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Records of Cenozoic tropical bryozoan faunas are sparse, particularly from Africa. Here we 

describe a previously unknown bryozoan 'sand fauna' from a drill core across the Eocene–

Oligocene boundary from a hemipelagic clay succession in Tanzania. Although low in 

diversity, this well-preserved fauna includes four cheilostome species, all new to science: 

Heteractis tanzaniensis sp. nov., Bragella pseudofedora gen. et sp. nov., Lacrimula 

kilwaensis sp. nov. and L. crassa sp. nov. The four species vary in mineralogy, with H. 

tanzaniensis having an entirely aragonitic skeleton, B. pseudofedora being bimineralic and 

the two species of Lacrimula calcitic. These species have either free-living ‘lunulitiform’ (H. 

tanzaniensis) or rooted ‘conescharelliniform’ (B. pseudofedora, L. kilwaensis and L. crassa) 

colonies adapted to life on a soft, unstable seafloor. The peak occurrence of bryozoans in the 

core coincides with the Eocene–Oligocene Glacial Maximum (EOGM), characterized by 

global environmental change from a greenhouse to an icehouse world, sea-level fall, cooling 
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of the oceans and changes in water circulation that may have led to enhanced nutrient levels 

favourable to bryozoans both in Tanzania and elsewhere. 
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Introduction 

 

Compared with higher palaeolatitudes, the Cenozoic tropics have a poor fossil record of 

bryozoans. This is due to a number of factors including lack of collection effort, deep 

weathering of outcrops with dense coverage of vegetation, diagenetic loss of aragonitic 

species and strong lithification making it difficult to observe small encrusting species that 

dominate tropical bryozoan faunas (Taylor & Di Martino 2014). Published records of 

Cenozoic fossil bryozoans from tropical East Africa are limited to the papers of Thomas 

(1961) and Keij (1973) on the enigmatic genus Skylonia from the Miocene of Kenya. There is 

a similar paucity of information on modern East African bryozoan faunas. The bryozoan 

fauna from Mauritius was first described by Kirkpatrick (1888) and revised a century later by 

Hayward (1988), the Kirkpatrick paper identifying 34 cheilostomes and three cyclostomes, 

while >100 cheilostome species were described in Hayward’s work. Gurgel & Vasseur 

(1974) recorded 28 species from the Mozambique Channel and Battistini et al. (1976) listed 

95 species from the same area. Following the early studies of bryozoans from Zanzibar by 

Waters (1913, 1914), Cook (1966) and Brood (1976) described seven cheilostomes and 34 
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cyclostomes, respectively. Specifically, the bryozoan fauna described by Cook (1966) led to 

the introduction of the term 'sand fauna' to refer to those morphotypes capable of directly 

colonizing fine-grained particulate sediments, unlike most bryozoans for which the 

availability of large, firm substrata is usually a requirement for the settlement of the larvae 

and development of the colonies. Some specialized families – including, among others, 

Lunulitidae, Cupuladriidae, Setosellinidae, Mamilloporidae, Conescharellinidae, 

Orbituliporidae and Batoporidae – have evolved the ability to colonize the small, unstable 

substrates typical of muddy or sandy seafloors, from shallow- to deep-water environments. 

All of these families are cheilostomes with free-living or rooted colonies, morphotypes that 

first appeared during the Late Cretaceous (McKinney & Jackson 1989).  

 The principal objective of the present paper is to describe a previously unknown 

bryozoan 'sand fauna' from a drill core across the Eocene–Oligocene boundary (EOB) from a 

hemipelagic clay succession in Tanzania. Previous studies of this drill core have examined in 

detail the turnover pattern in planktonic foraminifera (Wade & Pearson 2008; Pearson & 

Wade 2015), calcareous nannofossils (Dunkley Jones et al. 2008a, b), benthic foraminifera 

(Cotton & Pearson 2011) and micro-gastropods (Cotton et al. in prep.). Here we assess the 

record of bryozoans. It is emphasized that the Tanzanian succession has an imprint of both 

global environmental change, as seen for example in the oxygen isotope stratigraphy 

(Pearson et al. 2007), and local effects related to the profound sea level changes that occurred 

during the Eocene–Oligocene transition. Although low in diversity, the well-preserved 

bryozoan fauna includes four new species and one new genus, all with discoidal or conical 

colony forms that were either free-living (as in Heteractis tanzaniensis sp. nov.) or anchored 

by rootlets (as in Bragella pseudofedora gen. et sp. nov., Lacrimula kilwaensis sp. nov. and 
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L. crassa sp. nov.) allowing them to live on a soft, unstable seafloor without the need of large 

substrates for attachment. 

 

 

Geological setting 

 

Within southern Tanzania, Late Cretaceous to Palaeogene marine sediments crop out along a 

broad coastal belt, south of the Rufiji river, from Kilwa Peninsula to Lindi Creek (Nicholas et 

al. 2006; Fig. 1A). These sediments are formally defined as the Kilwa Group, which 

comprises a generally homogenous sedimentary package, largely of clays and claystones to 

marls, that accumulated during a period of increased subsidence in the region (Nicholas et al. 

2006). The Kilwa Group is divided into four formations: the Nangurukuru (Upper 

Cretaceous), Kivinje (Paleocene to lower Eocene), Masoko (middle Eocene) and Pande 

(upper Eocene to lower Oligocene) formations. The Pande Formation contains an apparently 

conformable succession across the EOB, and is intermittently exposed on a hillside close to 

the village of Pande in the Kilwa administrative district. The succession is expanded in 

comparison to other EOB reference sections, is rich in microfossils (Pearson et al. 2008; 

Wade & Pearson 2008), and provides an opportunity to study biotic changes across the EOB.  

 The Pande Formation is primarily a succession of dark greenish grey clays containing 

<10% CaCO3 (Nicholas et al. 2006). The sedimentary facies and presence of typical bathyal 

smaller benthic foraminifera with diverse planktonic foraminifera suggest the clays were 

deposited in an outer shelf to slope setting at about 300–500 m water depth, though 
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maximum depths are difficult to determine. The clays contain exceptionally well-preserved 

calcareous microfossils (Bown et al. 2008; Pearson et al. 2008; Wade & Pearson 2008). 

Secondary limestone beds, deposited allochthonously with the clays, are present throughout 

the succession and are rich in larger benthic foraminifera and other shallow-water organisms 

(Cotton & Pearson 2011). Additionally, shelf debris occurs frequently within the clays in 

lower concentrations, including inner shelf benthic foraminifera and larger benthic 

foraminifera, micro-molluscs and dasycladaceans (Cotton & Pearson 2011; Cotton et al. in 

prep.), which are thought to have been washed from the shelf during storm events. Because 

of this it is not always clear whether fossils found within the sediments are autochthonous or 

allochthonous. 

 

 

Material and methods 

 

Material for this study has been collected in 2004 and 2005 as part of the Tanzania Drilling 

Project (TDP), which aimed to recover the EOB succession (Nicholas et al. 2006; Pearson et 

al. 2008). Three sites (TDP 11, 12 and 17), positioned approximately along strike within 3 

km of each other, were drilled. The Tanzanian shelf, like today, was probably very narrow 

and the drill sites are estimated to be approximately 50 km from the palaeoshoreline (Kent et 

al. 1971; Nicholas et al. 2006, 2007).  

 Bryozoans were found in the hemipelagic clays of TDP 17 (UTM 37L; 560539 

8984483; Fig. 1A). Half-round samples from the core, approximately 10 cm in length, were 
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washed through a 63 μm sieve and the residues dried. Bryozoan colonies were then picked 

using a paintbrush under a binocular microscope.  

Specimens were studied and imaged with a LEO 1455VP SEM at the Natural History 

Museum, London, UK (NHMUK). Measurements were made from SEM micrographs using 

the software ImageJ. Dimensions are given in the text as the observed range and mean value, 

plus/minus standard deviation (the latter two values enclosed in parentheses), and using the 

following abbreviations: AnL: ancestrula length; AnW: ancestrula width; AvL: avicularium 

length; AvW: avicularium width; OL: opesia/orifice length; OW: opesia/orifice width; OvL: 

ooecium length; OvW: ooecium width; ZL: autozooid length; ZW: autozooid width; N: 

number of colonies used; n: total number of measurements made. ZL and ZW of Lacrimula 

were measured from the exposed frontal shields of zooids from the third whorl, following 

Cook & Lagaaij (1976), with OL and OW measurements taken on the same zooids. 

For comparative purposes the holotype of Lacrimula burrowsi Cook, 1966, the 

paratype of L. pyriformis Cook, 1966 from Zanzibar, and specimens of Heteractis duclosii 

(Lea, 1833) from the Eocene of Texas and Mississippi (USA) and 'Lunulites' rutella Tenison 

Woods, 1880, from the Miocene of Victoria (Australia), were studied and figured. Through 

the kindness of JoAnn Sanner (Smithsonian Institution, Washington DC) we have also been 

able to obtain new SEM images of the hypotype of Lunulites truncata De Gregorio, 1890 

sensu Canu & Bassler (1920). 

Samples of all bryozoan species were analyzed mineralogically at the NHMUK. X-

ray diffraction (XRD) was carried out using the diffractometer system X'Pert Pro MPD from 

PANalytical configured in Bragg-Brentano geometry and equipped with an X'celerator 

position-sensitive detector. Samples were first soaked in a dilute solution of the detergent 
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Quaternary-O to remove clay particles and subsequently cleaned ultrasonically. Each sample 

was finely ground in acetone, placed on a silicon substrate and then into the spinning sample 

holder of the diffractometer. The analysis was performed under Cu Kα radiation (45 kV and 

40 mA) between 5˚ and 80˚ 2θ at a step size of 0.02˚. Divergence and anti-scatter slits were 

used at diffraction angles of (1/4)˚ and (1/2)˚ respectively. Measurement time was three hours 

per sample. 

 The stable isotope stratigraphy was constructed from overlapping intervals of TDP 12 

and 17 using shells of the mixed layer planktonic foraminifera Turborotalia ampliapertura 

by Pearson et al. (2008) (Fig. 1B). The oxygen and carbon records are both similar to deep-

sea sites and have been used to correlate the succession to the global isotope curve. The age 

model was created using a combination of geochemical and biostratigraphical (planktonic 

foraminifera and nannofossil) tie points from the clays, which correlate to global stratigraphy 

(Fig. 1B).  

 

 

Systematic palaeontology 

 

Order Cheilostomata Busk, 1852 

Superfamily Microporoidea Gray, 1848 

Family Lunulitidae  Lagaaij, 1952 

Genus Heteractis Gabb & Horn, 1862 
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Type species. Lunulites duclosii Lea, 1833 (= Lunulites bouei Lea, 1833; see Gabb & Horn 

1862, p. 156); Eocene, Claiborne, Alabama, USA. 

 

Revised diagnosis. Colony discoidal, slightly convex, often regenerated from a fragment. 

Ancestrula encrusting a sediment grain that becomes partially or entirely overgrown. 

Ancestrula surrounded by six primary autozooids plus a pair of vibracula laterally or 

distolaterally. Increase in number of autozooidal series achieved by bifurcation of avicularian 

rows with intercalation of new autozooidal rows between. Autozooids with a reduced 

cryptocyst and large opesia, raised distally and overlapping the next distal autozooid in series. 

Vibracula in radial rows alternating with rows of autozooids, increasing in size towards the 

edge of the colony, proximally directed. Brooding zooids not skeletally distinct. Basal surface 

with scattered pores, lacking sector boundaries.   

 

Remarks. Gabb & Horn (1862) introduced the genus Heteractis for Lunulites duclosii Lea, 

1833, which they regarded as a synonym of L. bouei Lea, 1833 (Fig. 2). The original 

description of the genus was based on a regenerated fragment (see Gabb & Horn 1862, pl. 20, 

fig. 39), precluding observation of the characteristic periancestrular budding pattern. 

Subsequently, Canu & Bassler (1920) and Bassler (1953) treated Heteractis as a synonym of 

Trochopora based on what they considered to be the diagnostic colony growth of this genus, 

i.e. a sequence of overgrowths above a primary disc (Cook & Chimonides 1986). Buge & 

Muniz (1974) resurrected Heteractis as a subgenus of Lunulites to distinguish a group of 

species exhibiting a distinctive pattern of increase in number of zooidal rows by intercalation 

between bifurcating avicularian rows. They grouped together L. bouei and L. truncata De 
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Gregorio, as previously suggested by Cheetham (1966, p. 30), as well as their new species, L. 

barbosae from the Paleocene of Brazil. De Gregorio (1890, p. 31) considered Lunulites 

truncata as a variety of L. bouei, claiming to have observed all intermediate stages between 

the two forms. Although excluded by De Gregorio, it is likely that the description of L. bouei 

var. truncata was based on worn specimens, abraded or somehow deprived of the top, as is 

apparent from his original drawings (pl. 41, figs 39–46) and can be observed in Canu & 

Bassler’s (1920) hypotype of the species (Fig. 3) in which the quartz grain originally 

encrusted is exposed. The same specimen shows also that the colony and zooidal characters 

are different from those of L. duclosii and more similar to those of true species of Lunulites. 

Unequivocal attribution of the Brazilian species to Heteractis is not possible as only 

regenerated fragments that lack early astogenetic stages are known. On the other hand, based 

on the revised diagnosis of the genus, in which we consider the early astogeny and the pattern 

of increase in number of autozooidal series as fundamental diagnostic characters, 'Lunulites' 

rutella Tenison Woods, 1880, from the Miocene of Victoria (Australia) is here regarded, 

provisionally at least, as an additional species of Heteractis and the new combination H. 

rutella comb. nov. (Fig. 4) is proposed. Cook & Chimonides (1985a, p. 352) redescribed the 

Australian species pointing out the apparent uniqueness of its early budding pattern. 

Subsequently, Bock & Cook (1999, p. 417) highlighted the need of a generic revision for 'L.' 

rutella because of its early astogeny, which clearly distinguishes the species from all other 

species of Lunulites. However, 'L.' rutella differs from the type species of Heteractis (Fig. 

2B) in having an ancestrula larger than later autozooids (Fig. 4C), periancestrular vibracula 

placed laterally instead of distolaterally with the rostrum pointing towards the distolateral 

corners of the ancestrula instead of a proximolateral orientation (Fig. 4B), and numerous 
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septular pores instead of a single pore (Fig. 4D). Furthermore, this species seems to lack 

intramural kenozooids.  

Among lunulitiform genera, Heteractis shows some similarities in the general 

appearance of the colony and zooids to Kausiaria Bock & Cook, 1998, with which it also 

shares the presence of six primary autozooids alternating with small distolateral avicularia, 

although avicularia are absent from the periancestrular ring of Kausiaria, and the subsequent 

budding may be radial or a combination of curved, spiral and radial. In Otionellina Bock & 

Cook, 1998 the ancestrula buds one, occasionally two, distal and one proximal avicularia, 

followed by radial budding of autozooids (Bock & Cook 1998).  

 

Distribution. Eocene (Bartonian) of Alabama, Texas and Mississippi (USA); Oligocene 

(Rupelian) of Tanzania; middle Miocene to early Pliocene of Victoria, Australia. 

 

Heteractis tanzaniensis sp. nov. 

(Figs 5, 6) 

 

Diagnosis. Colony small, discoidal, convex. Ancestrula with two small distolateral vibracula 

and six periancestrular autozooids. Increase in autozooidal series achieved by bifurcation of 

avicularian rows and intercalation of new autozooidal rows between. Autozooids arranged in 

radial rows with the distal margin overlapping the next distal autozooid in series. Cryptocyst 

coarsely granular, narrow, widest proximally, tapering distally. Opesia occupying two-thirds 

of zooid length. Intramurally budded kenozooids routinely present in older autozooids and 

vibracula. Vibracula interzooidal, arranged in radial rows alternating with autozooidal rows, 
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arrowhead-shaped with a medial indentation at the opesia end and a rounded rostrum, 

proximally directed. Basal surface with scattered pores, lacking sector boundaries. 

 

Etymology. Named after the east African country Tanzania. 

 

Material. Holotype: NHMUK PI BZ 7785. Paratypes: NHMUK PI BZ 7786, 7789. 

 

Description. Colony discoidal, slightly convex, small, 1.5–2.5 mm (N 5) in diameter (Fig.  

5A). Ancestrula small (AnL 195–230 [211±18] μm, AnW 149–166 [156±9] μm, N 5), 

rounded rectangular, similar in appearance to later autozooids, with a coarsely granular 

cryptocyst sloping inwards, broader proximally, tapering laterally and reduced to a raised, 

narrow rim distally (Fig. 5B, C); opesia large (OL 108–158 [135±25] μm, OW 89–130 

[110±20] μm, N 5), plectrum-shaped. Periancestrular ring formed by paired vibracula, small, 

50–60 μm long by 30–40 μm wide (N 5, n 10), distolaterally placed with the rounded rostrum 

pointing towards the distolateral margins of the ancestrula, and six primary autozooids 

oriented radially (Fig. 5B). First-budded autozooid placed distally, slightly smaller (ZL 160–

200 [180±20] μm, ZW 149–165 [156±8] μm, N 5, n 15; mean L/W 1.15) than the succeeding 

pair of distolateral autozooids; the subsequent proximolateral pair and proximal autozooid 

similar in size to later autozooids. Increase in autozooidal series achieved by bifurcation of 

avicularian rows and intercalation of a new autozooidal row in the fork (Fig. 5D). Autozooids 

arranged in radial rows, rounded polygonal with a raised distal margin overlapping the 

proximal part of the next distal autozooid in the series, almost as long as wide (ZL 177–254 

[224±21] μm, ZW 177–255 [212±20] μm, N 5, n 30; mean L/W 1.05). Cryptocyst coarsely 
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granular, descending, broader proximally, tapering laterally, reduced to a narrow rim distally. 

Cryptocyst extensive at the bifurcation of avicularian rows owing to fusion of avicularian 

cryptocyst with the proximal cryptocyst of the interposed zooid (Fig. 5D). Opesia large, 

occupying two-thirds of zooidal length (OL 161–223 [186±18] μm, OW 116–162 [140±13] 

μm, N 5, n 30), oval, and usually filled by an intramural kenozooid in the ancestrula, first and 

sometimes second generation of zooids and avicularia (Fig. 5B). Intramural kenozooids 

smoothly calcified with a small circular or elliptical opening marked by a distinctive rim (Fig. 

5B), deeply inset. A single, central, circular areolar pore, about 20 μm in diameter, and a pair 

of muscle scars visible in later autozooids (Fig. 5D, G). Vibracula interzooidal, with a 

granular cryptocyst best developed in those at the edge of the colony, arranged in radial rows 

alternating with autozooids, increasing in size towards the edge of the colony (AvL 100–167 

[131±20] μm, AvW 70–106 [82±10] μm, N 5, n 20), arrowhead-shaped, with a medial 

indentation at the opesia end and a rounded rostrum proximally directed (Fig. 5F, G). 

Brooding zooids not recognized. Basal surface coarsely granular, with scattered circular 

pores, small, about 10 μm in diameter, usually lacking sector boundaries which become 

visible only in worn specimens (Fig. 6A, B).  

 

Remarks. This new species differs from the type species, Heteractis duclosii, in having 

smaller colonies, smaller autozooids, the intramural kenozooids leaving a circular (Fig. 5B) 

instead of a trifoliate or slit-like opening (Fig. 2D) in later autozooids, and the arrowhead-

shaped vibracula (Fig. 5E) instead of those teardrop-shaped in H. duclosii (Fig. 2E).  

It is worth remarking about the interpretation of the intramural kenozooids as these 

provide a useful taxonomic character. Similar structures have been interpreted as closure 
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plates, i.e. calcareous walls produced in late ontogeny by the zooid to seal-off the zooidal 

chamber. Closure plates are generally formed at the level of the mural rim and often contain 

moulds of the opercular sclerites near the distal end (e.g. Reptoporina micropora, see Gordon 

& Taylor (2005), p. 85, fig. 1F–H; Electra everretti, see Taylor & McKinney (2006), p. 242, 

pl. 37, fig. 1e). In contrast, the structures in Heteractis lack impressions of the operculum 

and, importantly, are located well below the level of the mural rim. They are therefore better 

interpreted as kenozooids budded within the moribund host zooid. Such intramural 

kenozooids are widespread among anascan cheilostomes (e.g. Pyriflustrina elegans, see 

Gordon & Taylor (2005), p. 85, fig. 1B; Pyrisinella meniscacantha, see Taylor & McKinney 

(2006), p. 281, pl. 76, fig. 1a), and represent a primitive character that appeared early in 

cheilostome evolution at least since the Late Cretaceous (Taylor 1988; Gordon & Taylor 

2005; Taylor & McKinney 2006). 

Although brooding zooids are not clearly distinguishable, at the periphery of some 

colonies a few zooids with disproportionately larger opesia were observed (Fig. 5G). These 

are conceivably brooding zooids, although they may simply be zooids that are large because 

of the geometry of increased row width in the growing colony. Peripheral polymorphs with 

enlarged opesia are involved in reproduction in several lunulitid genera such as Otionella and 

Selenaria (Chimonides & Cook 1981; Cook & Chimonides 1985a, b). 

A grain of quartz is often visible partially embedded on the centre of the basal surface 

of the colony (Fig. 6). In other sexual colonies the substrate is not visible, which may indicate 

that it has been totally overgrown. 

 

Superfamily Mamilloporoidea Canu & Bassler, 1927 
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Family Ascosiidae Jullien, 1883 

Genus Bragella gen. nov. 

 

Type species. Bragella pseudofedora sp. nov.; Oligocene, Rupelian, Tanzania. 

 

Diagnosis. Colony stellate or lenticular, flat. Ancestrula similar to later autozooids but 

smaller and surrounded by five periancestrular zooids. Autozooids with nodular frontal 

shield, imperforate except for a few marginal areolar pores. Orifice cleithridiate (keyhole-

shaped) with distinct condyles, arched anter and bowl-shaped poster. Oral spines present only 

in ancestrula and periancestrular zooids. Avicularia inconstant, adventitious, derived from 

lateral areolar pores. Kenozooids intramural and frontally budded, the latter occupying the 

central part of the colony, obscuring the ancestrula and early astogeny. Ovicells unknown. 

Basal surface convex with clearly defined zooidal boundaries and pores. 

 

Etymology. Named to honour recently deceased palaeobryozoologist Prof. Giampietro 

Braga. 

 

Remarks. This new genus is introduced to allocate a new species (see description below) 

showing a mixture of characters reminiscent of other taxa. The lenticular shape of the colony 

characterized by a low profile occurs in certain species of the conescharellinid genera 

Conescharellina (e.g. C. perculta and C. plana) and Trochosodon (e.g. T. ampulla, T. 

diommatus and T. aster). As in Conescharellina, the new genus is characterized by 

ontogenetic changes involving the development of secondary calcification by frontal budding 
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of kenozooids that occupy the central part of the colony and obscure early astogenetic 

features. However, all genera of Conescharellinidae are characterized by reversed frontal 

budding, which does not occur in Bragella gen. nov.  

Although the overall morphology of Bragella – including the tuberculate frontal 

shield, the apparent lack of ovicells, the shape of the orifice and the placement of avicularia – 

closely resembles Fedora, the characteristic distobasal pore chambers of this genus are 

lacking. Ascosia has flat colonies and lacks distobasal pore chambers but differs from 

Bragella in having suberect zooids.  

Placement of Bragella in Ascosiidae is tentative. Although Bragella fits in the revised 

diagnosis of the family given by Gordon & d'Hondt (1997, p. 49) because of its discoidal 

colonies, zooids with imperforate frontal shield radiating from the central ancestrular region, 

orifice with condyles and broad poster, and avicularia adjacent to the orifice, genera included 

in Ascosiidae lack oral spines, have avicularia with complete cross-bars, and a concave basal 

surface. 

 

Bragella pseudofedora sp. nov. 

(Fig. 7) 

Diagnosis. See genus. 

 

Etymology. Referring to its apparent similarity with certain species of the genus Fedora. 

 

Material. Holotype: NHMUK PI BZ 7790. Paratypes: NHMUK PI BZ 7791, 7792. 
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Description. Colony small, stellate or triangular in early astogenetic stages (Fig. 7A) to 

lenticular in later development (Fig. 7E), flat, 0.8–1.7 mm (N 8) in diameter. Ancestrula 

similar to later autozooids but smaller (AnL 314–379 [346±46] μm, AnW 303–337 [320±24] 

μm, N 3), with at least four oral spine bases, 15–20 μm in diameter, and surrounded by five 

periancestrular zooids oriented radially (Fig. 7B). Autozooids rounded polygonal, longer than 

wide (ZL 329–540 [446±67] μm, ZW 286–434 [348±49] μm, N 8, n 15; mean L/W 1.28). 

Frontal shield nodular, imperforate apart from 1–3 circular areolar pores, about 30 μm in 

diameter, randomly placed along zooidal margins (Fig. 7C, D). Primary orifice elongated 

(175–210 [190±14] μm long by 140–150 [146±4] μm wide, N 8, n 10), cleithridiate, a pair of 

small, rounded condyles placed at one-third of its length separating a horseshoe-shaped anter 

from a broad, bowl-shaped poster (Fig. 7C). Oral spine bases, numbering 2–4, restricted to 

periancestrular zooids. Avicularia adventitious, inconstant, usually single, large (AvL 156–

235 [189±25] μm, AvW 92–177 [149±27] μm, N 6, n 8), placed laterally of autozooidal 

orifice, subtriangular with a rounded rostrum pointing proximally, and possibly two faint 

condyles (Fig. 7C). Intramural budded kenozooids often replacing avicularia, and appearing 

as a swollen, smooth calcification with a sunken, circular pit at the centre (Fig. 7D). Ovicells 

not observed. Frontally budded kenozooids occupying the central core of the colony, often 

obscuring ancestrula and periancestrular zooids (Fig. 7E). Basal surface convex with shallow 

furrows coinciding with zooidal boundaries and a single pore (about 20 μm in diameter) per 

zooid located at about mid-length (Fig. 7F), possibly representing rootlet pores. 

 

Remarks. See genus. 
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Superfamily Conescharellinoidea Levinsen, 1909 

Family Batoporidae Neviani, 1901 

Genus Lacrimula Cook, 1966 

Lacrimula kilwaensis sp. nov. 

(Fig. 8) 

 

Diagnosis. Colony elongated, conical to pear-shaped, consisting of 4–7 alternating whorls of 

up to 6 zooids each. Adapical kenozooidal tube reticulate and evenly porous.  Zooids with 

reticulate, imperforate frontal shield. Marginal areolar pores present. Orifice with condyles, 

arched anter and wide bowl-shaped poster. Interzooidal avicularia restricted to the adapical 

region, adapically directed, with elongated pointed condyles. Ovicells occurring in the 

proliferal and subproliferal region, reticulate and imperforate.  

 

Etymology. Alluding to Kilwa, the administrative district of the type locality. 

 

Material. Holotype: NHMUK PI BZ 7793. Paratypes: NHMUK PI BZ 7794, 7795, 7796, 

7797, 7798, 7799. 

 

Description. Colony small, elongated conical to pear-shaped (Fig. 8A, H), 1–2 mm long by 

0.8–1.2 mm wide (N 10) at the colony proliferal region, slender (mean L/W 1.5), and 

consisting of 4–7 (commonly six) alternating whorls of up to 6 zooids each. Ancestrular area 

adapical, formed by an external, hollow tube, ornamented by a pattern of polygonal reticulate 

ridges (Fig. 8C, D), 120–220 μm in length by 180–285 maximum width (N 10), tapering 
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proximally with the apical aperture 110–150 μm wide, and consisting of 4–6 alternating rows 

of kenozooids, commonly five, externally distinguishable as circular, funnel-shaped pores, 

20–30 μm in diameter. Zooids hexagonal or rhomboidal (Fig. 8B), increasing in size towards 

the budding zone (ZL 207–312 [265±31] μm, ZW 231–362 [293±38] μm, N 10, n 30). 

Frontal shield convex, ornamented with similar polygonal reticulate ridges to those of the 

kenozooidal tube, smooth, imperforate except for a few, circular marginal areolar pores, 16–

34 μm in diameter, 2–4 visible at the corners of zooids located in the central whorls (Fig. 8B), 

more numerous, up to six, along the basal grooves between zooids located at the proliferal 

region (Fig. 8G). Primary orifice positioned almost centrally on frontal shield, deeply 

immersed, with two robust, smooth, rounded, downwardly directed condyles not visible in 

frontal view, placed at the mid-line and separating an arched anter from a wider bowl-shaped 

poster (Fig. 8B). Secondary orifice transversely elliptical (OL 110–154 [135±13] μm, OW 

81–126 [106±13] μm, N 10, n 20). Interzooidal avicularia restricted to the first two rows of 

individuals below the adapical region (Fig. 8C, D), small, rounded, 50–70 μm in diameter, 

with elongated pointed condyles, adapically directed, and placed at the centre of an 

avicularian chamber similar in shape and ornamentation to an autozooid but smaller, about 

150 μm long by 200 μm wide. Adventitious, suboral avicularia absent. Ovicells occurring in 

the proliferal and subproliferal zone zooids, broader than long (OvL 129–251 [175±40] μm, 

OvW 145–296 [222±49] μm, N 3, n 10), smooth with polygonal reticulate ridges, apparently 

imperforate (Fig. 8E, F). Primary orifices of maternal zooids slightly larger than those of 

autozooids, but with a shorter anter owing to the position of the condyles placed at one-third 

of orifice length and characterized by a straight adapical margin (Fig. 8E). 
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Remarks. Four fossil and five modern species have been assigned to Lacrimula. The 

geologically oldest known occurrence is L. perfecta (Accordi, 1947) from the Priabonian 

(late Eocene) of Italy. A middle Oligocene species, L. borealis Cook & Lagaaij, 1976, was 

reported from a well in the North Sea, while two Miocene species, L. asymmetrica Cook & 

Lagaaij, 1976 and L. grunaui Cook & Lagaaij, 1976, were described from Madura 

(Indonesia). Recent species are from eastern Australia (L. affinis Bock & Cook, 2004), 

Zanzibar (L. burrowsi Cook, 1966 and L. pyriformis Cook, 1966), Madura (L. similis Cook & 

Lagaaij, 1976), and India (L. visakhensis Rao & Rao, 1973). The new species is very similar 

in appearance to the western Indian Ocean L. burrowsi (Fig. 9A–D) and L. pyriformis (Fig. 

9E–H), differing principally in the size of the colony, which is smaller, and consequently has 

fewer whorls of zooids. The new species also differs from L. burrowsi in having smaller 

imperforate ooecia and in the distribution of the avicularia – these are confined to two circles 

surrounding the base of the kenozooidal tube in L. kilwaensis sp. nov., while avicularia are 

regularly placed between the zooids in L. burrowsi (Fig. 9A). Although fairly robust in L. 

kilwaensis sp. nov., condyles in L. burrowsi are much stouter. Lacrimula pyriformis has 

smaller orificial condyles as well as fewer and more widely spaced pores on the apical tube 

(Fig. 9F). Lacrimula affinis, which derives its specific name from the general similarities 

with L. burrowsi, differs in having adventitious oral and antapical avicularia with a complete 

cross-bar. The Eocene L. perfecta has larger colonies and avicularia with complete cross-bars 

that are regularly placed between the autozooids. 

 

Lacrimula crassa sp. nov. 

(Fig. 10) 
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Diagnosis. Colony squat, cup-shaped, consisting of 4–5 alternating whorls of up to 8 zooids 

each. Adapical, kenozooidal tube solid, smooth, porous. Zooids with tubercular frontal shield 

imperforate except for a few marginal areolar pores. Orifice with faint condyles, an arched 

anter and a wide bowl-shaped poster. Small polymorphs interpreted as kenozooids irregularly 

scattered among autozooids. Clusters of small polymorphs, interpreted either as interzooidal 

avicularia with paired condyles or kenozooids, at the antapical surface. Ovicells occurring in 

the proliferal and subproliferal region.  

 

Etymology. From the Latin adjective crassus, -a, -um meaning 'stout, bulky', referring to its 

squat colonies. 

 

Material. Holotype: NHMUK PI BZ 7800. Paratypes: NHMUK PI BZ 7801, 7802, 7803, 

7804. 

 

Description. Colony small, cup-shaped (Fig.10A), 0.7–1.0 mm long by 0.9–1.2 mm wide (N 

10), squat (mean L/W 0.7), and consisting of 4–5 alternating whorls of up to 8 zooids each. 

Ancestrular area adapical, formed by an external, hollow cone (Fig. 10A, B), 100–150 μm in 

length by 240–270 maximum width (N 10), with the apical aperture 75–105 μm wide, 

consisting of three alternating rows of kenozooids distinguishable as external pores variable 

in shape and size, first two rows of pores usually rounded and small, about 20–30 μm in 

diameter, third row made of larger bean-shaped pores, about 50 μm wide. Zooids hexagonal, 

increasing in size towards the budding zone (ZL 183–205 [191±12] μm, ZW 249–265 

[255±9] μm, N 10, n 30). Frontal shield convex, tubercular (Fig. 10A, D), imperforate except 
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for a few, circular marginal areolar pores, 18–22 μm in diameter, 4–6 visible at the corners of 

zooids located in the central whorls and along the basal grooves between zooids located at the 

proliferal region (Fig. 10 E, G). Primary orifice positioned centrally or antapically on the 

frontal shield, immersed, with two faint, rounded, condyles at the mid-line (Fig. 10A, C, D) 

separating an arched anter from a wider bowl-shaped poster (OL 90–108 [99±13] μm, OW 

87–90 [89±2] μm, N 5, n 10). Small polymorphs interpreted as kenozooids irregularly 

scattered among autozooids, hexagonal to trapezoidal (Fig. 10C, D), about 130 μm long by 

120 μm wide, with a small, elliptical opening, slightly longer than wider, about 55–60 μm 

long by 50–55 μm wide, constricted at one-third of the length, antapically placed. Clusters of 

small polymorphs, interpreted either as interzooidal avicularia or kenozooids (Fig. 5E–H), 

usually five or six, located at the centre of the antapical surface. Avicularia small, rounded, 

60–70 μm in diameter with a rounded rostrum outwardly directed and small, paired condyles 

(Fig. 10F). Ovicells occurring in proliferal and subproliferal zone zooids, large, broader than 

long (OvL 135–182 [167±26] μm, OvW 189–265 [213±41] μm, N 4, n 10), all observed 

examples either incomplete or having non-calcified ooecia frontally (Fig. 10D). Primary 

orifices of maternal zooids slightly larger than those of autozooids (Fig. 10D). 

 

Remarks. This species differs from L. kilwaensis sp. nov. in having squatter colonies, 

smaller orificial condyles, small polymorphs regularly scattered within the colony, a shorter 

apical tube and larger avicularia clustered in the antapical surface. The general appearance of 

the colony closely resembles a species of Batopora, B. rosula (Reuss, 1848), from the 

Miocene of Europe (see Cook & Lagaaij 1976, p. 351, pl. 3, figs 2–3). The main distinction 

between these two batoporid genera is in the shape of the primary orifice (with condyles in 
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Lacrimula, without condyles in Batopora) and the adapical kenozooidal complex (external 

and tube-like in Lacrimula, undifferentiated and immersed as a pit in Batopora). 

 

Discussion 

 

Palaeoenvironmental significance of the Tanzanian 'sand-fauna' bryozoans 

The modes of life of bryozoan species are closely reflected in the skeletal morphology of 

their colonies (see McKinney & Jackson 1989). Survival on unstable fine-grained sediments 

lacking large substrates for attachment requires the particular adaptations that are seen in so-

called ‘sand fauna’ bryozoans. These usually have colonies that are either free-living 

‘lunulitiform’ or rooted, including ‘conescharelliniform’. Lunulitiform species are able to 

settle on minute sand-sized substrate that they rapidly outgrow to become free-lying discs 

with concave undersides and convex upper surfaces over which the feeding zooids open. The 

hair-like setae of their peripheral vibracular polymorphs stabilize colonies above the seafloor, 

while those of the centrally placed vibracula sweep away sediment particles from the upper 

colony surface. In contrast, rooted conescharelliniform species usually have a compact 

colony morphology varying in shape from globular to discoidal, conical or stellate, and are 

supported by kenozooidal or extrazooidal rootlets that penetrate and are attached to fine-

grained sediments on the seafloor. Both free-living and rooted colony morphotypes are found 

on soft, unstable sea bottoms from 2 m to at least 8000 m (Cook & Chimonides 1981), with 

abundance peaking between about 70 and 500 m (Cook 1981). 

 Observations of living species allow inferences to be made on the depth and nature of 

the sea bottom for fossil assemblages. Cook & Lagaaij (1976) observed that as depth 
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increased the number of species adapted to fine-grained sediments increases until only 

bimorphic or even monomorphic assemblages remain. Our fossil assemblage is mainly made 

of rooted conescharelliniform and subordinate lunulitiform morphotypes. The bulk of the 

assemblage consists of the conescharelliniform genus Lacrimula in which colonies are 

characterized by reversed budding, i.e. the typical distal end of the orifice is closest to the 

proximal end of the colony. Bimorphic assemblages made of conescharelliniform along with 

lunulitiform species are characteristic of depths below 100 m (Cook 1981), while 

monomorphic assemblages of conescharelliniform species have been found in deeper waters, 

from 450 to 2150 m. Recent Lacrimula species from Zanzibar have been found at depths of 

100–200 m (L. burrowsi) and 300–550 m (L. pyriformis) in muddy sediments. 

 The occurrence of bryozoans in the core correlates with the second isotope shift and is 

constrained between 33.49 Ma and 33.0 Ma (Fig. 1B), a ~500 kyr interval corresponding to 

the Eocene–Oligocene Glacial Maximum (EOGM). The EOGM was a global environmental 

change associated with the development of a major ice cap on Antarctica, cooling both 

globally and locally in Tanzania (Lear et al. 2008), and sea-level fall. It was characterized by 

enhanced evolutionary turnover in many biological groups on land and in the ocean, 

involving widespread extinction and also evolutionary innovation (Coxall & Pearson 2007). 

Major sea-level fall caused a global rearrangement of marine shelf and slope environments, 

which, together with global cooling and other environmental effects, probably had a profound 

influence on shallow marine biota. The deposition of bryozoan beds in several localities of 

northern Italy, just above the EOB and at different palaeodepths, has been interpreted as 

being mainly driven by a cooling of ocean waters accompanied by an increase in nutrient 

input into shallow environments due to changes in ocean circulation (Dunkley Jones et al. 
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2008b; Jaramillo-Vogel et al. 2013, 2016). Bryozoan marls were deposited at other localities 

across central Europe at about the same time (Zágoršek 1992, 1993, 1994). Likewise, James 

et al. (2016) found an increase in bryozoans across the Eocene–Oligocene boundary in 

sections from Kangaroo Island, South Australia.  

The larger benthic foraminifera in the Tanzanian core seem to have been redeposited 

from shallow water, c. 100 m or less. The palaeoenvironment is thought to be hemipelagic, 

over 300 m depth, but shallow-water material from the photic zone was brought in 

frequently, such as the larger benthic foraminifera and dasycladaceans. As the larger benthic 

foraminifera and bryozoans often occur in the same samples, it could be argued that they 

came from the same shallow-water environment. This seems possible for the lunulitiform 

species Heteractis tanzaniensis but is less likely for Lacrimula kilwaensis and L. crassa as 

this genus is typical of deeper water at the present-day. Probably the bryozoan assemblage 

represents a mixture of depth habitats. 

 

Palaeobiogeography of Heteractis 

The bryozoan genus Heteractis is now known from three (possibly four) different 

geographical regions and times. The geologically oldest proven record is Heteractis duclosii 

from the middle Eocene (Lutetian–Bartonian) of southeast USA, i.e. Alabama, Texas and 

Mississippi (Lea 1833; Gabb & Horn 1862; Canu & Bassler 1920). Subsequently, Heteractis 

appeared in the very early Oligocene (Rupelian) of Tanzania, with H. tanzaniensis sp. nov. 

Our tentative attribution of 'Lunulites' rutella to Heteractis extends its upper range to the 

middle Miocene–early Pliocene of Victoria, Australia (Cook & Chimonides 1985b). 

Requiring confirmation as a species of Heteractis is H. barbosae from northeast Brazil (Buge 
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& Muniz 1974), which would extend the range of the genus back to the Paleocene and shift 

its first appearance from the Northern to the Southern Hemisphere. Although Buge & Muniz 

(1974) expressed some doubts about the age of the Maria Farinha Formation from which 

their material came from, more recent studies have confirmed its early Paleocene age (e.g. 

Albertão & Martins 2006).  

 Whether or not the Brazilian record is accepted as Heteractis, a simple reading of this 

fossil record suggests an eastward migration of the genus through time. This can be compared 

with palaeobiogeographical changes in Lunulitidae as a whole. The earliest Lunulitidae 

appeared in Europe in the Turonian (Cook & Chimonides 1986), and remained moderately 

abundant and diverse in Europe and adjacent parts of Asia until their disappearance at the end 

of the Pliocene. In North America they became abundant in the Paleocene and had 

disappeared by the end of the Miocene. Lunulitidae (and related families) are restricted to 

Australasia at the present-day. It should be noted, however, that bryozoan faunas in some 

regions are still very poorly known; therefore, patterns of distribution are not necessarily a 

good reflection of total distribution in time or space. 

 

Mineralogy and preservation 

Cheilostome bryozoans are capable of constructing their skeletons from calcite, aragonite or a 

combination of these minerals, depending on the species concerned (Smith et al. 2006; 

Taylor et al. 2009, 2015). Aragonite is especially abundant in tropical settings (Taylor et al. 

2016). XRD analyses undertaken of the Tanzanian core material showed two species, 

Lacrimula kilwaensis and L. crassa, to have monomineralic skeletons of intermediate-

magnesium calcite (IMC, i.e. 4–12 mole% MgCO3; see James 1997) with 4.7 mole% 
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MgCO3. In contrast, Bragella pseudofedora was found to be bimineralic, with the calcite 

phase consisting of IMC containing 4.45 mole% MgCO3, while Heteractis tanzaniensis is 

entirely aragonitic. Previous analyses performed on congeneric species revealed a bimineralic 

skeleton for the Recent Lacrimula pyriformis (Taylor et al. 2009) and an aragonitic skeleton 

for Heteractis duclosii (Taylor et al. 2014) from the Eocene.  

 According to Taylor et al. 2009, multiple clades of cheilostome bryozoans have 

evidently made evolutionary switchovers from entirely calcitic skeletons to skeletons 

containing aragonite, either alone or in combination with calcite (i.e. bimineralic). In the case 

of lunulite cheilostomes, it appears that the transition went from calcitic to aragonitic via an 

intermediate bimineralic state. The bimineralic skeleton of the late Eocene–early Oligocene 

species of Lacrimula from Tanzania compared with the aragonitic skeleton of Recent 

Lacrimula from the same area, suggests that this genus too may have changed from 

bimineralic to aragonitic through time, although a calcitic precursor is as yet unknown in 

Lacrimula. 

 

Micropalaeontological sampling of bryozoans 

It is known that examination of sediments for micropalaeontological purposes may reveal 

species of bryozoans rarely collected by conventional, macropalaeontological sampling for 

bryozoans (Cook 1981). ‘Sand fauna’ bryozoans may remain undetected or are present as 

accidental inclusions in Recent samples collected by grab or dredge because of their 

extremely minute size. Recent seafloor sediments are not routinely examined for bryozoans, 

and any bryozoans present may be confused with foraminifera of similar size and overall 

appearance. Samples of modern sea-bottom sediments collected from Zanzibar deep waters, 
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for instance, revealed that sand-fauna species accounted for 70–90% of the total bryozoans 

present (Cook 1981). These sediments also revealed for the first time the existence of the 

genus Lacrimula. Micropalaeontological samples of ancient sediments offer the potential for 

augmenting the fossil record of bryozoans, especially in Cenozoic tropical settings from 

which bryozoans are poorly known (Taylor & Di Martino 2014). 
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Figure captions 

Figure 1. A, location of the Tanzanian Drilling Project Eocene–Oligocene boundary site 

TDP 17; B, bryozoan occurrences and abundance in TDP 17 samples plotted against isotope 

data from Pearson et al. 2008 (in grey, isotope records from TDP 17; in black isotope records 

from a further site, TDP 12); EOGM = Eocene–Oligocene Glacial Maximum; mcd = mean 

composite depth; MOZ = Mozambique. 
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Figure 2. A–F, Heteractis duclosii (Lea, 1833), NHMUK PI BZ 4121, Eocene, Bartonian, L. 

Claiborne, Elm Creek, Lee County, Texas, USA; A, general view of the colony; B, close-up 

of the ancestrula with distolateral vibracula and intramural kenozooids; C, radial series of 

autozooids alternating with vibracula; note the insertion of autozooidal rows at the 
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bifurcation of avicularian rows. Septular pores are indicated by arrows; D, group of 

autozooids and vibracula; note the variation in shape of the closure plate openings; E, close-

up of a vibraculum with teardrop-shaped rostrum; F, view of the basal surface. G, NHMUK 

PI BZ 5952, Eocene, late Bartonian, Moodys Branch Fm., LeFleur's Bluff, MMNS, Jackson, 

Mississippi, USA, asexual colony, the narrow vertical zone of zooids at the centre 

representing the fragment of the original colony from which regeneration occurred.  Scale 

bars: A, F = 1 mm; B, D = 100 μm; C = 200 μm; E = 40 μm; G = 500 μm. 

 

 

Figure 3. Lunulites truncata De Gregorio, 1890, hypotype, USNM 63838, middle Eocene, 

Claibornian, Claiborne, Alabama, USA, general view of the colony. Scale bar: 500 μm. 
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Figure 4. Heteractis rutella (Tenison Woods, 1880) comb. nov., NHMUK D53545, 

Miocene, Clifton Bank, Muddy Creek, Victoria, Australia; A, general view of the colony; B, 

close-up of the ancestrula flanked by a pair of vibracula; C, ancestrula and early astogeny; D, 

close-up of an autozooid at the bifurcation of avicularian rows; E, view of the basal surface. 

Scale bars: A, E = 500 μm; B, D = 100 μm; C = 200 μm. 
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Figure 5. Heteractis tanzaniensis sp. nov., Oligocene, Rupelian, TDP 17, Pande Peninsula, 

Kilwa District, Tanzania; A–F, holotype, NHMUK PI BZ 7785; A, general view of the 

colony; B, ancestrula and early astogeny; C, close-up of the ancestrula, with opesia occupied 
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by an intramurally budded kenozooid, and a pair of distolateral vibracula also with intramural 

kenozooids; D, radial series of autozooids alternating with vibracula; note the insertion of a 

new autozooidal row (centre) at the bifurcation of an avicularian row. Septular pores are 

indicated by arrows; E, close-up of a vibraculum; note the medial indentation at the opesia 

end and the rounded rostrum; F, vibracula at the colony edge. G, paratype, NHMUK PI BZ 

7786, group of zooids, some having larger opesia with straight proximal margins (brooding 

zooids?). Scale bars: A = 400 μm; B, D, F = 100 μm; C = 50 μm; E = 20 μm; G = 200 μm. 

 

Figure 6. Heteractis tanzaniensis sp. nov., Oligocene, Rupelian, TDP 17, Pande Peninsula, 

Kilwa District, Tanzania; basal surfaces of colonies and partly enveloped sediment grain 

substrates. A, paratype, NHMUK PI BZ 7789, basal surface with scattered pores. B, 

holotype, NHMUK PI BZ 7785, basal surface with pores and sector boundaries. Scale bars: 

A = 200 μm; B = 500 μm. 
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Figure 7. Bragella pseudofedora sp. nov., Oligocene, Rupelian, TDP 17, Pande Peninsula, 

Kilwa District, Tanzania. A–C, holotype, NHMUK PI BZ 7790; A, general view of the 

colony; B, ancestrula (centre) with four oral spine bases; C, close-up of an autozooid, 
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showing the cleithridiate orifice, and an adventitious avicularium. D, paratype, NHMUK PI 

BZ 7791, group of zooids; note avicularium (left) with an intramurally budded kenozooid. E, 

paratype, NHMUK PI BZ 7792, lenticular colony with frontally budded kenozooids 

overgrowing earlier zooids. F, paratype, NHMUK PI BZ 7791, view of the basal surface with 

zooidal boundaries and a single pore per zooid (indicated by arrows). Scale bars: A, E, F = 

200 μm; B, D = 100 μm; C = 50 μm. 
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Figure 8. Lacrimula kilwaensis sp. nov., Oligocene, Rupelian, TDP 17, Pande Peninsula, 

Kilwa District, Tanzania. A, B, holotype, NHMUK PI BZ 7793; A, general view of the 

colony; B, group of autozooids showing orificial condyles. C, paratype, NHMUK PI BZ 
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7794, view of the opening of the adapical kenozooidal tube. D, paratype, NHMUK PI BZ 

7795, interzooidal avicularia with well-developed, sharp condyles. E, paratype, NHMUK PI 

BZ 7796, group of ovicellate zooids at the proliferal region; note the straight adapical margin 

of the orifice. F, paratype, NHMUK PI BZ 7797, group of ovicellate zooids. G, paratype, 

NHMUK PI BZ 7798, view of the antapical surface of the colony. H, paratype, NHMUK PI 

BZ 7799, colony showing clearly the zooidal frontal shield ornamented with polygonal 

reticulate ridges. Scale bars: A, G, H = 200 μm; B, C, D, E, F = 100 μm. 
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Figure 9. A–D, Lacrimula burrowsi Cook, 1966, holotype, NHMUK 1965.8.24.7, Recent, 

Station 103, J. Murray Collection, Zanzibar; A, general view of the colony; B, view of the 

adapical, kenozooidal tube; C, close-up of an ovicellate zooid; D, interzooidal avicularia and 
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autozooids. E–H, Lacrimula pyriformis Cook, 1966, paratype, NHMUK 1965.8.24.13, 

Recent, Station 105, J. Murray Collection, Zanzibar; E, general view of the colony; F, view 

of the adapical, kenozooidal tube; G, group of zooids, one with a broken ovicell; H, close-up 

of an autozooid; a condyle is visible inside the orifice in oblique view. Scale bars: A, B, E, F, 

G = 200 μm; C, D, H = 100 μm. 
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Figure 10. Lacrimula crassa sp. nov., Oligocene, Rupelian, TDP 17, Pande Peninsula, Kilwa 

District, Tanzania. A, B, holotype, NHMUK PI BZ 7800; A, general view of the colony; B, 

view of the adapical area from above. C, paratype, NHMUK PI BZ 7801, close-up of an 



 51 

autozooidal orifice (or) in oblique view and a small polymorph interpreted as a kenozooid 

(ke). D, paratype, NHMUK PI BZ 7802, zooids of the proliferal region with reticulate frontal 

shield and ovicells with incomplete ooecia. E, F, paratype, NHMUK PI BZ 7803; E, view of 

the antapical surface of the colony with clustered polymorphs interpreted either as avicularia 

or kenozooids; F, close-up of a polymorph from the antapical region showing a distinct pair 

of condyles and interpreted as an avicularium. G, H, paratype, NHMUK PI BZ 7804, small 

polymorphs (either avicularia or kenozooids) at the antapical surface. Scale bars: A, E, G = 

200 μm; B, D = 100 μm; C, H = 50 μm; F = 10 μm. 
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Supplemental material 
 
Table 1. Data summary for TDP 17, Pande Peninsula, Kilwa District, Tanzania. 




