
© 2026 Academia Sinica, Taiwan

Open Access

First Fossil Faorina (Echinoidea: Spatangoida) 
from the Bhuban Formation (Miocene), 
Northeastern India
Chia-Hsin Hsu1 , Lalramengi Fanai2 , Kongrailatpam M. Sharma3 , Malsawmtluanga4 , 
Jehova Malsawma2 , Paul Lalnuntluanga2 , Raghavendra P. Tiwari5 , Rajeev Patnaik6 , Ammu 
Sankar Senan7, and Jih-Pai Lin7,*

1School of Ocean and Earth Science, University of Southampton, Southampton, SO14 3ZH, UK.  
E-mail: chiahsinhsu01@gmail.com (Hsu) 

2Department of Geology, Mizoram University, Mizoram, 796004, India. E-mail: mami18fanai@gmail.com (Fanai); jmvalpuia@gmail.com 
(Malsawma); paultluanga@gmail.com (Lalnuntluanga) 

3Department of Geology, Central University of South Bihar, Gaya, 824236, India. E-mail: milankumar.sharma@gmail.com (Sharma) 
4Lunglei Government College, Government of Mizoram, Mizoram, 796701, India.  

E-mail: mstmzu.gps@gmail.com (Malsawmtluanga) 
5Department of Geology, Central University of Punjab, Bathinda, 151401, India.  

E-mail: rptmzu@rediffmail.com (Tiwari) 
6Department of Geology, Panjab University, Chandigarh, 160014, India.  

E-mail: rajeevpatnaik@gmail.com (Patnaik)
7Department of Geosciences, National Taiwan University, Taipei 106319, Taiwan. *Correspondence: E-mail: alexjplin@ntu.edu.tw (Lin).  

E-mail: ammusankars93@gmail.com (Senan)

urn:lsid:zoobank.org:pub:29A66379-FAC8-4E5F-8818-C9C1B3EB38C8
Received 13 October 2025 / Accepted 7 March 2026 / Published 13 May 2026
Communicated by Chien-Hsiang Lin

Heart urchins of the genus Faorina are now endemic to the Indo-West Pacific, but their fossils were 
previously known from the Miocene of Mediterranean, indicating a wider geographic distribution in the past. 
Here we describe Faorina mizoramensis sp. nov. from the Lower to Middle Miocene Bhuban Formation 
(Surma Group) in northeastern India, identified by their meridoplacous plating in interambulacrum 1 
adorally. These fossils demonstrate that the distribution of Faorina had reached the eastern Indian Ocean 
(or Ceno-Tethys) by the Early to Middle Miocene. This study shows that Faorina likely expanded widely, 
extending into the Mediterranean during the Miocene. Following the closure of the Tethyan Seaway, they 
experienced local extinction. Today, they are restricted to Taiwan, southern China, Vietnam, Australia, Sulu 
Sea, Burma, and the Andaman Islands. We therefore hypothesize that Faorina may have originated in 
the Mediterranean, with the Indo-West Pacific later becoming a refugium for this genus and some of the 
tropical to subtropical Ceno-Tethyan echinoid faunas.

Keywords:	Systematics, Echinoidea, Irregularia, Spatangoids, Tethys

Citation: Hsu CH, Fanai L, Sharma KM, Malsawmtluanga, Malsawma J, Lalnuntluanga P, Tiwari RP, Patnaik R, Senan AS, Lin JP. 2026. First fossil 
Faorina (Echinoidea: Spatangoida) from the Bhuban Formation (Miocene), northeastern India. Zool Stud 65:21. doi:10.6620/ZS.2026.65-21.

BACKGROUND

Echinoderms are a group of marine invertebrates 
that exhibit unique modes of life through their 
development. They possess a free-swimming larval 
stage lasting from several days to weeks before settling 

onto the substrate and become benthic for the remainder 
of their lifespan (except for feather stars). With multiple 
modes of life ontogenetically, their spatial and temporal 
distributions are complex and striking (e.g., Lefebvre 
et al. 2013; Zamora et al. 2013). These biogeographic 
patterns reveal aspects that are often difficult to extract 
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from the fossil record of other taxa (e.g., Lin et al. 2018) 
and are commonly explained by plate tectonics, oceanic 
circulation, and seaway connections (e.g., Oji 1990; 
Harzhauser et al. 2008; Lin et al. 2018; Ho et al. 2022; 
Thompson et al. 2022; Lee et al. 2023). 

Because the fossil record is often fragmentary, 
the discovery of a few critical new fossils from key 
localities can dramatically reshape evolutionary 
scenarios. India, at the heart of southern Asia, 
undoubtedly serves as one of the major hubs of 
Cenozoic fossil echinoids. Positioned between two 
Cenozoic fossil echinoid hotspots: the Mediterranean 
(e.g., Borghi and Garilli 2022) and the tropical western 
Pacific (e.g., Hsu et al. 2024; Chen et al. 2025; Hsu and 
Chang 2025), the Indian fauna recorded the closure of 
the Ceno-Tethys Ocean (Rögl 1998 1999; Srivastava 
2012), providing a unique window into interactions 
between Mediterranean and tropical western Pacific 
assemblages and the subsequent Cenozoic biodiversity 
hotspot shift from the former to the latter, as observed in 
many marine groups (e.g., Harzhauser et al. 2024; Tian 
et al. 2024). 

In this  s tudy,  we focus on the enigmatic 
spatangoid genus Faorina Gray, 1851, which currently 
includes two extant species and three fossil species. 
Notably, the extant species are restricted to the Indo-
West Pacific, whereas the fossil species are known only 
from the Early to Middle Miocene of the Mediterranean 
region (Stara and Borghi 2012). This striking contrast 
between fossil and modern distributions highlights an 
underexplored evolutionary history. Although sporadic 
unpublished reports and notes by citizen scientists 
have mentioned more fossil occurrences, none have 
undergone rigorous taxonomic examination (Huang 
2011; Chuang 2020). Here, we describe new fossil 
species of Faorina and discuss how they contribute to 
explaining this interesting paleobiogeographic pattern. 

Geological Setting 

The fossil described herein was collected from 
the Bhuban Formation, part of the Surma Group, 
which is widely exposed across northeastern India and 
southeastern Bangladesh, especially in the Tripura-
Mizoram region (Fig. 1). Geologically, this unit was 
deposited within the Surma Basin, associated with the 
subduction of the Indian Plate along the Arakan Yoma 
suture and the Indo-Burman Orogeny since the Eocene 
(Nandy 1972; Rangin et al. 2013). The evolution of the 
basin began in the Late Oligocene, with the deposition 
of Barail Group (Oligocene), Surma Group (Lower to 
Middle Miocene), and Tipam Group (Pliocene) from 
bottom to top (Karunakaran 1974; Dasgupta 1984). 

In particular, the Surma Group, where the studied 

fossils were found, comprises a thick succession 
of shales, siltstones, and sandstones deposited in 
a tide-dominated deltaic system sourced from the 
eastern Himalayas (Johnson and Alam 1991). It can 
be subdivided into the Bhuban Formation and the 
Bokabil Formation. The Bhuban Formation can be 
further divided into three informal members: lower 
sandy, middle clayey, and upper sandy, representing 
fluctuations in foreshore to shoreface and offshore zones 
of a shallow marine, organic-rich setting (Singh et al. 
2010; Tiwari et al. 2011; Rajkonwar et al. 2013 2014 
2015; Bharali et al. 2017; Rose et al. 2021; Fanai et al. 
2023) that were controlled by repeated transgressive 
and regressive cycles (Rahman et al. 2009; Tiwari et al. 
2011). 

The 158 m thick sampling section belongs to the 
Upper Bhuban Unit of the Bhuban Formation within 
the Surma Group (Fig. 1). It is mainly composed of a 
repetitive succession of argillaceous and arenaceous 
rocks. Three lithological units have been identified, 
in ascending order: brown sand with silt intercalation, 
shale with occasional lenses of sand, and shale-
sandstone alternation. Fossils were found in the middle 
unit, which is characterized by brown, heterolithic 
sandstone at about 80 m above the base of the section. 
A fossil starfish was also discovered from the similar 
stratigraphic unit from a different locality (Fraga et al. 
in review). 

In terms of fossil echinoid records from the 
Upper Bhuban Unit in this region, Jauhri et al. (2003) 
reported a hemiasterid echinoid associated with corals 
and foraminifers from a pocket of shell limestone 
within a siliciclastic sequence at a locality near 
Zemabawk, east of Aizawl. Srivastava et al. (2008) 
documented Coelopleurus (Keraiaphorus) sp. and 
Schizaster sp. from the South Hlimen Quarry, Aizawl, 
Mizoram. Numerous other studies have also mentioned 
fossil echinoids from this region, though generally 
without systematic descriptions or detailed geological 
information (La Touche 1891; Sinha et al. 1982; 
Satsangi and Patil 1988; Patil 1990 1991; Tiwari 1993; 
Mazumder 2004; Ralte 2009; Tiwari and Jauhri 2014). 

MATERIALS AND METHODS

Three fossil echinoid specimens from the Miocene 
Upper Bhuban Formation were examined in this study. 
All specimens are internal molds recovered from 
a fine sandstone bed at Keifang Village, Mizoram, 
northeastern India (22°53'52.35"N, 92°52'14.91"E) (Fig. 
1). The specimens are housed at Department of Geology, 
Mizoram University, India, under the registration 
numbers Ech/LGC/2025/001, Ech/LGC/2025/002, and 
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Fig. 1.  Locality, geological map, and stratigraphy of the sampling bed.

N
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Ech/LGC/2025/003. Two extant specimens of Faorina 
chinensis Gray, 1851, stored at the National Museum 
of Natural Science, Taichung, Taiwan (NMNS008510-
00029 and NMNS008510-00030), were also included 
for comparisons. 

To examine the effect of the closure of the 
Tethyan Seaway on the echinoid faunas of India, the 
Mediterranean, and the tropical western Pacific, we 
compiled available fossil occurrence data, spanning 
from the Oligocene to the present, from these regions 
and assessed the numbers of co-occurring genera as a 
proxy for faunal connections. Fossil data from India 
are based on Srivastava (2012) along with the new 
fossils described herein. Data from the Mediterranean 
are primarily from Borghi and Garilli (2022), with the 
missing records for the Oligocene and Early to Middle 
Miocene supplemented by the Paleobiology Database 
(PBDB; Uhen et al. 2023) downloaded on 27 September 
2025. Fossil data for the tropical western Pacific are 
from Mihaljević and Rosenblatt (2018), originally 
downloaded from PBDB. Present-day distributions 
are from GBIF.org (2025) and OBIS (2025), and only 
genera with a fossil record in at least one of the regions 
are included. Classification strictly follows Kroh 
and Mooi (2025). Fossil occurrences with uncertain 
generic assignments or taxa regarded as nomina dubia 
were excluded, including records of Brissopsis (?), 
Echinodiscus (?), Echinolampas (?), Goniocidaris 
(?), Hemipatagus (?), Opissaster (?), Schizobrissus 
(?), Moiropsis (?), Schizaster (?), Stomopneustes (?), 
Radiolus, and Spatangomorpha. All records were 
carefully checked to minimize incorrect and redundant 
occurrences.

Taxonomic nomenclature follows Kroh and 
Mooi (2025). Morphological descriptions adhere to 
the terminology of Lewis and Donovan (2007). The 
ambulacral and interambulacral series are numbered 
according to Lovén’s system (Lovén 1874). All 
measurements were taken with a digital caliper with a 
resolution of 0.01 mm and an accuracy of 0.03 mm. 

SYSTEMATIC PALEONTOLOGY

Class Echinoidea Schumacher, 1817
Infraclass Irregularia Latreille, 1825
Order Spatangoida L. Agassiz, 1840

Suborder Paleopneustina Markov and Solovjev, 
2001

Superfamily Paleopneustoidea A. Agassiz, 1904
Family Pericosmidae Lambert, 1905

Genus Faorina Gray, 1851

Type species: Faorina chinensis Gray, 1851, 

Recent, China, by subsequent designation of de Loriol 
1875. 

Species included: Faorina chinensis Gray, 1851, 
Recent, Indo-West Pacific (Stara and Borghi 2012; 
GBIF.org 2025); Faorina callosa (Manzoni, 1879), 
Miocene (early Langhian) of northern Italy and the 
San Marino; Faorina maullui Stara and Borghi, 2012, 
Miocene (Aquitanian–early Burdigalian) of Sardinia, 
Miocene (early Langhian) of northern Italy; Faorina sp. 
A (= Pericosmus sp. B in McNamara 1984 = Faorina 
sp. A in Stara and Borghi 2012), Recent, Australia; 
Faorina sp. B in Stara and Borghi 2012, Miocene 
(Aquitanian–early Burdigalian) of Sardinia; Faorina 
mizoramensis sp. nov., this study, Miocene (Lower– 
Middle) of northeastern India. (F. lovisatoi (Lambert, 
1909) and F. oppenheimi (Lambert, 1909) from the 
Early Miocene (Aquitanian) of Sardinia are each based 
on a single, poorly preserved specimen, and their 
validity requires further confirmation due to the high 
morphological plasticity of Pericosmidae (Stara and 
Borghi 2012).) 

D i a g n o s i s :  P e r i c o s m i d  e c h i n o i d s  w i t h 
meridoplacous plating in interambulacrum 1 adorally. 

Remarks: Species of Faorina generally differ 
from Pericosmus in exhibiting a peripetalous fasciole 
that is not deeply indented behind the anterior petals, in 
typically lacking a marginal fasciole in adults, in having 
plates 1 in interambulacrum 1 and interambulacrum 4 
adorally occluded from the peristome, and in possessing 
an elongated, wedge-shaped labrum pointing towards 
the sternal plates (Mortensen 1951; Markov and 
Solovjev 2001; Smith and Kroh 2011; Stara and Borghi 
2012). However, these differences are not consistent, as 
many specimens show either intermediate or opposite 
conditions (Stara and Borghi 2012). The only reliable 
diagnostic feature recognized is the meridoplacous 
structure in interambulacrum 1 adorally, while the 
closely related genus Pericosmus L. Agassiz in L. 
Agassiz and Desor, 1847 exhibits amphiplacous plating 
(Stara and Borghi 2012). 

Faorina mizoramensis sp. nov. Hsu and Lin
(Figs. 2, 3, 4C)

urn:lsid:zoobank.org:act:2C90A063-4AE4-41F8-82A9-
15A1C211C30D

Material examined: Holotype: Ech/LGC/2025/001 
(test length = 38.28 mm, test width = 50.53 mm, test 
height = 16.68 mm). Paratype: Ech/LGC/2025/002–
Ech/LGC/2025/003.

Type locality and horizon: Mat River of Mizoram 
(northeastern India); Upper Bhuban Unit, Bhuban 
Formation, Surma Group (Early–Middle Miocene).

Etymology: The specific name is derived from the 
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type locality, Mizoram (northeastern India), in reference 
to its distinct paleobiogeographic distribution compared 
with other known species.

Diagnosis: Faorina species with low test height; 
shallow frontal notch; truncated posterior margin; 
centrally positioned apical system; wide, elongate 
petals with narrow interporiferous zones; broad contact 
between first and second plates in interambulacrum 1; 
stout labrum ending at middle of second ambulacral 
plate.

Description: Test medium (test length = 36.17–
49.69 mm, test width = 41.68–50.53 mm; Table 1), 
slightly angular, rounded to slightly heart-shaped, height 
low in profile (test height = 40–44% test length, mean 
= 42% test length). Maximum width slightly anterior; 
maximum height close to apical system (Fig. 3). Aboral 
surface slightly inflated, dome-shaped, not keeled 
posteriorly (Fig. 3); frontal groove wide and shallow. 
Oral surface flat, plastron slightly keeled posteriorly 
(Fig. 3). Posterior margin low and truncated (Fig. 3). 

Apical disc centrally located aborally, with 
three gonopores (Fig. 2C1). Detailed plating structure 
unavailable. 

Anterior ambulacrum non petaloid, straight, 
slightly sunken, wide, forming frontal groove anteriorly 
from apical disc to peristome (Fig. 2A, B). 

Ambulacra I ,  II ,  IV,  V petaloid aborally, 
significantly sunken, with nearly constant width from 
adapical to terminal ends, extending approximately 
70–80% between apical disc and margin in planar view 
(Fig. 3), with interporiferous zones and single pore-pair 
column equal in width (Figs. 2A1, B1, C1); anterior 
petals and posterior petals approximately equal in length 
(Figs. 2A1, B1, C1). 

Anterior petals diverge at about 115–120°, with 
about 28 double-series pore pairs in similar size (Fig. 2). 
Posterior petals diverge at about 70–90°, with about 29 
double-series pore pairs in similar size (Fig. 2). 

Interambulacrum 1 meridoplacous, interambu-
lacrum 4 amphiplacous adorally (Fig. 4C). 

Plastron lanceolate, greatest width close to 
posterior margin; mesamphisternous, with nearly 
symmetric sternal plates and biserially offset episternal 
plates (Fig. 4C). Labrum elongated, stout, reaching 
second adjoining ambulacral plate (Fig. 4C). Sternal 

plates elongated, sutured with episternal plates 
posteriorly, about a quarter of test length from posterior 
margin (Fig. 4C). 

Peristome kidney-shaped, situated about 15% 
test length from anterior margin (Fig. 2A2, B2, C2). 
Periproct oval, located at top of posterior truncated 
surface. 

Distribution: Upper Bhuban Unit, Bhuban 
Formation, Surma Group (Early-Middle Miocene), 
section along Mat River of Mizoram, northeastern India 
(22°53'52.35"N, 92°52'14.91"E). Known only from the 
type locality and horizon.

Remarks: Although the internal molds do not 
preserve some important features such as the fasciole, 
the oral plating sutures are very clear in specimen Ech/
LGC/2025/001 (Figs. 2A2, 4C), which allows reliable 
identification. Because the plating in interambulacrum 
1 is meridoplacous adorally, the specimens can be 
assigned to the genus Faorina. 

Compared with other known Faorina species, 
the main difference is in the petals, which are much 
wider and longer, especially the posterior petals. The 
stout contact between the first and second plates in 
interambulacrum 1, together with the stout labrum, 
also separates these specimens from most species of 
Faorina, where the two plates usually only slightly 
contact (except Faorina sp. B; Stara and Borghi 2012) 
and the labrum is wedge-shaped and points toward the 
sternal plates. Additional differences are also present. 
The studied specimens differ from the type species 
F. chinensis (Fig. 5) and Faorina sp. A of McNamara 
(1984) in having a lower test, a more central apical 
system, and narrower interporiferous zones; from 
F. callosa in having a lower test, a shallower frontal 
notch, and narrower interporiferous zones; and from F. 
maullui in having a shallower frontal notch, a truncated 
posterior margin, narrower interporiferous zones. The 
studied specimens are most similar to Faorina sp. B of 
Stara and Borghi (2012), but still differ in their wider 
test, lower height, and shorter labrum. These differences 
show that the studied specimens do not belong to any 
known species of Faorina (Table 2). Together with a 
distinct stratigraphic and geographic distribution, these 
fossils are therefore described herein as a new species.

However, since the long-standing confusion 

Table 1.  Biometric measurements of Faorina mizoramensis sp. nov.

Specimen Test Length (mm) Test Width (mm) Test Height (mm)

Ech/LGC/2025/001 (holotype) 38.28 50.53 16.68
Ech/LGC/2025/002 (paratype) 36.17 45.42 15.18
Ech/LGC/2025/003 (paratype) 49.69 41.68 19.89
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Fig. 2.  Faorina mizoramensis sp. nov. from the Lower to Middle Miocene Bhuban Formation (Surma Group), northeastern India. A, Ech/
LGC/2025/001. B, Ech/LGC/2025/002. C, Ech/LGC/2025/003. In aboral (A1–C1) and oral (A2–C2) views. Scale bar = 10 mm.
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between the genera Faorina and Pericosmus has only 
recently been clarified, many species currently assigned 
to Pericosmus may actually belong to Faorina (Stara 
and Borghi 2012). For example, Pericosmus hsui Wang, 
1984 from the Miocene of northern Taiwan most likely 
belongs to Faorina, based on the plating structure 
illustrated in the original description (Huang 2011; 
Chen et al. 2025), although type material and additional 
specimens are still required for confirmation. With 
more than 30 extant and fossil species currently placed 
in Pericosmus (Kroh and Mooi 2025), thorough re-
examination will be required to clarify their true spatial 
and temporal diversity patterns.

Fig. 3.  Lateral view of interambulacrum 5 of Faorina mizoramensis 
sp. nov. from the Lower to Middle Miocene Bhuban Formation 
(Surma Group), northeastern India. A, Ech/LGC/2025/001. B, Ech/
LGC/2025/002. C, Ech/LGC/2025/003. Scale bar = 10 mm.

Fig. 4.  Oral plating patterns. A, Genus Faorina (Faorina maullui 
Stara and Borghi, 2012; modified from Stara and Borghi 2012). B, 
Genus Pericosmus (Pericosmus latus Agassiz and Desor, 1847); 
modified from Stara and Borghi 2012). C, Faorina mizoramensis sp. 
nov. (Ech/LGC/2025/001). Shallow shaded areas represent ambulacral 
regions. Only clearly defined sutures are illustrated.
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DISCUSSION

The diversi ty and distr ibut ion pat tern of 
marine faunas have always been closely related to 
paleogeographic changes throughout the Phanerozoic, 
mostly reflected by oceanic connections and isolations 
(e.g., Cao et al. 2017; Balembois et al. 2025). During 
the Late Mesozoic and Cenozoic, one of the most 
important paleogeographic event, the closure of 
the Tethys Ocean, has been demonstrated to have 
thoroughly reshaped the present-day spatial patterns 
of marine faunas (e.g., Yasuhara et al. 2022). Since the 

Late Cretaceous (~80 Ma), the northward movement 
of the African, Indian, and Australian plates resulted 
in a continuous narrowing of the vast Tethys Ocean 
and its eventual complete closure and formed present-
day Mediterranean, with successively diminishing 
connections among adjacent regions (e.g., Harzhauser 
et al. 2008 2024; Yasuhara et al. 2022). These 
palaeogeographic events contributed to numerous faunal 
turnover events (e.g., Lin et al. 2017), including the 
reduction of faunal exchange with the western Atlantic 
and Caribbean during the Late Oligocene (BouDagher-
Fadel and Price 2010; Perrin and Bosellini 2012) and 

Fig. 5.  Extant specimens of Faorina chinensis Gray, 1851 collected from Donggang Harbor Pingtung, Taiwan (22°27'58.0"N, 120°26'38.6"E). 
A, NMNS008510-00029. B, NMNS008510-00030. In aboral (A1–B1), oral (A2–B2), lateral (A3–B3), and posterior (A4–B4) views. Scale bar = 
20 mm.
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with the Indian Ocean from the late Oligocene to middle 
Miocene as the Tethyan Seaway completely closed 
(Harzhauser et al. 2007; Reuter et al. 2009; Hall 2012; 
Bialik et al. 2019; Lokho et al. 2026). 

With the tectonically mediated geographic 
changes, a series of echinoid faunal distribution shifts 
have been observed in the fossil record, particularly 
in the eastern Tethys Ocean. At the species level, the 
Arabian fauna, located east of the Tethyan Seaway and 
between the Mediterranean and Indian faunas, showed 
changing affinities from the Mediterranean to the 
Indian regions from the Late Cretaceous to the Middle 
Miocene, indicating that faunal exchange between 
the Mediterranean and Indian Oceans had become 
increasingly difficult since the Oligocene (Roman et 
al. 1989). In contrast, at the generic level, the affinities 
between the two oceans largely overlapped (Rosen and 
Smith 1988; Harzhauser et al. 2007). 

The new fossils described herein represent the 
first fossil record of Faorina outside the Mediterranean 
region, helping to bridge the apparent gap between 
its fossil and modern distributions and providing a 
new perspective for ongoing paleobiogeographic 
discussions. These specimens indicate that the genus 
had already reached the eastern Indian Ocean at the 
time of its earliest known fossil occurrence, prior to 
the complete closure of the Tethyan Seaway between 
the Mediterranean and the Indian Ocean (ca. 13.8 Ma; 
Bialik et al. 2019; Fig. 6). This observation is consistent 
with previous studies that reported close generic-level 
affinities between the two faunas, reflecting long-term 
faunal connections. It strongly suggests that Faorina 
was once widely distributed, from at least the eastern 
Indian Ocean to the Mediterranean region. Following 
the closure of the Tethyan Seaway, Mediterranean 

populations went extinct, and the genus became 
restricted to its modern Indo-West Pacific distribution. 
Interestingly, similar patterns have also been observed 
in other echinoderm groups. For example, Kroh (2004) 
described fossil “snake stars” (Ophiuroidea: Euryalidae) 
from the Mediterranean, but this group is now restricted 
to the Indo-Malayan region and around Australia, 
highlighting that comparable extinction events also 
occurred in the Mediterranean. 

Furthermore, we combine our new fossil evidence 
with Cenozoic echinoid records from the Mediterranean 
(Borghi and Garilli 2022; Uhen et al. 2023), India 
and Pakistan (Srivastava 2012), and the tropical 
western Pacific (Mihaljević and Rosenblatt 2018) to 
improve the discussions of the broader biogeographic 
pattern. Although these data are potentially affected 
by uneven sampling and database biases, they provide 
an overview of general patterns. Based on these data, 
we hypothesized a broader faunal similarity pattern 
that seems to be strongly shaped by the closure of the 
Tethyan Seaway (Fig. 7; Table 3). During the Oligocene 
and Miocene, when the Mediterranean remained 
connected to the Indian Ocean, several genera co-
occurred across these regions but were absent from the 
tropical western Pacific in our dataset (two genera in the 
Oligocene; five in the Miocene), suggesting relatively 
high connection between the Mediterranean and Indian 
faunas. Since the Pliocene-Pleistocene, however, 
following the complete closure of the Tethyan Seaway, 
Indian echinoid faunas have become increasingly 
dissimilar to those of the Mediterranean, and there are 
no genera whose distribution is limited only to those 
two regions in our dataset. At the same time, all genera 
present in the Indian Ocean can also be found in the 
tropical western Pacific, including many that are shared 

Table 2.  Trait comparisons between Faorina species

Species
Faorina mizoramensis 

sp. nov.
F. chinensis F. callosa F. maullui Faorina sp. A Faorina sp. B

Reference this study Mortensen 1951
Stara and Borghi 2012

(holotype)
Stara and Borghi 2012

McNamara 1984
(Pericosmus sp. B)

Stara and Borghi 2012

Test length 36–50 mm 30–96 mm 48 mm 35–82 mm 39 mm 46 mm
Test width 84–132% TL 89–94% TL 111% TL 100–106% TL 92% TL 83% TL
Test height 40–44% TL 70–83% TL 78% TL 37–42% TL 72% TL 70% TL
Frontal notch shallow shallow deep deep shallow shallow
Posterior margin truncated truncated truncated oblique truncated truncated
Apical system central slightly anterior central central slightly anterior central 
Petal long medium long medium medium medium
Interporiferous zones narrow wide wide wide wide narrow 
1st and 2nd plates in IA 1 broad contact narrow contact narrow contact narrow contact narrow contact broad contact 
End of labrum middle of 2nd AP middle of 2nd AP middle of 2nd AP middle of 2nd AP middle of 2nd AP end of 2nd AP 

TL = test length; IA = interambulacrum; AP = ambulacral plate.
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Fig. 6.  Fossil occurrences and present-day distributions of genus Faorina. A, Early-Middle Miocene (paleogeography is modified from Cao et 
al. 2017). B, Present day (geography is modified from Scotese and Wright 2018). Fossil occurrences are listed in systematic paleontology section. 
Present-day distributions are from GBIF.org (2025) and OBIS (2025).
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Table 3.  Fossil and present-day echinoid occurrences data in India, Mediterranean, and the tropical western Pacific. 
A total of 103 genera are recorded from the Oligocene to the Pleistocene, with 15 genera in the Oligocene, 87 in the 
Miocene, and 68 in the Pliocene to Pleistocene. Among 103 genera, 70 of them persist to the present day in these 
regions (Srivastava 2012; Mihaljević and Rosenblatt 2018; Borghi and Garilli 2022; Uhen et al. 2023; GBIF.org 2025; 
Kroh and Mooi 2025; OBIS 2025). I = India; M = Mediterranean; P = tropical western Pacific

Genus Oligocene Miocene Plio-Pleistocene Present

Acanthocidaris P I P
Amblypygus M M
Amphiope M M M
Arbacia M I M P
Breynia I P I P P P
Brisaster P P P P
Brissopatagus P
Brissopsis P I M P M I M P
Brissus I M P I M P I M P
Centrostephanus M P M I M P
Chondrocidaris P P P
Cidaris I P I M P I M P M
Clypeaster I M P I M P I M P I P
Coelopleurus I I P P I P
Conolampas M P
Ditremaster P
Echinarachnius P P
Echinocardium M M I M P
Echinocyamus I M P M I M P
Echinodiscus I P I P I P
Echinolampas I M I M P M P I P
Echinometra P P I P
Echinoneus M P M P I P
Echinostrephus P P I P
Echinus I M M I M P
Erbechinus P P
Eucidaris I M P M P I P
Eupatagus I M P I M P P
Faorina I M P
Fibularia P I P I P
Genocidaris M M M
Goniocidaris I P I P I P
Gracilechinus M M
Grammechinus I
Gymnopatagus I
Hemiaster M P
Hemifaorina P
Hemipatagus M
Heterobrissus M P
Heterocentrotus P P I P
Histocidaris M M I P
Holanthus M M P
Holaster M
Hypsoclypus M M
Jacksonaster P P I P
Javanechinus P P
Koehleraster M
Laganum P I P I P
Lovenia I M P I P I P
Lytechinus P P P
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Genus Oligocene Miocene Plio-Pleistocene Present

Mazettia M
Maretia I P P I P
Metalia I M I P
Microcyphus P P I P
Moiropsis I P
Mortonia I P
Oligophyma M
Oligopodia P P I P
Opechinus I P P
Opissaster M M
Ova M M M P
Paracentrotus M M
Parasalenia P I P
Parascutella M
Peribrissus M M
Pericosmus M P P I P
Peronella P I P
Phyllacanthus M P P I P
Placentinechinus M
Plagiobrissus M M M
Plegiocidaris M
Platybrissus P P
Pliolampas M
Plococidaris P I P
Printechinus P I P
Prionocidaris M P M P I P
Psammechinus M M M
Rhopalocidaris P P
Salmacis P I P I P
Sardocidaris M
Sardospatangus M
Schizaster I M I M P I M P I M P
Schizechinus M M
Schizobrissus I M M
Sculpsitechinus P I P
Scutella M M P P
Sismondia P
Spatangus M M M P
Sphaerechinus M M
Stereocidaris P I P
Stirechinus M M
Stomopneustes P I P
Studeria M P P
Stylocidaris M P M I M P
Temnechinus I P
Temnopleurus I P I P I P
Temnotrema P P I P
Thylechinus P
Trachyaster M
Trachypatagus M M
Tretocidaris M
Tripneustes I M M I P
Tylocidaris M P

Table 3.  (Continued)
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between the Indian and Pacific faunas but absent from 
the Mediterranean, a pattern that persists to the present 
day and characterizes the modern Indo-West Pacific 
biogeographic region as a whole. 

The Indian echinoid fauna represents one of the 
most important hubs for understanding the temporal 
and spatial pattern of late Cenozoic echinoid radiations, 
providing an indispensable window for bridging 
the two well-studied and fossiliferous faunas of the 
Mediterranean and tropical western Pacific. 

CONCLUSIONS

Faorina mizoramensis sp. nov. from the Early to 
Middle Miocene are described. These represent the first 
fossil record of the genus outside the Mediterranean 
region, implying that Faorina once had a wider 
distribution but later became restricted to the Indo-West 
Pacific, potentially due to the closure of the Tethyan 
Seaway, consistent with broader late Cenozoic echinoid 
biogeographic patterns of the Mediterranean, India, and 
the tropical western Pacific hypothesized based on our 
compiled dataset.

Fig. 7.  Diversity distribution of echinoid faunas throughout the late Cenozoic. The numbers in the circles indicate the numbers of genera described 
in the corresponding regions. The numbers in the overlapping areas indicate the numbers of shared genera between regions. The pattern suggests that 
the Indian fauna became more similar to the tropical western Pacific fauna through time. Data from Srivastava (2012), Mihaljević and Rosenblatt 
(2018), Borghi and Garilli (2022), Uhen et al. (2023), GBIF.org (2025), Kroh and Mooi (2025), and OBIS (2025). The full dataset is provided in table 3.
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