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Abstract: The Herald Thorn Carychium minimum, a tiny terrestrial snail native to Europe, is documented for the first 
time in Chile. The species was discovered in 2012 in El Totoral, near the San Antonio port in the Val-
paraíso Region (Central Chile). The presence of both juvenile and adult individuals depicts this species as 
a naturalised exotic snail. Carychium minimum is the second species of the genus Carychium recorded in 
Chile, succeeding Carychium biondii.
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Introduction
The number, identity and geographical distribu-
tion of exotic molluscs in Chile are only partially 
documented. While early records of exotic molluscs 
in the country were made in the mid-19th century 
(Philippi 1855), the initial attempt to catalogue this 
fauna was undertaken by Letelier et al. (2007), 
who identified seven species in freshwater habitats. 
More recently, Araya (2015) reported 44 introduced 
species in the country, encompassing marine, fresh-
water and terrestrial ecosystems. A comprehensive 
understanding of the current distribution of exotic 
species is crucial for managing, control, and poten-
tially eradicating these species before they may be-
come invasive in natural ecosystems (Lodge et al. 
2006, Pyšek & Richardson 2010).

The family Ellobiidae (Gastropoda: Ello-
bioidea), a member of the clade Eupulmonata, 
encompasses a morphologically and ecological-
ly diverse group of snails that have successfully 
colonized various environments (Morton 1955, 
Weigand et al. 2013, 2014). One representative of 
this family is the genus Carychium Müller, 1773, 
which includes species inhabiting wet microhabi-
tats in forests, meadows and riparian zones across 
the Nearctic, Palaearctic and Indomalayan regions 
(Watson & Verdcourt 1953, Weigand & Jochum 
2010, Jochum et al. 2016). The genus encompasses 
multiple species of small size (<2 mm), with many 
displaying a resemblance to one another. Further-
more, they exhibit high intraspecific variability in 
shell morphology, historically posing challenges in 
species identification (Watson & Verdcourt 1953, 
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Berger 1963, Bank & Gittenberger 1985, Holm 
2010, Weigand et al. 2011, 2012, 2014). 

Samples of Carychium obtained from the Val-
paraíso Region could potentially belong to one of 
several species in the genus, including Carychium 
minimum Müller, 1774, Carychium tridentatum 
(Risso, 1826) and Carychium biondii Paulucci, 
1882 (Watson & Verdcourt 1953, Burch & Van 
Devender 1980, Roth 1982, Martínez-Ortí & 
Robles 2004, Holm 2010, PNUD 2014, Weigand 
et al. 2014, Forsyth 2015). The present study re-
ports the first record of the exotic terrestrial snail 
Carychium minimum in Chile.

Materials and Methods
Individuals of Carychium were collected alive from 
a greenhouse in the town of El Totoral (San Anto-
nio Commune, Valparaíso Region) (-33.415679, 
-71.625719) (Fig. 1). This area is near the port of 
San Antonio, one of the most important trade ports 
in Chile (Puerto de San Antonio 2019). Samples 
were collected in 2012 and preserved in 70–100% 
ethanol. Snails were photographed using a Motic 
SMZ-168 stereomicroscope fitted with a Moticam 
2000 digital camera, as well as a Hitachi SU3500 
scanning electron microscope (SEM). Given the 
lack of knowledge about the time required for indi-
viduals of Carychium minimum to reach sexual ma-

turity, we classify an individual as juvenile based on 
the presence of a thin, sharp-edged peristome in the 
immature shell. To perform genetic analysis, a small 
section of the gill was dissected for DNA extraction, 
employing the cetyltrimethylammonium bromide 
method (CTAB) (Winnepennickx et al. 1993). Par-
tial sequences of the mitochondrial gene cytochrome 
c oxidase subunit 1 (COI) were amplified by poly-
merase chain reaction (PCR) in three individuals us-
ing the primers HCO2198 and LCO1490 (Folmer 
et al. 1994). Sequencing of the amplified products 
was made by the Macrogen Company, South Korea. 
Sequences were edited and aligned using BioEdit 
v7.0.5.3 (Hall 1999). We calculated the percentag-
es of sequence divergence using MEGA X v10.1.1 
(Kumar et al. 2018).

Phylogenetic relationships were examined 
through maximum parsimony (MP) analysis con-
ducted in PAUP* (Swofford 2003), employing a 
heuristic search, the tree bisection and reconnection 
branch swapping algorithm, and the addition of ran-
dom sequences. Character states were considered as 
unordered and given equal weight. Additionally, we 
assessed relationships using the neighbour-joining 
(NJ) method (Saitou & Nei 1987) in PAUP*. Node 
support was evaluated based on 100 bootstrap pseu-
doreplicates (Felsenstein 1985). To root the phy-
logenetic trees, we employed Zospeum isselianum 
Pollonera, 1887, a species from the genus Zospeum 

Fig. 1. Sample site of Carychium minimum in El Totoral, San Antonio Commune, central Chile.
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Bourguignat, 1856, which is known to be the sis-
ter group of the genus Carychium (Weigand et al. 
2013).

Results 
The snails from El Totoral encompassed individuals 
in various life stages, including both juveniles and 
adults (Figs. 2 and 3). They were identified as Cary-
chium minimum through a combination of morpho-
logical and molecular analyses. Voucher specimens 
were deposited in the Malacological Collection of 
the Servicio Agrícola y Ganadero of Chile (CMSAG 
N°467). 

Morphological study
The shell is minute, ovate-conic (Fig. 2A-G; 3A, D, 
G), translucent whitish, with oval aperture (Fig. 3B, 
E, H, K). The shell of the largest individuals meas-
ured 1.8 mm, having four whorls. The teloconch 
is sculptured with numerous fine transverse riblets 
regularly spaced (Fig. 3C, F, I). The aperture has 

a thickened margin and three “teeth”. The largest 
“tooth” is centred in the parietal side of the aperture 
and points towards its centre. In front of it, a shorter 
but broader-based tooth also points towards the cen-
tre. At the base of the aperture, a short thickening 
callus-like tooth is also visible. In juvenile individu-
als, the parietal tooth is the unique tooth developed. 
The protoconch (Fig. 3L) has 0.9 to 1 whorl. Its sur-
face is primarily smooth, although fine ribs appear 
near the boundary with the teloconch. The parietal 
fold of the columella is simple, forming a regular 
parabola (sensu Berger 1963), with an edge that is 
neither curved nor sinuous (Fig. 2F, G). This fold is 
wider and more developed than the columellar fold 
(Fig. 2G). This fold is also simple and reduces as it 
projects downward toward the aperture. 

Molecular analysis
A partial sequence of 639 nucleotides of the COI 
gene was generated from three adult individuals 
sequenced in the present study (GenBank acces-
sion numbers: OR996295–OR996297). The final 

Fig. 2. Carychium minimum from El Totoral, central Chile. A–F. Macroscopic and microscopic observations. A. Adult 
individual on plastic plant pot. B, C. Living adult (B) and juvenile (C) individuals. D–F. Shells of adult (D, F) and ju-
venile (E) individuals. G. Columellar structure. The parietal fold (pf) of the columella is shown in F and G. Scale bar: 
A = 1 cm; B, D, E, F = 500 μm; C = 300 μm.
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Fig. 3. Carychium minimum from El Totoral, central Chile. A–L. Scanning electron microscope (SEM) observations. 
A. Adult individual (shell length: 1.8 mm). B, C. Shell aperture (B) and last whorl (C) of this individual. D. Adult in-
dividual (shell length: 1.8 mm). E, F. Shell aperture (E) and last whorl (F) of this individual. G. Adult individual (shell 
length: 1.7 mm). H, I. Shell aperture (H) and last whorl (I) of this individual. J. Juvenile (shell length: 1.1 mm). K. Shell 
aperture of this individual. L. Protoconch. Scale Bar: B, E, H, K = 500 µm; C, F, I = 250 µm; L = 150 µm.
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length of the alignment was 634 sites, in a matrix 
comprising 45 sequences. The number of parsimo-
ny-informative characters was 126. The percentage 
sequence divergence for the COI data set comparing 
snail from El Totoral with other congeners indicates 
an identity of 2.2 to 2.9% with respect to sequences 
of C. minimum from GenBank. The MP analysis re-
covered a single tree (Fig. 4) (length= 346; consist-
ency index= 0.5; retention index= 0.8). The Cary-
chium sequences from El Totoral formed a clade 
together with sequences of C. minimum downloaded 
from GenBank, with a bootstrap value of 100%. 
The topology obtained in the NJ analysis (tree not 
shown) was congruent with the MP analysis, and the 
C. minimum clade was supported by a 100% boot-
strap value.

Discussion
Carychium minimum represents a new exotic species 
of terrestrial snails in Chile. The taxonomic identifi-
cation of this species is challenging due to its resem-
blance to other congeners. For instance, Carychium 
mariae passiriensis Schrott, 1935 was regarded as 
a synonym of C. minimum (Bank & Gittenberger 
1985). However, the species most closely resembling 

C. minimum appears to be C. tridentatum (Watson & 
Verdcourt 1953, Burch & Van Devender 1980, 
Roth 1982, Holm 2010, Weigand et al. 2014, For-
syth 2015). The resemblance is so remarkable that 
some authors have considered the latter species as a 
“variety” of the former (Roth 1982). In this context, 
although some authors propose that the shell of C. 
minimun is more ovoid, shorter, and wider than that 
of C. tridentatum, Weigand et al. (2014) demon-
strated that the distributions of shell length and shell 
width largely coincide. They also noted that, while 
the ratio shell length/width, as well as the ratio last 
whorl/upper whorls, exhibit significant differences 
in means between species, all the variability in C. 
minimum falls within the conchological range of C. 
tridentatum. 

Apart from the similarity in the external mor-
phology of the shell of C. minimum and C. tridentat-
um, a high similarity has also been reported between 
C. minimum with Carychium cf. schlickumi Strauch, 
1977, Carychium hellenicum Bank & Gittenberger, 
1985 and Carychium exiguum (Say, 1822) (Bank 
& Gittenberger 1985, Forsyth 2015). When we 
first observed our El Totoral samples under the ster-
eomicroscope, we tentatively classified them as C. 
tridentatum, although we also thought about the 

Fig. 4. The most parsimonious tree for the COI dataset produced by the MP analysis. The sequences from El Totoral 
are shown in blue. Numbers above the nodes indicate bootstrap values (only values equal to or above 50% are shown).
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possibility that they were C. biondii, considering its 
resemblance with C. minimum and presence in Chile 
(PNUD 2014, Darrigran et al. 2020). However, 
the columellar structure and molecular analyses al-
low its classification as C. minimum. With respect 
to the adult shell, the number of whorls is four in 
C. minimum and five in C. tridentatum. Concern-
ing the columella, the parietal fold of C. minimum 
is simple, forming a regular parabola, with the edge 
not curved or sinuous (Kuiper 1956, Berger 1963, 
Bank & Gittenberger 1985). In C. tridentatum, the 
parietal fold is wider, with a sinuous or contorted 
edge, curved apically, while the columellar fold has 
an inverted S-shape (Kuiper 1956, Berger 1963, 
Bank & Gittenberger 1985, Martínez-Ortí & 
Robles 2004, Ríos 2020). This latter feature was 
not observed in C. minimum. These snails are also 
distinguishable by the protoconch, whose whorls are 
more convex in C. minimun. Moreover, in C. triden-
tatum the spire of the protoconch is a quarter larger 
(Castillejo et al. 1987). Species resembling C. 
minimum also share similarities with other members 
of the genus. For example, Carychium tridentatum 
has been noted to share similarities in size, shape, 
and colour with Carychium mariae Paulucci, 1878 
and Platyla jankowskiana (Jackiewicz, 1979) (Ac-
iculidae) (Skvortsova et al. 2016), and with Cary-
chium hellenicum regarding the columella (Bank & 
Gittenberger 1985). Our molecular delimitation 
of El Totoral samples was congruent with the diag-
nostic features of C. minimum. Overall, our results 
highlight the importance of employing diverse sets 
of characters to resolve the identity of morphologi-
cally similar species, especially when they are small, 
exotic and cryptic.

Carychium minimum is common in Europe 
(Watson & Verdcourt 1953, Bank & Gittenberg-
er 1985, Balashov & Gural-Sverlova 2012), of-
ten found in association with greenhouses (Horsák 
et al. 2004). However, the potential of this species 
to become a horticultural pest or compete with other 
species remains uncertain (Roth 1982, Pearce & 
Payne 2011). Besides Chile, C. minimum has been 
introduced in British Columbia, New Brunswick 
and Ontario in Canada, in California, Massachu-
setts, Pennsylvania and New York in the USA as 
well as Valencia and Cadiz in Spain (Roth 1982, 
Holm 2010, Forsyth 2004, Martínez-Ortí & Ro-
ble 2004, Forsyth et al. 2008, Weigand & Jochum 
2010, Pearce & Payne 2011, Forsyth & Willis-
ton 2012, Ríos Jiménez 2020). The first record of 
this species in America corresponds to specimens 
discovered in Massachusetts (Clapp 1912). These 
samples were initially identified as C. tridentatum 

(Roth 1982) but later reclassified as C. minimum, 
following the figure made by Winslow (1912) of 
a Massachusetts shell, which was republished by 
Burch & Van Devender (1980).

The construction of the port of San Antonio 
commenced in 1910 (World Port Source 2019), 
establishing it as the most significant port in the 
country, with a commercial exchange of 18.2 mil-
lion tons in 2016 (Puerto de San Antonio 2019). 
The importation of agricultural and forestry prod-
ucts, alongside various goods and machinery, serves 
as a potential avenue for the introduction of exotic 
species into Chile through its facilities (Darrigran 
et al. 2020). While speculative, there is a likelihood 
that C. minimum may have entered Chile through 
this port. The difficulty in identifying this species 
poses a substantial challenge to its monitoring and 
potential expansion. Nevertheless, the morphologi-
cal and molecular characters utilized in this study 
have demonstrated their efficacy in accurate species 
identification. 
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