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Abstract: The land snail genus Eobania P. Hesse, 1913 in Croatia consists of four taxons. The mean shell 

largest diameters (D) of the 13 samples ranged from 19,99 mm to 31,78 mm and the mean shell height (H) 

from 17,31 mm to 25,66 mm. The shell morphology confirms that all islands populations are smaller with 

examples of nanism on outside islands Palagruža and Sušac. Molecular analysis (16S rDNA and COI 

sequence data) showed no significant differences between the South – Adriatic population from the mainland 

and islands, thus providing no molecular–genetic evidences for classification of a single E. vermiculata 

species into separate subspecies. The observed differences could, probably, be attributed to ecological 

influences.The mean size of the largest population was approximately 1,5x larger than the mean size of the 

smallest population. The low variance between the size variation within populations and variation in shell 

shape were not expected.  
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Introduction 
Eobania vermiculata (Müller, 1774) or chocolate banded snail is a wide distributed land snail. The nearest countries to Croatia 
in which Eobania vermiculata is registered are Italy, Bulgaria (Dedov, 1998), Greece (Welter-Schultes & Willians, 1999) and 
Turkey (Örstan et al., 2005). By a review of the available literature we determined that E. vermiculata has been recorded in 
Croatia only in general terms in Dalmatia (Jaeckel et al., 1957), on The Island Dugi otok (Štamol 2004; Štamol & Kletečki, 
2005) and as subspecies Eobania vermiculata pelagosana (Stossich, 1877) from the Islands of Palagruža and Sušac 
(Berberović 1963, 1967). Molecular phylogeny and biogeography for the species E. vermiculata from Croatia are unknown. 
The previous studies on a terrestrial gastropods Helix aspersa and Eobania vermiculata (Sacchi, 1957; Berberović 1963, 1964, 
1967) in Croatia were based only on morphometric characteristics of the shell. The results showed that all shells from the 
adriatic islands are smaller than the average values for land specimens. Those „nanism“ is especially expressed in populations 
of the Island of Palagruža and Sušac (open sea islands close to the italian seaside) so Berberović (1964) described new 
subspecies Helix aspersa pelagosana and Stossich (1877) Eobania vermiculata pelagosana.The basic survey on Eobania 
vermiculata shell morphometry made Berberović (1963) on land and island populations from the Middle Dalmatia (Croatia). 
He distinguished three separated groups: 1. group Palagruža and Sušac; 2. group „Biševo“ and 3. group  „Lastovo“. The shell 
characteristics of group Palagruža and Sušac showed the nanism caused by geological origin of those islands, vegetation and 
abundance. The group Biševo is more similar to those from the Island of Gali (Gulf of Salerno). He also divided all examined 
populations in morphological groups in relation to populations from Palagruža and Sušac to „continental type“ ( H/D ratio 
lower than Palagruža and Sušac; middle adriatic islands except island of Vis and lastovo archipelag). Lastovo archipelag and 
the Island of Vis are „lastovo type“ (H/D ratio same or bigger than Palagruža and Sušac) and „biševo type“ consists of 
populations from Island of Biševo, Korčula and Hvar (H/D ratio much lower than Palagruža and Sušac). The contact zone 
between types are Island of Vis with neighbouring islands. The land populations divided on populations north from the river 
Cetina, between the river Cetina and the river Neretva and south from the river Neretva. In this paper we examined the same 
shell parameters as Berberović (1964) and represent the morphometric characteristics of 15 different populations of E. 
vermiculata. The aim scope was to determine if any changes in shell size took place in a period from Berberović (1964) till 
today. Molecular analysis (16S rDNA and COI (Puizina et al., unpublished sequences GenBank Accession Numbers 
JF277380– JF277396 and JF802030 - JF802030) showed that there is no molecular–genetic evidences for classification of a 
single E. vermiculata species into separate subspecies. 
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Material and Methods 
The sampling design we used for morphological and molecular analysis followed the pattern of Berberović (1963) (samples for 
Middle Adriatic) as well as from North and South Adriatic, thirteen sites in total (Figure 1). 
 

 
Figure 1. Sampling sites along The Adriatic coast. 

 

For shell measurement we collected 20 specimens per site and a total of 300 specimens with a reflected lip because this 
indicates cessation of growth and maturity of the snail. The measurements were made on the field. 
The shell features we measured were shell high (H), shell width (D) and aperture high (h). After that we compared the results 
as relative shell high (H/D) (ratio between high and width in percents) and ratio between aperture high (h) and shell high (H) in 
percents. The intrapopulation variation was calculated with the coefficient of variation (CV) of all the morphometric characters 
of the examined populations. Geographical variation and qualitative data of the shell were subjected separately to principal 
component analysis (PCA). The UPGMA analysis was used to calculate similarities between the 13 populations based on 
morphometric data. All statistic calculations were made by Statistica 8.0 and XlstatPro softwares.  
 

Results 
The mean shell largest diameters (D) of the 13 samples ranged from 19,99 mm (sample from island of Sušac) to 31,78 mm 
(Šibenik, seaside) and the mean shell height (H) from 17,31 mm (Sušac) to 25,66 mm (Island of Šolta). The mean size of the 
largest population was approximately 1,5 x larger than the mean size of the smallest population. Coefficient of variation 
(CV%) values of H, D and h ranged from 11,02% to 11,72% and shows the low variance for the size variation within 
populations. The H/D ratio ranged from 0,78 (sample from Island of Palagruža) to 0,86 (sample from Island of Sušac). The low 
variance between the size variation within populations and variation in shell shape were not expected. The PCA analysis based 
on morphometric data of the shell characteristics of Eobania vermiculata confirmed that the populations from Islands of 
Palagruža and Sušac are clearly separated from the other populations (Figure 2).  
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Figure 2. The diagram of PCA analysis. 

 

The variables which mainly contributed to the first discriminant function (squared canonical correlation 0,98%) were shell 
hight (H) and for the second discriminant function (squared canonical correlation 0,94%)  shell width (D). The populations 
from the island of Palagruža and Sušac constituted homogenous group (76,71%), populations from the island of Šolta and 
Šibenik (coast) constituted more or less homogenous group at the level of 13,57% and those from other sites were 
heterogenous (0-3%).The first factor (H, 93,15) and the second one (h, 0,45%) separated populations in seven groups 
according to their geographic proximity. The first group is characterized by two populations: Palagruža i Sušac; second group 
by population from the Island of Vis; third by Split (seaside); forth by the Island of Šolta and Šibenik (seaside); fifth by the 
Island of Rab and Rogoznica (seaside); sixth by the Island of Korčula; seventh is divided in three subgroups: Zadar (seaside), 
Island of Lastovo and Island of Brač and Dubrovnik (seaside) (Figure 2). UPGMA cluster analysis based on Euclidian distance 
(Figure 3) was consistent with PCA results. 
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Figure 3. UPGMA cluster analysis. 
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Discussion 
This study of morphometric characteristics of the shells revealed that populations exposed to antropogenic activity showed 

multivariate intrapopulation variation. The populations were grouped according to their geographical origin and cluster 

analysis support that thesis. Populations on open sea islands Palagruža (68 miles S from Split) and Sušac (25 km W from the 

Island of Lastovo) keep their „nanism“ as Berberović (1964) stated in his research. The main reason for “nanism” on those 

islands is geographic isolation (took place approximately 10 000 years ago) and extreme ecological conditions. Namely, 

according to Köppen the Island Palagruža is included in the Csa type of climate - Mediterranean climate with hot summers 

(only 309,7 mm of rain; high relative humidity of air of 74%-77% with low precipitation of 304 mm) (Trošić et al., 2003). 

Such climate characteristics are directly reflected on plant communities in which xerophyts are dominant floral component 

(Pavletić, 1978) and they are not suitable for snail ingestion because of essential oils and silicates in plant tissue. Compared to 

the starting morphological variation, our shells showed the greater similarity to the sizes of the islands Tremiti (Sacchi, 1957). 

Lazaridou et al. (1994) stated that the largest shell diameter and the aperture area are negatively related to the mean minimum 

annual monthly temperatures and Cook and O'Donald (1971) confirms that smaller snails survived better in unshaded and 

warmer conditions. Ecological conditions in the outer islands (limited amount of food, temperature and humidity) could be the 

reason of increased body size because those islands are known for extremely unfavourable environmental conditions. The 

mean annual air temperature is 16,7˚C. Total of 85,3 days per year minimum air temperature is 20˚C or higher. Annual 

precipitation is 289,5 mm (Trošić et al., 2003). So, this climate type known as mediterranean arid clymate type with long dry 

period (more than three months per year) with extremely high temperature cause longer hybernation in poikilotherms such as 

terrestrial snails than in mainland. Also, the resource availability is reduced. The Eobania snails are polyfagous herbivores and 

the amount of suitable plants (herbs and grasses) is limited (Trinajstić, 1973). The Island of Palagruža and Sušac are 

uninhabited offshore islands app. 68 miles away from the mainland and continuity of such contributions appears perfectly 

stable nanism. Taking into consideration the formation of these islands it is quite certain that the species E. vermiculata is 

native species here. The populations of inner islands showed grater morphological polymorphism in a way that some 

individuals reach the standard shell size, almost the same as continental populations. The geographic isolation of those islands 

is not so long as in outer ones, and the anthropogenic influence is obvious. The environmental characteristics are quite different 

from those on islands Palagruža i Sušac because the most of the land is agricultural; more water and higher humidity as well as 

unlimited quantity of food are the main reason why those individuals are bigger than on the islands of Palagruža and Sušac. 

The populations from the islands Lastovo and Korčula according Berberović (1963) were grouped together with continental 

populations south to the river Neretva. Our survey confirms such shell sizes as Berberović (1963) but in that group are also the 

populations from the island of Brač. The continental populations from that group are populations from Zadar and Dubrovnik. 

The continental populations north from the river Cetina are similar with populations from the island of Rab and Šolta which is 

in accordance with Bereberović (1963). The continental populations from the area between the rivers Cetina and Neretva are in 

the same group with populations from Split and island of Vis. The populations from the Island of Vis is according Berberović 

(1963) defined as the mixed zone of different types of shell sizes. Our survey confirm this statepoint. The reduction of shell 

size towards continent-inner islands-outer islands our survey did not confirmed. We found enlargment of shell sizes except on 

outer islands probably caused by antropogenic influence and changes in environmental conditions. Molecular analysis of two 

mitochondrial genes (Puizina et al. GenBank unpublished sequences) didn't support subspecies status of E. vermiculata 

pelagosana on molecular level so those samples could be define as ecotypes or forms. 
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