
Introduction

Sch�tt (1) stated that the species of the genus
Assyriella spread in the Middle East, Near East and some
islands such as Rhodes and Cyprus originally developed in
Southeastern Anatolia. Their classification is mainly based

on shell features and genital apparatus. Recently, a
revision was made on the species of this genus. A total of
2 new and 15 known species have been described  by
Sch�tt and Subai (2).
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Abstract: This study was performed on 3 species of the genus Assyriella (A. escheriana , A. guttata and A. thospitis) collected from
DiyarbakÝr province in Southeast Anatolia. Two derived and 6 shell variables of 50 specimens were examined for each species.
Hierarchical clustering and discriminant analysis were used to evaluate the data in order to clarify and contribute to some systematic
problems of these species.

It was shown that WardÕs method with Euclidean distance is the most appropriate hierarchical clustering method to cluster these
species. A. escheriana is clearly differentiated  from A. guttata and A.  thospitis by both WardÕs method and discriminant analysis.
The results of discriminant analysis and WardÕs method reveal that  A. thospitis and A. guttata may have a close evolutionary
relationship. Also, the most important shell characters (variables) that  differentiate these species from each other were determined
by discriminant analysis and the success efficiency of these techniques in systematic problems was observed.

Consequently, the results of this study showed that more precise identification can be made in classification of A. escheriana, A.
guttata and A. thospitis if classical criteria are used together with the group classification functions obtained from discriminant
analysis. 
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T�rkiye, G�neydoÛu Anadolu B�lgesiÕnde Bulunan BazÝ Assyriella T�rlerinin
(Gastropoda, Pulmonata, Helicidae), �ok DeÛißkenli Üstatistik Metodlarla AyÝrÝmÝnÝn YapÝlmasÝ

�zet: Bu �alÝßma, G�neydoÛu Anadolu B�lgesi, DiyarbakÝr ili civarÝndan toplanmÝß Assyriella genusunun �� t�r� (A. escheriana , A.
guttata ve A. thospitis)  �zerinde ger�ekleßtirilmißtir. Her bir t�r i�in 50 �rnek �zerinde, iki t�retilmiß ve altÝ kabuk deÛißkeni
incelendi. Bu �� t�r�n bazÝ sistematik problemlerinin ��z�m�ne katkÝda bulunmak amacÝyla, veriler, hiyerarßik gruplama ve
diskriminant analizi teknikleri ile deÛerlendirildi ve bu tekniklerin sistematikte ne derecede baßarÝlÝ olarak kullanÝlabilecekleri g�zlendi.

�klit uzaklÝÛÝ kullanÝlarak, Ward metodunun bu t�rleri gruplamada daha uygun bir hiyerarßik gruplama metodu olduÛu g�r�lm�ßt�r.
Hem Ward metodu hem de diskriminant analizi  A. escherianaÕyÝ  A. guttata ve A. thospitisÕten belirgin bir ßekilde ayÝrmaktadÝr.
Diskriminant analizi ve Ward metodunun sonu�larÝ, A. guttata ve A. thospitisÕin evrimsel olarak daha yakÝn akraba olabilecekleri
g�stermektedir. AyrÝca, bu t�rleri biribirinden ayÝran en �nemli kabuk karakteristikleri (deÛißkenleri) diskriminant analizi ile
belirlenmiß ve bu tekniklerin sistematikteki etkinlikleri g�zlenmißtir.

Sonu� olarak, bu �alÝßmanÝn bulgularÝ A.  escheriana, A. guttata ve  A. thospitisÕin sÝnÝflandÝrÝlmasÝnda, geleneksel kriterler,
diskriminant analizinden elde edilen grup sÝnÝflandÝrma fonksiyonlarÝ ile birlikte  kullanÝlÝrsa, daha doÛru teßhislerin m�mk�n
olabileceÛini g�stermektedir.

Anahtar S�zc�kler: Assyriella, Biyometri, Numerik Taksonomi



Due to morphological and anatomical similarity,
Assyriella species have many synonyms. For instance,
Assyriella thospitis (Sch�tt and Subai, 1996)  which was
described as a new species in 1996 (2),  was previously
considered to be Helix ergilensis by Galland in 1885.
Assyriella guttata (Olivier 1804) and Assyriella escheriana
(Bourguignat, 1864) were considered to be Helix guttata
by Olivier in 1804  and Helix escheriana by Bourguignat
in 1864, respectively.

The shell features of A.guttata and A.escheriana and
the comparative anatomy of their reproduction  systems
were studied by Ag�loÛlu and BalcÝ (3). 

The present study was carried out on 3 species of the
genus Assyriella, A. escheriana, A. guttata and A.
thospitis, collected from DiyarbakÝr province in South-
eastern Anatolia in order to clarify and contribute to the
taxonomic status  of these species by employing
hierarchical clustering and discriminant analysis
techniques and the efficiency of these techniques was
observed. Some shell characters (variables) were used in
the multivariate statistical techniques since these
characters are the basis of the original species
description.

Materials and Methods

Materials

This study was performed on the specimens of 3
species (A. escheriana, A. guttata, A. thospitis), collected
from DiyarbakÝr province in Southeast Anatolia in Turkey
between 1995 and 1999 and identified according to the
traditional taxonomic characters used by Sch�tt and Subai
(2). These specimens are kept at the Dicle University
Science Faculty Museum (DUM). Fifty specimens were
randomly drawn for each of the 3 species. The selected
specimens of A. escheriana A. guttata, and A. thospitis
were numbered [ 1-50 ], [ 51-100 ] and [101-150 ],
respectively.

Methods

Box plots

Box plots provide a simple graphical summary of a
group (groups) of cases defined by a categorical
(grouping) variable. Tukey (4) originally presented them
as schematic plots. Vellman and Hoalgin (5) introduced

them to non-technical users and demonstrated their
power for a range of data. McGill et al. (6) implemented
confidence intervals on the medians of several groups in
box plots. If the intervals around 2 medians do not
overlap, one can be about 95 % confident that the
population medians are different and so the confidence
intervals are useful for judging difference between
groups. More information about constructing and
interpreting box plots can be found in Hamilton (7).

Hierarchical clustering

There are many clustering methods and similarity
coefficients. Many of them can be found in Sneath and
Sokal (8), Hartigan (9); Abbot et al. (10) and Everit (11). 

Discriminant Analysis

Discriminant functions were developed independently
by Fisher (12), Mahaonobis (13) and Hotelling (14),
whose primary interests were in different areas. The
theoretical  base of this analysis can be found in detail in
Chatfield and Colins (15), Johnson  and  Wichern (16)
and in the publications dealing with multivariate statistics.
In summary, discriminant analysis is a technique for
finding functions so as to discriminate several groups
previously defined. It is therefore of considerable interest
to those wishing to classify specimens, on each of which
a number of measurements have been made and which
are to be collected in previously defined groups. This
analysis was employed for the same purpose in this study.

A large number of discriminant analysis studies and
hierarchical clustering applications have been described
such as in AkbayÝn et al. (17),  Togan et al. (18), �zbay
and AkbayÝn (19), Kristensen and Christensen  (20), and
Mukaratirva et al. (21).

Measurements

Two derived and 6 shell variables shown in Figure 1
and Table 1 were measured on the selected 150
specimens in millimeters by a calliper compass.  In this
way, we obtained a 150x8 data 3 with three categories.
The data matrix with descriptive statistics by categories is
given in Table 2.  STATISTICA (22)  vwas used for the
statistical analysis.

Descriptive statistics, hierarchical clustering methods
and discriminant analysis    were used to evaluate the data
matrix in order to clarify some systematic problems of
these species.
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Results

The multiple box plot given in Figure 2 was used to
determine the classificatory values of the measured
characteristics of Assyriella species in question.
Therefore, the data matrix was categorised with respect
to the species.

If Figure 2 is reviewed, the variables ShD/ShH,
ApH/ApW and TrW have no classificatory value because of
the approximately equal distribution of these variables.
So these variables were removed when the cluster
analysis was performed. On the other hand, the
remaining variables have more or less classificatory value.

In the present study, the hierarchical methods with
different similarity coefficients found in the  STATISTICA
(22) clustering module were applied to the data matrix
given in Table 2 by removing the variables (ShD / ShH,
ApH / ApW and TrW) that have no classificatory values.
The results of these operations were observed. During
the process, it was determined that WardÕs (23) method

with Euclidean distance is a more appropriate method
than the others due to its producing clusters at high
similarity level. The dendrogram obtained by WardÕs
method is given in Figure 3.,

The data matrix given in Table 2 was subjected to
discriminant analysis taking species as grouping variables.
Eigen values and discriminant functions associated with
these eigen values were obtained. These functions were
tested by chi-square statistics. The results of these
operations are given in Table 3. The test statistics shown
that the 2 discriminant functions were statistically
significant (p< 0.001) in discrimination of the 3 species.

The scatter plot of the first canonical variate (CV1) by
the second canonical variate (CV2) is presented in Figure
4.

The group classification functions are used to
determine to which group (category) a new specimen
most likely belongs.  A specimen is classified into the
group for which it has the largest classification function
score. The group classification functions are given in
Table 4.

Group classification functions were calculated for the
data matrix (see Table 2) to  see how our specimens are
classified by these functions. Observed memberships
against those predicted by these functions are given in
Table 5.

Canonical loadings are correlations between variables
and discriminant functions. These loadings are used to
determine how much and in which direction a variable
contributes to discrimination. The canonical loading
produced during the application of discriminant analysis
are given in Table 6 in decreasing order of importance.
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Figure 1. The location where measurements of

shell variables were taken on each

specimen of Assyriella. 

ab: Shell Height (ShH) 

ac: Spire Height (SpH)

dg: Shell Diameter ShD)

ef: Truncation Width (TrW)

eg: Aperture Width (ApW)

hÝ: Aperture Height (ApH)

Table 1. Measured variables of Assyriella species

Shell variable (Character) Abbreviation

Shell Diameter (mm) ShD

Shell Height (mm) ShH

Ratio of shell diameter to shell height ShD/ShH

Aperture Height (mm) ApH

Aperture Width (mm) ApW

Ratio of Aperture Height to aperture width ApH/ApW

Spire Height (mm) SpH

Truncation Width (mm) TrW

a

b

c
d

g

Ý

h

e
f
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Discussion

WardÕs method with Euclidean distance based on
these variables is the most appropriate hierarchical
clustering method for these species (A. escheriana, A.
guttata, A. thospitis) because it produces clusters at high
similarity level and the obtained clusters are in accord
with the classification determined by the traditional
method (See Figure 2 and Table 2).

Clusters I, II and III were constituated at an 87.5 %
similarity level by WardÕs method. Cluster I, which
includes specimens of A. escheriana, is clearly

differentiated from Clusters II and III, which include A.
thospitis and A. guttata respectively. However, some
specimens, which were originally described as A. thospitis
or A. guttata, fall into the same clusters. So there may be
an evolutionarily close  relationship between A. guttata
and A. thospitis rather than A. escheriana (See Figure 3).

In the case of a similarity level greater than 87.5 %,
Cluster I is segregrated into 2 sub- clusters. This result is
interpreted as A. escheriana possibly comprising 2
varieties. The impression of 2 varieties may be considered
a subject for new research (Figure 3).
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Figure 2. Multiple box plot of the measured

variables by Assyriella species. 
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The discriminant analysis as illustrated by the point of
CV1 to CV2 mainly shows 2 clusters; 1 consists of
specimens originally classified as A. escheriana and the
other includes specimens which were classified as A.
thospitis and A. guttata. The latter  cluster seems to
consist of 2 subclusters: 1 mainly consists of  A. guttata
and the other  subcluster mainly includes A. thospitis (See
Figure 4).

Figure 4 reveals that CV1 essentially serves to
distinguish A. escheriana from A. guttata and A. thospitis,
while A. guttata and A. thospitis are differentiated by
CV2. 

In the present study based on shell morphology, A.
escheriana can be clearly differentiated from A. thospitis
and A. guttata although the variability of the canonical
scores of A. escheriana was greater than that of A.
thospitis and A. guttata. On the other hand, the
convergence of the canonical scores of A. thospitis and A.
guttata support the idea that these two species may have
a close evolutionary relationship  (See Figure 4).

Group classification functions are used to determine
to which group a new specimen most likely belongs.  One
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Table 5. Observed classification (rows) against predicted 
(columns).

Percent of

Correct

Species Classification A. escheriana A. guttata A. thospitis

A. escheriana 98 49 1 0

A. guttata 84 0 42 8

A. thospitis 84 0 8 42

Total 88.66 49 51 50

Table 6. Canonical loadings in decreasing importance.*

Variable CV1 Variable CV2

SpH -0.493313 ApW 0.686959

ShH -0.480596 TrW -0.407456

ShD -0.346135 ApH/ApW -0.396973

TrW -0.311651 SpH -0.386501

ApW -0.275063 ShD 0.320868

ApH -0.201802 ShD/ShH 0.187056

ShD/ShH 0.187102 ApH 0.024679

ApH/ApW 0.051266 ShH -0.018809

*For abbreviation see Table 1 and Figure 1.

Table 3. Raw coefficients and constants for Canonical Variables.*

Variable CV1 CV2

ShD 0.0693 0.3505

ShH -1.2464 -0.3207

ShD/ShH -4.2137 -2.4573

ApH -0.5160 -1.4631

ApW 0.1105 2.1397

ApH/ApW 5.2743 24.8986

SpH -0.5799 -0.4077

TrW -1.1122 -1.5015

Constant 40.3478 -29.2369

Explained Cumulative Chi-squre P-level

variance percent of Statistics

(Eigen value) explained 

variance

9.7390 0.9792 367.69125 0.00000

0.2073 1.0000 27.03905 0.00033

*For abbreviation see Table 1 and Figure 1.

CV1: The first canonical variable, CV2: The second canonical variable

Table 4. Group classification functions and constants.*

Variable A. escheriana A. guttata A. thospitis

ShD -69.87 -70.52 -70.21

ShH 201.60 209.26 210.21

ShD/ShH 1080.85 1107.68 1109.38

ApH -251.28 -247.20 -248.27

ApW 290.38 288.27 290.50

ApH/ApW 4344.68 4296.30 4318.04

SpH 27.85 31.59 31.74

TrW 25.53 33.19 32.70

Constant -4291.02 -4504.24 -4580.43

*For abbreviation see Table 1 and Figure 1.
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Figure 3. Dendrogram obtained by WardÕs method
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can apply these functions to new data and assign each
case to the group with the largest function value for that
case. These functions given in Table 4 were applied to the
data matrix (Table 2) to see how these assignments work

for our specimens. The results of this operation are given
in Table 5. The largest percentage of specimens used in
the present study were predicted correctly by group
classification functions. We hope that the methods tried
here on a limited number of individuals will be equally
successful when further material is examined.

The order of importance of the characteristics
(variables) for discriminating these species is shown in
Table 6 in decreasing importance. SpH, ShH, ShD and
TrW are most differentiating characters for A. escheriana
from A. thospitis and A. guttata. The 4 most
differentiating characters between A. guttata and A.
thospitis are ApW, TrW, ApH / ApW and SpH in
decreasing importance. 

Consequently, the results of this study show that
more precise identification can be made in the
classification of A. escheriana, A. thospitis and A. guttata
if the classical criteria are used together with the group
classification functions.

Figure 4. The scatter plot of CV1 by CV2
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