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Bringing the mollusc collection online: Digitisation efforts at Biodiversity Centre,
Upper Austria Landes-Kultur GmbH

Agnes Bisenberger, Magdalini Christodoulou & Michael Malicky

Biodiversitiitszentrum Oberésterreich, Johann Wilhelm-Klein Strafie 73; 4040 Linz, Osterreich

Correspondence: Magdalini.Christodoulou@ooelkg.at

The digitisation of the mollusc collection at the Biodiversi-
ty Centre, Upper Austria Landes-Kultur GmbH, has a lega-
cy spanning over 30 years. However, significant progress
has been made through two major projects carried out
between 2022 and 2024. The first, the 2022 “Pilot Project
Mollusca”, involved reviewing and updating over 70,000
metadata records, linking them to 500 specimen images,
and making the data publicly accessible via the OSCA
platform, ZOBODAT, and the GBIF network. Building on
this foundation, the 2024 “Cultural Heritage Digital” pro-
ject—funded by the Federal Ministry for Arts, Culture, the

Civil Service, and Sport (BMKOS)—focused on producing
high-quality digital reproductions of rare and remarkable
specimens from the Fritz Seidl collection, which includes
several world-record-sized marine molluscs. Using newly
acquired photographic equipment and advanced focus
stacking techniques, over 5,400 high-resolution images,
representing over 4,000 specimens, were produced and
made publicly available. As of today, the collection com-
prises approximately 165,000 specimen records and 7,728
images accessible online, significantly enriching scientific
research and public engagement.

Long-term data analysis of macrozoobenthos over 30 years as part of the
Biological Survey Program (BUP) in Upper Austria

Hubert Blatterer?, Michael Hubmann? & Klemens Weisleitner?

Amt der O6. Landesregierung, Abteilung Wasserwirtschaft, Linz, Austria
2H&S Limnologie GmbH, Innsbruck, Austria

Correspondence: hubert.blatterer@ooe.gv.at

The BUP was established in 1991. The sampling sites were
examined at three-year intervals, later adapted where
necessary, or expanded to include other rivers. By 2021,
1112 taxa had been identified in 2513 surveys at 375 sam-
pling sites in 132 rivers. 695 taxa were identified at the
species level, 69 at the species pair/species aggregate
level, 265 at the genus level, and 84 at the family level.
The Flysch and Granite-Gneiss Area bioregions exhibit the
highest species diversity per site, with medians of 75 and
73 taxa, respectively. The rivers of the Limestone High
Alps and Prealps and the Lower Traun River, with medians
of 62 and 61 taxa, respectively, are noticeably poorer in
species diversity.

Species loss is evident in 57 % of all rivers, or even
70 % of the sites in the granite-gneiss region. In contrast,
species gains are observed in only 18 % of rivers. Most
of the nine invasive species, such as Pacifastacus lenius-
culus (signal crayfish) and Potamopyrgus antipodarum
(New Zealand mudsnail), show a significant increase in
the long-term period from 1991 to 2021. Other “winners”

include Cordulegaster boltonii (golden-ringed damselfly)
and the Dryopidae (long-toed water beetles). The “losers”
include Ecclisopteryx guttulata (caddisfly), Habrophlebia
fusca (mayfly), Taeniopteryx kuehtreiberi (stonefly), Asta-
cus astacus (noble crayfish), Margaritifera margaritifera
(freshwater pearl mussel), and the freshwater mussel ge-
nus Unio.

Despite the long time series, the analysis of the macro-
zoobenthos between 1991 and 2021 represents a transi-
tional period. Major negative changes such as water pol-
lution, drainage, and structural engineering, as well as, in
a positive sense, the remediation of rivers through the ex-
pansion of wastewater treatment plants, mostly occurred
before this time series. The impacts of land management
that does not protect water bodies and soils are omni-
present. However, the dataset already shows that species
loss is occurring in Upper Austria’s rivers and that benthic
neozoans are expanding both spatially and in terms of
population densities.
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Testing genital anatomical characters in clausiliid systematics
on the example of Alopiinae
(Gastropoda: Stylommatophora: Clausiliidae)

Willy De Mattia'?, Gerhard Steiner?, Katharina Mason?3, Zoltan Fehér*, Susanne Reier?,
Martin Kapun! & Elisabeth Haring'?

INatural History Museum Vienna, Central Research Laboratories, Burgring 7, 1010 Vienna, Austria
2University of Vienna, Department of Evolutionary Biology, Djerassiplatz 1, 1030 Vienna, Austria
3Natural History Museum Vienna, 3. Zoological Department, Burgring 7, 1010 Vienna, Austria
‘WWF Hungary, Almos vezér utja 69/A, 1141 Budapest, Hungary

Correspondence: wdemattia@gmail.com

Among door snails (Clausiliidae), the subfamily Alopiinae
is the most species-rich group in the Central and Eastern
Mediterranean as well as adjacent regions of Asia and Af-
rica. Its systematics has traditionally relied on shell mor-
phology, which often led to ambiguous or inconsistent
taxonomic interpretations. The aim of this study was to
assess whether qualitative and quantitative genital traits
can improve taxon delineation and provide phylogenetic
signal. Two genera were selected for comprehensive in-
vestigation: Montenegrina Boettger, 1877 and Siciliaria
Vest, 1867. Siciliaria showed high variation in genital ana-
tomy, with 120 specimens from 22 taxa and 44 popula-
tions analyzed. Phylogenetic trees from COIl and ITS2 se-
guences placed the species in two well-supported clades.
Based on a combined analysis of genital anatomy, shell
morphology, and DNA sequence data the genus was re-
vised, including the re-introduction of the genus Sicania
Tomlin, 1929. In Montenegrina, genital morphology was
examined in 405 specimens representing 124 taxa from
174 populations, revealing striking variability with taxon-
specific anatomical character combinations. In Montene-
grina, quantitative (morphometric) and qualitative (trait

categorization) data were analyzed using multivariate
ordination and clustering to test correspondence with
the DNA-based phylogeny. Trees derived from morpho-
logical measurements show little concordance with the
DNA-based trees. Furthermore, neither morphological
nor geographic distances between taxa correlate gene-
tic distances. Thus, while morphological traits prove to
be indispensable for alpha-taxonomy, their phylogenetic
signal appears weak and largely random in the here trea-
ted clausiliid taxa. The results are in accordance with the
non-adaptive radiation hypothesis and suggest reproduc-
tive character displacement as a plausible mechanism for
increasing morphological divergence. These rather unex-
pected findings motivate to investigate further obligatory
rock-dwelling clausiliid genera like, e.g., Medora, Mutica-
ria or Charpentieria or even other families (e.g., Chondri-
nidae) that occupy the same ecological niche.
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Invasion genetics of the quagga mussel:
Global and regional dispersal dynamics using whole-genome sequencing

Julie Conrads

Eawag/ETH Ziirich, Ueberlandstrasse 133, 8600 Diibendorf, Switzerland

Correspondence: julie.conrads@eawag.ch

The quagga mussel (Dreissena rostriformis bugensis) has
become one of the most successful and disruptive aquatic
invaders worldwide. Originally native to the Ponto-Cas-
pian region, this species has rapidly expanded across Eu-
rope and North America over the past decades, aided by
shipping corridors, ballast water, and artificial canals. Un-
like its close relative, the zebra mussel, the quagga mussel
is able to colonize deep and cold habitats, allowing it to
thrive in ecosystems previously considered less vulnera-
ble.

Despite its growing impact, many aspects of the global
invasion remain poorly understood. This research aims to
clarify when and how the quagga mussel entered Western
Europe and Switzerland, and whether previously unde-

tected introduction events occurred. By applying whole-
genome sequencing (WGS) to more than 500 individuals
from native and invasive populations across Europe and
North America, | investigate population structure, genetic
diversity, and invasion pathways.

This work addresses the so-called “genetic paradox” of
invasion, how quagga mussels succeed despite potential
genetic bottlenecks, and explores whether adaptation has
played a role in their rapid expansion. The results not only
retrace the global journey of a highly adaptive invader but
also offer key insights into the genetic and evolutionary
forces that drive biological invasions today. These insights
form an essential basis for improving future risk assess-
ments and predictive modelling of invasive species.

The species conservation project “Vision Flussperimuschel” —
goals, challenges, successes

Daniel Daill, Paul Arminger & Clemens Gumpinger

blattfisch e.U. - Consultants in Aquatic Ecology and Engineering, Wels, Austria

Correpondence: arminger@blattfisch.at

The freshwater pearl mussel (Margaritifera margaritifera)
faces a dramatic decline throughout its distribution area,
including Austria. As a consequence, the Austrian conser-
vation project “Vision Flussperlmuschel” was initiated in
2011. The aim of this project is the establishment of re-
productive populations in selected river systems in Upper
Austria. In order to reach this goal, two main strategies
are being followed. On the one hand, captive breeding of
juvenile mussels is performed in order to increase the to-
tal number of specimens. For this purpose, adult mussels
are kept in two raceways within a custom-built rearing fa-
cility. Each raceway runs into a consecutive tank in which
juvenile brown trout (Salmo trutta fario), the host fish,
are kept. This setup enables a natural infestation of the
host fish in the course of the serotinal release of glochidia.
The infested brown trout are then held within the tanks
until the juvenile mussels start dropping off the gills. At

this time, the juvenile mussels are collected in a sieve and
then transferred to a laboratory, where they are supplied
with fresh water, food and detritus. As soon as all indi-
viduals are large enough for surviving in the wild, they are
transferred into various rearing systems and placed into
selected river sections. The second strategy focuses on
restoration measures in the catchment areas. There are
hardly any river systems left in Upper Austria that provide
suitable conditions for the establishment of pearl mussel
populations. Therefore, a detailed mapping of selected
rivers was carried out to identify the most promising sites
for future resettlement efforts. In these river sections var-
ious abiotic and biotic factors with respect to the require-
ments of M. margaritifera are analyzed. Based on these
results improvement measures such as the construction
of silt traps to reduce fine sediment levels are executed.
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DNA Barcoding of native Austrian spring snails —
first results on the Stygofauna Austria project

Michael Duda®?, Luise Kruckenhauser®3, Oliver Macek *?, Christian Griebler?*, Gloria Paveza*, Alice ZeiRRl*,

Katharina Birger® & Iris Fischer?

!Natural History Museum Vienna, Central Research Laboratories, Burgring 7, 1010 Vienna, Austria
2Natural History Museum Vienna, 3" Zoological Department, Burgring 7, 1010 Vienna, Austria
3University of Vienna, Department of Evolutionary Biology, Djerassiplatz 1, 1030 Vienna, Austria
“University of Vienna, Department of Functional and Evolutionary Ecology, Djerassiplatz 1, 1030 Vienna, Austria
5Verband Osterreichischer Hohlenforschung, 1020 Vienna, Austria

Correspondence: michael.duda@nhm.at

As part of the Biodiversity Funds project Stygofauna Aust-
riaca coordinated by the University of Vienna, a basic na-
tionwide survey of biodiversity in groundwater including
phreatic, hyporheic, spring and cave waters is carried out
and concepts for future ecological monitoring are being
developed. In addition to the digitalisation of historical
data, new and revised species findings are being syste-
matically documented and archived in cooperation with
the Natural History Museum Vienna. Here we present the
results from the assessment of the groundwater mollu-
sc fauna compared to data from previous projects (ABOL
Mollusca, Hydrobiidae des NP Kalkalpen).

Among the familiy of Bythinellidae, three species could
be found — Bythinella austriaca, Bythinella conica, and
Bythinella opaca. Their DNA barcodes reflect the current
state of knowledge as separate species and with regard
to their geographical distribution. The family of Hydrobii-
dae is represented by the genera Alzoniella, Belgrandiella,
Hauffenia and Graziana. For Alzoniella hartwigschuetti
DNA barcodes were generated for the first time. In the ge-

nus Hauffenia one species could be assessed, i. Hauffe-
nia wienerwaldensis. It is genetically clearly separated
from its congener Hauffenia kerschneri. In Graziana two
clades show up. One resembles Graziana pupula, while
it is unclear, if the second one belongs to Graziana kla-
genfurtensis or Graziana lacheineri. In Belgrandiella spe-
cies were not clearly differenciated on the basis of DNA
barcodes — only Belgrandiella mimula and Belgrandiella
parreyssi seem to be somewhat distinct. While most of
the specimens from the genus Bythiospeum have iden-
tical DNA barcodes, two are differenciated in their DNA
sequences. For the hitherto investigated Austrian spring
snails, the following facts can be summarized: In Byth-
inella, Hauffenia and perhaps Graziana DNA barcoding
goes conform with the existing taxonomy. For Alzoniella
hartwigschuetti no comparable sequences of congeners
do exist. In Belgrandiella and Bythiospeum the unclear re-
sults reflect the current controversies concerning different
species delimitations and concepts.

Landschnecken-Fauna Siid-Kroatiens, der SO-Herzegowina und W-Montenegros

Marlene Fiireder & Guntram Kiibelbdck

Freistdidter Str. 420/A2, 4040 Linz, Austria

Correspondence: gkue@gmx.net

Ein Besuch der Stadt Dubrovnik in der Karwoche 2025
bot Gelegenheit Ausfllige in das (stid-kroatische) Umland,
sowie nach Montenegro und Bosnien und Herzegowina
zu unternehmen. Dabei wurde, neben der Besichtigung
kultureller Sehenswiirdigkeiten, auch die Gelegenheit ge-
nutzt die Landschneckenfauna der Region zu erkunden. In
Kroatien wurden die Imperial-Festung auRerhalb Dubrov-

niks sowie die Ruine Sokol Grad besammelt, in Montene-
gro die sogenannte ,Spanische Festung” in Herzeg-Novi.
In der SGidost-Herzegowina wurde an mehreren Stellen
des Gebiets um Gacko gesucht. Marlene Flreder (9 Jah-
re) wird eine Zusammenfassung der Fundstellen und dort
gefunden Arten prasentieren. Die Prasentation erfolgt in
deutscher Sprache.
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Parakaliella harimensis from East Asia: A highly diverse Euconulus lineage

Sara Kafimola?, Veronika Horsakova?, Kazuki Kimura?, Jeffrey C. Nekola® & Michal Horsak?

Masaryk University, Department of Botany and Zoology, Kotldrskd 2, Brno, CZ-61137, Czech Republic
2Tohoku University, Center for Northeast Asian Studies, Kawauchi 41, Sendai, 980-0862, Japan

Correspondence: sara.kafimola@gmail.com

Euconulus is a widespread Holarctic land snail genus, char-
acterized by small, tightly coiled conical shells ranging from
2.3 to 3.5 mm. Genetic studies often show that species with
similar shells belong to separate lineages, reflecting conver-
gent evolution rather than common ancestry. As a result,
some species classified as Euconulus may belong to other
related genera, and vice versa. Additionally, many taxonomic
guestions about this genus remain unresolved. For exam-
ple, earlier studies indicated that Euconulus fulvus (Miller,
1774) exhibits a polyphyletic structure, with a distinct sub-
clade originating in Japan. However, additional data were
required to elevate the Japanese lineage to species level. To
further clarify the taxonomic status of this clade, we added
samples from Japan and Southeast Asia and used an inte-
grative approach. Phylogenetic relationships in Euconulus
were reconstructed using two nuclear (ITS1, ITS2) and two
mitochondrial (COI, 16S) markers from 53 samples across
all five E. fulvus species. To have a better resolved tree, two
new nuclear markers, ZN507 and TEP1, were also included.

To proceed, we performed morphometric analyses combin-
ing shell measurements and geometric morphometry using
19 landmarks. The group containing populations from East
and Southeast Asia showed significant genetic divergence
and markedly different shell morphology compared to the
other species. This group showed a strong morphological re-
semblance to Parakaliella harimensis reported from Japan,
confirmed through geometric morphometry using its lecto-
type and paralectotype. Therefore, we propose reclassifying
Parakaliella harimensis as Euconulus. Examination of type
specimens of several Parakaliella species revealed that the
same species has been described multiple times, primarily
due to assumptions about frequent island endemism. This
highlights that unrelated snail species can evolve similar
shell shapes under similar selective pressures, leading to
taxonomic misclassification. Notably, this species shows high
genetic variability, likely promoted by climatic stability of the
area during Pleistocene, unlike its more widespread sister
species.

Mussels of the Vienna Lobau

Patrick Kaiser

University of Vienna, Department of Evolutionary Biology, Djerassiplatz 1, 1030 Vienna, Austria

Correspondence: al12130739@unet.univie.ac.at

The last extensive survey specifically targeting native big
freshwater mussels (Unionidae) in the floodplains of the Vi-
enna Lobau in eastern Austria has been conducted in 2007.
Since then there have been important changes to ecologi-
cal factors like local water levels, general habitat conditions
and presence of invasive mussel species. Therefore, there is
lack of data for the current local diversity of unionid species.
More recent superficial surveys however suggest that they
may have been in decline.

This master thesis aims to assess the current diversity of
native big freshwater mussels (Unionidae) and potentially
harmful invasive mussel species in this specific area. Poten-
tial threats by the presence of the invasive mussel species
and correlations between habitat conditions and species
occurrence will also be of relevance. Targeted native uni-
onid mussel species are: Painter’s mussel (Unio pictorum),
swollen river mussel (Unio tumidus), swan mussel (Anodonta
cygnea) and duck mussel (Anodonta anatina). The findings

are supposed to provide insights on whether there are still
existing vivid populations and/or local extinction trends for
these native species. Conducted fieldwork will mainly invol-
ve surveys with survey glasses and mussel rakes. This will be
complemented by habitat parameter measurements (e.g.,
water levels, temperature, pH values and conductivity). Af-
ter identification, all unionid findings will be documented via
standardized protocols and photographs. Selected shells will
be deposited as vouchers in the mollusc collection of the Na-
tural History Musuem of Vienna. If necessary, species iden-
tification will be done by DNA analysis. For this task, non-in-
vasive sampling using swabs will be carried out. GIS mapping
of local occurrences will visualize spatial distributions for the
documented species.

The results will be compiled into a comprehensive mas-
ter thesis which is also supposed to serve as a basis for a
scientific publication. This could potentially contribute to
conservation efforts and future monitoring strategies.
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“On the Trail of Snails” — A natural trail project in Scharnstein/Almtal

Rudolf Kapeller

Linz, Austria

Correspondence: office@rkapeller.eu

The nature trail “On the Trail of Snails” in Scharnstein in
the Almtal Valley is the first European nature trail to ex-
plore the astonishing diversity of snail forms, biology and
ways of life. The trail’s history is presented — from the ini-
tial idea to its opening. The purpose and benefits of such

projects are briefly reflected upon. Images provide a taste
of what awaits visitors upon visiting the trail. Finally, there
is a short story about Bythiospeum elseri, an endemic spe-
cies of the Almtal Valley, which is presented on the last
panel of the trail.

Digitization of the malacological collection at Haus der Natur Salzburg

Stefan Kwitt, Robert A. Patzner, Peter Kaufmann & Robert Lindner

Haus der Natur — Museum of nature and technology, Museumsplatz 5, 5020 Salzburg, Austria

Correspondence: stefan.kwitt@hausdernatur.at

The malacological collection at the museum Haus der
Natur Salzburg includes around 55.000 specimen series
of terrestrial, limnic and marine molluscs from all over
the world. A large part of the specimens originates from
the snail collection of Peter Sperling with a focus on the
province of Salzburg. With the founding of the malaco-
logical working group in 2014, a systematic reorganiza-
tion, an extensive inventory and a digital acquisition of
the whole malacological collection started. The metadata
of the specimens were transferred to the Salzburg Biodi-
versity Database (BioOffice) and the collection sites were
georeferenced. This made it possible to use the data for

nature conservation and research and to make the data
publicly accessible in global networks such as GBIF. The
digital acquisition of the Sperling Collection was intensi-
fied with the help of two digitization projects that were
financially supported by the BMWKMS (BMKOS) and the
EU. In addition to metadata acquisition, object digitiza-
tion became an integral part of the daily work-routine. A
camera system was purchased to produce high-resolution
images of molluscs using focus stacking. At the same time,
workflows and strategies were developed in cooperation
with the OSCA consortium to improve collection digitiza-
tion and standardize the data flow to public databases.
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Invasive gobiid fishes (Gobiidae) as hosts for native freshwater mussels (Unionidae)
in oxbows of the Danube in Austria

Rethinking invasion: Can non-native gobies (Gobiidae) support
native mussels (Unionidae) in Danube oxbows?

Tobias Leister

BOKU University, Department of Ecosystem Management, Climate and Biodiversity,
Gregor-Mendel-Strafie 33, 1180 Wien, Osterreich

Correspondence: tobias.leister@boku.ac.at

Freshwater mussels (Unionidae) are among the most vul-
nerable inhabitants of freshwater ecosystems, which are
experiencing more severe biodiversity losses than those
on land or at sea. As long-lived filter feeders, mussels play
a vital role in maintaining water quality and ecosystem
functions, making their decline both a symptom and a
driver of ecological degradation. In Austria’s Donau-Auen
National Park, a particularly dynamic and free-flowing
stretch of the Danube, mussels face multiple pressures in-
cluding habitat loss from siltation and altered hydrology,
pollution, and the spread of invasive species. Yet, invasive
species may not solely be detrimental. Because mussel
reproduction depends on a parasitic larval stage (glochi-
dia) that must attach to a fish host, new fish arrivals could
potentially serve as alternative hosts for native mussels.

Over the past decades, several non-native gobiids from
the Ponto-Caspian region have colonized the Danube, with
their presence particularly pronounced in the oxbows of
the National Park. While these species compete with the
native tubenose goby (Proterorhinus semilunaris), they
may also play an unrecognized beneficial role in support-
ing mussel reproduction. This study, the first of its kind in
Austria, assesses the potential of non-native gobies to act
as hosts for native Unionidae.

In spring of 2025, eight electrofishing surveys were
conducted across four oxbow sites between Maria El-
lend and Wildungsmauer. Up to 120 gobies per site will

be examined for evidence of glochidia attachment using
visual inspection under magnification. Detailed host data
(species, size, sex) and the precise attachment location of
glochidia will be recorded. Infection intensity and distri-
bution patterns will be quantified, and glochidia will be
genetically identified to confirm mussel species and de-
tect potential multi-species infections. Environmental
variables such as water temperature and conductivity will
also be considered to explore links between infestation
timing and mussel reproductive cycles. Statistical analy-
ses, including regression models, t-tests, and ANOVA, will
be applied to test hypotheses on seasonal overlap, sex-
related differences, and size dependence in glochidia at-
tachment.

The results will illuminate an overlooked ecological re-
lationship with far-reaching implications for conservation.
If non-native gobies are effective hosts, they may inad-
vertently support the recruitment of threatened mussel
populations. Conversely, if they prove unsuitable, the loss
of native host fish could further challenge mussel persis-
tence. Clarifying these dynamics addresses a key knowl-
edge gap in Central European freshwater ecology. The
findings will also provide actionable insights for biodiver-
sity management, restoration planning, and the integra-
tion of fish—mussel interactions into long-term conserva-
tion strategies in one of Europe’s most valuable aquatic
landscapes.
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Getting digital — aims, difficulties and results of the digitization
of the mollusc collection at the NHMW

Katharina Mason & Anita Eschner

Natural History Museum Vienna, 3™ Zoological Department, Burgring 7, 1010 Vienna, Austria

Correspondence: katharina.mason@nhm.at

The mollusc collection of the Natural History Museum
Vienna comprises a vast number of specimens and it
has been the task for many decades now, to account for
them and make the meta data digital available. This pro-
cess is time consuming and with a rather low staff count
and many other projects aside, the progress is taking its
time. Nevertheless, so far we have around 150.000 series
entered into our database, we estimate this is about 1/4
of the whole collection. In recent years ‘Digitization’ has
become a huge word and finally more attention is drawn

to museum collections and their validity. This also results
in funded projects, which help to fasten the digitalization
process of the mollusc collection. Recently, we were part
of the OSCA-iniative and the Kulturerbe-Digital project
(BMKOS), which also focused on producing digital photos
of the objects. Currently, the NHMW is implementing a
database (DIVINA) for which also a public portal is availa-
ble and will therefore open our collections to the public.

Musculature of the invertible foot of gadilid Scaphopoda in 3D view

Patricia Matic & Gerhard Steiner

University of Vienna, Department of Evolutionary Biology, Djerassiplatz 1, 1030 Vienna, Austria

Correspondence: patriciamatic04@gmail.com

Scaphopoda live burrowing in marine sediments. The foot
can be extended through the anterior shell opening for
locomotion and to produce a feeding cavity. The Denta-
liida, as one of the two major taxa of Scaphopoda, have
a contractible burrowing foot comparable to that of Bi-
valvia. The foot of the other taxon, the Gadilida, howe-
ver, is invertible and functionally similar to the introvert
of Sipuncula or the proboscis of Nemertini. This derived
function is achieved by the detachment of a considerable
part of the longitudinal musculature from the pedal wall
to form central retractor muscles. The number of central
retractors and their point of detachment varies among
the gadilid subgroups. Whereas the Entalimorpha have
several small pairs of retractor muscles detaching from
the pedal wall in the area of the pedal ganglia, the Ga-
dilimorpha sport a single large pair separating from the
body wall further posterior at the level of the visceral gan-
glia. A fine-scaled 3D-reconstruction of histological serial

sections of two gadilimorph and one entalimorph species,
complemented by checking histological sections of other
species, revealed new details on the branching sequence
of the dorsoventral musculature in the formation of the
pedal muscles. In the Entalinidae, three pairs of central
retractors separate from the lateral foot wall posterior
of the pedal ganglia, and a fourth pair anterior of them.
Several accessory retractor muscles branch from and re-
fuse again with the central retractors in the distal part of
the foot. This is also the case in the examined species of
Gadilidae and Pulsellidae in the Gadilimorpha. The latter
further have two pairs of delicate connecting muscles ori-
ginating from different parts of the central retractors in
the middle part of the foot and attach to the longitudinal
musculature of the pedal wall. These hitherto unexplo-
red details of the gadilid muscle system raise questions
about functional and systematic implications that require
a broader taxon sample to be answered.
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Methods for visualizing and analyzing the structure of the shell
Caucasotachea vindobonensis

Dominika Mierzwa-Szymkowiak! & Maksymilian Zielinski?

IMuseum and Institute of Zoology PAS, Warszawa, Poland; *Warszawa, Poland

Correspondence: dmierzwa@miiz.waw.pl

The shells of the south-eastern European land snail Cau-
acasotachea vindobonensis were examined in terms of
morphometric, structural, chemical, phase and mecha-
nical properties. The shells (n= 90) were collected at xe-
rothermic sites in Janowiec, Checiny and Olsztyn, Poland,
located along the northern boundary of the species’ dis-
tribution. Morphometric and structural studies of the
shells were carried out using digital, epifluorescent and
polarizing microscopes, as well as SEM and micro-CT. The
crystalline phase of the shells was identified using the XRD
method. The chemical composition was determined using
the EDS technique, while microhardness was measured
by the Vickers method. The studies showed that the shells
of C. vindobonensis have a crossed-lamellar structure. Be-
neath the periostracum, four mineral layers are present,
composed of first-, second- and third-order lamellae, each
with varied geometric orientation. The average thickness
of the shell walls is 215.8 um. Pigments in the shell walls

are distributed throughout almost the entire thickness or
are concentrated in the upper parts. Some shells have de-
formations that cover a large part of the surface or only
the last whorl. In the chemical and phase composition of
the shells, an average 99.13 % by weight consisted of the
major elements forming calcium carbonate in the arago-
nite phase. In addition to the major elements, there are
trace elements such as strontium, magnesium, iron, and
manganese, whose total content is 0.8 % by weight. Their
presence in the shells is associated with the calcium car-
bonate, which may contain impurity-forming elements in
its crystal lattice. The average microhardness of the shells
is 327.93 HV at a load of F=0.025 HV. The presented re-
sults are part of an interdisciplinary project aimed at in-
vestigating the compositional, structural and mechanical
properties of the shells of C. vindobonensis from different
biotopes.
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