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Abstract

Two new, extremely small land snail species, Angustopila coprologos Pall-Gergely, Jochum & Hunyadi

n. sp. and Angustopila psammion Pall-Gergely, Vermeulen & Anker n. sp. are described from northern

Vietnam and northern Laos, respectively. The former is characterized by a rough surface sculpture and

bears tiny mud granules arranged in a pattern of radial lines on its shell surface. The latter species is the

new global record-holder of the tiniest land snail title, with a shell width of 0.6-0.68 mm and a shell

height of 0.46—0.57 mm. These measurements surpass the former records of Angustopila pallgergelyi and

Acmella nana.

Keywords

Acmella — Angustopila — Arinia — miniaturization — shell — ornamentation

“Nature is nowhere as great as in its
smallest.”
PLINY THE ELDER

Introduction

The evolutionary drivers of extremely small
body size in invertebrate animals remain con-
tentious in evolutionary biology because it is
the point where both adaptive opportunities

and physical/physiological constraints begin
to clash. In many groups, body size reduc-
tion can be advantageous and may become
a driving force in adaptive speciation pro-
cesses by which competition for the same
resource is reduced (Vergnon et al., 2013). In
egg parasitoid wasps, for example, extremely
small body size, down to 0.3 mm, enables spe-
cialisation on parasitizing the small eggs of
small-bodied hosts (Van der Woude & Smid,
2017). In soil invertebrates, such as mites and
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feather-winged beetles (Ptiliidae), compara-
bly small body sizes allow food particles to be
ingested that would otherwise remain uncon-
sumed, while tininess also enables access into
crevices too small for larger-bodied individ-
uals (Grebennikov 2008; Diakova & Polilov,
2020). In land snails, small body size is proba-
bly driven mostly by the accessibility of small
spaces in the subsoil. Since land snails rarely
show extreme food specialization, their com-
munity structure appears to be mostly influ-
enced by the physicochemical structure of
their microhabitat (Schilthuizen, 2o11). With
the fractal nature of crevices-within-crevices
presenting niche opportunities for tiny snails,
these can forage in spaces too narrow for
larger competitors to enter. Since the shell is
the only rigid element of a snail’s body, its size
and shape will be the factor that determines
the 3-dimensional spaces in which subterra-
nean snails can feed. Another evolutionary
driver of reduced body size, which may act in
conjunction with ecological competition, may
be the opportunity to escape from predators
that preferentially target larger prey items
(e.g., Suchmann & Sullivan, 2000).

In the last few years (Pall-Gergely et al.
2015; Vermeulen et al. 2015; Marzuki et al. 2016;
Dumrongrojwattana et al. 2021), tinier and
tinier land snails have been described, repeat-
edly breaking records of previous, small-shell
record-holders. Here, we describe two new
land snail species of the genus Angustopila
Jochum, Slapnik & Pall-Gergely, 2014 from
Laos and Vietnam, which are among the tini-
est land snails ever reported. The species from
Laos is also remarkable in that living individ-
uals place mud granules (probably their own
faeces), like minuscule mosaic stones, in an
apparent pattern of regularly spaced radial
lines on their shell surface. The other species
from Vietnam, lacks external adornment and
currently represents the world’s tiniest known
terrestrial snail.

PALL-GERGELY ET AL.

Materials and methods

The electronicversion of this article in Portable
Document Format (PDF) will represent a pub-
lished work according to the International
Commission on Zoological Nomenclature
(1czN), and hence the new names contained
in the electronic version are effectively pub-
lished under that Code from the electronic
edition alone. This published work and the
nomenclatural acts it contains have been
registered in ZooBank, the online registra-
tion system for the 1czN. The ZooBank LSID s
(Life Science Identifiers) can be resolved and
the associated information viewed through
any standard web browser by appending
the LsID to the prefix http://zoobank.org/.
The Lsip for this publication is: urn:sid:
zoobank.org:pub:947D88E4-53D-4631-6EE-
94A4DF9F540A. The online version of this
work is archived and available from the fol-
lowing digital repositories: Peer], PubMed
Central SCIE and CLOCKSS.

Collecting methods

Material collection followed that of Tweedie
(1961) (see also methods in Pall-Gergely et al.,
2018). Soil was gathered at the base of lime-
stone rocks and inside caves, and placed in
a bucket of water, the floating scum contain-
ing plant debris and shells was removed and
dried, and the shells were later sorted under a
stereo microscope.

Imaging, measurements

Shells of Angustopila coprologos n. sp. were
imaged via a Nikon smzz2j5 digital microscope
with Nikon Nis-Elements software. Scanning
electron microscope images of the two new
species were made using a Hitachi TM4000
Plus sEM at the Research and Instrument
Core Facility of the Faculty of Science, E6tvos
Lorand University, Budapest, Hungary. A
Keyence VHX 5000 microscope was used to
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measure the shells of the two new species.
Measurements of Acmella nana were taken
using the microscale (eyepiece reticle) of a
Wild M8 stereo microscope.

Only a single population of Angustopila
psammion n. sp. was available, whereas for
Acmella nana, 5 populations are known. To
determine which species was the smallest
for our measurements, we chose the Acmella
nana population with the smallest shells
(Kinabatangan Valley, Gomantong Hill, 30 km
south of Sandakan).

To estimate volumes, the Angustopila and
Acmella nana shells were assumed to be
cones and the Arinia micro shells cylinders.
The umbilicus volumes were subtracted from
the volumes of the Angustopila shells, but
no corrections were applied to the volumes
of the Arinia micro and Acmella nana shells
because they have very narrow umbilici. To
estimate the volume of the umbilicus of an
Angustopila shell, the shape of the umbil-
icus was assumed to be a truncated cone.
The diameters of the base and the top of the
truncated cone were equated to the diam-
eters of the umbilicus and the protoconch
visible through the umbilicus respectively.
The height of the truncated cone (umbili-
cus depth) was calculated by subtracting the
estimated height of the protoconch from the
shell height. All dimensions were measured
on photographs.

Elemental composition of Angustopila
coprologos shell and mud granules

BSE SEM images, elemental composition
spot measurements, and elemental maps
were produced using a Hitachi TM4000 Plus
SEM equipped with Quantax 75 SDD EDS sys-
tem at the Research and Instrument Core
Facility of the Faculty of Science, Eotvos
Lorand University (Budapest, Hungary).
The elemental composition was detected
by using an emission current of 0.8 nA and
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an electron beam acceleration voltage of
15 kV. The small granules on snail shells were
measured by spot analyses (each spot for
30 seconds).

Abbreviations

cuMz Chulalongkorn University Museum
of Zoology (Bangkok, Thailand)

HA Collection of Andras Hunyadi

(Budapest, Hungary)

Hungarian Natural History Museum

(Budapest, Hungary)

HNHM

v Collection of Jaap J. Vermeulen
(Leiden, The Netherlands)

SMF  Senckenberg Forschungsinstitut und
Naturmuseum (Frankfurt am Main,
Germany)

VNMN Vietnam National Museum of Nature
(Hanoi, Vietnam)

ZRC  Zoological Reference Collection of
the Lee Kong Chian Natural History
Museum, National University of
Singapore

Results

Volume calculation

The calculated volumes of the smallest
individuals of Angustopila psammion n. sp.
Angustopila coprologos n. sp., Arinia micro,
and Acmella nana were 0.036, 0.047, 0.073 and
0.044 mmb?, respectively (see also table 1).

Morphology of the granules

Shells of living Angustopila coprologos n.
sp. individuals and freshly dead shells pos-
sess rounded or elongated granules on the
shell, arranged in radial lines starting from
the umbilicus up to the dorsal shell surface.
Morphologically, the granules resemble the
faecal pellets of terrestrial caenogastropods
rather than the elongated, rope-like excre-
ments of pulmonates (Hirano et al., 2019).
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TABLE 1 Measurements (mm) and calculated volumes (mm?) of the four smallest species

Hs Ds Vtotal Vumbilicus Vshell
Angustopila psammion 0.48 0.6 0.045 0.00013 0.036
Angustopila coprologos 0.51 0.66 0.057 0.0104 0.047
Arinia micro 0.8 0.34 0.073 negligible 0.073
Acmella nana 0.67 0.5 0.044 negligible 0.044
The radial pattern is best visible on the last TABLE 2 Results of EDS measurements on shells

whorl. The majority of shells show apparent,
brown-coloured granulation whereas a few
shells are adorned with whitish granules. Of
300 randomly selected shells, 87 were stud-
ded with granules on their shell surfaces (all
others were probably long dead and their
granules worn off). Seventy-two shells had
brown granules and 15 bore whitish granules

(fig. 2).

Elemental composition of the granules
Twenty-one representative EDS point meas-
urements were selected to represent the ele-
mental composition of the snail shells with
the whitish and brownish granules (seven for
each). The selected measurements were aver-
aged for comparison. The measurements were
made on untreated snail shell surfaces, where
the presence of elements below 5% weight can
be due to an uneven and contaminated sample
surface. Snail shells are composed of calcium
carbonate (CaCOg). The elemental composi-
tion of the whitish granules is very similar to
that of the composition of snail shell (table 2).
High carbon (C), calcium (Ca), and oxygen
(O) content suggest the crystalline composite
calcite and aragonite (i.e., limestone). In con-
trast, the composition of brownish granules
can be characterised by lack of carbon (C) and
high aluminium (Al), silicon (Si) and iron (Fe)
content (table 2), implying aluminosilicates,
which are a base component of soils and rocks
as well as major components of kaolin and
other clay minerals.

of Angustopila coprologos n. sp. and the
granules on them

Shell Whitish Brownish

Number of average compositions
measurements

n=7 n=y n=7
Element wt% wt% wt%
C 13.8 17.4 0.0
O 532 584 44.2
Al 3.2 2.0 21.6
Ca 27.8 213 12.5
Si 1.3 0.5 12.1
Fe 0.7 0.3 9.6
Total 100.0 100.0 100.0

Systematic descriptions

Family Hypselostomatidae Zilch, 1959
Genus Angustopila Jochum, Slapnik & Pall-
Gergely, 2014

Angustopila Jochum, Slapnik & Pall-Gergely,
2014; Jochum et al., 2014: 410: 26.

Type species: Systenostoma tamlod Panha &
Burch, 1999, by original designation.

Angustopila coprologos Pall-Gergely, Jochum
& Hunyadi n. sp.
urn:lsid:zoobank.org:act:D4A1491F-EA4B-
4453-8FDg-7317500CEC28
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FIGURE1  Angustopila coprologos n. sp. (holotype)
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FIGURE 2

Granules on the shell surface of A. coprologos n. sp. shells. A-B shows a shell with brown ‘mud;,

whereas C-D shows a shell with white (calcareous) granules.

Type material: Laos, Bolikhamsai Province, 15
km southeast + 4.5 km northeast (on a side
road) towards centre of Lak Sao, Phu Phako,
limestone gorge, 510 m as.l, 18°06.546'N,
105°03.778'E,  (locality 2019/110),
leg. A. Hunyadi, 2 October 2019, holotype
(HNHM 104885); CUMZ 7435/2 paratypes;
SMF 365053/2 paratypes; VNMN/2 para-
types; ZRC.MOL.23217/2 paratypes, HA/697
paratypes.

Diagnosis: A strongly depressed-globular
Angustopila species with a wide umbilicus,

code:

strong spiral sculpture consisting of a series
of coarse elevations (flat-topped beads) in a
chain-like pattern and four well-developed
teeth (1 parietal, 2 palatal, 1 basal).
Description: Shell tiny, whitish, strongly
depressed-globular, part
shaped, body whorl widest in standard

dorsal dome-

apertural view; protoconch with slightly
less than 1.5 whorls and a minute and very
uneven pattern of polygonal, rather sharp-
crested ridges locally forming minute, con-
ical peaks where ridges split (the structure
also reminiscent of cross-sectional trabec-
ular bone); this surface structure forms
raised spiral striae on last half of protoconch
whorl, and gradually becomes stronger
towards first teleoconch whorl; teleoconch
bears similar basal sculpture as that of pro-
toconch, strongly ornamented by a pattern
of elevated, equidistantly-arranged rows of
elegantly linked flat-topped beads; some
fine, irregular radial sculpture also visi-
ble, but none especially conspicuous due
to prominent bead-like striations; whorls
3.25-3.5, separated by deep suture; whorls
slightly shouldered; aperture oblique to
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shell axis in lateral view; umbilicus wide, ca.
one third of shell width, in living specimens
containing several mud granules; aperture
narrow, semilunar, sinulus relatively wide,
rather strongly separated due to strong
parietal tooth; peristome expanded, not
reflected; parietal callus strongly protrud-
ing, remarkably visible in lateral perspective
as projecting beyond peristome and nearly
in line with shell periphery, detached from
penultimate whorl; parietal tooth strongly
developed, long, curved, pointing towards
upper palatal tooth; palatal wall with an
upper, smaller tooth situated at peristome
edge, and a slightly larger, lower tooth sit-
uated somewhat deeper, both blunt; colu-
mellar/basal, tooth blunt with wide base,
positioned on lower part of columellar area,
located at similar distance from peristome
edge as lower palatal tooth.

Soft anatomy unknown.

Measurements (in mm): SW = 0.66-0.76; SH
=0.49-0.58 (n =19).

Differential diagnosis: Angustopila copro-
logos n. sp. can be easily distinguished from
all other Angustopila species by its depressed
shell, the four apertural denticles and the pro-
nounced sculpture.

Etymology: The specific epithet coprologos
(Ancient Greek for dung gatherer) refers to
the mud granules (here assumed to be faeces)
placed on this species’ shell. Used as a noun in
apposition.

Distribution: This species is known only
from the type locality in Bolikhamsay
Province, Laos: ca. 13 km southeast (in a
straight line) from the town Lak Sao (see also
supplementary figs S1-S2).

Habitat: Since no living individuals were
found (only shells of freshly dead specimens),
no observations about the specific habitat of
Angustopila coprologos n. sp. could be made.
The living snails presumably live deep in lime-
stone crevices close to (or on) root systems.
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The summer of 2019 was very wet and rainy
with extensive flooding throughout the flood
plains of the Mekong River. This might have
played a role in the vast accumulation of
empty shells at the base of rock formations
(collection in October 2019).

Angustopila psammion Pall-Gergely, Anker
& Vermeulen, n. sp.
urn:lsid:zoobank.org:act:EAD52AC1-985A-
48E7-8AF9-4C2629C416BF

Type material: Vietnam, Quang Ninh Province,
Ha Long Bay, Cap La Cave, 20°51.793'N,
107°13.541'E, soil deposit fallen through roof
in pristine cave, vegetation outside cave tall
and woody, leg. ]J. Vermeulen & K. Anker, o7
March 2018, holotype (HNHM 104886); CUMZ
7436/2 paratypes; SMF 365052/2 paratypes;
VNMN/2 paratypes; ZRC.MOL.23218/2 para-
types, JJV 17633/409 paratypes.

Diagnosis: An Angustopila species with a
depressed-globular shell with dome-shaped
spire, thick spiral striae, kidney-shaped aper-
ture with single parietal denticle not reaching
parietal callus.

Description: Shell tiny, off-white,
depressed-globular form with domed spire;
body whorl widest in standard apertural
view; protoconch with 1.5 whorls and a min-
ute and very uneven pattern of polygonal,
rather sharp-crested ridges locally forming
minute, conical peaks where ridges split (the
structure also reminiscent of cross-sectional
trabecular bone), no spiral striation discern-
ible; teleoconch ornamented by some weak
radial growth lines and much stronger, rope-
like, equidistantly-arranged spiral striae (ca.
14-15 on body whorl from standard apertural
view); the 3.25-3.5 whorls are separated by
a deep suture; whorls slightly shouldered;
aperture oblique to shell axis in lateral view;
umbilicus relatively wide, less than one third
of shell width; aperture kidney-shaped with
strongly concave parietal side; sinulus wide,
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FIGURE 3  Angustopila psammion n. sp. A: paratype, B-I: holotype.
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weakly separated due to weak parietal tooth;
peristome expanded, not reflected; parietal
callus strongly protruding, but in line with
curvature of penultimate whorl and beyond
aperture edge (profile) in lateral view (fig. 3C),
detached from penultimate whorl; parietal
tooth weak, low, short, rounded, does not
reach peristome.

Soft anatomy unknown.

Measurements (in mm): SW = 0.6—0.68, SH =
0.46-0.57 (n = 24).

Differential diagnosis: Angustopila pall-
gergelyi Dumrongrojwattana, Chuenit &
Wongkamhaeng, 2021 is similar in shell and
aperture shape, but is larger, has a prominent
palatal tooth (absent in Angustopila psammion
n. sp.) and a stronger parietal tooth. Angustopila
coprologos n. sp. is slightly larger, has a rough
shell surface, and has an additional subcolu-
mellar tooth and two palatal teeth.

Etymology: The specific epithet (Pappiov)
means a grain of sand in Greek and is used as
anoun in apposition.

Distribution: This new species is known
only from the type locality, Cap La Cave, Ha
Long Bay, Quang Ninh Province, Vietnam.

Habitat: Angustopila psammion n. sp. was
found in large numbers in small sediment
deposits along the walls of a dry cave (Cap La
Cave), in complete darkness. We assume that
the sediment had fallen in through crevices
in the rock, because it contains a species-rich
assemblage of bleached, opaque shells of sur-
face-dwelling terrestrial gastropods. Shells of
Angustopila psammion n. sp., however, look
fresh and are probably autochthonous.

Discussion

Granules on the shell of Angustopila
coprologos

Terrestrial snails often place mud granules
and other debris on their shells. Members of
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the land snail families Acavidae, Cerastidae,
Chondrinidae,
Hygromiidae, Orculidae, and Valloniidae are

Enidae, Helicinidae,
known to encrust their shells with material
such as bark debris, lichens, clay and soil
(Barnacle, 1962; Herbert & Kilburn, 2004;
Allgaier, 2007; Dourson et al., 2018). The most
obvious explanation is camouflage, whereby
the shell blends in with its surroundings
to avoid the attention of visual predators.
However, this species lives presumably in
the limestone crevices close to root systems,
where visual camouflage makes no sense.
Although camouflage might be the case for
Angustopila coprologos n. sp., the multiple
granules inside the umbilicus cannot be easily
explained, except that they might be by-prod-
ucts of the shell covering process. Namely, the
snail places the granules as it grows, and due
to the coiling of the shell, the granules accu-
mulate in the part that has the smallest diam-
eter (= umbilicus). If this is true, the granules
are placed spirally, and the radial arrangement
of them is a secondary result.

The minute granules deposited on the shell
of Angustopila coprologos n. sp. are most prob-
ably mucus-packaged faeces containing the
trace elements, aluminium (Al) and Calcium
(C) from mud ingestion. The elemental anal-
ysis does not allow us to determine whether
sediment or clay passed through the snail’s
digestive system, or if the granules were placed
on the shell surface without having passed
through the digestive system. The former sce-
nario is more likely because, first, the snails
probably consume the clay to access the digest-
ible organic material it contains, and therefore,
the faeces would be similar in elemental com-
position and appearance to the mud granules.
Granules, if they are really of fecal origin, con-
tain the metabolic by-products associated with
eating microorganisms and fungi contained
in the mud, in conjunction with proteins
and enzymes from the mucus of the snail’s
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alimentary tract. Therefore, they may play a
role in chemical communication by providing
information to conspecific snails (Holland et
al,, 2018). A third possibility is that they play
a role in water conservation. Snails employ
strategies aimed at protecting their moist sur-
faces from dryness, avoidance of temperature
extremes, the establishment of favoured micro-
climates, and decreases in gas exchange (Cook,
2001; Schweizer et al, 2019). Similar to the
function ascribed to ribbing (radial sculptural
elements) on shell surfaces of other land snails
(Giokas et al., 2014), mud granules may help in
retaining more water on their shells.

The smallest terrestrial snails

In 2015, Angustopila dominikae Pall-Gergely &
Hunyadi, 2015 was reported to be the world’s
smallest terrestrial snail with a maximum
shell height of 0.86 mm (Pall-Gergely et al.,
2015). Only two months later, an even smaller
land snail, Acmella nana Vermeulen, Liew &
Schilthuizen, 2015, was described (shell height
0.60-0.79 mm, shell width 0.50-0.60 mm;
Vermeulen et al,, 2015). Soon thereafter, yet
another tiny Southeast Asian species, Arinia
micro Marzuki & Foon, 2016 (shell height:
0.80—o.gomm, shell width 0.34-0.35 mm)
was reported. More recently, an Angustopila
species smaller than Angustopila dominikae
was published as Angustopila pallgergelyi,
with a shell width of 0.76-0.85 mm and a shell
height of 0.59—0.71mm (Dumrongrojwattana
etal,, 2021). In this paper, we describe two even
smaller members of this genus: Angustopila
coprologos n. sp. with a shell width of 0.66—
0.76 mm and a shell height of 0.49-0.58 mm
and a second new species, Angustopila psam-
mion n. sp. (shell width: 0.6-0.68, shell height:
0.46—0.57mm) (figs 4-5). Rivalling both
Acmella nana and Arinia micro, Angustopila
psammion n. sp. now appears to set the newest
record for the world’s tiniest terrestrial snail.
Although the shell height of Arinia micro is

PALL-GERGELY ET AL.

greater than the greatest height measure-
ments of the other two species, its shell shape
is much more slender (i.e., the shorter shell
measurement is comparatively smaller than
in Acmella nana and Angustopila psammion n.
sp., so among of all these species, Arinia micro
could pass through the smallest hole).

These considerations underscore that it is
important to investigate more metrics than
just height and width dimensions to deter-
mine shell size. Various methods can be used
to determine which among the mentioned
three candidate species (i.e. Acmella nana,
Angustopila psammion n. sp., and Arinia
micro) truly is the smallest.

One method is to compare the longest and
shortest dimensions of the smallest known
fully grown adult shell and the mean values of
the smaller and longer measurements of each
of the three species (Pall-Gergely et al., 2015).
This is particularly difficult for Acmella nana
vs Angustopila psammion n. sp. The largest
measurement (shell height in the former and
shell width in the latter) of the smallest spec-
imens of the two species is identical (namely,
0.60 mm). The corresponding shortest meas-
urement for the smallest available Acmella
nana shell is 0.59 mm, whereas it is 0.48 mm
in Angustopila psammion n. sp., suggesting
that the new species is smaller. The mean val-
ues of the smallest and largest measurements
of Acmella nana are 0.56 mm and 0.63 mm,
and o.s2mm and o.64mm for Angustopila
psammion n. sp. This indicates that the mean
of the largest measurements of the spectrum
for Acmella nana is slightly smaller than for
Angustopila psammion n. sp., but the smallest
measurement of Angustopila psammion n. sp.
is considerably smaller. Thus, when consid-
ering the mean of the largest measurements,
Acmella nana is the smallest, but when con-
sidering the smallest and largest measure-
ments together, Angustopila psammion n. sp.
can claim the tiniest terrestrial snail title. A
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Angustopila pallgergelyi

D =0.76 mm D =0.68 mm

smallest Acmella nana
(H: 0.6 mm)
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Angustopila coprologos n. sp. Angustopila psammion n. sp.

smallest marine snail,
Ammonicera minortalis
(D: 0.356 mm)

smallest Notharinia micro (H: 0.8 mm)

FIGURE 4

Size comparisons of the former record holders, A. pallgergelyi, Acmella nana, Notharinia micro, the

smallest marine snail, Ammonicera minortalis, and the two new species described herein. The image

of Ammonicera minortalis Rolan, 1992 is from Oliver et al. (2012), whereas the other images (Acmella

nana and Arinia micro) are from their respective original descriptions. The figure of Acmella nana is

adjusted to scale with the measurement of the smallest specimen, whereas for Angustopila coprologos

n. sp. and Angustopila psammion . sp., the holotypes (not the tiniest shells) are shown.

more relevant method for determining which
is the smallest species, therefore, is to estimate
volume, rather than height and width dimen-
sions. Our calculations show that Angustopila
psammion has the smallest volume among all
three species, which also makes it the smallest
land snail ever found (see table 3 and figs 4-5).

Evolution of snail miniaturization

There are several proposed evolutionary
mechanisms that favour smaller individuals
of a species and select against larger ones
(Blanckenhorn, 2000; Grebennikov, 2008). For
snails, the most obvious consideration is that
smallness enables snails to enter a previously

unoccupied niche, either by being able to for-
age in narrow spaces, and/or by utilizing food
particles that would otherwise remain uncon-
sumed by larger animals (Grebennikov, 2008;
Diakova & Polilov, 2020). Moreover, by being
small, a snail may avoid predation either
because it falls below the minimum food item
size of predators or by being able to enter
spaces devoid of predators.

Despite these advantages, miniaturization
also subjects an organism to harsh physical
and physiological limitations that probably
function as evolutionary constraints. In ptiliid
beetles and egg parasitoids, it is suggested that
sensory receptors and the processing of stimuli
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FIGURE5  Plot of shell height against shell width (diameter) for Acmella nana, Angustopila coprologos n. sp.,

Angustopila dominikae, Angustopila pallgergelyi, Angustopila psammion n. sp., Arinia micro. Empty
squares of Acmella nana represent shells of the population with smallest shells. The dashed line
represents equal shell height and width. Ellipses drawn manually.

in the brain cease to function below a certain
size, simply because the number of available
cells drops below a viable threshold (Van der
Woude & Smid, 2017; Diakova & Polilov, 2020).
However, all these animals have juvenile stages
that are much smaller than the adults, so it is
not clear why brains and sensory organs would
be too small to function in the adult, while they
clearly function in much smaller larvae.
Another limiting factor may be an increased
risk of desiccation given the extremely high
surface-to-volume ratio in the smallest land
snails. This risk may limit the evolution of the
smallest snails to regions with stable climate,
or specific habitats, such as caves, where
humidity remains high all year round. Since
this limitation is absent under aquatic condi-
tions, this may be why a few marine snails are

smaller than the smallest land snails (Rolan,
1992). For example, the shells of Ammonicera
minortalis Rolan, 1992, which may, in fact, be
the smallest snail overall, are 0.34-0.46 mm
in diameter (Bieler & Mikkelsen, 1998). These
considerations suggest that the currently
known tiniest marine and terrestrial snail spe-
cies may be close to the organismal limits of
how small adult snails can be. The smallest
land snails are slightly larger than the small-
est marine snails. This indicates that there
may be additional limitations on miniaturiza-
tion besides neuron number and desiccation
(Orstan, 2018).

One of these limitations may lie in repro-
duction. The previously proposed minimum
egg diameter of about 0.4 mm for land snails
was based on the data available for snails
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TABLE 3 Comparison of shell measurements (in mm) of the three tiniest land snails
Acmellanana Angustopila  Arinia micro

psammion

Longest measurement of the smallest 0.6 0.6 0.8

shell (shell having the smallest longest

measurement) (in mm)

Corresponding shortest measurement of 0.59 0.48 0.34

the smallest shell (shell having the smallest

longest measurement) (in mm)

Longest measurement of the largest 0.66 0.68 0.9

shell (shell having the largest longest

measurement) (in mm)

Shortest measurement of the largest 0.53 0.56 0.35

shell (shell having the largest longest

measurement) (in mm)

Mean longest measurement (in mm) 0.63 (n=4) 0.64(n=23) 0.85(n=3)

Mean shortest measurement (in mm) 0.56 (n =4) 0.52(n=23) 0.35(n=3)

Calculated volume of the tiniest shell 0.044 0.036 0.073

(in mm3) (0.67 mm x (048mmx  (0.8mm x
0.5 mm) 0.6 mm) 0.34 mm)

In case of Acmella nana the lot containing the tiniest shells was only taken into account. Smallest volume of each comparison is in bold.

larger than the smallest Angustopila species
(Baur, 1989; Orstan, 2018). The current infor-
mation requires the lowering of that limit. The
diameters of the protoconchs of Ammonicera
minortalis shells, about oi13mm (Bieler &
Mikkelsen, 1998), and those of Angustopila
coprologos and Angustopila psammion, about
o.22 mm (figs 1A, 3D), give an indication of the
minimum viable sizes of neonate snails. The
dimensions of the eggs of the smallest snails
would be slightly larger than the smallest via-
ble hatchlings. Egg size then might become
the principal determinant of the minimum
possible volume of an adult snail that is going
to accommodate at least one egg (Rensch,
1959; Orstan, 2018). Since the egg must fit
within the body whorl of the shell as well as
pass through the aperture, additional con-
straints are equally imposed on the shape of

the shell and both the shape and the dimen-
sions of the aperture. We note that we can
rule out the possibility that these snails are
viviparous, because the clear protoconch-tel-
eoconch boundary suggests reproduction
by eggs. Interestingly, two of the constraints
(minimum egg size and desiccation risk)
imply that the smallest stylommatophoran
snails should also be the most globular, which
is indeed what Orstan (2018) found in his mor-
phometric analysis. Angustopila coprologos n.
sp. and Angustopila psammion fall well within
this trend, as their shell heights are ~75% of
their shell widths.

Finding tiny land snail shells is challeng-
ing and requires special techniques (see
materials and methods). It is possible that
even smaller snail species exist but have
remained undetected due to lack of attention
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or inadequate collecting methods. For exam-
ple, too large a mesh width of sieves used to
process the collected soil samples may result
in losing the smallest shells. For the majority
of cases however, the plant material of the
soil samples floats together with the shells,
entrapping the smallest shells in its often
large mass of flotsam material. These minus-
cule shells subsequently get revealed under
the microscope after being dried. Soil sam-
ples without much plant material (mostly
from caves) usually consist of a rather grainy,
inorganic calcareous material that when
dumped in a bucketful of water, immedi-
ately releases its shells, which float in the
thin foam on the surface. For Angustopila
psammion n. sp., this was skimmed off with a
0.2 mm mesh wire sieve without further rins-
ing. Even particles smaller than o.2 mm are
trapped with this method. Thus, at least for
the collectors of the present paper, we feel
that we can rule out the possibility that spe-
cies smaller than Angustopila psammion n.
sp. are left unnoticed due to any of the above
reasons, at least in this area.

Conclusions

Two species, Angustopila psammion Pall-
Gergely, Vermeulen & Anker n. sp. and
Angustopila coprologos Pall-Gergely, Jochum
& Hunyadi n. sp. are described from north-
ern Laos and northern Vietnam, respectively.
With its shell width of 0.60-0.68 mm and
shell height of 0.46-0.57 mm, Angustopila
psammion n. sp. is the new global record-
holder of the title of the tiniest land snail,
surpassing the former two record-holders,
Angustopila pallgergelyi and Acmella nana.
The calculated volume for the smallest adult
snail (including the shell) is 0.036 mmS3. In
the absence of extreme food specialization,

PALL-GERGELY ET AL.

miniaturization of land snails is probably
driven by the accessibility of small spaces in
the subsoil, although other scenarios, such
as avoidance of larger predators, cannot be
ruled out. The lower limit of adult shell size
may be determined by the fact that it must
accommodate at least one viable egg, the
size of which in turn, may be limited by the
minimum number of neurons to be func-
tional in the hatchling. On the other hand,
Angustopila coprologos n. sp. is characterized
by a rough surface sculpture (most complex
among all known and undescribed species
of its genus), and minuscule mud granules
arranged in radial lines on its shell surface.
These granules may play a role in camouflage
and mate recognition or function like mini
sponges for water retention.
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