0.00

0.13

0.94

0.00

Thin-platy

38

Cyphastrea sp.2

0.00

0.00

0.00

0.00

0.07

0.00

Platy-tabular
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Species

CPL

FPa

CSh

HS

CC-1

CC-2

CC-2

CC-1

CC-2

CC-2

0.00

0.01

0.00

0.06

0.06

0.00

Growth form

SCLERACTINIA
39

Cyphastrea sp.3

Thin-platy
Platy-tabular

40

Dipsastraea sp.

0.00

1.07

0.00

0.00

0.00

0.00

Thin-platy
Platy-tabular

41

Echinopora sp.

0.00

0.00

0.00

0.27

0.54

0.00

Thin-platy

42

Favites sp.

0.28

0.00

0.00

0.00

0.00

0.00

43

Merulina sp.1

0.00

0.00

0.00

0.00

8.28

0.00

Platy-tabular

44

?Cyphastrea aff.

4.32

0.00

0.00

2.44

8.92

0.00

Thin-platy

0.00

0.00

0.00

2.98

0.00

0.00

Platy-tabular
Thin-platy
Platy-tabular

divaricata
45

?Cyphastrea aff.

Platy-tabular

imbricata
46

?Diploastraea

Thin-platy
Platy-tabular

0.00

0.04

0.00

0.00

1.08

0.00

Platy-tabular

0.13

0.46

0.00

0.07

0.00

0.00

Solitary

pelarangensis
47

Trachyphyllia
sp.1

Oculiniidae
48

Galaxea sp.1

5.10

4.62

9.76

0.00

0.11

0.00

Phacelloid

49

Galaxea

0.00

0.06

0.00

0.16

0.48

0.00

Phacelloid

0.01

0.22

0.00

0.00

0.00

0.00

Phacelloid

0.00

0.00

0.00

0.58

0.00

0.00

Thin-platy

1.84

0.43

0.00

0.06

2.33

1.39

Thin-platy

fascicularis
50

Galaxea sp.3

Pectiniidae
51

Echinophyllia
aff. orpheensis

52

Fungophyllia
sp.1

Platy-tabular

53

Pectiniidae sp.1

0.00

0.00

0.00

0.02

0.72

0.00

Thin-platy

54

Pectiniidae sp.2

0.00

0.00

0.00

0.13

0.47

0.00

Thin-platy

55

Pectiniidae sp.3

0.00

0.00

0.00

0.01

0.04

0.00

Thin-platy

0.27

0.01

0.01

0.01

0.11

0.00

Ramose

4.73

0.00

0.00

0.49

0.82

0.00

Ramose

Pocilloporidae
56

Seriatopora
hystrix

57

Stylophora sp.1
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Species

CPL

FPa

CSh

HS

CC-1

CC-2

CC-2

CC-1

CC-2

CC-2

Growth form

SCLERACTINIA
Poritidae
58

Dictyaraea sp.1

0.16

0.30

6.10

0.82

0.01

0.00

Ramose

59

Goniopora

0.00

0.03

0.00

0.64

7.04

1.11

Ramose

Thin-platy

planulata
60

Goniopora sp.2

5.21

0.00

0.00

0.09

0.59

3.24

61

Porites sp.1

6.88

21.05

9.76

46.24

20.21

0.00

Platy-tabular
Thin-platy
Platy-tabular
62

Porites sp.2

7.15

1.71

30.48

2.06

0.33

0.19

Ramose

63

Porites sp.3

21.00

8.55

43.90

0.00

0.00

0.00

Small massive

Thin-platy

Siderastreidae
64

Pironastrea sp.1

0.00

0.00

0.00

0.06

0.00

0.00

65

Psammocora

0.00

0.00

0.00

3.59

5.24

0.00

0.00

0.13

0.00

3.82

0.03

0.00

Platy-tabular

sp.1
66

Pseudosiderastr

Thin-platy
Platy-tabular

ea sp.1

Thin-platy
Platy-tabular

Scleractinia

1.33

0.28

1.60

0.61

0.00

indetermined
ALCYONACEA
67

Heliopora sp.1

2.45

0.42

0.00

0.00

Ramose
Encrusting

68

Isis sp.1

0.08

0.03

0.00

0.26

0.22

0.00

Ramose

Octocoral

0.00

0.01

0.00

0.01

0.01

0.00

?

Millepora sp.1

0.24

0.20

0.00

0.01

0.00

0.00

Ramose

Total

100

100

100

100

100

100

sclerites
HYDROZOA
69
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Appendix B
Percentages of abundance of larger benthic foraminifera (LBF) in the fraction (0.5–
2 mm and > 2 mm) per facies of the Stadion coral carbonates.
LBF Species

BSa

CPl

FPa

CSh

CC-1

CC-2

CC-1

CC-2

CC-2

CC-2

CC-1

1

Amphistegina

61.4

31.6

44.3

34.3

19.4

35.8

26.5

2

Nephrolepidina

27.4

50.7

32.5

56.6

62.7

35.5

24.2

4

Lepidosemicyclina

9.5

14.6

19.3

6.6

11.7

0.0

0.0

0.0

0.0

0.0

0.0

0.0

25.0

45.0

polymorpha
3

Lepidosemicyclina
bifida

5

Cycloclypeus

0.0

0.0

0.0

0.0

3.5

0.0

0.0

6

Cycloclypeus

0.0

0.0

0.0

0.0

0.0

0.02

0.1

annulatus
7

Operculina

0.8

0.3

2.7

0.3

0.6

2.7

2.5

8

Elphidium

0.8

0.5

0.2

0.0

0.0

0.3

0.2

9

Miliolids

0.0

0.0

0.0

0.8

0.0

0.0

0.0

10

Planorbulinella

0.0

0.0

0.3

0.0

0.0

0.0

0.9

11

Pseudotaberina

0.0

0.0

0.0

0.9

1.6

0.5

0.0

malabarica
12

Sphaerogypsina

0.0

0.1

0.6

0.3

0.2

0.1

0.5

13

Small rotaliids

0.0

0.0

0.0

0.3

0.3

0.0

0.0

14

Diverse indetermined

0.0

2.2

0.0

0.0

0.0

0.0

0.0

Total

100

100

100

100

100

100

100
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Appendix C
Semiquantitative abundance of larger benthic and planktonic foraminifera in the
fraction (125-500µm) per facies of the Stadion CC-1. Abundant (>40%) = A;
common (>15-40%) = C; frequent (>5-15%) = F; rare (<5%) = R. Preservation
status in the facies was qualified as poor = P or moderate = M.
Species

BSa

CPl

CSh

1

Amphistegina spp.

A

A

A

2

Cibicidoides spp.

F

F

C

3

Elphidium spp.

F

F

C

4

Anomalinoides sp.

R

5

Hoeglundina elegans

6

Hyalinea balthica

7

Lenticulina spp.

R

8

Miliolids

R

9

Operculina spp.

10

Agglutinated taxa

R

% Planktonic/Benthic

2%

Preservation

P

R
R
R

R

F
C

C

R

F
5%

P

M

Appendix D
Percentages of abundance of coralline algae (CA) species per facies in the
Stadion coral carbonates. Encrusting = EN; Rhodolith = R; Foralgalith = FA.
CA species

CPl
CC-1
20

FPa
CC-1
0

CC-1
76

CC-2
54

EN / FA / R

0

0

0

25

EN / FA

20

0

1

9

EN / FA

4 Sporolithon

0

0

0

4

EN

5 Hydrolithon sp.1

0

0

4

0

R / EN

6 Hydrolithon sp.2

20

0

0

0

EN

7 Pseudoamphiroa

0

0

0

1

EN

Geniculate
fragments
Thin laminar

0

0

1

0

EN

20

50

0

0

EN

18

7

EN

100

100

1 Neogoniolithon
sp.
2 Neogoniolithon
fosliei
3 Lithoporella sp.

Indetermined
Total
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Appendix E
Percentages of abundance of bryozoan species in the coral sheetstone facies of
the Stadion coral carbonates. Data were calculated based on the total number of
identified specimens. ER= Erect, EN= Encrusting. Species are reported in
alphabetical order. Number of identified specimens: CC1 = 302 – CC2 = 392.
Bryozoan species

CC-1

CC-2

Colony-form

1

Adeonellopsis sp. 2

0.3

1.3

ER

2

Antropora cf. subvespertilio

8.9

2.5

EN

3

'Berenicea' sp.

1.0

0.5

EN

4

Bryopesanser sp. nov. 2

0.7

3.8

EN

5

Caberea sp.

-

0.3

ER

6

Celleporaria sp.

-

2.0

EN

7

Cranosina rubeni sp. nov.

6.3

4.8

EN

8

?Crassimarginatella sp.

4.3

2.5

EN

9

Disporella sp. 4

1.0

1.3

EN

10

Exechonella sp.

0.3

-

EN

11

Filisparsa sp.

0.3

-

ER

12

Gigantopora sp. nov.

1.7

0.8

EN

13

Hippopodina cf. feegeensis

9.3

2.3

EN

14

Margaretta aff. watersi

2.6

3.3

ER

15

Microporella aff. browni

-

0.3

EN

16

Parantropora laguncula

5.6

2.3

EN

17

Parasmittina sp.

1.0

0.3

EN

18

Parellisina cf. tenuissima

4.0

-

EN

19

Plesiocleidochasma sp. 1

0.3

2.5

EN

20

Puellina cf. voigti

0.7

1.8

EN

21

Puellina sp. nov.

7.9

1.8

EN

22

Reptadeonella sp. nov.

7.3

9.4

EN

23

Smittipora aff. cordiformis

1.7

0.5

EN

24

Steginoporella sp.

19.9

33.1

EN

25

Thornelya sp.

0.7

-

EN

26

Trematooecia sp.

1.3

0.3

EN

27

Triphyllozoon sp.

4.6

9.2

ER

28

Vincularia berningi sp. nov.

8.3

13.2

ER

Total

100

100
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Appendix F
Abundances of molluscs species and their feeding guilds (after Todd, 2001) in the
Stadion coral carbonates. Data presented in number of specimens or fragments
per facies. Molluscs with calcitic or partially calcitic shells with better chance of
preservation (P) = +.
Species

BSa

CPl

CSh

CC-1

CC-1

CC-2

CC-2

0

0

1

0

P

Feeding strategy

+

Chemosymbiotic

Bivalvia
1

?Anodontia
(Pegophysema) sp.

detritus feeder

2

Lopha (fragments)

0

0

2

0

+

Suspension feeder

3

Pecten s.l. (fragments)

0

0

1

0

+

Suspension feeder

4

Ostreoidae

0

1

0

2

+

Suspension feeder

5

Bivalvia indet.

0

5

0

0

Gastropoda
6

?Angaria sp.

0

0

0

1

7

Astraea sp.

0

4

2

0

+

Herbivore
Herbivore

8

?Bothropoma sp.

0

3

0

0

+

Herbivore

9

?Calliostoma sp.

1

0

2

0

+

Browsing carnivore

10

Cerithiidae indet. sp.

0

2

0

0

11

?Euchelus sp.

0

9

3

0

12

?Finella sp.

0

1

0

0

Herbivore

13

?Iravadia sp.

0

3

1

0

Herbivore

14

Rissoina s.l. sp.

0

1

0

0

Herbivore

15

?Siliquaria

0

4

0

0

Parasite

Herbivore
+

Herbivore

on

sponges/
Suspension feeder
16

Triphora s.l.

0

2

0

0

Parasite on sponges

17

?Clanculus/Euchelus

0

2

0

0

+

Herbivore

+

Herbivore

sp.
18

Turbinidae opercula

0

2

2

0

19

Turbonilla s.l.

0

1

0

0

Parasite on sponges

20

Turritella s.l.

0

10

5

0

Suspension feeder

21

Gastropoda indet.

3

9

1

0

4

59

20

3

Total
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CHAPTER 9
A brief review of seagrass-associated bryozoans, Recent and
fossil
Emanuela Di Martino & Paul D. Taylor
In press in Bryozoan Studies 2013 – Studi Trentini di Scienze Naturali
Abstract
Information concerning fossil and modern bryozoan assemblages reported
from seagrass habitats is scattered through a large number of papers. The
current paper groups taxonomically data from the literature on both modern
and fossil bryozoans associated with seagrasses. Most of the modern data
comes from studies focused on Posidonia oceanica meadows inhabiting the
Mediterranean Sea, where a total of 152 bryozoan species have been
recorded. Forty-one species have been reported on seagrasses from other
geographical areas, such as Saudi Arabia, tropical America, Japan and
Australia. Differences are outlined between the well-delineated communities
of the leaves and the rhizomes, and some generalizations are made about
morphological strategies for living as seagrass epiphytes. Seagrasses are
seldom fossilized but examples of ancient communities can be inferred from
the presence of bioimmurations of seagrass surfaces and from associated
biota. They include a single Cretaceous community from the Maastrichtian of
The Netherlands (43 bryozoan species), and a few Cenozoic communities
described from several geographical regions (e.g. Europe, tropical America,
Indo-Pacific; 72 species). New data is reported from a dark grey, silty clay in
the Miocene of East Kalimantan (Indonesia) where the presence of the
seagrass-indicative gastropod Smaragdia allows interpretation of the
palaeoenvironment as a seagrass meadow with associated corals. The
bryozoan assemblage here is monogeneric, comprising two species of
Vincularia.
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9.1 Introduction
Seagrasses are ‘grass-like’ flowering plants (angiosperms) developing
extensive underwater meadows on sandy-mud substrates or occasionally on
rocks. Recent seagrasses are represented by 12 genera, placed in two
families and comprising about 50 species that are distributed from the tropics
to temperate latitudes in shallow-water coastal areas (Phillips & Meñez, 1988).
Most seagrasses occur in waters sheltered by wave action and subject to
moderate tidal currents. Only a few species range below 30-40 m to depths of
90 m, such as Halophila spp. and Posidonia oceanica (Duarte, 1991).
Seagrass ecosystems play important roles as invertebrate and fish nurseries,
food sources and sediment stabilizers, and they commonly furnish living
substrates for epiphyte colonization (Michael et al., 2008).
Although seagrasses first became significant bryozoan substrates in the
Miocene (Taylor & James, 2013), bryozoans have been associates of
seagrasses worldwide since the first appearance of these marine plants in the
Late Cretaceous (Voigt, 1981). Recent bryozoan assemblages inhabiting
Posidonia oceanica meadows have been intensively investigated from
different parts of the Mediterranean Sea, such as the French coast (Gautier,
1952; Harmelin, 1976), the Aegean Sea (Hayward, 1974; Kocak et al., 2002),
the eastern coast of Spain (Romero-Colmenero & Sanchez-Lizaso 1999;
Prado et al., 2007; Deudero et al., 2009), the Ligurian (Geraci, 1974) and
Tyrrhenian seas (Geraci & Cattaneo, 1980; Fresi et al., 1982; Chimenz et al.,
1989; Balata et al., 2007; Nesti et al., 2009; Cocito et al., 2011), and the
Apulian (Occhipinti-Ambrogi, 1986) and Sicilian coasts (Galluzzo, 1989). A few
records of bryozoans exist from seagrass beds of the northern Saudi Arabian
coast (Soule & Soule, 1985), Zostera caulescens and Phyllospadix iwatensis
meadows of Japan (Suwa & Mawatari, 1998; Kouchi et al., 2006), and
Posidonia and Amphibolis meadows of southern and western Australia (Bone
& James, 1993; Trautman & Borowitzka, 1999; Lisbjerg & Petersen, 2000;
James et al., 2011). The majority of these studies are focused on the structure
of the assemblages, and their variability and zonation; some aim to determine
rates of epithytic carbonate production, while a few have examined the
morphology and life strategies of single taxa or have assessed the impact of
bryozoan colonisation on seagrass growth. Other papers merely mention the
presence of bryozoans as components of seagrass communities (e.g. Di
Geronimo, 1984; Lumbert et al., 1984; Perry & Beavington-Penny, 2005).
Because of their poor preservational potential, very few studies have dealt with
bryozoan assemblages from unequivocal fossil seagrass communities.
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However, Voigt (1981) and Moissette (2012) have described moderately
diverse bryozoan assemblages associated with exceptionally preserved roots
and stems of Thalassocaris bosqueti and leaves of Posidonia oceanica in the
Maastricthian of The Netherlands and Pliocene of Rhodes, respectively. A few
examples of bryozoans as indirect indicators of ancient seagrass vegetation
have been reported from the Eocene of Florida (Ivany et al., 1990), OligoMiocene of Australia (Lucasik et al., 2000; Riordan et al., 2012), Middle
Miocene of India (Reuter et al., 2010), Poland and the Czech Republic (Vávra,
1979, 1984; Holcovà & Zágoršek, 2008), and Miocene-Pliocene of tropical
America (Cheetham et al., 2001).
This paper aims to: (1) review taxonomically all of the data in the literature on
both modern and fossil bryozoans from seagrass assemblages; and (2) add
two species of Vincularia, discovered in samples from an inferred seagrass
habitat in the Miocene of East Kalimantan (Indonesia), to the record of ancient
seagrass-associated bryozoans.
9.2 Material and Methods
The list of bryozoan species in the Appendix has been compiled from papers
reported in the References section using the species names listed in the
papers themselves or from citations made in the text. Recent occurrences
represent those in which the substrate is cited as leaves, blades, laminae,
stalks, stems, roots, rhizomes and mimics (artificial rhizomes) of seagrasses,
or which are reported from Posidonia oceanica meadow biocoenoses (HP
sensu Pérès & Picard, 1964). Bryozoan species encrusting other organisms
(e.g. molluscs) known to be part of the benthic community associated with
seagrass habitats are listed too. Fossil occurrences listed are those reported
from beds with seagrasses preserved as moulds or bioimmurations, or facies
interpreted as ancient seagrass environments based on indirect indicators. In
cases where the genus is stipulated but the species is undetermined (e.g.
Crisia sp.), the taxon is listed only if it is a unique Recent occurrence of the
genus, or if it refers to a fossil occurrence. The ordering of cyclostome and
ctenostome bryozoans used in the Appendix follows the systematic list of
families used for the Bryozoa Homepage website (www.bryozoa.net), whereas
that of cheilostomes follows D.P. Gordon’s provisional listing of genera for the
Treatise on Invertebrate Paleontology.
Figured specimens were imaged using a low-vacuum LEO VP-1455 scanning
electron microscope at Natural History Museum, London (NHMUK) and a
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digital camera.

9.3 Results
9.3.1. Recent records
Bryozoans reported from seagrass habitats, Recent and fossil, comprise a
total of 281 species, consisting of 67 cyclostomes, 11 ctenostomes and 203
cheilostomes (73 anascans, 130 ascophorans). Recent records alone total 189
bryozoan species: 34 cyclostomes, 11 ctenostomes and 144 cheilostomes (57
anascans, 87 ascophorans). The intensive investigation of Posidonia oceanica
meadows in different sectors of the Mediterranean Sea are reflected by the
fact that most of these species (152, comprising 30 cyclostomes, 10
ctenostomes and 112 cheilostomes) have been reported from leaves and
rhizomes of this endemic phanerogam at depths between 3 and 32 m (e.g.
Hayward, 1974; Harmelin, 1976; Cocito et al., 2011). In terms of colony-form,
unilaminar encrusting forms predominate, followed by erect articulate or
flexible forms attached by rhizoids; a few species are erect with a rigid base.
Five of the Mediterranean species have been also found in seagrass beds of
the northern Saudi Arabian coast: the cosmopolitan ctenostome Bowerbankia
gracilis, the erect articulate anascan Synnotum aegyptiacum (prominent also
in fouling communities), and the encrusting ascophorans Parasmittina raigii,
Pentapora ottomulleriana and Arthropoma cecilii (Soule & Soule, 1985).
Bugula neritina, which is a widespread fouling species in tropical and
temperate waters, occurs in both seagrass beds from Saudi Arabia and on
blades of Thalassia testudinum from the Gulf of Mexico (Keough, 1986).
In contrast, 20 species (one cyclostome, one ctenostome and 18 cheilostomes
comprising 10 anascans and 8 ascophorans) with an Indo-Pacific centre of
distribution have been recorded exclusively along the Arabian coast. Only one
cheilostome species, Microporella trigonellata, has been reported from leaves
of Phyllospadix iwatensis and Zostera caulescens in Funakoshi Bay and
Muroran in Japan at 0–6 m depth (Suwa & Mawatari, 1998; Kouchi et al.,
2006). More than 60 species have been found on leaves and stalks of
Amphibolis spp. and Posidonia spp. from southern and western Australia.
However, only the most frequent and abundant, in total 13 species (4
cyclostomes, and 6 anascan and 3 ascophoran cheilostomes), have been
listed (e.g. Bone & James, 1993). The most common morphotypes are
encrusting delicate sheets followed by erect delicate and articulated branching
colonies.
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9.3.2 Fossil occurrences
Unequivocal or inferred occurrences of fossil bryozoans associated with
seagrasses total 123 species, consisting of 45 cyclostomes and 78
cheilostomes (24 anascans, 54 ascophorans). The oldest assemblage
described is from the Late Cretaceous (Maastrichtian) of South Limburg, The
Netherlands, and consists of 43 species (Voigt, 1981). This fauna comprises
22 cyclostomes (e.g. Fig. 9.1) and 21 cheilostomes (9 anascans, 12
ascophorans) on the stems, roots and leaves of Thalassocaris bosqueti
preserved by bioimmuration (Fig. 9.1). A depositional depth of 20–30 m has
been inferred. Rigid erect forms with large encrusting bases account for half of
the species, the remainder being represented by unilaminar encrusting
membraniporiform colonies. An exceptionally preserved fossil seagrass
community from the Late Pliocene of the Greek Island of Rhodes has yielded
59 bryozoan species in association with the remains of Posidonia oceanica
leaves and in situ rhizomes (Moissette et al., 2007b; Moissette, 2012).
A few additional fossil occurrences containing small numbers of species have
been reported in the literature. These include: (a) three species (1 cyclostome,
2 anascans) reported from Middle-Late Eocene Thalassodendron blades in
west-central peninsular Florida (Ivany et al., 1990); (b) three un-named
species (1 cyclostome, 2 cheilostomes) reported from an Oligo-Miocene
bryozoan-rich grainstone in southern Australia, dominated by articulated
branching cheilostomes and interpreted as a temperate seagrass facies
(Lucasik et al., 2000; Riordan et al., 2012); (c) four species (2 cyclostomes, 2
cheilostomes) from a Late Pliocene-Early Pleistocene Amphibolis-dominated
calcarenite of Western Australia (James & Bone, 2007); (d) two ascophorangrade cheilostomes from the Burdigalian (Middle Miocene) of the Kerala basin
in India (Reuter et al., 2010); (e) five cheilostome species from the Middle
Miocene of the Central Paratethys (Vávra, 1979, 1984; Holcovà & Zágoršek,
2008; Zágoršek et al., 2009); and (f) Metrarabdotos spp. from the Neogene of
tropical America (Cheetham et al., 2001). Many of the species reported in
these papers are identified only to family- or genus-level, which at least in part
is probably a reflection of preservational deficiencies.
New collections made in East Kalimantan, Indonesian Borneo, allow the
addition of two new species of Vincularia (Fig. 9.2), V. berningi sp. nov. and V.
manchanui sp. nov. of Di Martino & Taylor (2014), to the fossil record of
seagrass-associated bryozoans. The Vincularia specimens were collected
during the first field season of the project Throughflow undertaken in
471	
  

Modern and fossil seagrass-associated bryozoans

November–December 2010. They came from a early Tortonian, dark grey,
fining upward, silty clay containing branching coral fragments and a highly
diverse mollusc fauna. The section, named TF110 (GPS location 0.140460°N;
117.426930°E), was a temporary exposure in a construction site close to
Bontang. The palaeoenvironment here has been interpreted as a seagrass
meadow with associated corals, based on the presence of the seagrassindicative gastropod Smaragdia which is represented by two species (S.
semari and S. gelingsehensis) and numerous individuals (Reich et al.,
submitted). Recent Smaragdia species feed directly on seagrass tissues and
show a trophic dependence on seagrasses (Rueda & Salas, 2007; Rueda et
al., 2008; Unabia, 2011).
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Figure 9.1
Cylindrical hollow colony of
the cyclostome Coelochlea
torquata, which apparently
encrusted a stem of the
seagrass
Thalassocaris
bosqueti NHMUK D6367,
Maastrichtian,
The
Netherlands; scale bar = 2
mm.

9.3.3 New Miocene record from East Kalimantan, Indonesia
The bryozoan assemblage is monogeneric, consisting of the two species of
Vincularia which are represented by numerous branch fragments. These
species are not formally named because of problems with the taxonomy of
Vincularia. Vincularia forms erect, branching, flexible jointed colonies, attached
to the substrate by rootlets. Previous records of Vincularia range from the
Middle to Late Eocene (Cheetham, 1966); many Cretaceous and Miocene
species identified as Vincularia or ‘Vincularia’ are likely to be a different genus
from the original Eocene type V. fragilis Defrance. Vincularia berningi sp. nov.
and V. manchanui sp. nov. are the commonest and most abundant species in
the Kalimantan bryozoan collections and are present in all sampled sections
from late Burdigalian to Messinian in age. These sections encompass a range
of different palaeoenvironments, including patch reefs and coral carpets,
indicating that the two species of Vincularia found in section TF110 were not
confined to seagrass environments.

9.4 Discussion
Bryozoans form components of the epiphytic communities colonizing both
leaves and stems (Figs. 9.3–9.4) as well as exposed rhizomes of seagrasses.
Differences between the communities on the leaves and the rhizomes are well
marked. Epiphytic bryozoans on the leaves are photophilous, adapted to the
ephemeral nature and flexibility of the substrate (Balata et al., 2007).
Bryozoans typical of the leaves include, for example, Collarina balzaci, Electra
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Figure 9.2
Type specimens of Vincularia berningi sp. nov. and Vincularia manchanui sp. nov., found in
different sites and habitats in East Kalimantan, Indonesia. They represented the only two
bryozoan species associated to seagrass in the early Tortonian, TF 110, Bontang. A,
Vincularia berningi sp. nov., NHMUK PI BZ 6043, frontal view of an internode with ‘ordinary’
autozooids. B, the same, frontal view of an internode with ‘avicularian’ zooids. C, Vincularia
manchanui sp. nov., NHMUK PI BZ 6042, frontal view of an internode with ordinary
autozooids; scale bars = 500 µm.

posidoniae, Escharoides coccinea, Fenestrulina joannae and Patinella radiata.
Encrusting forms may develop small colonies that: (1) are typically weakly or
incompletely mineralized (Hayward, 1980); (2) grow preferentially parallel to
the leaves; (3) have relatively large zooids that grow quickly; and (4) possess
the capacity to reproduce in early astogeny. Erect forms are typically flexible,
articulated and attached to the leaves by rhizoids (Zabala, 1986). In contrast,
bryozoans growing on exposed rhizomes are sciaphilous and long-lived.
Species frequently or exclusively found on rhizomes include Calpensia nobilis,
Chorizopora brongniarti, Margaretta cereoides, Reptadeonella violacea and
Scrupocellaria spp. The rhizome bryozoan community is similar to that in the
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surrounding area as seagrass rhizomes are long-lasting and rigid and
therefore similar to hard rocky substrates (Zabala, 1986). For example,
Reteporella grimaldii occurs both on rocky bottom meadows (Reverter-Gil &
Fernandez-Pulpeiro, 1999) and in association with seagrass rhizomes (Ben
Mustapha et al., 2002).

Figure 9.3
Electra posidoniae
encrusting a fragment of
Posidonia oceanica leaf.
NHMUK 2013.7.12.7. Ischia,
Italy; scale bar = 2 mm.

Similarities have been recognised between the effects produced by
hypersedimentation and the weight of layers of Calpensia nobilis around the
rhizomes (Romero-Colmenero & Sanchez-Lizaso, 1999). The weaker and
heavier rhizomes are more easily broken by water movements. On the other
hand, the thick calcareous bryozoan skeletons, circumencrusting the rhizomes
like a muff, limit destruction because they are hard to penetrate and reduce
oxygen penetration, exerting ecophysiological constraints for borers (Cigliano
et al., 2007). Significant differences have been observed also in the structure
of assemblages (species composition and abundance) on rhizomes and
leaves at different depths (e.g. Geraci & Cattaneo, 1980; Nesti et al., 2009).
Rhizomes from shallow sites are often colonized by species otherwise
considered characteristic of leaves, whereas sciaphilous species characteristic
of rhizomes may colonize leaves in deeper sites. Changes in the abundance
and composition of assemblages also occur in relation to variation in
environmental conditions, forming sensitive indicators of natural and
anthropogenic disturbance (Pardi et al., 2006).
Obligate seagrass epiphytic bryozoans are rare. Only one encrusting bryozoan
species, Electra posidoniae (Fig. 9.3), may be considered an obligate epiphyte
of P. oceanica leaves (Hayward, 1975). The Australian species Celleporaria
cristata at the present day grows only on the cylindrical stems of Amphibolis
(James & Bone, 2007). Hagiosynodos tregouboffi encrusts small gastropods
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living only in Posidonia meadows (Gautier, 1952), and the Japanese species
Microporella trigonellata has been found so far exclusively on seagrass leaves
(Kouchi et al., 2006). The remaining Recent species listed in the Appendix are
not restricted to seagrass habitats but are also known from other phytal or
rocky substrates. High abundances of the articulated branching cyclostome
Crisia have also been considered characteristic of modern seagrass meadows
(Kikuchi, 1980), but this genus is by no means restricted to seagrass habitats.
The growth direction of most bryozoan colonies on seagrasses is parallel to
the axes of the roots and stems, although some are transversely orientated
because they envelop the substrate. Many bryozoan species develop
cylindrical colonies that wrap around seagrass stems (Fig. 19.4), which
according to Bone & James (1993) furnishes nutritional advantages in this
crowded environment. Some morphological and life-history strategies have
been documented in two species of Aetea, A. truncata and A. sica, living in
western Mediterranean P. oceanica meadows (Balduzzi et al., 1991). Asexual
reproductive structures called sacculi are developed to allow new colonies to
settle on young portions of the frequently renewed substrate, bypassing the
planktonic larval stage which might remove individuals from this favoured
habitat (Simma-Krieg, 1969; Balduzzi et al., 1991).
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Figure 9.4
Bryozoans developing cylindrical colonies enwrapping Recent seagrass stems from
Blanche Point, Adelaide, South Australia. A, B. Triphyllozoon sp. NHMUK 2013.7.12.5-6. C.
Celleporaria sp. NHMUK 2013.7.12.1. D. Adeonellopsis sp. NHMUK 2013.7.12.2. E.
Densipora sp. NHMUK 2013.7.12.4. F. Thornelya sp. NHMUK 2013.7.12.3; scale bars = 5
mm.

The paucity of fossilized seagrasses has led to indirect evidence being used to
infer ancient seagrass environments. This evidence uses the presence of
several groups of invertebrates that are characteristic of modern seagrass
beds (Beavington-Penney et al., 2004). Foraminiferal assemblages are
commonly used to infer the presence of seagrass in palaeoenvironmental
analysis based on morphological criteria. Large foraminifera with discoidal
shapes and sessile habits are thought to be an adaptation to an epiphytic
lifestyle, although not only involving seagrasses (Brasier, 1975; Eva, 1980).
Coralline red algae form tubular ‘crusts’ around shoots and stems of
seagrasses and other marine vegetation (Perry & Beavington-Penny, 2005).
Hook-shaped forms have been proposed as possible indicators of ancient
seagrass environments (Beavington-Penney et al., 2004). Furthermore, the flat
attachment surface of thalli may be imprinted with a pattern of the seagrass
leaf cells (Beavington-Penney et al., 2004). Small gastropods and articulated
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infaunal bivalves are a common component of the molluscan fauna in modern
seagrass meadows. Many different species of grazing molluscs feed on
epiphytes associated with both seagrass and algal beds. A few species (e.g.
Smaragdia spp.) seem to feed directly on seagrass tissues (Rueda & Salas,
2007). Serpulids are common encrusters of seagrass leaves and their tubes
are often preserved in the sediment retaining the impressions of seagrass
leaves on their attachment surfaces (Brasier, 1975; Moissette et al., 2007b).
High abundances in the sediment of ostracod species belonging to the genera
Aurila, Bairdia and Loxoconcha have been used as indicators of the presence
of marine vegetation, but no species can be considered specific to seagrass
meadows (Hajjaji et al., 1998; Moissette et al., 2007b).
Bryozoans themselves can provide strong indirect evidence for the former
presence of non-fossilized seagrass based on holdfasts and external moulds
of seagrass blades on their undersides (Lucasik et al., 2000). Basal surfaces
of encrusting bryozoan colonies may bioimmure seagrasses, for example in
some Burdigalian celleporiform bryozoans from India (Reuter et al., 2010) and
in Neogene colonies of Metrarabdotos from the Dominican Republic that
preserve moulds of the brick-like pattern of cells of the encrusted seagrass
(Cheetham et al., 2001). Some celleporiform colonies offer additional evidence
for seagrass environments in the tube-like form of the colony indicating
encrustation of an organic stem (Reuter et al., 2010). For instance, the
presence of Celleporaria cristata in late Pliocene-early Pleistocene carbonates
in Western Australia strongly suggest that seagrasses were one of the major
components of this palaeoenvironment (James & Bone, 2007). Voigt (1981)
described a few distinctive and unusual morphological characters observed
mainly on species encrusting seagrass or algae and never found in species
encrusting hard substrates. For example, the cheilostomes Kunradina bicincta
and Onychocella spinifera, Maastrichtian species found on Thalassocharis
bosqueti in The Netherlands and restricted to seagrass habitats, have
thickenings at the lower edge of the zooids and knob-like tubercles that
probably functioned as bumpers, reducing friction between neighbouring
colonies on these moving seagrass substrates. The same protective function
has been suggested for the formation of long spines in algal epiphytic colonies
of Electra pilosa subjected to abrasion on wave-exposed shores (Bayer et al.,
1997).
Vávra (1984) reported a dominance of the cheilostome Schizoporella
geminipora in a Middle Miocene bryozoan association from the Korytnica Clay
(Central Poland). This species, although extinct, has been used as marker for
seagrass associations (Vávra, 1979). The presence of holes on the undersides
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of the zooids have been tentatively interpreted as adaptations for attaching the
colony to seagrass leaves. However, it should be noted that basal wall lacunae
also occur on the undersides of cheilostomes encrusting calcareous
substrates, allowing etching to produce the ichnogenus Finichnus (ex
Leptichnus) (Taylor et al., 1999; Rosso, 2008b; Taylor et al., 2013).
Interestingly, the basal laminae of Recent colonies of the cyclostome Patinella
radiata, epyphytic on Posidonia oceanica leaves from Ischia (Italy) are
perforated by pseudopores when in direct contact with the seagrass but are
unperforated when the basal lamina lifts off the seagrass (Lombardi & Taylor,
unpubl. obs.). Although the function of these pseudopores is unknown, they
point to the possibility of absorption of nutrients by the bryozoans from the
seagrass. Trophic interactions advantageous to the epiphytes have been
demonstrated previously between marine red algae and host seagrasses
(Harlin, 1973), bryozoans and macroalgae (De Burgh & Fankboner, 1979;
Manríquez & Cancino, 1996; Hepburn & Hurd, 2005).
Most of the seagrass-associated bryozoans from the Late Pliocene of Rhodes
are extant and occur in present day Posidonia oceanica meadows. The
absence or scarcity of a number of bryozoan taxa (e.g. Cellaria salicornioides,
Chorizopora brongniarti, Fenestrulina malusii, Puellina gattyae and
Scrupocellaria spp.) not strictly epiphytic but common in Recent P. oceanica
meadows, suggested that this fossil community lived in a suboptimal
environment, probably in shallow and turbid water (Moissette, 2012).
9.5 Conclusions
1. The taxonomic review from the literature shows that bryozoans are common,
diverse and often dominant components of both epiphytic and benthic
immobile communities of modern seagrass habitats and probably also of
ancient seagrass communities.
2. The paucity of obligate seagrass-associated bryozoans does not favour tight
coevolution between these epiphytes and their hosts.
3. Bryozoans colonizing seagrass leaves reproduce early to adapt to the
ephemeral nature of the substrate, while the assemblage composition of
species colonizing the rhizomes is more similar to those of neighbouring
environments on long-lived substrates.
4. Particular morphological strategies, such as the development of circular
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colonies enveloping seagrass stems, and unusual life-history strategies, such
as the development of asexual reproduction structures, facilitate the
colonization of seagrasses by bryozoans.
5. Bryozoans seem to use the seagrass only for physical support. However,
the possibility of a trophic advantage is suggested by the presence of
pseudopores in the basal wall of Patinella radiata where it is adpressed to the
surface of the seagrass but not when it becomes free at the colony edges.
6. Bryozoan colonies with a muff-like morphology may provide protection for
seagrasses against grazers and borers while simultaneously adding weight
and weakening leaves and rhizomes, making them more easily broken.
7. Only a few bryozoan species are obligate seagrass epiphytes and may be
used as indirect indicators of ancient seagrass vegetation. Other indirect
indications are given by the tube-like morphology of some species colonizing
seagrass stems, and by the brick-like pattern of seagrass cells imprinted on
bryozoan undersurfaces by bioimmuration.
8. The oldest fossil seagrass-associated bryozoan community from the
Maastrichtian shares only two genera with the Cenozoic communities.
Diversity is slightly lower in the Maastrichtian assemblage, there is a higher
proportion of cyclostomes, and vinculariiform species are more common.
9. A new record of seagrass-associated bryozoans is described from the
Miocene of East Kalimantan and contains two new species of Vincularia.
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Supplementary material
Appendix
List of Recent and fossil seagrass-associated bryozoan species. The ordering of
cyclostome and ctenostome bryozoans follows the systematic list of families reported in the
Bryozoa Homepage website (www.bryozoa.net), whereas that of cheilostomes follows D.P.
Gordon’s provisional listing of genera for the Treatise on Invertebrate Paleontology
(http://www.bryozoa.net/treat_family_2011.pdf).
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Species

Age

Locality

Reference

Maastrichtian
Maastrichtian
Maastrichtian
Late Pliocene;
Recent
Maastrichtian
Late Pliocene;
Recent
Recent
Recent
Late Pliocene;
Recent

South Limburg
South Limburg
South Limburg
Rhodes, Greece;
Mediterranean Sea
South Limburg
Rhodes, Greece;
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea

Voigt 1981
Voigt 1981
Voigt 1981
Moissette 2012; Harmelin 1976

Tubulipora notomale
Tubulipora parasitica
Tubulipora plumosa

Recent
Maastrichtian
Late Pliocene;
Recent

Mediterranean Sea
South Limburg
Rhodes, Greece;
Mediterranean Sea

Tubulipora ziczac
‘Cardioecia’ watersi
Desmeplagioecia amphorae
Desmeplagioecia sp.
Diplosolen obelium

Recent
Recent
Recent
Maastrichtian
Recent

Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
South Limburg
Mediterranean Sea

Diplosolen sp.
Microecia suborbicularis
Plagioecia patina

Maastrichtian
Recent
Recent

South Limburg
Mediterranean Sea
Mediterranean Sea

Plagioecia sarniensis

Recent

Mediterranean Sea

Plagioecia sp.
Tervia irregularis
Annectocyma arcuata
Annectocyma australis
Annectocyma indistincta
Annectocyma major

Maastrichtian
Late Pliocene
Late Pliocene
Recent
Recent
Late Pliocene;
Recent

South Limburg
Rhodes, Greece
Rhodes, Greece
South Australia
Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea

Annectocyma tubulosa
Entalophoroecia deflexa

Recent
Late Pliocene;
Recent
Late Pliocene;
Recent
Recent
Recent
Late Pliocene
Maastrichtian
Late Pliocene
Maastrichtian
Recent
Recent
Recent

Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Rhodes, Greece
South Limburg
Rhodes, Greece
South Limburg
South Australia
Mediterranean Sea
Mediterranean Sea

Cyclostomata
Proboscina sp. 1
Proboscina sp. 2
Crisisina carinata
Idmidronea atlantica
Idmidronea macilenta
Platonea stoechas
Tubulipora cf. aperta
Tubulipora hemiphragmata
Tubulipora liliacea

Entalophoroecia gracilis
Entalophoroecia robusta
Mecynoecia delicatula
Ybselosoecia typica?
Pustulopora pustulosa
Frondipora verrucosa
Actinopora brongniarti
Crisia acropora
Crisia cuneata
Crisia denticulata

Voigt 1981
Moissette 2012; Harmelin 1976
Harmelin 1976
Harmelin 1976
Moissette 2012; Moissette et al.
2007; Harmelin 1976; Nesti et al.
2009
Nesti et al. 2009
Voigt 1981
Moissette 2012; Moissette et al.
2007; Harmelin 1976; Nesti et al.
2009
Harmelin, 1976
Harmelin, 1976
Harmelin, 1976
Voigt 1981
Harmelin 1976; Kocak et al.
2002; Nesti et al. 2009; Cocito et
al. 2011
Voigt 1981
Harmelin 1976
Harmelin 1976; Balata et al.
2007
Harmelin 1976; Cocito et al.
2011
Voigt 1981
Moissette 2012
Moissette 2012
James et al. 2011
Harmelin 1976
Moissette 2012; Moissette et al.
2007; Harmelin 1976; Prado et
al. 2007
Harmelin 1976
Moissette 2012; Moissette et al.
2007; Harmelin 1976
Moissette 2012; Harmelin 1976
Harmelin 1976
Harmelin 1976
Moissette 2012
Voigt 1981
Moissette 2012
Voigt 1981
James et al. 2011
Harmelin 1976
Kocak et al. 2002; Nesti et al.
2009
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Species

Age

Locality

Reference

Crisia fistulosa

Late Pliocene;
Recent

Rhodes, Greece;
Mediterranean Sea

Crisia elongata
Crisia occidentalis

Crisia sp. 1

Recent
Late Pliocene;
Recent
Recent
Late Pliocene;
Recent
Late Pliocene

N Saudi Arabia
Rhodes, Greece;
Mediterranean Sea
Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea
Rhodes, Greece

Crisia sp. 2

Late Pliocene

Rhodes, Greece

Crisia sp.

OligoceneMiocene
Recent
Late Pliocene
Maastrichtian
Maastrichtian
Maastrichtian
Maastrichtian
Maastrichtian
Maastrichtian
Maastrichtian
Maastrichtian
Maastrichtian
Maastrichtian
PliocenePleistocene
Recent
Late Pliocene;
Recent

SE Australia

Moissette 2012; Moissette et al.
2007; Cocito et al. 2011;
Harmelin 1976
Soule & Soule 1985
Moissette 2012; Moissette et al.
2007; Prado et al. 2007
Kocak et al. 2002
Moissette 2012; Moissette et al.
2007; Harmelin 1976
Moissette 2012; Moissette et al.
2007
Moissette 2012; Moissette et al.
2007
Lucasik et al. 2000; Riordan et
al. 2012
Harmelin 1976
Moissette 2012
Voigt 1981
Voigt 1981
Voigt 1981
Voigt 1981
Voigt 1981
Voigt 1981
Voigt 1981
Voigt 1981
Voigt 1981
Voigt 1981
James & Bone 2007

Disporella pristis
Lichenopora reticulata
Lichenopora diadema
Patinella radiata

Recent
Maastrichtian
Maastrichtian
Late Pliocene;
Recent

South Australia
South Limburg
South Limburg
Rhodes, Greece;
Mediterranean Sea;
Saudi Arabia

Lichenoporidae sp.

Eocene; PlioPleistocene

Western Florida;
Western Australia

Ctenostomata
Alcyonidium sp.
Pherusella tubulosa

Recent
Recent

Mediterranean Sea
Mediterranean Sea

Nolella dilatata

Recent

Mediterranean Sea

Nolella gigantea

Recent

Mediterranean Sea

Amathia lendigera

Recent

Mediterranean Sea

Amathia pruvoti
Bowerbankia gracilis

Recent
Recent

Mediterranean Sea
Mediterranean Sea;
Saudi Arabia

Crisia ramosa
Crisia sigmoidea

Filicrisia geniculata
Hornera frondiculata
Cavarinella ramosa
Coelocochlea torquata
Petalopora fallax
Reteporidea lichenoides
Reteporidea n. sp.
Cyrtopora elegans
Heterocrisina communis
Osculipora truncata
Defranciopora sessilis
Ditaxia n. sp.
Densipora corregata
Favosipora sp.
Disporella hispida
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Mediterranean Sea
Rhodes, Greece
South Limburg
South Limburg
South Limburg
South Limburg
South Limburg
South Limburg
South Limburg
South Limburg
South Limburg
South Limburg
Western Australia
South Australia
Rhodes, Greece;
Mediterranean Sea

James et al. 2011
Moissette 2012; Moissette et al.
2007; Prado et al. 2007; Nesti et
al. 2009; Cocito et al. 2011
James et al. 2011
Voigt 1981
Voigt 1981
Moissette 2012; Moissette et al.
2007; Kocak et al. 2002; Nesti et
al. 2009; Cocito et al. 2011;
Soule & Soule 1985
Ivany et al.1990; James & Bone
2007
Hayward 1974; Occhipinti 1986
Occhipinti 1986; Chimenz et al.
1989; Kocak et al. 2002; Nesti et
al. 2009
Kocak et al. 2002; Nesti et al.
2009
Occhipinti 1986; Kocak et al.
2002
Occhipinti 1986; Kocak et al.
2002; Nesti et al. 2009
Hayward 1974
Prado et al. 2007; Nesti et al.
2009; Soule & Soule 1985
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Age

Locality

Reference

Aeverrillia setigera
Walkeria uva
Mimosella gracilis

Recent
Recent
Recent

Saudi Arabia
Mediterranean Sea
Mediterranean Sea

Mimosella verticillata

Recent

Mediterranean Sea

Soule & Soule 1985
Occhipinti 1986
Occhipinti 1986; Prado et al.
2007
Kocak et al. 2002; Occhipinti
1986; Prado et al. 2007

Recent
Recent
Late Pliocene;
Recent

Western Australia
Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea

Recent
Recent
Recent

South Australia
Saudi Arabia
Saudi Arabia

Lisbjerg & Petersen 2000
Prado et al. 2007
Moissette 2012; Moissette et al.
2007; Hayward 1974, 1975;
Harmelin 1976; Geraci & Cattaneo
1980; Occhipinti 1986; Chimenz et
al. 1989; Kocak et al. 2002; Balata
et al. 2007; Prado et al. 2007;
Nesti et al. 2009; Cocito et al.
2011
James et al. 2011
Soule & Soule 1985
Soule & Soule 1985

Maastrichtian
Maastrichtian
Late-Middle
Eocene
Recent

South Limburg
South Limburg
Western Florida

Voigt 1981
Voigt 1981
Ivany et al. 1990

Mediterranean Sea

Aetea sica

Late Pliocene;
Recent

Rhodes, Greece;
Mediterranean Sea

Aetea truncata

Recent

Mediterranean Sea

Callopora dumerilii
Callopora lineata

Recent
Recent

Mediterranean Sea
Mediterranean Sea

Copidozoum tenuirostre

Recent

Mediterranean Sea

Crassimarginatella
maderensis
Crassimarginatella solidula

Recent

Mediterranean Sea

Balduzzi et al. 1991; Kocak et al.
2002; Nesti et al. 2009
Moissette 2012; Moissette et al.
2007; Hayward 1975; Harmelin
1976; Occhipinti 1986; Prado et al.
2007
Geraci & Cattaneo 1980; Hayward
1974, 1975; Occhipinti, 1986;
Kocak et al. 2002; Nesti et al.
2009
Harmelin 1976; Occhipinti 1986
Occhipinti 1986; Cocito et al.
2011; Nesti et al. 2009
Hayward 1974, 1975; Harmelin,
1976; Geraci & Cattaneo 1980;
Occhipinti 1986; Kocak et al. 2002;
Cocito et al. 2011
Harmelin 1976

Recent

Mediterranean Sea

Ellisina gautieri
Tremogasterina robusta
Antropora marginella
Rosselliana rosselii
Chaperia annulus
Nellia quadrilatera
Vincularia berningi

Late Pliocene
Recent
Recent
Recent
Recent
Recent
Middle
Miocene
Middle
Miocene

Rhodes, Greece
Saudi Arabia
Saudi Arabia
Mediterranean Sea
Mediterranean Sea
Saudi Arabia
East Kalimantan,
Indonesia
East Kalimantan,
Indonesia

Cheilostomata
Electra bellula
Electra pilosa
Electra posidoniae

Mychoplectra pocula
Jellyella tuberculata
Membranipora
membranacea
‘Membranipora’ n. sp. 1
‘Membranipora' n. sp. 2
‘Membranipora’ sp.
Aetea lepadiformis

Vincularia manchanui

Geraci & Cattaneo 1980; Cocito et
al. 2011
Moissette 2012
Soule & Soule 1985
Soule & Soule 1985
Hayward 1974
Harmelin 1976
Soule & Soule 1985
Di Martino & Taylor, 2014
Di Martino & Taylor, 2014
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Species

Age

Locality

Reference

Heterooecium sp.
Cupuladria canariensis
Discoporella umbellata
Carbasea papyrea

Recent
Late Pliocene
Late Pliocene
Recent

South Australia
Rhodes, Greece
Rhodes, Greece
Mediterranean Sea

Gregarinidra gregaria
Hincksina flustroides
Bugula calathus
Bugula calathus calathus
Bugula gautieri
Bugula germanae
Bugula neritina

Recent
Recent
Recent
Recent
Recent
Recent
Recent

Bugula stolonifera
Caulibugula zanzibariensis
Beania hirtissima

Recent
Recent
Recent

Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Saudi Arabia; Gulf of
Mexico
Saudi Arabia
Saudi Arabia
Mediterranean Sea

James et al. 2011
Moissette 2012
Moissette 2012
Hayward 1974, 1975; Harmelin
1976; Balata et al. 2007; Nesti et
al. 2009
Geraci & Cattaneo 1980
Harmelin 1976
Hayward 1974; Harmelin 1976
Hayward 1974
Harmelin 1976
Prado et al. 2007
Soule & Soule 1985; Keough 1986

Beania magellanica

Recent

Mediterranean Sea

Beania mirabilis

Recent

Mediterranean Sea

Beania robusta
Synnotum aegyptiacum

Recent
Recent

Caberea boryi

Recent

Mediterranean Sea
Mediterranean Sea;
Saudi Arabia
Mediterranean Sea

Scrupocellaria bertholleti
Scrupocellaria delilii
Scrupocellaria
macrorhyncha
Scrupocellaria maderensis
Scrupocellaria reptans

Recent
Recent
Recent

Mediterranean Sea
Mediterranean Sea
Mediterranean Sea

Recent
Recent

Mediterranean Sea
Mediterranean Sea

Scrupocellaria scrupea

Recent

Mediterranean Sea

Scrupocellaria scruposa

Late Pliocene;
Recent

Rhodes, Greece;
Mediterranean Sea

Scrupocellaria spatulata
Calpensia nobilis

Recent
Late Pliocene;
Recent

Saudi Arabia
Rhodes, Greece;
Mediterranean Sea

Mollia patellaria
Micropora coriacea

Recent
Late Pliocene;
Recent
Late Pliocene

Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea
Rhodes, Greece

Monoporella nodulifera
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Soule & Soule 1985
Soule & Soule 1985
Harmelin 1976; Geraci & Cattaneo
1980; Kocak et al. 2002; Nesti et
al. 2009
Hayward 1974; Harmelin 1976;
Nesti et al. 2009; Cocito et al.
2011
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980;
Occhipinti 1986
Occhipinti 1986
Harmelin 1976; Kocak et al. 2002;
Soule & Soule 1985
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980;
Occhipinti 1986; Kocak et al. 2002;
Nesti et al. 2009
Harmelin 1976; Kocak et al. 2002
Geraci & Cattaneo 1980
Hayward 1974
Harmelin 1976
Harmelin 1976; Prado et al. 2007;
Nesti et al. 2009
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980;
Occhipinti 1986; Kocak et al. 2002;
Cocito et al. 2011
Moissette 2012; Hayward 1974;
Geraci & Cattaneo 1980; Kocak et
al. 2002; Prado et al. 2007
Soule & Soule 1985
Moissette 2012; Moissette et al.
2007; Occhipinti 1986; Romero
Colmenero & Sanchez Lizaso
1999; Kocak et al. 2002; Cocito et
al. 2011
Hayward 1974, 1975
Moissette 2012; Harmelin 1976;
Nesti et al. 2009
Moissette 2012
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Age

Locality

Reference

Onychocella propinqua
Onychocella nysti
Onychocella koninckiana
Onychocella marioni

Maastrichtian
Maastrichtian
Maastrichtian
Recent

South Limburg
South Limburg
South Limburg
Mediterranean Sea

Onychocella spinifera
Thairopora cincta
Thairopora mamillaris
Thalamoporella gotica
Thalamoporella sp.
Cellaria normani
Cellaria pilosa
Cellaria salicornioides

Maastrichtian
Recent
Recent
Recent
Eocene
Recent
Recent
Late Pliocene;
Recent

South Limburg
South Australia
Western Australia
Saudi Arabia
Western Florida
Mediterranean Sea
South Australia
Rhodes, Greece;
Mediterranean Sea

Cellaria sp.

OligoceneMiocene
Maastrichtian
Maastrichtian
Maastrichtian

South Australia

Voigt 1981
Voigt 1981
Voigt 1981
Cocito et al. 2011; Kocak et al.
2002
Voigt 1981
James et al. 2011
Trautman & Borowitzka 1999
Soule & Soule 1985
Ivany et al. 1990
Harmelin 1976
Bone & James 1993
Moissette 2012; Hayward 1974;
Balata et al. 2007; Nesti et al.
2009
Riordan et al. 2012

South Limburg
South Limburg
South Limburg

Voigt 1981
Voigt 1981
Voigt 1981

Recent

Mediterranean Sea

Collarina balzaci

Late Pliocene;
Recent

Rhodes, Greece;
Mediterranean Sea

Figularia figularis

Recent

Mediterranean Sea

Membraniporella nitida
Pliophloea n. sp. 1
Pliophloea n. sp. 2
Puellina gattyae

Recent
Maastrichtian
Maastrichtian
Recent

Mediterranean Sea
South Limburg
South Limburg
Mediterranean Sea

Puellina hincksi
Puellina innominata

Recent
Recent

Mediterranean Sea
Mediterranean Sea

Puellina pedunculata
Puellina radiata

Recent
Recent

Mediterranean Sea
Mediterranean Sea

Puellina setosa
Tricephalopora sp.
Orthoscuticella ventricosa
Halysisis diaphana
Savignyella lafontii

Recent
Maastrichtian
Recent
Late Pliocene
Late Pliocene;
Recent

Hippothoa divaricata
Hippothoa flagellum

Recent
Recent

Mediterranean Sea
South Limburg
South Australia
Rhodes, Greece
Rhodes, Greece;
Mediterranean Sea;
Saudi Arabia
Mediterranean Sea
Mediterranean Sea

Harmelin 1976; Geraci &
Cattaneo 1980; Occhipinti 1986;
Kocak et al. 2002; Nesti et al.
2009
Moissette 2012; Moissette et al.
2007; Harmelin 1976; Geraci &
Cattaneo 1980; Occhipinti 1986;
Kocak et al. 2002; Prado et al.
2007; Nesti et al. 2009
Harmelin 1976; Geraci &
Cattaneo 1980
Harmelin 1976
Voigt 1981
Voigt 1981
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980;
Occhipinti 1986; Kocak et al.
2002; Prado et al. 2007
Cocito et al. 2011
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980;
Occhipinti 1986; Kocak et al.
2002
Harmelin 1976
Harmelin 1976; Balata et al.
2007
Harmelin 1976
Voigt 1981
Bone & James 1993
Moissette 2012
Moissette 2012; Hayward 1974;
Nesti et al. 2009; Soule & Soule
1985
Geraci & Cattaneo 1980
Harmelin 1976

Escharifora muelleri
Puncturiella mohli
Semiescharinella
subgranulata
Chlidonia pyriformis
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Species

Age

Locality

Reference

Chorizopora brongniartii

Recent

Mediterranean Sea

Kunradina bicincta
Trypostega rugulosa?

Maastrichtian
Late Pliocene

South Limburg
Rhodes, Greece

Trypostega venusta

Late Pliocene;
Recent
Recent
Recent
Late Pliocene;
Recent

Rhodes, Greece;
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea

Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980;
Occhipinti 1986; Prado et al.
2007; Nesti et al. 2009; Cocito et
al. 2011
Voigt 1981
Moissette 2012; Moissette et al.
2007
Moissette 2012; Kocak et al. 2002

Recent
Middle
Miocene
Late Pliocene;
Recent

Mediterranean Sea
India

Late Pliocene
Maastrichtian
Maastrichtian
OligocenePleistocene;
Recent
Recent
Maastrichtian
Recent
Recent
Recent
Recent
Recent

Rhodes, Greece
South Limburg
South Limburg
Western and South
Australia

Late Pliocene;
Recent
Late Pliocene;
Recent

Rhodes, Greece;
Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea

Beissellina sp. 1
Beissellina sp. 2
Beissellina sp. 3
Metrarabdotos moniliferum

Maastrichtian
Maastrichtian
Maastrichtian
Late Pliocene

South Limburg
South Limburg
South Limburg
Rhodes, Greece

Metrarabdotos spp.

MiocenePliocene
Recent
Recent
Recent
Recent

tropical America

Haplopoma bimucronatum
Haplopoma graniferum
Haplopoma impressum

Exechonella antillea
Adeonellopsis sp.
Reptadeonella violacea

Adeonella pallasii
Brydonella vulcani
Balantiostoma pusillum
Celleporaria cristata

Celleporaria labelligera
Cryptostomella globidecus
Porella concinna
Porella minuta
Escharella rylandi
Escharella variolosa
Escharoides coccinea
Hippopleurifera pulchra
Umbonula ovicellata

Parasmittina dentigera
Parasmittina egyptiaca
Parasmittina parsevalii
Parasmittina raigii
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Rhodes, Greece;
Mediterranean Sea

Saudi Arabia
South Limburg
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea

Saudi Arabia
Saudi Arabia
Mediterranean Sea
Mediterranean Sea;
Saudi Arabia

Harmelin 1976; Occhipinti 1986
Harmelin 1976
Moissette 2012; Moissette et al.
2007; Hayward 1974; Harmelin
1976; Geraci & Cattaneo 1980;
Occhipinti 1986
Kocak et al. 2002
Reuter et al. 2010
Moissette 2012; Geraci &
Cattaneo 1980; Occhipinti 1986;
Kocak et al. 2002; Cocito et al.
2011
Moissette 2012
Voigt 1981
Voigt 1981
James & Bone 2007; Riordan et
al. 2012; Bone & James 1993
Soule & Soule 1985
Voigt 1981
Harmelin 1976; Occhipinti 1986
Harmelin 1976
Geraci 1974
Occhipinti 1986
Harmelin 1976; Geraci & Cattaneo
1980; Nesti et al. 2009
Moissette 2012; Harmelin 1976
Moissette 2012; Moissette et al.
2007; Hayward 1974; Harmelin
1976; Prado et al. 2007
Voigt 1981
Voigt 1981
Voigt 1981
Moissette 2012; Moissette et al.
2007
Cheetam et al. 2001
Soule & Soule 1985
Soule & Soule 1985
Harmelin 1976
Harmelin 1976; Occhipinti 1986;
Geraci & Cattaneo 1980; Kocak et
al. 2002; Cocito et al. 2011; Soule
& Soule 1985
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Species

Age

Locality

Reference

Parasmittina rouvillei

Recent

Mediterranean Sea

Parasmittina signata
Parasmittina unispinosa
Parasmittina sp.

Recent
Recent
PliocenePleistocene
Recent
Late Pliocene
Recent
Recent
Recent
Recent
Recent
Recent
Recent

Saudi Arabia
Saudi Arabia
Western Australia

Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980;
Occhipinti 1986
Soule & Soule 1985
Soule & Soule 1985
James & Bone 2007

Phylactella? sp.
Smittina cervicornis
Smittina cheilostoma
Smittina inerma
Smittoidea reticulata
Metroperiella lepralioides
Pentapora fascialis
Pentapora foliacea
Pentapora ottomulleriana
Schizomavella auriculata

Late Pliocene;
Recent

Mediterranean Sea
Rhodes, Greece
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea;
Saudi Arabia
Rhodes, Greece;
Mediterranean Sea

Schizomavella cornuta
Schizomavella discoidea

Recent
Recent

Mediterranean Sea
Mediterranean Sea

Schizomavella hastata
Schizomavella linearis

Recent
Recent

Mediterranean Sea
Mediterranean Sea

Schizomavella mamillata
Watersipora complanata

Recent
Late Pliocene

Mediterranean Sea
Rhodes, Greece

Watersipora subovoidea

Late Pliocene;
Recent

Rhodes, Greece;
Mediterranean Sea

Watersipora subtorquata
Schizobrachiella sanguinea

Recent
Recent

Saudi Arabia
Mediterranean Sea

Schizoporella discoidea
Schizoporella dunkeri

Recent
Recent

Mediterranean Sea
Mediterranean Sea

Schizoporella errata
Schizoporella floridana

Recent
Pleistocene

Schizoporella geminipora

Middle
Miocene
Recent
Late Pliocene

Saudi Arabia
Miami Limestone,
Florida
Poland and Czech
Republic
Mediterranean Sea
Rhodes, Greece

Schizoporella magnifica
Schizoporella longirostris?
Schizoporella tenella
Schizoporella tetragona
Schizoporella unicornis
Schizoporella sp.
Porina vesicosa

Middle
Miocene
Middle
Miocene
Recent
PliocenePleistocene
Maastrichtian

Geraci & Cattaneo 1980
Moissette 2012
Hayward 1974
Geraci & Cattaneo 1980
Harmelin 1976
Harmelin 1976
Harmelin 1976
Nesti et al. 2009
Harmelin 1976; Cocito et al. 2011;
Soule & Soule 1985
Moissette 2012; Moissette et al.
2007; Harmelin 1976; Geraci &
Cattaneo 1980; Occhipinti 1986
Cocito et al. 2011
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980
Harmelin 1976; Cocito et al. 2011
Harmelin 1976; Geraci & Cattaneo
1980
Harmelin 1976
Moissette 2012; Moissette et al.
2007
Moissette 2012; Moissette et al.
2007; Hayward 1974; Harmelin
1976
Soule & Soule 1985
Geraci & Cattaneo 1980;
Occhipinti 1986; Kocak et al. 2002;
Nesti et al. 2009
Hayward 1974
Geraci & Cattaneo 1980; Kocak et
al. 2002
Soule & Soule 1985
McKinney & Jackson 1989

Czech Republic

Vavra 1979, 1984; Zágoršek et al.
2009
Hayward 1974; Harmelin 1976
Moissette 2012; Moissette et al.
2007
Holcovà & Zágoršek 2008

Czech Republic

Holcovà & Zágoršek 2008

Mediterranean Sea;
Saudi Arabia
Western Australia

Cocito et al. 2011; Soule & Soule
1985
James & Bone 2007

South Limburg

Voigt 1981
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Species

Age

Locality

Reference

Porina sp.
Margaretta cereoides

Maastrichtian
Late Pliocene;
Recent

South Limburg
Rhodes, Greece;
Mediterranean Sea

Hippaliosina depressa

Recent

Mediterranean Sea

Cosciniopsis ambita
Hagiosynodos kirkenpaueri
Hagyosinodos latus
Hagiosynodos tregouboffi
Cryptosula pallasiana

Late Pliocene
Recent
Late Pliocene
Recent
Late Pliocene;
Recent

Rhodes, Greece
Mediterranean Sea
Rhodes, Greece
Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea

Phoceana tubulifera
Fenestrulina joannae

Late Pliocene
Late Pliocene;
Recent

Rhodes, Greece
Rhodes, Greece;
Mediterranean Sea

Fenestrulina malusii

Recent

Mediterranean Sea

Microporella ciliata

Recent

Mediterranean Sea

Microporella orientalis
Microporella trigonellata

Recent
Recent

Saudi Arabia
Japan

Microporella umbracula
Arthropoma cecilii

Recent
Recent

Mediterranean Sea
Mediterranean Sea;
Saudi Arabia

Cribrellopora trichotoma
Escharina vulgaris

Recent
Late Pliocene;
Recent

Mediterranean Sea
Rhodes, Greece;
Mediterranean Sea

Buffonellodes spp.

Czech Republic

Crepidacantha poissoni
Cleidochasmatidae sp.
Buffonellaria divergens
Cellepora pumicosa

Middle
Miocene
Recent
Recent
Late Pliocene
Recent

Voigt 1981
Moissette 2012; Moissette et al.
2007; Hayward 1974; Harmelin
1976; Geraci & Cattaneo 1980;
Occhipinti 1986; Kocak et al. 2002;
Nesti et al. 2009
Hayward 1974; Occhipinti 1986;
Kocak et al. 2002
Moissette 2012
Occhipinti 1986
Moissette 2012
Gautier 1952
Moissette 2012; Moissette et al.
2007; Balata et al. 2007; Nesti et
al. 2009; Cocito et al. 2011
Moissette 2012
Moissette 2012; Moissette et al.
2007; Harmelin 1976; Geraci &
Cattaneo 1980; Occhipinti 1986;
Chimenz et al. 1989; Prado et al.
2007
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980; Prado et
al. 2007; Nesti et al. 2009
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980; Prado et
al. 2007; Nesti et al. 2009; Cocito
et al. 2011
Soule & Soule 1985
Suwa & Mawatari 1998; Kouchi et
al. 2006
Kocak et al. 2002
Harmelin 1976; Geraci & Cattaneo
1980; Occhipinti 1986; Cocito et
al. 2011; Soule & Soule 1985
Geraci & Cattaneo 1980
Moissette 2012; Moissette et al.
2007; Hayward 1974; Harmelin
1976; Geraci & Cattaneo 1980;
Kocak et al. 2002
Holcovà & Zágoršek 2008

Cellepora posidoniae
Celleporina caminata

Recent
Recent

Mediterranean Sea
Mediterranean Sea

Celleporina cf. canariensis
Celleporina costazi
Celleporina hassalii

Late Pliocene
Late Pliocene
Recent

Rhodes, Greece
Rhodes, Greece
Mediterranean Sea

Turbicellepora avicularia

Recent

Mediterranean Sea
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Mediterranean Sea
Mediterranean Sea
Rhodes, Greece
Mediterranean Sea

Occhipinti 1986
Kocak et al. 2002
Moissette 2012
Kocak et al. 2002; Nesti et al.
2009
Hayward 1974
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980; Kocak et
al. 2002
Moissette 2012
Moissette et al. 2007
Harmelin 1976; Geraci & Cattaneo
1980; Cocito et al. 2011
Occhipinti 1986
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Age

Locality

Reference

Turbicellepora coronopus
Turbicellepora magnicostata

Late Pliocene
Recent

Rhodes, Greece
Mediterranean Sea

Celleporidae sp.

India

Iodictyum phoeniceum
Reteporella complanata
Reteporella grimaldii
Reteporella septentrionalis

Middle
Miocene
Recent
Recent
Recent
Recent

Moissette 2012
Occhipinti 1986; Chimenz et al.
1989; Kocak et al. 2002
Reuter et al. 2010

Reteporella sp.
Rhynchozoon bispinosum

Late Pliocene
Recent

Rhodes, Greece
Mediterranean Sea

Rhynchozoon digitatum
Rhynchozoon larreyi
Rhynchozoon neapolitanum
Rhynchozoon
pseudodigitatum
Rhynchozoon sp.

Recent
Recent
Late Pliocene
Late Pliocene

Mediterranean Sea
Saudi Arabia
Rhodes, Greece
Rhodes, Greece

Bone & James 1993
Harmelin 1976
Deudero et al. 2009
Hayward 1974; Harmelin 1976;
Geraci & Cattaneo 1980
Moissette 2012
Geraci & Cattaneo 1980;
Occhipinti 1986
Geraci & Cattaneo 1980
Soule & Soule 1985
Moissette 2012
Moissette 2012

Czech Republic

Holcovà & Zágoršek 2008

Schizotheca fissa

Middle
Miocene
Recent

Mediterranean Sea

Lekythopora lucida?

Recent

Mediterranean Sea

Harmelin 1976; Occhipinti 1986;
Cocito et al. 2011
Harmelin 1976

South Australia
Mediterranean Sea
Mediterranean Sea
Mediterranean Sea
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CHAPTER 10
Bryozoan diversity in the Miocene of the Kutai Basin, East
Kalimantan, Indonesia
Emanuela Di Martino, Paul D. Taylor & Kenneth G. Johnson
Submitted in Palaios
Abstract
Miocene bryozoans from the Indonesian Archipelago have been poorly
investigated in the past. Several factors combine to explain their poor fossil
record, including difficulties in locating good exposures in areas characterized
by lush vegetation, dominance of inconspicuous encrusting species, and the
adverse effects of diagenesis on fossil preservation. A large collection of
samples from the Kutai Basin (East Kalimantan) made during the Marie Curie
Initial Training Network ‘Throughflow’ has allowed new insights into the
diversity of Miocene bryozoans in this region. The bryozoan assemblage as a
whole consists of 123 species, which represents a remarkable increase in
diversity compared to previous knowledge. Substrate availability appears to be
the main factor controlling bryozoan distribution, the majority of encrusting
species being associated with plate-like scleractinian corals. Collecting curves
allow sampled sites to be divided into three groups characterized by high,
medium and low species richness. The site of highest diversity is a mesophotic
reef slope, environment influenced by strong input of terrigenous sediment.
Ordination plots show no clear patterns of distribution among sites, with
putatively endemic species accounting for most of the discrimination. A similar
level of endemism and habitat heterogeneity characterizes modern, tropical
bryozoan faunas. However, many more intermediate sites need to be sampled
to achieve a fuller understanding of the true pattern of bryozoan species
distribution in the Miocene of the Kutai Basin.
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10.1 Introduction
The Kutai Basin represents the largest extensional sedimentary basin in
Borneo, and was first formed in the Middle to Late Eocene above a basement
of Mesozoic and older strata as a consequence of the rifting of the Makassar
Strait (Cloke et al., 1999). Since at least the Early Miocene, large amounts of
siliciclastic sediments, resulting from high rates of Neogene uplift and
associated erosion of Borneo landmass, have been deposited into the basin,
associated with the major Mahakam Delta system that prograded eastwards
(Hall & Nichols, 2002). Despite the heavy and near-constant siliciclastic input
to the Mahakam Delta, Miocene carbonate sequences, such as coral carpets
and low- and high-relief builds-ups, developed along the seaward margin,
strongly influenced by siliciclastic input throughout their evolution (Wilson,
2005; Renema et al., submitted a). Although corals dominate, these deposits
contain a rich and diverse marine biota of other groups, including larger
benthic foraminifera, calcareous algae, molluscs, echinoderms and bryozoans
(e.g. Wilson, 2005; Novak et al., 2013; Di Martino & Taylor, 2014;
Santodomingo et al., submitted).
Miocene bryozoans from the entire Indonesian Archipelago have been poorly
investigated in the past, which has led to the mistaken belief that they are rare
and low in diversity, in contrast with the high diversity of Recent bryozoans
from the same area (e.g. Harmer, 1915, 1923, 1926, 1957; Winston, 1986;
Winston & Heimberg, 1986) and coeval fossil bryozoan faunas from Europe
(e.g. Berning, 2006; Moissette et al., 2007a; Zágoršek, 2010a, b). The scarcity
of data is in part explained by the difficulty in locating good outcrops and
stratigraphical sections in the area, which is characterized by lush vegetation
and a complex structural and tectonic history (Braga, 2001). Nevertheless, at
the present day Indonesia is rapidly developing, resulting in numerous new
exposures as a consequence of the extensive extraction of coal, quarry
activities, road-cuts and the construction of new buildings (Johnson et al.,
submitted). New fieldwork in East Kalimantan was conducted jointly by the
team from the Marie Curie Initial Training Network ‘Throughflow’ and
geologists from the Indonesian Geological Agency to take advantage of the
exposures now available. A large collection of samples has been made for the
first time specifically to investigate the Miocene bryozoan assemblages. One
of the main reasons for the poor existing fossil record from this region is that
most of the bryozoan diversity is due to inconspicuous encrusting species on
the undersurfaces of corals. Furthermore, cementation and other diagenetic
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changes limit opportunities for observing encrusting bryozoans in hand
specimens (see Taylor & Di Martino, in press).
This paper aims to describe the diversity of Miocene bryozoans in East
Kalimantan based on the new collections made for the ‘Throughflow’ project.
Bryozoan diversity is analysed in terms of species richness and specimen
abundance to assess sampling completeness at each site, and relationships
and changes in assemblage composition among sites, as well as to compare
fossil and Recent diversity from similar environments. Particular regard is paid
to colony growth-forms, type of substrates encrusted and preservation.

10.2 Material and methods
Fieldwork was conducted in November–December 2010 and June–July 2011.
The area surveyed extends from the vicinities of Samarinda to Bontang and
Sangkulirang in East Kalimantan (Indonesian Borneo) (Fig. 10.1). Sampling
sites are designated with a TF (Throughflow) number to allow comparison
across the project. Seventeen Early to Middle Miocene sections ranging
approximately from 17.5 to 6.1 Ma (Renema et al., submitted b) were sampled
specifically for bryozoans (Table 10.1). However, results from two outcrops, 51
and 57, that are 150 m apart and separated only by a road-cut, are merged in
the statistical analysis because the sections show lateral continuity and their
bryozoan assemblages are very similar. In addition, sites yielding only a few
fragments of a single Vincularia species (501, 504 and 510) or for which only
qualitative data (absence/presence) were available (110) have been excluded
from the analyses. Further specimens were identified in samples collected for
other taxonomic groups such as corals and molluscs.
Sampled sections were usually active hand-hammer quarries, coal mines, or
construction sites. The sections encompass deposition in different types of
mesophotic paleoenvironments, varying from low- and high-relief build-ups, to
coral carpets and seagrass meadows with coral intergrowths, and influenced
by a mixed carbonate-siliciclastic sedimentation (Renema et al., submitted a).
A total of seventy-four samples were used to study the bryozoan fauna. At
every site several different kinds of samples were collected, comprising 10 kgbulk sediment samples as well as hard substrates hand-picked directly from
the outcrop or as weathered float samples. Collecting effort at each site was
proportional to species richness and habitat heterogeneity as perceived in the
field. Processing of hand specimens included soaking in a dilute solution of the
detergent Quaternary-O to remove clay particles, scrubbing under running
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water with a soft toothbrush, and ultrasonic cleaning. Bulk samples were
soaked in water overnight, then washed, sieved through 5 mm, 2 mm, and 500
µm meshes and air-dried. Identification to species-, genus- or family-level,
depending on preservational quality, was made with the aid of a
stereomicroscope and subsequently a LEO 1455-VP scanning electron
microscope on uncoated specimens to reveal diagnostic features and
generate images.
Abundance was estimated per species per locality by counting the number of
encrusting colonies observed on hard substrates and the number of fragments
of erect species obtained after sieving the sediments. Following Cheetham et
al. (1999), bryozoan species were assigned to three major colony growth-form
categories – encrusting, erect and free-living – and the relative percentages of
the three categories per locality were calculated. Quantitative analysis was
completed using the R statistical analysis environment (R Core Team 2013).
Cumulative curves were calculated as the median of 100 random draws of
specimens to assess sampling completeness at each site. Relationships
among assemblages recovered from each site were analysed using nonmetric multidimensional scaling on Bray-Curtis dissimilarities calculated for
sites containing more than 15 species using the metaMDS function provided
by the Vegan Package for R (Okansen et al., 2013). All of the material is
housed in the fossil collections of the Department of Earth Sciences, Natural
History Museum, London (NHMUK). Supplementary material includes: (1) a
list of species in alphabetical order with the number of specimens analyzed per
outcrop; and (2) a list of putative endemic species per outcrop.

498	
  

Chapter 10

Figure 10.1
Map of Borneo with close-ups of sampled areas. Outcrops are indicated by dots. Modified
from Di Martino & Taylor, 2014.
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TF Outcrop GPS Coordinates

Age (Ma) Richness Abundance Endemic species

51

0.585730˚S; 117.119000˚E 11.7-11.5

24

393

-

52

0.468910˚S; 117.121270˚E 15.3-14.8

7

31

-

56

0.322028˚S; 117.297500˚E 17.5-15.3

11

1601

2

57

0.584670˚S; 117.119830˚E 11.7-11.5

25

302

3

59

0.018194˚S; 117.353490˚E 17.5-15.3

20

120

3

76

0.466260˚S; 117.121830˚E 15.3-14.8

39

10146

18

126

0.151300˚N; 117.304380˚E 17.5-15.3

58

1655

33

153

0.096440°N; 117.380370°E 17.5-15.3

21

769

6

508

0.148924˚N; 117.428191˚E

7.25-6.1

9

1037

4

511

0.771791˚N; 117.735610˚E

10-9.5

7

43

1

512

0.773221˚N; 117.731559˚E

9.4-5.33

2

3

-

518

0.835280˚N; 117.723510˚E

NA

4

33

1

522

0.911674˚N; 117.773866˚E 13.2-11.6

20

255

3
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Table 10.1
List of ‘Throughflow’ sites studied for bryozoans, reporting GPS coordinates, ages in million
years, number of species, number of specimens, and number of putative endemic species.
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10.3 Results
10.3.1 Species richness, abundance, and rarity
The bryozoan fauna from the studied area is relatively diverse, with 123
species classified between 78 genera and 48 families for a total of 16,599
specimens (Table 10.1; Appendix 10.1).
The order Cyclostomata is represented by 15 species (12% of total species
richness) belonging to 10 genera (plus one form-genus) and 7 families. In total,
525 cyclostome specimens were collected, making up 3% of the total
bryozoan specimens collected. The family Oncousoecidae is the most diverse
among cyclostomes with 3 genera and 3 species, following by Stomatoporidae
with 2 genera and 2 species, while the remaining cyclostome families are
represented by only one genus and one species except for Lichenoporidae
with four species of Disporella, and Horneridae with two species of Hornera.
The order Cheilostomata is represented by 108 species (88% of total species
richness) belonging to 68 genera in 41 families. The 16,074 cheilostome
specimens represent 97% of total abundance. Anascan-grade cheilostomes
are represented by 36 species (29% of bryozoan species richness) in 22
genera and 13 families, and 5849 specimens (35% of bryozoan specimens).
The most diverse anascan family is Calloporidae with 4 genera and 6 species,
following by Candidae with 3 genera and 4 species, while the remaining
families are represented by one genus each. Ascophoran-grade cheilostomes
are represented by 72 species (58% of bryozoan species richness) in 46
genera in 28 families, and 10225 specimens (62% of bryozoan specimens).
The family Phidoloporidae is the most diverse with 5 genera and 10 species,
following by Smittinidae and Celleporidae each with 4 species and 4 genera,
and Hippopodinidae with 3 genera and 5 species. The remaining families are
represented by fewer than five species.
Taking bryozoans as a whole, Vincularia is the most diverse genus with 5
species, followed by Disporella with 4 species, and Puellina, Adeonellopsis,
Stylopoma, Hippopodina, Microporella and Cigclisula with three species each.
The fauna includes a minimum of 33 new species (26%), comprising 2
cyclostomes, 11 anascans and 20 ascophorans. Seventy-four species (61%)
were collected at a single site (Table 10.1; Appendix 10.2), eighteen species
(15%) occurred in two sites, ten species (8.5%) in three or four sites, and nine
species (7%) in five or more sites (Fig. 10.2B). Among species that occur at
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only one site, 16 (13%) are represented by a single specimen, 24 (20%) by 2–
5 specimens, and 34 (28%) by more than 5 specimens.

Number of species

A
100
80
60
40
20
0

Recent
2

4

6
8
Number of sites

10

12

Number of species

B
100
80
60
40
20
0

Miocene
2

4

6
8
Number of sites

10

12

Figure 10.2
Number of bryozoan species plotted against number of sites of A,
Recent of Solomon Islands (Tilbrook, 2006), and B, Miocene of
East Kalimantan.

In all sections, values of taxonomic richness (number of families, genera and
species) for anascan and ascophoran cheilostomes tend to vary in parallel,
with ascophorans generally more diverse than anascans. Collecting curves for
each section (richness vs. abundance) fall into three groups: (1) high richness
is characteristic of site 126 with 58 species; (2) medium richness characterizes
six sites (51/57, 59, 76, 153, 522) with 20 to 39 species; (3) low richness with
fewer than 15 species is a feature of the remaining sites (Fig. 10.3A). The
collecting curve for the richest site 126, rises steeply before leveling-out,
predicting a richness of about 60 species for this locality. In contrast, collecting
curves for sites with medium to low richness, with a few exceptions, show
steep increments suggesting that the sampling was not saturated. Exceptions
are represented by sites 51/57, 76 and 153 among stations of medium
richness, and by 56 and 508 among stations of low richness, for which
collecting curves show a slightly tendency towards flattening.
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10.3.2 Relationships among sites
Ordination plots show a clear spatial separation among sites (Fig. 10.4), with
endemic species being mainly responsible for the discrimination (Table 10.1;
Appendix 10.2). No clear patterns of distribution can be recognized according
to facies type, environment/distance from the delta system, or age.
Nevertheless, specific, observable factors might be responsible for the
separation of some studied sites. For example, site 76 is different because it
contains the highest number of erect and free-living species due to a scarcity
of large substrates like platy corals and a high content of silty sediments
compared to other sites, while in site 522 bryozoans are associated with very
thin, easily fragmented platy corals, and in 153 mainly with branching forms.
Poor preservation is characteristic of site 56.

10.3.3 Colony growth-forms
Bryozoan species present in the Miocene of East Kalimantan exhibit a wide
range of colony morphotypes including encrusting runners, encrusting
unilaminar sheets, encrusting multilaminar massive forms, erect rigid
fenestrate, erect rigid branching, erect articulated branching and free-living
forms. However, many of these colony-forms are rare (for example encrusting
multilaminar massive), so these categories were simplified into three major
colony-forms – encrusting, erect and free-living – for analytical purposes. The
bryozoan fauna as a whole includes 71% encrusting species with mostly twodimensional colonies, 25% erect species (which are mostly flexible, jointed,
and were anchored to a substrate by rootlets), and 4% free-living species.
Erect species are represented by more than six taxa only in bryozoan
assemblages from two sites: 126 with 19 species, and 76 with 15 species,
corresponding to 33% and 38% of total bryozoan species from these sites,
respectively. These are also the only sites containing free-living species, with
one free-living species in 126 and three in 76.
In terms of specimen abundance, the relative proportions of the three colonyforms are reversed, with fragments of erect colonies comprising 85% of total
bryozoan abundance, compared with 14% encrusting colonies and 1% by freeliving colonies. The same pattern can be observed when the analysis is
focused on single sites (Fig. 10.4). Encrusting species represent at least 60%
but usually more than 70% of the total species in all sites having more than 15
species, while the relative dominance of encrusting versus erect is reversed in
six out of eight stations when based on number of specimens.
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Figure 10.3
Collecting curves (richness vs abundance) for each site of A, the
entire bryozoan assemblage, and B, restricted to encrusting species.
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These patterns of relative diversity and abundance among encrusting and
erect bryozoans reflect not only biological differences but also contrasts in the
taphonomic histories of the two colony-forms. Erect species suffer high
degrees of fragmentation, with the counted fragments, which are typically
between 500 µm and 1 mm long, representing only small fractions of individual
colonies and therefore inflating values of colony abundance. In contrast,
encrusting colonies on hard substrates are seldom fragmented, meaning that
each count represents an individual colony, even if small and consisting of
only a few zooids. Collecting curves restricted to encrusting species (Fig.
10.3B) closely parallel the curves for the bryozoan faunas as a whole for the
majority of stations. However, differences are evident in 51/57 and 522, with
an increasing tendency for flattening, and 76, 56 and 508, which are
characterized by more steeply rising curves that are not saturated.

10.3.4 Substrates
The majority of bryozoan species in the East Kalimantan samples are
associated with scleractinian corals which provided substrates for sheet-like
encrusting colonies some large (e.g. Steginoporella spp. and Reptadeonella
spp.) and surfaces for basal attachments of rigid erect forms (e.g.
Phidoloporidae spp.), as well as fissures containing a variety of microhabitats
for small, spot-like colonies (e.g. Antoniettella exigua and Bryopesanser spp.).
Bryozoans mainly grew on the undersides of thin, plate-like corals (Fig. 10.5A),
including Porites, Leptoseris, Pavona, Cyphastrea, Hydnophora, Pachyseris,
Podabacia and Echinopora (Novak et al. 2013; Santodomingo et al.,
submitted), and to a lesser extent on the surfaces of branching genera of
Acroporidae which were fouled by, for example, Antoniettella exigua, Puellina
spp. and Hippopodina spp. (Di Martino & Taylor, 2012b). The proportion of
corals encrusted by bryozoans was estimated by comparing the number of
coral specimens/fragments encrusted by bryozoans and the total number of
coral specimens/fragments contained in the bulk samples. On average, 30% of
the coral specimens/fragments were found to be colonized by bryozoans. This
figure may underestimate the true frequency of bryozoan colonization of corals
as some fragments of bryozoan-encrusted coral colonies may lack bryozoans.
Calcareous algae and encrusting foraminifera apparently represented the main
competitors for substrate living space, the latter frequently overgrowing
bryozoan colonies entirely. Cemented bivalves and other bryozoans were
found occasionally to overgrow the bryozoans. Ctenostome bryozoan borings
are visible rarely on the undersurfaces of some corals.
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Two cheilostome species, Setosellina cf. constricta and Scorpiodinipora cf.
costulata, represent an exception to the tendency for encrustation of corals,
instead showing a clear preference to encrust sandy grains and bioclasts of
similar size, such as fragments of erect bryozoans or shells of crabs, mollusks
and foraminifera (Fig. 10.5B–C). While no selectivity for the identity of the
substrate is apparent in Setosellina cf. constricta, Scorpiodinipora cf. costulata
shows a clear preference for gastropod shells. These species develop
colonies that may either remain smaller than their substrates, or completely
envelop them. Rooted or free-living species, such as Actisecos spp.,
Reussirella sp. and Anoteropora cf. magnicapitata, belong to the ‘sand-fauna’
category of Cook (1981) and are well adapted to life on particulate sediments.

Figure 10.5
Encrusting bryozoan colonies. A) Steginoporella sp. encrusting the undersurface of a platy
coral. B) Setosellina cf. constricta encrusting a crab shell fragment (top) and a gastropod
(bottom). C) Scorpiodinipora cf. costulata encrusting a gastropod.

10.3.5 Preservation
Mortality of Miocene reef corals in the Kutai Basin was a consequence of
burial by muddy sediments. The presence of this siliciclastic mud has
ameliorated the deleterious effects on bryozoan preservation of diagenetic
carbonate cement growth and explains the moderately good preservation seen
in many hand specimens. Nevertheless, only 49 (40%) out of 123 bryozoan
taxa could be identified to species level, including some described as new and
others showing affinities with fossil and Recent established species recorded
in other studies. The remaining taxa (60%) have been left in open
nomenclature, either because of the scarcity of material or due to a lack of
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observable diagnostic features. Even though much of the muddy sediment can
be washed off, adherent grains often obliterate details of the ancestrula and
early astogeny, the shape of the primary orifice, and the avicularian pivotal bar.
In addition, frontal walls of Puellina and Steginoporella are typically either
crushed or missing, as are the roofs of ovicells in many cheilostome species.
Abrasion sometimes affects granular cryptocysts, which consequently appear
smoother than they should. On average 10% of bryozoan specimens recorded
from each station were indeterminate cheilostomes in which only zooidal
outlines defined by the vertical walls are preserved.
An estimate of the proportion of species lost by aragonite dissolution during
diagenesis can be made from comparisons with modern tropical bryozoan
faunas. Laser Raman spectroscopic analyses undertaken on 23 species of
bryozoan species attached to the undersides of platy corals from Puerto Rico
in the Caribbean Sea and Peninsular Malaysia revealed that 27% of species
were aragonitic and 30% bimineralic. The relatively high proportion of species
with skeletons containing at least some aragonite suggests a substantial loss
of species by dissolution in fossil bryozoan faunas from East Kalimantan and
elsewhere in the tropics (Taylor & Di Martino, in press).

10.4 Discussion and conclusions
With 123 bryozoan species, this study on the Kutai Basin fauna has resulted in
a remarkable increase in diversity compared to that previously known from the
Cenozoic of the entire Indonesian Archipelago, which totalled just 31 species.
However, bryozoan species richness at each individual site is much lower than
the total. The richest site yielded a total of 58 species, while all the remaining
sites contained fewer than 40 species. A comparable magnitude of local
species richness has been reported for the Recent bryozoan fauna of reefs in
the Solomon Islands, with one site yielding 84 species being much more
diverse than the others which each contained 33 or fewer species (Tilbrook,
2006). The richest Solomon Islands site corresponds to a reef slope with coral
rubble at depth of 5–15 m. Though the paleoenvironment of the Kalimantan
site containing the highest richness has been also interpreted as a reef slope,
it differs in being characterized by low-energy and low-light conditions typical
for mesophotic reefs affected by strong terrigenous input (Novak et al., 2013).
Coral reefs from such settings in the present-day Indo-West Pacific contain
low biodiversity biotas (Palmer et al., 2010). In addition, rare species make up
a considerable proportion of the fossil fauna, with 61% of the species collected
at a single site, 13% represented by a single specimen, and 20% represented
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by 2 to 5 specimens. Interestingly, almost exactly the same proportions
characterize the modern bryozoan fauna from the Solomon Islands, as shown
by the distribution of species per number of sites, which is almost identical with
that for the Miocene of East Kalimantan, and also has a similarly high level of
endemism (Fig. 10.2). High levels of spatial and habitat heterogeneity are
features of modern tropical marine environments, as shown by other
taxonomic groups inhabiting coral reefs such as mollusks (Bouchet et al.,
2002). The patchy distribution typical of bryozoans and other organisms in
Indo-Pacific reef habitats also characterizes turbid Miocene reefs of
Kalimantan and is here responsible of the lack of clear relationships among
studied sites. However, species found in a single site are probably not really
limited to that site; rather it is likely that not enough sites have been sampled
to find them elsewhere. To gain a fuller understanding of patterns of
distribution we would need to study many more sites.
Substrate availability is a prime factor controlling bryozoan distribution. The
undersides of platy corals on the studied Miocene reefs provided cryptic
habitats for the settlement of bryozoan larvae, offering potentially long-lived
surfaces of large surface area for the growth of encrusting bryozoans, as well
as some vertical space for growth of erect colonies in a downward direction
towards the sediment surface. Major contrasts in diversity among Kalimantan
sites may be related to environmental factors such as differences in depth or in
the amount of terrigenous sediment in suspension or being deposited. The
patch reef representing the site of highest diversity, although developed in
turbid conditions, received a relatively reduced input of siliciclastic material
because of its location farther from the delta than the other sampled localities.
All studied localities have been interpreted as mesophotic but some, including
the high-diversity patch reef, are mesophotic by virtue of their greater depths,
whereas other, shallower localities situated on the delta front are mesophotic
because of increased turbidity. As active suspension feeders (filter feeders),
bryozoans prefer clear waters because of the deleterious effects of high
sediment loads on their feeding abilities (e.g. Best & Thorpe, 1996). They feed
on phytoplankton whose distribution is regulated by water transparency and
depth. Low bryozoan diversity recorded at some sites, for example where
bryozoans are associated with molluscs or seagrass habitats (Di Martino &
Taylor, in press), may be correlated with an absence or scarcity of interstitial
and cryptic habitats in which colonies may be relatively protected from
predators and competitors for living space.
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Appendix 10.1
List of bryozoan species with number of specimens per TF outcrop. CF = Colony form: EN = encrusting; ER = erect; FL= freeliving.
Bryozoan species

CF

TF51

TF52

TF56

TF57

TF59

TF126

TF153

TF508

TF511

TF512

TF518

TF522

Actisecos sp. 1

FL

-

-

-

-

Actisecos sp. 2

FL

-

-

-

-

-

-

2

-

-

-

-

-

-

-

4

-

-

-

-

-

-

Adeonellopsis aff. obliqua

ER

-

-

-

-

-

-

-

8

-

-

-

-

-

-

Adeonellopsis sp. 1

ER

-

-

Adeonellopsis sp. 2

ER

5

-

-

-

-

-

-

3

-

-

-

-

-

-

1

-

946

-

-

-

-

-

-

-

Anoteropora cf. magnicapitata

FL

-

Antoniettella exigua

EN

-

-

-

-

-

11

-

-

-

-

-

-

-

-

-

-

-

-

-

169

-

9

2

-

10

Antropora cf. subvespertilio

EN

Antropora cf. granulifera

EN

10

-

-

27

-

-

18

-

-

-

-

-

-

-

-

-

-

-

-

-

7

-

-

-

-

-

Arthropoma sp. nov.
'Berenicea' sp.

EN

-

-

-

-

-

-

60

-

-

-

-

-

-

EN

2

-

-

3

-

-

2

-

-

-

-

-

-

Bryopesanser sp. nov. 1
Bryopesanser sp. nov. 2

EN

-

-

-

-

9

-

12

-

-

-

-

-

-

EN

15

-

-

2

-

11

-

4

-

3

-

-

29

Buffonellaria sp. nov.
Caberea sp.

EN

-

-

-

-

-

-

2

-

-

-

-

-

-

ER

1

-

-

-

-

16

80

-

-

-

-

-

-

Caberoides sp. nov.

ER

-

-

-

-

-

-

5

-

-

-

-

-

-

Calloporina sp.

EN

-

-

-

-

-

-

-

-

-

-

-

-

2

Calyptotheca sp. 1

EN

-

-

-

-

-

6

1

-

-

-

-

-

-
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CF

TF51

TF52

TF56

TF57

TF59

TF76

TF126

TF153

TF508

TF511

TF512

TF518

TF522

Calyptotheca sp. 2

EN

-

-

-

-

-

1

-

-

-

-

-

-

-

Canda federicae sp. nov.

ER

-

-

-

-

-

-

23

-

-

-

-

-

-

Canda giorgioi sp. nov.

ER

-

-

-

-

1

3

23

-

-

-

-

-

-

Celleporaria sp.

EN

8

-

1

-

3

-

68

-

-

-

-

-

28

Cigclisula aff. ramparensis

ER

-

-

-

-

-

1092

-

-

-

-

-

-

-

Cigclisula sp. 1

EN

-

-

-

-

-

-

-

-

2

-

-

-

4

Cigclisula sp. 2

EN

-

-

-

-

-

-

-

-

3

-

-

-

-

Cranosina cf. coronata

EN

-

-

-

-

8

-

-

-

-

-

-

-

11

Cranosina rubeni sp. nov.

EN

19

-

12

19

-

4

4

10

-

-

-

-

14

?Crassimarginatella sp.

EN

10

-

-

13

-

2

6

-

-

-

-

-

-

Disporella sp. 1

EN

-

-

-

-

-

-

47

-

-

-

-

-

-

Disporella sp. 2

EN

-

-

-

-

-

-

25

-

-

-

-

-

-

Disporella sp. 3

EN

-

-

-

-

-

-

38

-

-

-

-

-

-

Disporella sp. 4

EN

5

-

-

3

-

8

-

-

-

-

-

-

28

?Encicellaria sp.

FL

-

-

-

-

-

-

1

-

-

-

-

-

-

Exechonella sp.

EN

-

-

-

1

-

-

-

-

-

-

-

-

-

Exidmonea sp.

ER

-

-

-

-

-

-

10

-

-

-

-

-

-

?Filaguria sp. nov.

EN

-

-

-

-

1

-

-

-

-

-

-

-

-

Filisparsa sp.

ER

-

-

-

1

-

-

10

-

-

-

-

-

-

?Flustrellaria sp.

EN

-

-

-

-

-

1

-

-

-

-

-

-

4

Gigantopora sp. nov.

EN

3

-

-

5

-

2

-

-

-

-

-

-

3

?Gontarella sendinoe sp. nov.

EN

-

-

-

-

2

-

-

-

-

-

-

-

-

?Hippomenella sp. nov. 1

EN

-

-

-

-

-

-

5

-

-

-

-

-

-

?Hippomenella sp. nov. 2

EN

-

-

-

-

-

-

3

-

-

-

-

-

-

Hippopodina cf. feegeensis

EN

9

-

-

28

3

-

-

-

2

-

-

-

-
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Bryozoan species

CF

TF51

TF52

TF56

TF57

TF59

TF76

TF126

TF153

TF508

TF511

TF512

TF518

TF522

Hippopodina cf. pulcherrima

EN

-

-

-

-

-

-

-

-

-

2

-

-

-

Hippopodina sp. nov.

EN

-

-

-

-

-

-

30

3

-

-

-

-

-

Hornera sp. 1

ER

-

-

-

-

-

1

-

-

-

-

-

-

-

Hornera sp. 2

ER

-

-

-

-

-

1

-

-

-

-

-

-

-

Lagenipora sp. nov.

EN

-

-

-

-

-

-

2

-

-

-

-

-

-

?Lifuella sp. 1

EN

-

-

-

-

-

-

1

-

-

-

-

-

-

?Lifuella sp. 2

EN

-

-

-

-

-

-

-

-

-

-

-

-

1

Margaretta aff. watersi

ER

13

-

-

8

2

1370

-

-

-

-

-

-

29

Margaretta aff. gracilior

ER

-

-

-

-

-

-

58

-

-

-

-

-

-

Margaretta aff. tenuis

ER

-

-

-

-

-

-

203

-

-

-

-

-

-

Margaretta sp. nov.

ER

-

-

-

-

-

12

-

36

-

-

-

-

-

?Mecynoecia sp.

ER

-

-

-

-

-

3

-

-

-

-

-

-

-

Microeciella nadiae sp. nov.

EN

-

-

-

-

-

-

10

-

-

-

-

-

-

Microporella aff. browni

EN

1

-

-

-

-

4

-

-

-

-

-

-

-

Microporella aff. coronata

EN

-

-

-

-

-

-

8

-

-

-

-

-

28

Microporella sp.

EN

-

-

-

-

-

-

-

7

-

-

-

-

-

Monoporella sp. 1

EN

-

-

-

-

-

-

3

-

-

-

-

-

-

Monoporella sp. 2

EN

-

-

-

-

-

4

-

-

-

-

-

-

-

Oncousoecia sp.

EN

-

2

-

-

-

-

151

-

-

-

-

-

-

Orbiculipora sp.

EN

-

-

-

-

-

-

13

-

-

-

-

-

-

Oviexechonella gen. et sp. nov.

EN

-

-

-

-

1

-

-

-

-

-

-

-

-

Parantropora laguncula

EN

9

-

-

17

-

-

-

-

-

-

-

-

14

Parantropora cf. laguncula

EN

-

3

2

-

-

2

-

-

-

-

-

-

-

Parantropora cf. penelope

EN

-

4

-

-

-

-

-

-

-

-

-

-

11

Parasmittina sp.

EN

1

-

-

3

-

-

7

-

-

-

-

-

-
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Bryozoan species

CF

TF51

TF52

TF56

TF57

TF59

TF76

TF126

TF153

TF508

TF511

TF512

TF518

TF522

Parellisina cf. tenuissima

EN

-

-

-

12

-

-

-

-

-

-

-

-

-

Parellisina mirellae sp. nov.

EN

-

-

-

-

-

1

-

-

-

-

-

-

-

Phidoloporidae sp. 1

ER

-

-

-

-

-

-

90

-

-

-

-

-

-

Phidoloporidae sp. 2

ER

-

-

-

-

-

-

22

-

-

-

-

-

28

Phidoloporidae sp. 3

ER

-

-

-

-

-

1082

-

12

-

-

-

-

-

Plesiocleidochasma cf. laterale

EN

-

-

-

-

-

-

3

2

-

-

-

-

-

Plesiocleidochasma sp. 1

EN

10

1

-

1

2

-

-

-

-

-

-

-

-

Plesiocleidochasma sp. 2

EN

-

-

-

-

-

-

-

-

-

-

-

2

-

Pleurocodonellina sp.

EN

-

-

-

-

-

-

1

-

-

-

-

-

4

Poricella sp.

EN

-

-

-

-

-

-

-

-

-

-

-

-

3

Poricellaria sp.

ER

-

-

-

-

-

-

-

1

-

-

-

-

-

Predanophora sp.

EN

-

-

3

-

1

-

2

2

-

-

-

-

-

Pseudidmonea johnsoni sp. nov.

ER

-

-

-

-

-

8

-

-

-

-

-

-

-

Puellina cf. voigti

EN

7

7

2

2

7

-

19

12

-

-

-

-

-

Puellina sp. nov. 1

EN

7

-

4

24

17

51

17

8

-

-

-

-

-

Puellina sp.

EN

-

-

-

-

-

-

-

6

-

-

-

-

-

Pyrisinellidae sp.

EN

-

-

-

-

-

1

-

-

-

-

-

-

-

Reptadeonella sp. nov. 1

EN

-

-

-

-

-

-

29

-

-

-

-

-

-

Reptadeonella sp. nov. 2

EN

37

-

-

22

-

17

-

103

-

-

-

-

-

Reussirella sp.

FL

-

-

-

-

-

15

-

-

-

-

-

-

-

Rhynchozoon sp.

EN

-

-

-

-

-

-

-

-

1

-

-

-

-

Saevitella sp. nov.

EN

-

-

-

-

-

-

11

-

-

-

-

-

-

Scorpiodinipora cf. costulata

EN

-

-

-

-

-

-

-

-

1

-

-

-

-

Scrupocellaria sp.

ER

-

-

-

-

-

-

4

-

-

-

-

-

-

Sendinopora prima gen. et sp. nov.

ER

-

-

-

-

-

3490

-

-

-

-

-

-

-
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Bryozoan species

CF

TF51

TF52

TF56

TF57

TF59

TF76

TF126

TF153

TF508

TF511

TF512

TF518

TF522

Setosellina cf. constricta

EN

-

-

-

-

-

78

-

-

-

-

-

-

-

Setosellina cf. roulei

EN

-

-

-

-

2

-

2

-

-

-

-

-

-

Setosinella perfluxa

EN

-

-

-

-

-

-

18

-

-

-

-

-

-

Smittina sp.

EN

-

-

-

-

-

-

2

-

-

-

-

-

-

Smittipora aff. cordiformis

EN

2

2

7

5

2

11

3

14

4

8

1

11

-

Smittipora sp.

EN

-

-

-

-

-

-

-

3

-

-

-

-

1

Smittoidea cf. pacifica

EN

-

-

-

-

-

-

3

-

-

-

-

-

-

Steginoporella cf. truncata

EN

-

-

2

-

-

-

-

-

-

-

-

-

-

Steginoporella sp.

EN

130

-

-

60

3

50

-

-

-

-

-

-

-

Stephanosella sp.

EN

-

-

-

-

3

-

2

-

-

-

-

-

-

Stomatopora sp.

EN

-

-

-

-

-

-

20

-

-

-

-

-

-

Stylopoma sp. 1

EN

-

-

-

-

-

7

-

-

-

-

-

-

-

Stylopoma sp. 2

EN

-

-

-

-

-

-

-

-

1

-

-

-

-

Stylopoma sp. 3

EN

-

-

-

-

-

-

-

-

-

1

-

-

-

Thalamoporella sp.

EN

-

-

-

-

-

2

-

-

-

-

-

-

-

Thornelya sp.

EN

-

-

-

2

-

-

-

-

-

-

-

-

-

Trematooecia sp.

EN

1

-

-

4

-

-

2

-

-

-

-

-

-

Triphyllozoon sp.

ER

36

-

-

14

14

-

400

-

-

-

-

-

-

Trypostega sp. nov.

EN

-

-

-

-

1

-

2

-

-

-

-

-

3

Tubiporella sp. nov.

ER

-

-

-

-

-

-

10

-

-

-

-

-

-

Turbicellepora aff. canui

EN

-

-

-

-

-

69

-

-

-

-

-

-

-

?Umbonula sp.

EN

-

-

1

-

-

-

-

-

-

-

-

-

-

Vincularia berningi sp. nov.

ER

52

12

347

25

20

437

10

234

573

13

-

9

-

Vincularia manchanui sp. nov.

ER

-

-

1220

-

20

293

10

128

450

7

-

11

-

Vincularia semarai sp. nov.

ER

-

-

-

-

-

-

3

-

-

-

-

-

-
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Bryozoan species

CF

TF51

TF52

TF56

TF57

TF59

TF76

TF126

TF153

TF508

TF511

TF512

TF518

TF522

Vincularia tjaki sp. nov.

ER

-

-

-

-

-

-

3

-

-

-

-

-

-

Vincularia sp.

ER

-

-

-

-

-

-

13

-

-

-

-

-

-

'Vincularia' sp.

ER

-

-

-

-

-

1030

-

-

-

-

-

-

-

Vix sp.

ER

-

-

-

-

-

-

-

5

-

-

-

-

-

Voigtopora sp.

EN

-

-

-

-

-

-

17

-

-

-

-

-

-

393

31

1601

302

122

10146

1657

769

1037

43

3

33

255

TOTAL
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Bryozoan species

Chapter 10

Appendix 10.2
List of putative endemic species per outcrop.
TF Site
56

57

59

76

Bryozoan species
(1) ?Umbonula sp.

TF Site
126

(2) Steginoporella cf. truncata

(12) Disporella sp. 3

(1) Exechonella sp.

(13) ?Encicellaria sp.

(2) Parellisina cf. tenuissima

(14) Exidmonea sp.

(3) Thornelya sp.

(15) Lagenipora sp. nov.

(1) ?Filaguria sp. nov.

(16) ?Lifuella sp. 1

(2) ?Gontarella sendinoe sp. nov.

(17) Margaretta aff. gracilior

(3) Oviexechonella gen. et sp. nov.

(18) Margaretta aff. tenuis

(1) Anoteropora cf. magnicapitata

(19) Microeciella nadiae

(2) Cigclisula aff. ramparensis

(20) Monoporella sp. 2

(3) Calyptotheca sp. 2

(21) Oncousoecia sp.

(4) Actisecos sp. 2

(22) Phidoloporidae sp. 1

(5) Hornera sp. 1

(23) Reptadeonella sp. nov. 1

(6) Hornera sp. 2

(24) Saevitella sp. nov.

(7) Sendinopora prima gen. et sp. nov.

(25) Scrupocellaria sp.

(8) ?Mecynoecia sp.

(26) Setosinella perfluxa

(9) Monoporella sp. 2

(27) Smittina sp.

(10) Parellisina mirellae sp. nov.

(28) Smittoidea cf. pacifica

(11) Pseudidmonea johnsoni sp. nov.

(29) Stomatopora sp.

(12) Pyrisinellidae sp.

(30) Tubiporella sp. nov.

(13) Reussirella sp.

(31) Vincularia semarai sp. nov.

(14) Setosellina cf. constricta

(32) Vincularia tjaki sp. nov.

(15) Stylopoma sp. 1

(33) Voigtopora sp.
(1) Adeonellopsis sp. 1

(16) Thalamoporella sp.

153

(2) Antropora granulifera

(17) Turbicellepora aff. canui

(3) Microporella sp.

(18) 'Vincularia' sp.
126

Bryozoan species
(11) Disporella sp. 2

(4) Poricellaria sp.

(1) Actisecos sp. 1

(5) Puellina sp. nov.

(2) Adeonellopsis aff. obliqua
(3) Arthropoma sp. nov.
(4) Buffonellaria sp. nov.

508

(2) Rhynchozoon sp.

(5) Caberoides sp. nov.

(3) Scorpiodinipora cf. costulata

(6) Canda federicae sp. nov.
(7) Hippomenella sp. nov. 1
(8) Hippomenella sp. nov. 2
(9) Orbiculipora sp.
(10) Disporella sp. 1

(6) Vix sp.
(1) Cigclisula sp. 2

511
518
522

(4) Stylopoma sp. 2
(1) Stylopoma sp. 3
(1) Plesiocleidochasma sp. 2
(1) Calloporina sp.
(2) ?Lifuella sp. 2
(3) Poricella sp.
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SAMENVATTING
Dit proefschrift is onderdeel van een multidisciplinair onderzoeksproject,
getiteld: ‘Cenozoic evolution of the Indonesian Throughflow and the origins of
Indo-Pacific marine biodiversity’, dat is uitgevoerd in het kader van een Marie
Curie Initial Training Network.
Zuidoost Azië staat bekend als‘s werelds soorten rijkste mariene gebied.
Fossiel bewijs en moleculaire fylogenetische studies suggereren dat de locatie
van dit diversiteitscentrum in de Indo-West Pacific, geologisch gezien, een
recent fenomeen is, waarbij de meerderheid van de nu levende soorten
evolueren tijdens het Mioceen. Gedurende het Cenozoïcum wordt ZuidoostAzië gekenmerkt door de convergentie tussen Euraziatische, Australische en
Pacifische/Filipijnse Zee platen. Deze tektonische processen hebben geleid tot
grote veranderingen in de verdeling van land en zee, de toename in ondiep
water en de lengte van de kustlijn. Zuidoost-Azië omsluit de hedendaagse
Indonesische Throughflow (IT), een smalle band van warm water met een laag
zoutgehalte dat overtollige warmte van de Stille Oceaan overdraagt aan de
Indische Oceaan via de Straat van Makassar, de laatst overgebleven
equatoriale oceanische verbinding. De IT wordt beschouwd als een van de
grote schakels in de mondiale thermohaline circulatie en variaties hierin zijn
van invloed op het mondiale klimaat. Rond de Oligoceen-Mioceen overgang
(~25 Ma), botste de Australische plaat met die van de Filipijnse Zee, wat
resulteerde in een afname van de diepwaterstroom door de IT. Deze
gebeurtenis valt samen met een periode van snelle diversificatie van
zooxanthellate koralen en een uitgebreide ontwikkeling van regionale
koraalriffen, die hebben bijgedragen aan de evolutie van rif-gerelateerde
organismen en de vorming van een biodiversiteitscentrum als gevolg van
verdere soortvorming en immigratie. Het Throughflow project streeft naar een
beter begrip van de aard van deze biodiversiteits hotspot door multidisciplinair
onderzoek waarbij gegevens uit de geologie, geochemie, oceaan modellering,
en paleontologie worden geïntegreerd.
Mijn persoonlijke bijdrage aan dit project bestond uit het verkrijgen van een zo
compleet mogelijk overzicht van de diversiteit van mosdiertjes (Bryozoa) uit
het Neogeen van Zuidoost-Azië met behulp van nieuwe collecties van
sedimentaire opeenvolgingen in Borneo, voornamelijk Oost-Kalimantan; een
Indonesische regio met een zich snel ontwikkelende economie dat heeft geleid
tot een tal van nieuwe ontsluitingen.
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Mosdiertjes zijn ongewervelde mariene organismen die in kolonies leven. De
rijke fossiele verlevering variëert van het Ordovicium tot en met het Holoceen.
Ze zijn vooral gevonden in ondiep mariene sedimenten op elke breedtegraad.
Echter, de Cenozoïsche bryozoa fauna van Indonesië zijn tot nu toe
wetenschappelijk gezien onvoldoende bestudeerd. Toen ik binnen het
Throughflow project aan mijn promotieonderzoek begon in 2010, was de
eerste vraag die ik mezelf stelde: "Wat is er al bekend over Cenozoïsche
mosdiertjes uit Indonesië?'. Het antwoord luidde- "Bijna niets!". Deze lacune in
onze kennis heeft geleid tot de onjuiste veronderstelling dat mosdiertjes
zeldzaam zijn en een lage diversiteit hebben. Dit in tegenstelling tot de hoge
diversiteit van mosdiertjes die nu voorkomen in deze regio. Ik moest eerst de
basale taxonomie van de bryozoa die leefden in de modderige riffen tijdens
het Mioceen ontrafelen voordat andere analytische studies konden worden
uitgevoerd.
Het belangrijkste onderzoeksgebied is gelegen in het Kutai Basin, het grootste
sedimentaire bekken in Borneo, dat in het Midden tot Laat Eoceen werd
gevormd als gevolg van de opening van de Straat van Makassar. Een snelle
opheffing tijdens het Neogeen die gepaard ging met erosie van de centrale
bergketen van Borneo resulteerde in de ontwikkeling van grote delta's en de
toename van siliciclastisch materiaal. De Vroeg tot Midden Miocene delta’s
bouwden zich oostwaarts uit, waarbij het Kutai Basin snel werd opgevuld.
Binnen dit afzettingsmilieu vond carbonaatafzetting plaats dicht bij de mond
van de delta, gelijktijdig met de snelle en bijna-constante siliciclastische
toestroom.
Dit proefschrift bestaat uit vier delen en is onderverdeeld in tien hoofdstukken.
Deel 1: Algemene inleiding
Hoofdstuk 1 geeft een algemene inleiding over de vraag waarom er zo weinig
mosdiertjes zijn beschreven uit het Cenozoïcum van de tropen. Verschillende
factoren kunnen deze slecht gedocumenteerde collectie van tropische
Cenozoische mosdiertjes verklaren: (1) het is moeilijk om goede ontsluitingen
te vinden in gebieden die worden gekenmerkt door een weelderige vegetatie,
(2) effecten van diagenese op de preservatie van de fossielen, (3) het kleine
aantal kolonies en kleine formaat die mosdiertjes ondergeschikt maken van de
biomassa ten opzichte van andere fauna componenten.
Deel 2: Taxonomie
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Taxonomie is de wetenschap van het classificeren van organismen, door
middel van beschrijving, identificatie en nomenclatuur. Voordat het
Throughflow project van start ging kon ik al beschikken over de fossiele
collecties van het Natural History Museum in Londen (NHMUK), waaronder de
Late Oligocene koralen verzameld door Laura McMonagle in 2006-2007 op
Sabah, Maleisisch Borneo. Interessant is dat een paar exemplaren van het
plaatvormige koraal Hydnophora aan de onderzijde een nieuwe soort van
ascophora cheilostome bryozoa onthulden, Retelepralia macmonagleae sp.
nov., beschreven in hoofdstuk 2. Deze soort is het oudste fossiele voorbeeld
van het genus Retelepralia , dat is gevonden in vijf verschillende geografische
gebieden, hetzij fossiel hetzij levend. Retelepralia is de enige bekende
ascophora cheilostome bryozoa dat gekenmerkt wordt door een belangrijke
mediane gymnocystale streep aan de frontale wand. Deze is geïnterpreteerd
als een buitenwand, die de hypostegale coelom verdeelt in twee
componenten.
Hoofdstuk 3 en Hoofdstuk 4 geven een beschrijving van de mosdiertjes
fauna van de Throughflow collectie verzameld in 2010-2011 op OostKalimantan,
Indonesisch
Borneo.
De
bemonsterde
sedimentaire
opeenvolgingen hebben een Miocene ouderdom variërend van eind
Burdigalien tot Messinien. In Hoofdstuk 3 worden de geologische en
stratigrafische context van de bestudeerde opeenvolgingen en de systematiek
van bryozoa soorten uit de orders Cyclostomata en Cheilostomata van de
anasca rang beschreven. Hoofdstuk 4 bevat een systematische beschrijving
van Cheilostomata van de ascophora rang. Slechts 31 bryozoa soorten waren
eerder beschreven voor het Cenozoïcum van de gehele Indonesische
archipel. Het huidige werk heeft geresulteerd in een opmerkelijke toename van
deze diversiteit. Van de 123 bryozoa soorten die nu zijn gevonden, zijn 65
soorten geclassificeerd op genus of familie niveau als gevolg van de
gebrekkige conservering en/of de onvolledigheid van het beschikbare
materiaal, 20 soorten vertonen verwantschap met de recente taxa uit de IndoPacific, 2 soorten vertonen gelijkenissen met recente soorten uit het
omliggende tropische gebied, en 3 soorten komen overeen met Australische
Cenozoïsche fossielen en het Vroeg Mioceen van India. De overige 33
beschreven soorten zijn nieuw. In het bijzonder de twee nieuwe soorten, de
anasca cheilostome Setosinella perfluxa sp. nov., en de cribrimorphe
ascophora cheilostome Antoniettella exigua gen. et sp . nov.
vertegenwoordigen aanknopingspunten voor verder taxonomisch en
ecologisch onderzoek.
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Setosinella perfluxa sp. nov. staat de introductie van een nieuwe familie Pyrisinellidae – toe, inclusief twee extra nieuwe genera, Pyrisinella en
Spinisinella, die nauw verwant zijn aan Setosinella (Hoofdstuk 5).
Evolutionaire veranderingen in Pyrisinellidae worden verder toegelicht in dit
hoofdstuk, inclusief: (1) de ontwikkeling van de opesiules voor het doorlaten
van de pariëtale spieren, die correleert met een verandering van een
driebladige naar een semi-elliptische opesia en (2) de overgang van een open
spinose ovicel naar een conventionele ovicel met een stevige, kap-achtige
ooecium.
In Hoofdstuk 6, wordt de ecologische eigenschappen van Antoniettella exigua
gen. et sp. nov. als een ‘spot kolonie' besproken en hieruit wordt zijn
levensgeschiedenis afgeleid. Dit nieuwe genus en soort wordt gekenmerkt
door kleine kolonies, met dikke, ronde meestal gelaagde vormen, waarbij
nieuwe lagen zich naar buiten uitspreiden vanuit het centrum van de kolonie.
Vergelijkingen worden gemaakt met klassieke voorbeelden van 'spot kolonies',
die geslachtsrijp zijn op kleine kolonie grootte. Echter, Antoniettella exigua
gen. et sp. nov. mist ovicels. Deze afwezigheid is mogelijk het gevolg van een
atypisch milieu of het binnenskamers broeden van embryo's.
Deel 3: Palaeoecologie
De sedimentaire opeenvolgingen die zijn bemonsterd in Oost-Kalimantan
vertegenwoordigen afzettingen die gevormd zijn in verschillende (meso)
fotische milieus, variërend van lage tot hoge rif complexen naar
zeegrasvelden met koraal insluitsels, en ze worden gekenmerkt door een
afwisseling van carbonaat en siliciclastische sedimentatie.
Hoofdstuk 7 en Hoofdstuk 8 beschrijven het paleomilieu en de biodiversiteit
van twee Midden Miocene ondiep water patch riffen, die zijn ontstaan onder
invloed van een hoge siliciclastische sedimentaanvoer geassocieerd met de
ontwikkeling van de Mahakam Delta. Een uitvoerige taxonomische analyse
van de meest voorkomende fossielgroepen, bestaande uit grote benthische
foraminiferen, koralen, verkalkte wieren, weekdieren en mosdiertjes geeft
inzicht in hoe soortgelijke hedendaagse afzettingsmilieus zich in de toekomst
zouden kunnen gaan ontwikkelen. De toepassing van mosdiertjes als
paleoecologische indicatoren is tot nu toe echter nog onvoldoende ontwikkeld,
vooral omdat de biologische en fysische factoren die de verspreiding van
moderne mosdiertjes bepaald nog slecht bekend zijn (Taylor, 2005). Het ligt
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echter voor de hand dat mosdiertjes belangrijke informatie over de
afzettingsdiepte en de biodiversiteit van riffen zullen gaan toevoegen. De
meerderheid van de bryozoen die werden gevonden groeiden aan de
onderzijde van dunne plaatvormige koralen. Deze oppervlakken
vertegenwoordigden langlevende, cryptische leefomgevingen waar mogelijk
de larven van mosdiertjes goed kunnen gedijen. Tevens bieden ze een grote
oppervlakte waar de mosdiertjes kunnen groeien en voldoende stahoogte voor
sommige bryozoa om zich tot een volwaardige kolonie te kunnen ontwikkelen.
Hoofdstuk 9 behandeld: (1) een taxonomisch overzicht van alle gegevens die
in de literatuur zijn beschreven over zowel moderne als fossiele mosdiertjes
van zeegras assemblages, en (2) twee nieuwe soorten van Vincularia, ontdekt
in de monsters van een aan zeegras-gerelateerde leefomgeving, die zijn
toegevoegd aan het bestaande archief van dit type fossiele mosdiertjes.
Deel 4: Soort assemblages
Alle diversiteits-gerelateerde resultaten van de nieuwe Throughflow collecties
ten aanzien van de Miocene mosdiertjes in Oost-Kalimantan zijn samengevat
in Hoofdstuk 10. Diversiteit wordt geanalyseerd in termen van soortenrijkdom
en voorkomen. De doelstellingen zijn om: (1) de volledigheid van de
bemonstering te toetsen op elke locatie en de variaties in assemblages tussen
de verschillende locaties, en (2) het vergelijken van fossiele en recente
diversiteit in vergelijkbare omgevingen. Bijzondere aandacht wordt besteed
aan de groeivormen van kolonies, het type substraat waar overgroeiing om
plaats vindt, en de preservatie.
De rijke mosdiertjes fauna die gedocumenteerd wordt in dit proefschrift
verviervoudigd het aantal tot nu toe beschreven Neogene bryozoa in ZuidoostAzië. Tevens worden in dit proefschrift voor het eerst vergelijkingen gemaakt
en verbindingen gelegd met fossiele fauna's uit de Indische Oceaan en het
Australische-Aziatische gebied. Verder zijn het eerste en laatste voorkomen
van een paar soorten gedocumenteerd. Tot nu toe zijn de Cenozoïsche tropen
ontoereikend bemonsterd (Jackson & Johnson, 2001) en zijn de fossiele
eerste en laatste voorkomens van bryozoa soorten voornamelijk bepaald door
de gegevens uit Europa en Noord-Amerika (Kidwell & Holland, 2002). Twee
belangrijke overwegingen dienen echter in acht te worden genomen waardoor
mogelijk de diversiteit van mosdiertjes mogelijk nogsteeds onderschat wordt:
(1) hoewel de bulk van de bestudeerde mosdiertjes voldoende goed bewaard
zijn gebleven vertonen zeker 10% van de waargenomen exemplaren kunnen
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niet worden getermineerd omdat diagnostische kenmerken slecht bewaard
zijn gebleven, en (2) het geschatte aandeel van soorten die een skelet hebben
van aragoniet mogelijk veel te laag is als gevolg van oplossing.
Op basis van de informatie van de Throughflow collectie kan worden
geconcludeerd dat de samenstelling van de Kalimantan mosdiertjesfauna
gekenmerkt wordt door een gering aantal potentiële endemische soorten in
tenminste drie genera; 18% van de genera hebben hun oudste voorkomen in
de mondiale fossiele overlevering in Kalimantan en kennen een IndoPacifische of omliggende tropische verspreiding vandaag de dag. Een
uitzondering is Pseudidmonea, die nu alleen voorkomt op Antarctica en direct
omliggende gebieden (en ook in het Mioceen van Nieuw-Zeeland gevonden
is). Alle overige genera, met een paar uitzonderingen, zijn komen al sinds het
Jura-tijdperk, en nu nogsteeds, voor. Ongeveer 48% van deze genera
vertonen een kosmopolitische verspreiding sinds hun eerste verschijning
zoals, bijvoorbeeld, het karakteristieke en soortenrijke genus Microporella;
20% van de gevonden genera hebben een Indo-Pacifische of circumtropische
verspreiding. Voor 9% van de genera documenteer ik in deze studie hun
laatste voorkomen in de fossiele overlevering (bijv. Vincularia).
Parasmittina, Celleporaria en Rhynchozoon zijn de meest diverse genera in
Recente cryptische rif gemeenschappen wereldwijd (Winston, 1986). In de
Neogene assemblages uit Kalimantan worden ze echter vertegenwoordigd
door elk maar een soort (nog geen nomenclatuur vanwege de slechte
preservatie). Deze tegenstelling kan worden verklaard door (1) diagenese, (2)
relatief recente evolutie van deze genera, en (3) verschillen in sedimentaire
milieus, d.w.z. modderige riffen van het Mioceen van Kalimantan versus de
schone riffen van Winston's studie.
Mosdiertjesassemblages van afzonderlijke locaties tonen een hoge mate van
mogelijk plaatselijk endemisme, wat overeenkomt met een fragmentarische
verspreiding van soorten, typisch ook voor recente bryozoa en andere
taxonomische groepen, zoals weekdieren die leven op Indo-Pacifische
koraalriffen. Het ontbreken van duidelijke patronen in de bryozoa populatie
tussen de onderzochte locaties suggereert dat veel meer tussenliggende sites
zouden moeten worden bemonsterd om een vollediger inzicht in de werkelijke
verspreiding van mosdiertjessoorten in het Mioceen van de Kutai Basin te
kunnen verkrijgen.
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La presente tesi è parte di un progetto multidisciplinare (Marie Curie Initial
Training Network) dal titolo ‘Evoluzione Cenozoica della corrente indonesiana
Throughflow e origini della biodiversità marina dell’Indo-Pacifico’.
Il Sud-est asiatico è noto oggi come uno degli hotspot mondiali di biodiversità
marina. Nel corso delle ere geologiche gli hotspot di biodiversità hanno
occupato posizioni geografiche diverse, tempo e posizione coincidenti con gli
eventi tettonici più importanti. Evidenze fossili e studi di filogenetica
molecolare suggeriscono che la localizzazione dell’hotspot di biodiversità
nell’Indo-Pacifico è un fenomeno geologicamente recente. La maggior parte
delle specie attualmente esistenti si sarebbe originata a partire dal Miocene.
Durante il Cenozoico, il Sud-est asiatico è stato caratterizzato dalla
convergenza tra le placche eurasiatica, australiana e pacifico-filippina. I
processi tettonici hanno determinato cambiamenti significativi nella
distribuzione delle terre emerse e sommerse, con conseguente aumento degli
ambienti di mare basso e della lunghezza della linea di costa. La moderna
Indonesian Throughflow (IT), una corrente di acqua calda e a bassa salinità,
trasferisce l’eccesso di calore e l’acqua dolce dall’Oceano Pacifico all’Oceano
Indiano attraverso l’Indonesian Gateway, ultimo passaggio oceanico
equatoriale esistente. La IT è considerata uno dei più importanti controllori
della circolazione termoalina globale, con influenze dirette sul clima. Alla
transizione Oligocene-Miocene (~25 Ma), la placca australiana si scontrò con
la placca del Mar delle Filippine confinando il flusso di acque profonde
attraverso l’IT. Questi eventi coincisero con un periodo di rapida
diversificazione dei coralli zooxantellati e uno sviluppo notevole, a livello
regionale, di barriere coralline, che hanno contribuito alla radiazione di altri
organismi associati ai reef e alla formazione del primo centro di diversità
attraverso processi di speciazione ed immigrazione. Il progetto ‘Throughflow’
investiga l’origine di questo hotspot di biodiversità attraverso uno studio
multidisciplinare che integra dati geologici, geochimici, paleontologici e
matematici.
Il mio contributo al progetto è consistito nella raccolta di nuovi dati riguardanti
la diversità dei briozoi, utilizzando campioni provenienti da sezioni chiave in
Borneo, principalmente dal Kalimantan orientale. Questa regione indonesiana
sta vivendo un rapido sviluppo economico che ha determinato l’esposizione di
numerose nuove sezioni.
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I briozoi sono invertebrati marini, coloniali, presenti a tutte le latitudini,
soprattutto in area di piattaforma, con un abbondante record fossile
dall’Ordoviciano all’Olocene. Lo studio della fauna a briozoi del Cenozoico
dell’Indonesia è stato, in passato, trascurato. Quando sono entrata a far parte
del progetto ‘Throughflow’, mi sono chiesta cosa fosse noto dei briozoi del
Cenozoico dell’Indonesia, e la risposta è stata – “Quasi niente!”. La scarsità di
studi precedenti ha fatto credere che essi fossero rari e a bassa diversità, in
contrasto con la situazione attuale. La mancanza di dati preesistenti ha
comportato che il lavoro svolto fosse in prevalenza di tassonomia descrittiva.
La principale area di ricerca ricade nel Bacino di Kutai, il più grande bacino
sedimentario del Borneo, formatosi nell’Eocene medio-superiore in seguito al
rifting dello Stretto di Makassar. Gli elevati tassi di sollevamento neogenico e
l’erosione delle aree emerse centrali del Borneo hanno determinato la
progradazione di estesi delta, con significativi input silicoclastici che hanno
contribuito al riempimento del bacino. La deposizione carbonatica,
contemporanea al quasi costante input silicoclastico, ha interessato le aree di
delta-front.
Questa tesi contiene quattro sezioni suddivise in dieci capitoli.
Sezione 1: Introduzione generale
Il capitolo 1 introduce i fattori che, in azione combinata, sono responsabili della
scarsità di briozoi descritti dal Cenozoico dei tropici: (1) la difficoltà nella
localizzazione di affioramenti; (2) gli effetti della diagenesi e (3) il ridotto
numero di colonie e la loro piccola taglia.
Sezione 2: Tassonomia
La tassonomia è la scienza che si occupa della classificazione degli organismi,
includendo la loro descrizione, identificazione e nomenclatura.
Il capitolo 2 descrive una specie di briozoo cheilostoma, Retelepralia
macmonagleae sp. nov., incrostante le basi di alcuni coralli piatti del genere
Hydnophora. Questi esemplari, datati Oligocene superiore, provengono da
Sabah, regione del Borneo malese, e sono stati campionati da Laura
McMonagle nel 2006–2007 e sono parte della collezione paleontologica del
Natural History Museum di Londra. Questa nuova specie rappresenta il record
fossile più vecchio per il genere Retelepralia, ad oggi segnalato in cinque
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diverse regioni geografiche, fossile o vivente. Retelepralia è l’unico
cheilostoma ascoforo ad essere caratterizzato da una distintiva fascia
mediana di gimnocisti sulla parete frontale, interpretata come una parete
esterna che divide il coelo ipostegale in due componenti.
I capitoli 3 e 4 descrivono la fauna a briozoi contenuta nei campioni raccolti
durante le campagne del progetto ‘Throughflow’ nel 2010–2011 in Kalimantan
orientale. Le sezioni campionate sono mioceniche, datate dal Burdigaliano
superiore al Messiniano. Il primo dei due capitoli contiene informazioni
geologiche e stratigrafiche delle sezioni studiate e la descrizione sistematica
dei briozoi appartenenti agli ordini Cyclostomata e Cheilostomata del
sottordine Anasca. Il secondo capitolo contiene la descrizione sistematica dei
Cheilostomata del sottordine Ascophora. In precedenza erano state descritte
solamente 31 specie dal Cenozoico dell’intero archipelago indonesiano. Il
presente lavoro ha notevolmente incrementato questa diversità. Tra le 123
specie trovate, 65 sono state identificate solo a livello di genere o famiglia a
causa della scarsità di esemplari disponibili e dello scarso stato di
conservazione; 20 specie mostrano affinità con specie indo-pacifiche recenti; 2
con specie recenti a distribuzione circumtropicale; 3 sono specie fossili già
descritte dal Cenozoico dell’Australia e dal Miocene inferiore dell’India. Le 33
specie rimanenti sono nuove. In particolare, due di esse, il cheilostoma anasca
Setosinella perfluxa sp. nov., e il cribrimorfo Antoniettella exigua gen. et sp.
nov. hanno offerto lo spunto per ulteriori approfondimenti tassonomici ed
ecologici.
Setosinella perfluxa sp. nov. ha consentito l’introduzione (capitolo 5) di una
nuova famiglia – Pyrisinellidae – che include due ulteriori generi nuovi
(Pyrisinella e Spinisinella). I cambiamenti evolutivi che hanno interessato la
famiglia Pyrisinellidae sono: (1) lo sviluppo di opesiule per il passaggio dei
muscoli parietali, che corrisponde ad un cambiamento nella forma
dell’apertura da trifoliata a semiellittica, e (2) la transizione da un’ovicella
aperta e spinosa a un’ovicella convenzionale con l’ooecio a forma di
cappuccio.
Nel capitolo 6 si discute della caratterizzazione ecologica di Antoniettella
exigua gen. et sp. nov. come ‘spot colony’ e si propongono ipotesi relative a
strategie di colonizzazione e riproduzione. Questo nuovo genere è
caratterizzato da colonie di piccola taglia, subcircolari, spesse e multilaminari
con nuovi livelli di zooidi che si sviluppano a partire dal centro della colonia. Gli
esempi classici di ‘spot’ consistono di colonie giovani e di piccole dimensioni
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ma sessualmente mature. Antoniettella exigua gen. et sp. nov. invece, non ha
ovicelle. Due possibili interpretazioni potrebbero spiegarne l’assenza: (1) un
ambiente atipico sfavorevole alla riproduzione; (2) l’incubazione interna degli
embrioni.
Sezione 3: Paleoecologia
Le sezioni campionate in Kalimantan orientale rappresentano diversi tipi di
paleoambienti mesofotici, come build-up, coral carpet e praterie di fanerogame
con intercrescita di coralli, sotto l’influenza di una sedimentazione mista
carbonatico-silicoclastica.
I capitoli 7 e 8 descrivono il paleoambiente e la biodiversità di due patch reef di
mare basso del Miocene medio, il cui sviluppo è stato influenzato dall’elevato
tasso di sedimentazione silicoclastica associato alla progradazione del Delta
del Mahakam. L’analisi dei gruppi fossiliferi più abbondanti, foraminiferi
bentonici, coralli, alghe calcaree, molluschi e briozoi, fornisce un modello per
future interpretazioni paleoambientali e confronti con depositi simili. L’uso dei
briozoi come indicatori paleoambientali non è ancora sufficientemente
sviluppato, principalmente perchè i fattori biologici e fisici che controllano la
distribuzione dei briozoi attuali non sono stati ancora compresi appieno.
Nonostante questo, i briozoi hanno fornito informazioni riguardanti la
paleobatimetria e la biodiversità dei reef. La maggior parte di essi incrostano la
base di coralli piatti e sottili. Qeste superfici rappresentano substrati
potenzialmente a lunga durata e habitat criptici per il posizionamento delle
larve, offrendo un’area ampia per la crescita delle specie incrostanti e uno
spazio verticale adeguato alla crescita delle specie erette.
Il capitolo 9 è una revisione tassonomica di tutti i dati presenti in letteratura
sulle specie di briozoi fossili e recenti associate alle fanerogame marine.
Inoltre, aggiunge due nuove specie di Vincularia al record di specie fossili
riscontrate in questo tipo di paleoambiente.
Sezione 4: Composizione della fauna
I risultati ottenuti dai campionamenti effettuati nell’ambito del progetto
‘Throughflow’ sulla diversità dei briozoi del Miocene del Kalimantan orientale
sono riassunti nel capitolo 10. La diversità è analizzata in termini di ricchezza
specifica e abbondanza di esemplari, con i seguenti obiettivi: (1) stabilire la
completezza del campionamento in ciascun sito e la variazione degli
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assemblaggi tra i vari siti, e (2) confrontare la diversità fossile e recente in
ambienti simili. È stata rivolta particolare attenzione alle forme coloniali, alle
tipologie di substrato e allo stato di conservazione.
La diversità della fauna a briozoi descritta in questa tesi costituisce un
importante passo in avanti nella conoscenza dei briozoi del Sud-est asiatico.
Questo lavoro descrive un numero di specie molto maggiore dell’insieme di
tutti gli studi precedenti. Le informazioni qui contenute consentono per la prima
volta di confrontare le faune fossili dell’Oceano Indiano con quelle della
provincia australo-asiatica. Inoltre, per alcuni generi sono documentate la
prima o l’ultima occorrenza. Gli ambienti tropicali del Cenozoico non sono
campionati a sufficienza e spesso prima ed ultima occorrenza si riferiscono al
record europeo e nord americano. Da questo studio risulta evidente che gran
parte delle specie deve ancora essere scoperta e descritta: (1) benchè
l’insieme dei briozoi è sufficientemente conservato, il 10% delle specie
rinvenute non è determinabile a causa di carenze nelle caratteristiche
diagnostiche, e (2) il numero di specie aragonitiche stimate indica una
notevole perdita per dissoluzione.
Sulla base della sola collezione ‘Throughflow’, la composizione della fauna a
briozoi del Kalimantan è caratterizzata da un moderato livello di endemismo
potenziale, con almeno tre generi endemici; il 18% dei generi ha fatto la sua
prima apparizione nel record fossile globale proprio nelle sequenze del
Kalimantan, ed è attualmente caratterizzato da una distribuzione indo-pacifica
o circumtropicale. Fa eccezione il genere Pseudidmonea che è stato
segnalato attualmente in zone antartiche e sub-antartiche, e nel Miocene della
Nuova Zelanda. Gli altri generi, a parte poche eccezioni, sono stati segnalati
alcuni sin dal Giurassico, e sono tuttora esistenti. Circa il 48% di questi generi
è cosmopolita sin dalla prima apparizione, come ad esempio il genere
Microporella; il 20% dei generi è a distribuzione circumtropicale o indopacifica. Questo studio documenta l’ultima apparizione nel record fossile per
pochi generi (9%; e.g. Vincularia).
Parasmittina, Celleporaria e Rhychozoon sono oggi i generi tipici di ambiente
di reef con il più alto numero di specie. Nei campioni del Kalimantan questi
generi, invece, sono presenti ciascuno con una sola specie. Questa differenza
può essere dovuta: (1) ai processi di diagenesi; (2) alla relativamente recente
evoluzione di questi generi; (3) a differenze ambientali, per esempio i reef
miocenici torbidi del Kalimantan contro i reef di acque limpide studiati da
Winston (1986).
La composizione delle faune nei singoli siti mostra un elevato livello di
endemismo, che corrisponde alla distribuzione a patch tipica dei briozoi attuali
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e di altri gruppi tassonomici come i molluschi dei reef indo-pacifici. L’assenza
di pattern di distribuzione nei siti studiati, evidenzia che per comprendere
pienamente la reale distribuzione dei briozoi nel Miocene del Bacino di Kutai è
necessario effettuare campionamenti in molti altri siti intermedi.
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