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ABSTRACT: The Alycaeidae are characterized by a complex gas exchange device, which consists of a sutural
tube that is closed at its end, and several, perpendicularly running, narrow microtunnels. A single report,
published in a hard-to-access journal, mentioned that the tube is formed “backwards”, but the author
provided no illustrations. Here I publish photos and SEM micrographs of an adult alycaeid shell with an
incompletely developed tube, and a subadult alycaeid shell with microtunnels, but no sutural tube. Both
cases suggest that the sutural tube is indeed formed “backwards”, after all microtunnels are completed.
With this, the previous observation is confirmed.
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INTRODUCTION

The Cyclophoroidea, with 3,671 species, is
the second largest group of terrestrial snails after
Stylommatophora, which contains 22,356 species
(MOLLUSCABASE eds. 2023). Similar to their aquatic
relatives, cyclophoroidean snails possess an opercu-
lum, which is a corneous or calcareous trapdoor-like
apparatus attached to the upper surface of their pos-
terior foot (PONDER et al. 2019: 96). When the cyclo-
phoroidean snail withdraws its body to its shell, the
operculum seals the aperture so tightly, that proba-
bly no gas exchange becomes possible. To overcome
this problem, several groups have developed by-pass
channels formed by internal plicae (PALL-GERGELY et
al. 2015), canals and tubes (e.g., REES 1964, PALL-
GERGELY et al. 2014, 2017, JIRAPATRASILP et al. 2022,
TONGKERD et al. 2023), to allow gas exchange even
when the operculum seals the aperture. The breath-
ing tubes are open at the outer end in all groups, ex-
cept for the Asian Alycaeidae, in which it is closed
(Fig. 1). Since it is not self-evident how a closed tube
is useful for gas exchange, this phenomenon posed
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a century-old mystery (GODWIN-AUSTEN 1882-1920,
REES 1964). This was solved by the discovery of mi-
crotunnels that run beneath radial ribs along the
growth line of the last whorl and open into the main
breathing tube. These tunnels, formed by the out-
ermost shell layers, open to the outside of the shell
surface near the umbilicus, and probably allow gas
exchange with a closed operculum (PALL-GERGELY et
al. 2016, Fig. 1).

The presence of the sutural tubes in the Alycaeidae
raises a question on its ontogeny and development.
Specifically, whether they are created as the shell
grows and forms the microtunnels, or whether the
tube is formed after all the microtunnels have been
established.

A note on the tube formation were published in
a hard-to-reach Japanese journal by MATSUMOTO
(1993). Here I provide a translation by J. U. Otani:

“Although I had thought the breathing tube of aly-

caeids were made along with growth and at the same
time as the whorl tube, an observation of a juvenile
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Fig. 1. A specimen of Dicharax depressus (Bavay et Dautzenberg, 1912) (Locality data: Vietnam, Than Hoa Province, Pu
Long National Park, Am village, 20°27.39'N, 105°13.65'E, leg. W. J. M. MAASSEN, 21 Sep 2003, specimen deposited in
the Hungarian Natural History Museum, HNHM 99727) to show the sutural tube and the microtunnels. Green area
shows the part of the last whorl with the microtunnels, green arrows indicate the cross sections of some microtunnels.
Abbreviations: ie — inner end of the tube (i.e. the tube is open on the inside of the shell); oe — outer (closed) end of
the sutural tube, st — sutural tube. Scale bar 1 mm

shell collected presently makes it clearly obvious that
the whorl tube is once made up to a position close
to the aperture, and when the position at which the
breathing tube is to be made is approached, the por-
tions of the growth ribs close to the suture become
formed so as to be distorted in the direction opposite
to the direction of growth. The portion at which the
breathing tube is to be attached is formed in a slight-
ly recessed manner and then gradually increases in

MATERIAL AND METHODS

During the examination of several thousand aly-
caeid shells in private and public collections, I found
only two shells to provide information on the ontog-
eny of the sutural tube. The first specimen is a ter-
atological specimen of Dicharax robustus Péll-Gergely
et Hunyadi, 2017 (China, Yunnan, Kunming Shi,
Yugqiqu, Bijianshan, Guanyinsi (temple), approximate
GPS data: 24°16'16"N, 102°49'44"E, leg. K. OHARA,
19.03.2000, collection K. Ohara, see Figs 2-5).

curvature, and when a certain position is reached,
the breathing tube becomes formed in the opposite
direction along the suture from that position”.

In this paper, I confirm this observation with a
teratological specimen of Dicharax robustus Pall-
Gergely et Hunyadi, 2017 and a subadult specimen of
Dicharax cf. strangulatus (L. Pfeiffer, 1846), and prove
that the alycaeid tube is built “backwards”.

The second one is a subadult of Dicharax cf. stran-
gulatus (L. Pfeiffer, 1846) (Nepal, Prov. Seti, Distr.
Bajhang, Shima, Ghatganga Khola NE Shima, Ahorn-
Kastanien-Eichen-Blockschuttwald, 29°45'08"N,
81°23'30"E, leg. U. BOSSNECK, 25.06.2009, HNHM
105552) (Figs 6-8).

Shells were directly observed without coating un-
der a low vacuum SEM (Miniscope TM-1000, Hitachi
High-Technologies, Tokyo).


https://maps.app.goo.gl/swEq5afSJoyr8VsaA
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Figs 2-5. Dicharax robustus Péll-Gergely et Hunyadi, 2017: 2 - a specimen with normal sutural tube (holotype, HNHM
99704, from PALL-GERGELY et al. 2017); 3-5 — malformed sutural tube in a specimen of the same species (3 — shows
the last and penultimate whorls with the malformed sutural tube, 4 — shows the ending of the microtunnels, which
would have been covered by the sutural tube if it grew normally, 5 — shows the malformed tube, which is much shorter
than it would normally be). Position of Fig. 4 is indicated on Fig. 3 with a white frame. Scale bars 1 mm (Figs 2-3),

200 um (Fig. 4), 500 um (Fig. 5)
RESULTS AND DISCUSSION

According to the observations of MATSUMOTO
(1993), the alycaeid tube is formed “backwards”, af-
ter the microtunnels are made (although the pres-
ence of the microtunnels were unknown at that
time). In the teratological Dicharax robustus specimen,
the microtunnels are clearly visible (Figs 3-4), but
the tube formation stopped for an unknown reason,
and the tube is incompletely developed, short, and
slightly pointing upwards (Fig. 5). In the subadult
specimen of Dicharax cf. strangulatus, the endings of
the microtunnels are clearly visible near the suture
(see Fig. 8), but no sutural tube is formed yet (Figs
7-8). In contrast, the adult specimen has a sutural
tube in the position (Fig. 6) where the subadult shell
has no tube yet. Both observations agree with that of
MATSUMOTO (1993). These results suggest that mi-
crotunnels may be functional without an outer tube

in other groups of terrestrial Caenogastropoda. It re-
mains to be investigated whether the tube formation
is different between species having short and long
(up to a half whorl, i.e. Alycaeus Gray, 1850, see PALL-
GERGELY 2023) sutural tubes.
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Figs 6-8. Adult (6) and subadult (7-8) shells of Dicharax cf. strangulatus (L. Pfeiffer, 1846). Red line indicates the shell part
which contains the microtunnels (termed R2 in PALL-GERGELY et al. 2017). Dashed line indicates the approximate
outline of the subadult shell if it was adult. White line in Fig. 8 shows the endings of microtunnels that are not yet
covered by the sutural tube. Green arrow on Fig. 6 shows the presence, and on Fig. 7 the absence of the sutural tube.
Scale bars 1 mm

REFERENCES

GODWIN-AUSTEN H. H. 1882-1920. Land and freshwater Afghanistan, Kashmir, Nepal, Burma, Pegu, Tenasserim,
Mollusca of India, including South Arabia, Baluchistan, Malaya Peninsula, Ceylon and other islands of the



210

Barna Pdll-Gergely

- - g

Indian Ocean. In Supplementary to Masers Theobald
and Hanley’s Conchologica Indica. Taylor and Francis,
London.

JIRAPATRASILP P, SUTCHARIT C., PANHA S. 2022. Annotated
checklist of the operculated land snails from Thailand
(Mollusca, Gastropoda, Caenogastropoda): the family
Pupinidae, with descriptions of several new species
and subspecies, and notes on classification of Pupina
Vignard, 1829 and Pupinella Gray, 1850 from mainland
Southeast Asia. ZooKeys 1119: 1-115.
https://doi.org/10.3897/zookeys.1119.85400

MATSUMOTO M. 1993. How the Breathing Tube of a
Mushioigai is Formed. Kainakama (Journal of the
Hanshin Shell Club) 27: 8. [In Japanese]

MOLLUSCABASE (eds) 2023. MolluscaBase. Available on-
line at https://www.molluscabase.org (accessed 1
September 2023)
https://doi.org/10.14284/448

PALL-GERGELY B. 2023. Revision of the Alycaeidae of China,
Laos and Vietnam (Gastropoda: Cyclophoroidea) II:
The genera Alycaeus and Pincerna. Zootaxa 5249: 253—
276.
https://doi.org/10.11646/zootaxa.5249.2.4

PALL-GERGELY B., FEHER Z., HUNYADI A., AsaMI T. 2015.
Revision of the genus Pseudopomatias and its relatives
(Gastropoda: Cyclophoroidea: Pupinidae). Zootaxa
3937: 1-49.
https://doi.org/10.11646/zootaxa.3937.1.1

PALL-GERGELY B., GARGOMINY O., FONTAINE B., ASAMI
T. 2017. Breathing device of a new Streptaulus species
from Vietnam extends understanding of the function

and structure of respiratory tubes in cyclophoroids
(Gastropoda: Caenogastropoda: Pupinidae). Journal of
Molluscan Studies 83: 243-248.
https://doi.org/10.1093/mollus/eyx006

PALL-GERGELY B., HUNYADI A., MAASSEN W. J. M. 2014.
Review on Rhaphaulus L. Pfeiffer 1856 and Streptaulus
Benson 1857 species with description of Rh. tonkinensis
n. sp. from Vietnam (Gastropoda: Pupinidae). Journal
of Conchology 41: 565-573.

PALL-GERGELY B., NAGGS E, AsamI T. 2016. Novel shell
device for gas exchange in an operculated land snail.
Biology Letters 12: 20160151.
https://doi.org/10.1098/rsbl.2016.0151

PONDER W. E, LINDBERG D. R., PONDERJ. M. 2019. Biology
and Evolution of the Mollusca, Volume 1. CRC Press,
Boca Raton (Florida, USA).

REES W. J. 1964. A review of breathing devices in land
operculate snails. Proceedings of the Malacological
Society of London 36: 55-67.

TONGKERD P, TUMPEESUWAN S., INKHAVILAY K,
PRASANKOK P, JERATTHITIKUL E., PANHA S., SUTCHARIT
C. 2023. Systematic revision of the snorkel snail genus
Rhiostoma Benson, 1860 (Gastropoda, Caenogastropoda,
Cyclophoridae) with descriptions of new species.
ZooKeys 1142: 1-144.
https://doi.org/10.3897/zookeys.1142.90097

Received: September 20th, 2023
Revised: October 17th, 2023
Accepted: October 18th, 2023
Published on-line: December 4th, 2023

¥4



https://doi.org/10.3897/zookeys.1119.85400
https://www.molluscabase.org
https://doi.org/10.14284/448
https://doi.org/10.11646/zootaxa.5249.2.4
https://doi.org/10.11646/zootaxa.3937.1.1
https://doi.org/10.1093/mollus/eyx006
https://doi.org/10.1098/rsbl.2016.0151
https://doi.org/10.3897/zookeys.1142.90097

