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Supplementary Text

Systematic Palaeontology of four fossil specimens

Systematic Palaeontology
Superfamily: Cyclophoroidea Gray, 1847
Family: Cyclophoridae Gray, 1847
Cyclophoridae sp. 1
Figure 6b, S3

Description: The shell very small and thin, discoidal approximately 1.0 mm high
and 3.9 mm wide. Spire whorls curved and inflated with a shallow suture. Apex blunt,
and embryonic shell flat, but difficult to see detail of surface of embryonic shell.
Aperture ovoid or elliptical, but broken. Excrements around the aperture elliptical.
Umbilicus completely open and wide, about one third of diameter of shell. Shell surface
of umbilicus having very slightly growth line. Last whorl having spiral ribs.

Locality and Horizon: Burmese amber from Hukawng Valley (26°15'N, 96°34'E),
Kachin State, northern Myanmar; lowermost Cenomanian (ca. 99 Ma'), Upper
Cretaceous.

Material: Data label: NMNS PM 28275. Deposited in National Museum of



Nature and Science, Tsukuba, Ibaraki, Japan (NMNS).

Remarks: Probably soft body is in the shell. Excrements are around the aperture, and its
shape is similar to that of extant Cyclophoroidea. Considering shell morphology of the
specimen, we treat this specimen as Cyclophoridae. This species can be distinguished
from other similar species such as Archaeocyclotus gen. nov., Cyclophoridae sp. 2, and
Cyclophoridae sp. 3 by spiral ribs. However, this individual seems to not be an adult

and its aperture is broken, so we do not identify any genus or species.

Cyclophoridae sp. 2
Figure 6¢, S4

Description: Shell very small and thin, crushed the bottom side, and discoidal
approximately 1.1 mm high and 2.4 mm wide. Spire whorls curved and inflated with a
deep and impressed suture and slightly growth line, and gradually increasing vertical
ribs toward aperture. Aperture ovoid or elliptical. Apex blunt, and embryonic slightly
sphere-like shape with smooth and round whorls. Excrements around the aperture
elliptical.

Locality and Horizon: Burmese amber from Hukawng Valley (26°15'N, 96°34'E),

Kachin State, northern Myanmar; lowermost Cenomanian (ca. 99Ma'), Upper



Cretaceous.

Material: Data label: NMNS PM 28276. Deposited in NMNS.

Remarks: Excrements are preserved in the amber such as at the above of the

aperture, and its shape is similar to that of extant Cyclophoroidea. Considering shell

morphology of the specimen, we treat this specimen as Cyclophoridae. This species can

be distinguished from other similar species such as Cyclophoridae sp. 1, and

Cyclophoridae sp. 3 by vertical ribs. Compared with Archaeocyclotus gen. nov., which

has also vertical ribs, Cyclophoridae sp. 2 does not have hair-like periostracum.

However, this individual seems to not be an adult and the bottom side of the shell is

crushed, so we do not identify any genus and species.

Cyclophoridae sp. 3

Figure 6d, S5

Description: Shell very small and thin, crushed bottom side, and discoidal

approximately 2.5 mm high and 5.0 mm wide. Spire whorls curved and inflated with a

shallow suture, and having growth line. Last whorl around aperture having spiral ribs.

Excrements around the aperture elliptical. Apex blunt, and embryonic slightly sphere-

like shape with smooth and round whorls.



Locality and Horizon: Burmese amber from Hukawng Valley (26°15'N, 96°34'E),
Kachin State, northern Myanmar; lowermost Cenomanian (ca. 99Ma'), Upper
Cretaceous.

Material: Data label: NMNS PM 28277. Deposited in NMNS.

Remarks: Excrements are preserved in the amber such as at the above of the
aperture, and its shape is similar to that of extant Cyclophoroidea. Considering shell
morphology of the specimen, we treat this specimen belongs to Cyclophoridae. This
species can be distinguished from other similar species such as Archaeocyclotus gen.
nov., Cyclophoridae sp. 1, and Cyclophoridae sp. 2 by smooth surface of the shell.
However, this individual seems to not be an adult and the bottom side of the shell is

crushed, so we do not identify any genus or species.

Cyclophoridae sp. 4
Figure 6a, S6

Description: Shell grobosely conical, thin and minute, 2.2 mm in shell length and
2.2 mm in shell width. Whorls 3.3 turns, 1 to 2 whorls smooth and after 2 whorls
gradually becoming angulation near middle position of whorls. Base flattened with

narrow umbilicus. Aperture roundish rhomboidal, and peristome not continuous. Outer



surface of body whorl sculptured fine, prosocline growth lines. Operculum not calcified
(probably chitinized), lamellar and thin; a sinistral and multispiral cord present.

Locality and Horizon: Burmese amber from Hukawng Valley (26°15'N, 96°34'E),
Kachin State, northern Myanmar; lowermost Cenomanian (ca. 99Ma'), Upper
Cretaceous.

Material: Data label: NMNS PM 28278. Deposited in NMNS.

Remarks: The morphological characters of the peristome and small number of
whorls suggest that this specimen is very likely to be a juvenile. Although it is difficult
to identify the species, we believe this specimen belongs to Cyclophoridae due to a
lamellar and thin operculum. This specimen has a grobosely conical shell with a smooth
surface, similar to the extinct genus Palaeocyclophorus Wenz, 1923 and the extant
genus Leptopoma L. Pferffer, 1847. In Leptopoma, however, the shell is considerably
thick and somewhat smooth. Therefore, this specimen is probably related to

Palaeocyclophorus, but we do not identify any genus or species.

Notes about taxonomic tables
Palaeocyclophorus heliciformis (Matheron, 1832), P. heberti Roule, 1884, P.

luneli (Matheron, 1842), P. galloprovincialis (Matheron, 1842), and P. solarium



(Matheron, 1842) were assigned to the recent genus Cyclophorus Montfort, 1810 by
several researchers?, but these older described species of Cyclophorus were reassigned
to Palaeocyclophorus or additional closely related taxa based on the shell characters?.
Hence, we assign these five species to Palaeocyclophorus. In addition,
Palaeocyclophorus sp. was also seen in several sections of the French Maastrichtian®-,
but most of these records are only listed as the occurrence table of fauna or commented
in the section of stratigraphic and biotic context. Another fossil material that was not
identified at the species level is Palaeocyclophorus sp., occurred in the Upper
Cretaceous of Spain® with a large and round shell with a smooth shell surface. These
characters are clearly different from 4. plicatula Asato and Hirano, gen. et sp. nov.
According to the fossil records of pupinid land snails’-23, the five genera have
been reported from the Santonian of the Upper Cretaceous to the Lower Oligocene’. In
these species, Kallomastoma aberrans, Ventriculus dolium and Cyclomastoma
pachygaster resemble S. electrothauma sp. nov. and have a pupiniform shell profile and
a thickened peristome. However, in K. aberrans, the shell is much bigger (three times in
length and width of S. electrothauma sp. nov.) and rounder shell profile than that of S.
electrothauma sp. nov., and the shape of the aperture is clearly different from that of .

electrothauma sp. nov. Kallomastoma aberrans has a deformed drop-shape relative to



the former and a circular shape relative to S. electrothauma sp. nov. Ventriculus dolium
and C. pachygaster have a small shell but a much rounder shell profile. They can be

easily discriminated from S. electrothauma sp. nov.

Specifics of DNA extraction, PCR, alignment parameters, and model selection

We extracted DNA and performed PCR-based sequencing of a Pupinella rufa
individual according to a previous study?*. Alignment of the COI and H3 sequences was
straightforward and required no gaps; 16S sequences were aligned using MUSCLE?;
GBLOCKS v0.91b%¢ was used to select regions in the aligned sequences that were
confidently aligned for analysis (Table S5). For divergence time estimation, Kakusan4-

4.0.2011.05.28%" was used to select the appropriate models for sequence evolution.
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Fig. S1. Maximum clade credibility trees generated with the BEAST?2 analysis from the

combined sequences (COI, 16S, and H3 genes) using a COI molecular clock rate. The

outgroups (Conus and Pomacea) are not shown. For convenience, we assign numbers to

the major nodes (Table S2). Numbers on branches indicate Bayesian posterior

probabilities. The node bars indicate a 95% CI for the divergence times. The principal

nodes are named by nominal numbers.



Fig. S2. Micro-CT scanning image of Lagocheilus cretaspira Asato and Hirano, sp.

nov. and Lagocheilus electrospira Asato and Hirano, sp. nov. a Holotype of L.

cretaspira Asato and Hirano, sp. nov. (NMNS PM 28272). b Holotype of L.

electrospira Asato and Hirano, sp. nov. (NMNS PM 28273).



~ trace of
shell

Fig. S3. Cyclophoridae sp. 1 from the mid-Cretaceous Burmese amber. a—e NMNS PM

28275. a Apical view showing spiral ribs and elliptical excrements. b Ventral view

showing an umbilicus and soft bodies in the shell. ¢ Close-up of square ¢ in a showing

spiral ribs and growth lines. d Oblique apertural view showing an umbilicus and

excrements. e Close-up of square e in d showng three excrements and the trace of shell.



Fig. S4. Cyclophoridae sp. 2 from the mid-Cretaceous Burmese amber. a—e NMNS PM

28276. a Apical view showing a protoconch, growth ribs and lines. b Ventral view

showing an umbilicus, growth ribs and lines, and soft bodies. ¢ Close-up of square ¢ in

a showing a protoconch. d Apical view showing a protoconch and excrements. e Apical

view showing a protoconch and excrements.



Fig. S5. Cyclophoridae sp. 3 from the mid-Cretaceous Burmese amber. a—d NMNS PM

28277. a Apical view showing a protoconch and excrements. b Close-up of square b in
a showing spiral ribs, growth lines and elliptical excrements. ¢ Close-up of square ¢ in a

showing a protoconch and growth lines. d Ventral view showing an umbilicus.



Fig. S6. Cyclophoridae sp. 4 from the mid-Cretaceous Burmese amber. a—g NMNS PM

28278. a Abapertural view showing growth lines. b Apical view showing a protoconch

and growth lines. ¢ Apertural view showing a narrow umbilicus and an operculum. d

Oblique apertural view showing an umbilicus and operculum. e Oblique apertural view

showing an umbilicus and operculum. f Oblique apertural view showing an operculum.

g Close-up of square g in f showing an operculum with spiral cords.



Table S1. Mesozoic to early Cenozoic fossil records of the Cyclophoridae, Diplommatinidae, and Pupinidae.

Family Genus Species Age Locality References
) ) Boissy (1848),
o ) . Thanetian, Upper Rilly-la-Montagne,

P. helicinaeformis (Boissy, 1848) Wenz (1938),

Paleocene France

Callapez (2013)
Maastrichtian to Danian,

Les Baux-de- Matheron (1832),

Cyclophoridae Palaeocyclophorus

Gray, 1847

Wenz, 1923

P. heliciformis (Matheron, 1832)

P. heberti (Roule, 1884)

P. luneli (Matheron, 1842)

P. galloprovincialis (Matheron,

1842)

P. solarium (Matheron, 1842)

Cretaceous and Lower

Paleocene

Campanian to Danian,
Cretaceous and Lower

Paleocene

Maastrichtian to Danian,
Cretaceous and Lower
Paleocene

Maastrichtian to Danian,
Cretaceous and Lower
Paleocene

Maastrichtian to Danian,

Cretaceous and Lower

Provence, France

Fuveau,  Mimet,
Peynier,
Puyloubier,
Ollieres, Saint-

Remy, Les Baux,

France

Bouches-du-

Rhone, France

Ollieres, Saint-
Remy, Les Baux,
France
Rognac, Rousset,

Chateauneuf-le-

Fabre-Taxy (1959)

Roule (1884),
Fabre-Taxy (1959)

Matheron (1832),
Fabre-Taxy (1959)

Matheron (1842),
Fabre-Taxy (1959)

Matheron (1842),
Fabre-Taxy (1959)



P sp.

Paleocene

Maastrichtian,

Cretaceous

Rouge, Saint-
Remy, Organ, Les

Baux, France

Lo Hueco of

Cuenca, Spain

Ajka in Bakony,

Callapez et al.
(2013)

P. eburneus (Tausch, 1886) Upper Cretaceous Tausch (1886)
Hungary
. Pugnello of Veneto
C. obtusicosta Sandberger, 1870  Eocene, Paleogene i Sandberger (1870)
region, Italy
"Cyclotus" Pugnello of Veneto
. C. exaratus Sandberger, 1870 Eocene, Paleogene i Sandberger (1871)
Swainson, 1840 region, Italy
. Pugnello of Veneto
C. laevigatus Sandberger, 1870 Eocene, Paleogene Sandberger (1872)

region, Italy

Pupinidae L.
Pfeiffer, 1853

Ischurostoma

Bourguignat, 1874

L filholi Bourguignat, 1874

1. formosum formosum (Boubée,
1830)

1. imperfectum Stache, 1889

1. bonneti (Cossman, 1913)

Lower Oligocene

Lower Oligocene

Danian, Paleocene

Middle Paleocene

Sannois, France

Sannois, France

Istria, Croatia

Istria, Croatia

Bourguignat, 1874

Boubée, 1830

Stache, 1889

Cossman, 1913

Rognacia
Oppenheim, 1895

R. abbreviata (Matheron, 1842)

Maastrichtian to Danian,

Cretaceous and Lower

Paleocene

Rognac, Rousset,
Chateauneuf-le-

Rouge, Saint-

Oppenheim, 1895,
Matheron, 1842




Remy, Organ, Les

Baux, France

Kallomastoma
Stache, 1889

K. liburnica Stache, 1889

K. compressum Stache, 1889
K. sublaevigatum Stache, 1889
K. devestitum Stache, 1889

K. subimpressum Stache, 1889
K. tenuitesta Stache, 1889

K. reductum Stache, 1889

K. abbreviatum Stache, 1889
K. inflatum Stache, 1889

K. impletum Stache, 1889

K. infranummuliticum Stache,
1875

Danian, Paleocene
Danian, Paleocene
Danian, Paleocene
Danian, Paleocene
Danian, Paleocene
Danian, Paleocene
Danian, Paleocene
Danian, Paleocene
Danian, Paleocene

Danian, Paleocene

Danian, Paleocene

Istria, Croatia
Istria, Croatia
Istria, Croatia
Istria, Croatia
Istria, Croatia
Istria, Croatia
Istria, Croatia
Istria, Croatia
Istria, Croatia

Istria, Croatia

Istria, Croatia

Stache, 1889
Stache, 1889
Stache, 1889
Stache, 1889
Stache, 1889
Stache, 1889
Stache, 1889
Stache, 1889
Stache, 1889

Stache, 1889

Stache, 1889



K. tergestinum Stache, 1880
K. distinctum Stache, 1889
K. strangulatum Stache, 1889

K. aberrans Stache, 1889

Danian, Paleocene
Danian, Paleocene
Danian, Paleocene

Danian, Paleocene

Istria, Croatia
Istria, Croatia
Istria, Croatia

Istria, Croatia

Stache, 1889
Stache, 1889
Stache, 1889

Stache, 1889

Cyclomastoma Santonian, Upper .
C. pachygaster Hrubesch, 1965 Salzburg, Austria ~ Hrubesch, 1965
Hrubesch, 1965 Cretaceous
) Florsheim-
Ventriculus Wenz, ) ) ) Wenz, 1914,
V. dolium (Thomae, 1845) Lower Oligocene Hochheim am
1914 ) Thomae, 1845
Main, Germany
) ) Noije Bum Village
Cretatortulosa Yu - Cenomanian, middle .
C. multilinea Yu et al., 2018 of Kachin State, Yuetal. (2018)
et al., 2018 Cretaceous
northern Myanmar
) ) ) Noije Bum Village Yu et al. (2019),
Pseudopomatias ) Cenomanian, middle .
. P? yui Yu et al., 2018 of Kachin State, Neubauer et al.
Mollendorft, 1885 Cretaceous

northern Myanmar

(2019)

The references are in Supplementary Text.



Table S2. Detailed results of divergence time estimation of each node in Fig. 1 and Fig. S1 (Lower CI, Upper CI).

Fossil calibration Molecular clock rate (C)

Node Fig. 1A Fig. 1B Fig. S1

1 124.15 (105.63, 146.66) 151.82 (118.14, 192.97) 91.31 (68.50, 115.68)
2 111.73 (100.76, 126.25) 134.92 (109.88, 165.54) 83.24 (63.44, 104.84)
3 106.86 (98.95, 118.27) 127.83 (105.96, 155.56) 79.96 (61.12, 100.63)
4 - 115.56 (100.46, 136.30) 72.48 (54.66,91.73)
5 77.32 (54.33, 98.63) 94.04 (61.21, 126.48) 61.95 (46.11, 78.93)
6 70.58 (41.61, 95.98) 80.84 (39.57, 117.03) 55.04 (35.33, 75.87)
7 56.40 (33.6, 83.02) - 59.66 (44.15, 76.80)
8 63.03 (33.69, 95.43) - 50.93 (33.00, 71.19)
9 - - 48.14 (33.05, 63.84)
10 - - 39.50 (24.42, 55.57)
11 22.21 (9.81, 37.33) 28.70 (10.72, 50.29) 17.09 (10.27, 24.77)

12 19.42 (5.37, 37.26) 24.38 (5.27,49.53) 14.88 (7.3, 23.55)




Table S3. Taxonomy and distribution of Schistoloma®®?°.

Genus Species Distribution

S. anostoma (Benson, 1852)

S. doriae (Issel, 1874) Borneo
S. leferi (Morelet, 1861)

S. altum (Sowerby, 1842)

S. mcgregori (Bartsch, 1909) Philippine

S. quadrasi (Hidalgo, 1889)
S. funiculatum (Benson, 1838)
S. pauperculum (Sowerby, 1843)
S. tanychilus (Godwin-Austen, 1876) Assam
Schistoloma Kobelt, Myanmar
1902 peninsular
S. sectilabrum (A. Gould, 1844) Malaysia
Thailand

Vietnam

Himalaya

S. sumatranum (Dohrn, 1881) Sumatra
S. cochinchinense (Rochebrune, 1882)

S. inermis (Bavay & Dautzenberg, 1909)

S. maydelineae Pall-Gergely et al., 2019  Vietnam
S. messageri (Bavay & Dautzenberg,

1909)

S. longyanensis Zhou et al., 2009 China




Table S4. Sampling localities and Genbank accession number of each DNA sequences.

Taxa No Sampling site  COI 16S H3
Ingroup
(GenBank)
Acroptychia Madagascar, HM75333 HM75349
bathiei MOL.119775 Ambonarabe 5 1 -
Alycaeus  cf. Malaysia, HM75348 HM75327
kelantanensis ~ MOL.119765  Perak - 1 3
Adelopoma Argentina, HM75334 HM75353
tucma MOL.119828  Tucuman 1 4 -
Malaysia,
Chamalycaeus Borneo, HM75332 HM75348 HM75327
everetti MOL.119764  Sabah 9 0 2
Cyclophorus HM75333 HM75348 HM75327
latus MOL.119768  Taiwan 1 4 5
041003-13
(COD,
Cyclotus MOL.119769 HM75348 HM75327
taivanus (16S, H3) Taiwan JF913326 5 6
Malaysia,
Borneo, HM75333 HM75348 HM75327
Japonia sp. MOL.119770  Sabah 2 6 7
probably
Malaysia
(PCC065),
PCC065 (COI, Australia,
16S), QLD
Leptopoma MOL.119771 (MOL.11977 KU98630 KU90504 HM75327
pellucida (H3) 1) 5 8 8
Malaysia,
Opisthoporus Borneo, HM75333 HM75348 HM75327
birostris MOL.119772  Sabah 3 8 9
Cochlostoma Croatia, HM75333 HM75348 HM75328
elegans MOL.119773  Velebit 4 9 0
Cochlostoma HM75332 HM75349 HM75326
septemspirale MOL.119825  Switzerland 6 7 9



Arinia
paricostata
Diplommatina

canaliculata

Diplommatina
rubra
Hungerfordia
sp.

Opisthostoma

mirabile

Palaina albata

Palaina
striolata
Aperostoma

palmeri

Pupina hosei

Pupina sp.
Pseudopomati
as eos
Schistoloma

sectilabrum

Ingroup (This

study)

Pupinella rufa

MOL.119779

MOL.119783

MOL.119814

MOL.119804

MOL.119807

MOL.119810

MOL.119812

MCZ

MOL.119777

FLMNH4942

00

P-e0s108

FLMNH4940
96

HC7215

Malaysia,
Borneo,
Sabah
Malaysia,
Pahang
Malaysia,
Borneo,
Sabah

Belau
Malaysia,
Borneo,
Sabah

Belau, Peleliu
Belau,

Ngerekebesa
ng

Malaysia,
Borneo,
Sabah
probably

Myanmar

Taiwan
probably

Myanmar

Japan,
Kagoshima,

Yakushima

HM75333
8

HM75335
8
HM75335
2

HM75335
3
HM75335
4

HM75335
6
DQ09352
3

MF98366
8

MF98367
1

LC50009
5

HM75350
0
HM75350
4

HM75351
6
HM75352
7

HM75352
9
HM75353
1

HM75353
3
DQ09347
9

HM75349
3

KP27124
4

LC50009
6

HM75328
4
HM75328
8

HM75331
5
HM75330
6

HM75330
9
HM75331
2

HM75331
3
DQ09350
5

HM75328
2

KP27124
5



Outgroup

Conus miles

Pomacea

insularum

BR245 (168,
H3), SC 02
(H3)

AY58820 AF03368
2 FI868145 4

FJ946828 FJ710229 FJ710375




Table S5. Information on sequence alignments.

Alignment Length of alignment Excluded sites
COI 564 -
75, 116, 122-124, 162-169, 198-
226, 264-301, 309-313, 318-324,
16S 484 335, 389, 421-438, 453-484
H3 255 -




