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Horse flies (Diptera: Tabanidae) are known world-wide as important mechanical vectors of viruses, 
bacteria, protozoans, and helminths that cause diseases in wild and domestic animals. Tabanus bromius 
L. is common species worldwide, which shows considerable variation in the size of the body due to its 
adaptation to different habitats. In this paper, thirteen populations of this species, which are collected 
from different habitats and ecological regions (forests, sea sides and alpines) at altitudes between 5-2200 
meters in Anatolia and Aegean were compared using geometric morphometries. When the wing shape 
differences of populations were analyzed by UPGM, the cluster analyses recognized two main groups 
of populations, one group comprising Afyon (890 m), Amasya (800 m), Artvin (960 m), Bolu (1200 m), 
Eskişehir (1170 m), Kastamonu (600 m) and Zonguldak (1050 m) while the second group comprised 
Bursa (700 m), Giresun (150 m), Sinop (160 m), Samsun (340 m), Karabük (230 m) and Trabzon (200 m).

INTRODUCTION

Tabanus bromius is one of the most common and 
variable species of dipterous family Tabanidae with 

a wide distribution. The variability in this species is the 
differences between the forehead structures particularly in 
the females. Extremely pale examples are usually found in 
the south parts of distribution areas. The individuals which 
are distributed in this region were named as T. bromius var. 
flavofemoratus by Strobl.

Morphometry can be considered as the geometric 
examination of the variations that occur in the shapes or 
a combination of biological, geometrical and statistical 
science. Morphometry can be divided in itself into 
traditional morphometry which examines biological 
variations and similarities by linear measurements and 
geometric morphometry which presents the dimensions 
and shapes of the structures through 2 or 3 dimensional 
landmark data (Bookstein, 1982).

Not only 3 dimensional structures such as skull and 
bone but also 2 dimensional structures such as wings 
can be compared by means of geometric morphometry. 
The reliability of the landmark data obtained from 
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2 dimensional structures is quite high due to technical 
faults. However, existing differences can be made 
meaningful by using a sufficient number of landmarks and 
individuals. 
Statistical shape analysis compares body forms using spe-
cific landmarks that are determined based on anatomical 
prominence (Ercan et al., 2008a). The proper use of ana-
tomical shape information could significantly improve our 
understanding of evolutionary processes and anatomical 
changes due to pathological disorders (Fritscher et al., 
2004).

In this study, wing shape of different populations of 
female T. bromius L., which were collected from different 
locality, altitude and habitats of Turkey were compared by 
geometric morhometric analysis. 

MATERIALS AND METHODS

Female individuals of T. bromius registered in the 
inventory of the Zoology Museum of Anatolian University, 
Faculty of Science Department of Biology were used 
as the study material. These individuals were seized by 
using Malaysian type of trap during several field surveys. 
Female individuals which are study materials were purified 
from internal and external parasites (Mayr and Ashlock, 
1991). Therefore, morphometric data was prevented to 
be affected by potential traumas. 211 bodies for each part 
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which were collected from Afyon, Amasya, Artvin, Bolu, 
Bursa, Eskişehir, Giresun, Karabuk, Kastamonu, Samsun, 
Sinop, Trabzon and Zonguldak cities (Fig. 1) were full 
sample randomly selected. 

Fig. 1. Study area.

Fig. 2. Landmarks used in the present study. 1, Rs*R2+3; 2, 
R4*r-m; 3, M1*r-m; 4, br*d; 5, m-cu*M3; 6, m-cu*M4;7, 
m-cu*CuA;8, A1*CuA; 9, Basal end of CuA; 10, Basal end 
of M4; 11, Basal end of M3; 12, M3*m-m; 13, Basal end of 
M2; 14, Basal of M2; 15, m-m*M2; 16, Basal end of M1; 
17, Basal end of R5; 18, R5*R4; 19, Basal end of R4; 20, 
Basal end of R2+3

For the morphometry studies which will be done 
on the wings, right wings were taken out and fixed by 
using entellan on a clean lam (Merck KgaA, Darmstadt, 
Germany) and labeled.

Standard anthropometric landmarks were chosen and 
marked on digital images as 2D coordinates for landmarks 
in the wing images (Fig. 2). Images of the wings were 
obtained with a 5 megapixel Leica DFC 480 digital camera 
from a distance of 10 centimeters. The landmarks were 
recorded using TPSDIG 2.04 software. For each wing 
image, 20 anthropometric landmarks on the wing were 
defined.

Statistical analysis
Cluster analysis was used to classify the wings. 

Clustering methods are designed to create the 
homogeneous groups of cases called clusters (Aldenderfer 
and Blashfield, 1989). The similarity between wings was 
calculated according to general and landmark-based terms. 
For this aim, the Procrustes distance was used to calculate 
the similarity between individuals. The average linkage 
method (also known as UPGMA) was used for merging 
clusters.

General Procrustes Analysis (GPA) was applied 
in order to examine the differences between clusters 
according to mean shapes. The homogeneity of the 
variance–covariance matrices was examined using the 
Box-M test (Dryden and Mardia, 1998). As the variance–
covariance matrices were not homogeneous, the James Fj 
test was performed based on a resampling procedure was 
used for comparisons (Brombin and Salmaso, 2009). 

The shape deformations were evaluated using Thin 
Plate Spline (TPS) analysis. Procrustes mean shapes were 
calculated for TPS analysis. Based on the results of the TPS 
analysis, the areas exhibiting the greatest enlargements 
or reductions were marked in different colors to indicate 
deformations.

To obtain the overall measurements of shape 
variability, the root mean square of Kendall’s Riemannian 
distance to the mean shape was calculated.

For other statistical comparisons the concordance of 
the data to normal distribution was examined with Shapiro 
Wilk test and Mann Whitney test was used for between 
group comparisons. Data was presented with median 
(minimum-maximum) values.

R, PAST, ClustanGraphics 8.00 and TpsSmall 1.20 
software were used for statistical analysis.

Landmark reliability
We calculated the intra-rater reliability coefficient 

for a two-facet crossed design (‘landmark pairs-by-rater-
by-subject’, l x r x s) based on the generalizability theory 
(GT) (Ercan et al., 2008b). In the GT, the reliability for 
relative (norm-referenced) interpretations is referred to 
as the generalizability (G) coefficient (Dimitrov, 2006). 
In this study, the landmarks were marked by the same 
investigator. After a month, the same investigator marked 
the landmarks on 20 wings randomly selected from the 
study population. An analysis was performed to obtain 
a G reliability coefficient. The rating indicated a strong 
repeatability for subjects (G=0.9997).

RESULTS

In our study, the subjects could be split into two groups 
according to their similarity. Two clusters were determined 
at the dissimilarity level of 0.046. The wings similarity was 
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calculated according to general and landmark-based terms.
Ninety per cent (90.05%) of the wings accumulated 

in the clusters, the rest were considered as outliers. A 
dendogram using average linkage is shown in Figure 3.

Fig. 3. Dendogram indicating the classification of wings in 
terms of levels of Procrustes dissimilarity.

Fig. 4. The mean Procrustes shapes of cluster-I (o) and 
cluster-II (x).

One of these clusters (cluster-I) comprises 19.91% 
(42/211) and the second cluster (cluster-II) comprises 
70.14% (148/211) of the total subjects.

There was a significant difference in terms of mean 

shapes (Fig. 4) that were found between clusters (p=0.010). 
To obtain the overall measurements of shape variability, 
the root mean square of Kendall’s Riemannian distance to 
the mean shape was calculated. The overall measures of 
the shape variability of the clusters were the same (0.027).

Table I.- Comparison between clusters.

Altitude Precipitation Humidity Wind
Cluster-I 
(n=42)

750 
(105-1200)

36 
(24-73)

72 
(60-78)

2.20 
(1.40-3.10)

Cluster-II 
(n=148)

340 
(105-1200)

42 
(24-80)

72 
(60-78)

2.10 
(1.20-3.10)

p-value 0.012 0.007 0.656 0.031

Data are presented as median minimum-maximum.

Table I represents the comparisons according to 
climatic and geographic properties of the locations where 
the samples were collected according to the classifications 
of the wing shapes determined by cluster analysis.

Shape deformation of the mean shapes of the wings 
relative to each other (cluster-I to cluster-II) for each 
determined cluster was examined by using TPS analysis 
(Fig. 5).

Fig. 5. Thin plate spline (TPS) graphics demonstrating the 
shape deformation from cluster-I to cluster-II.

DISCUSSION

The powers of the organisms to continue their 
living functions are associated with their capacity of 
accommodation to environmental conditions. The 
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organisms which can accommodate themselves to abiotic 
and biotic environment in the best way are the livings 
which are able to continue their survival longest within 
the evolutionary process. Moreover, the variation of the 
effects of the abiotic environment on the growth and breed 
of the organisms are quite important because the species 
is affected by the variations in the distribution (Futuyma, 
1998; Sinclair et al., 2003).

All kinds of variations which may occur in the 
environmental conditions affect the distribution in vector 
organisms. It directs the epidemiology of the parasitic 
diseases such as leishmaniasis and loasis. Environmental 
variations which may occur in natural ways or by means 
of human beings change the vector, host and the ambient 
conditions of the parasite. All kinds of vector organisms 
which are vectors occupy a niche in the population. 
Populations of these species differ in terms of behavioural 
and genetic characteristics because they accommodate to 
different environments (Patz et al., 2000).

Geographical variations are considered to be an 
indication of accommodation to micro environment. The 
variations between the populations in different heights can 
emerge as a result of the accommodation to factors such as 
different temperature, rainfall, wind and humidity (Karan 
et al., 2000). This can be the consequence of the variation 
in T. bromius female individuals.

Statistical studies which are done on the shape 
variations between the populations are important in 
understanding the variations in the anatomic structures 
and biological processes (Fritscher et al., 2004; Etoz 
and Ercan, 2012). There has been an increasing interest 
on statistical shape analysis in medicine and the field of 
biology in the last 20 years. The main reason for such 
widely use of statistical shape analysis is to examine the 
progresses in monitoring technologies, effects of diseases 
and environmental factors on the organ structure or the 
organism (Ercan et al., 2012).

In this study, T. bromius female specimens collected 
from 4 different regions which could vary according to 
climatic characteristics (Aegean, Anatolian, Black Sea and 
Marmara Regions) of Turkey were examined in terms of 
wing shape differences. The result of the study on analyzed 
samples were separated in two main groups and it was 
concluded that the effects of the altitude, rain and wind 
make difference on the shape of wing, while the effect 
of relative humidity does not. Size differences and wing 
shape differences divide populations into two main groups. 
Afyon, Amasya, Artvin, Bolu, Eskişehir, Kastamonu 
comprised the first group, while Bursa, Giresun, Sinop, 
Samsun, Karabük, Trabzon and Zonguldak comprised 
the second group. In this study, flies were clustered into 
two groups in regard to their wing shapes. There were 

significant differences between these groups according 
to precipitation, wind and altitude factors. So, it could be 
considered that these climatic features could be effective 
on wing morphology of the flies.

As a result of changes in populations which occur in 
individuals of different heights depending on the height 
of these differences in shape and size due to differences 
in the levels of height is thought to be caused by variable 
climatic conditions. Height with increasing temperature 
due to the growth periods of falling from heights among 
the individuals will take longer. In this case, the access 
time will be longer and the low height of the maturity of 
individual blood absorption by individuals thought will 
have a small body.

When comparing climatic data of populations 
habitats, temperature, altitude and precipitation could be 
considered to be more effective in differentiation of body 
size and shape than the other factors. In addition, body size 
depends upon a large number of ecological, physiological 
and genetic variables. To fully understand the effects of 
altitude and latitude on the body, all effects of genetic 
information and environmental components on the body 
must be known. For example, the body size of the larval 
mosquito larval habitat quality is considered to be related 
to the competition (Strickman and Kittayapong, 2003; 
Schneider et al., 2004).

Depending on the differences of altitude, rain and 
winds in habits of specimens, the regional differences of 
wing shape, especially basal radial cell, basal medial cell 
and discal cell were shown. It could be inferred from that 
wing speed in the highest altitudes is generally greater 
than the lower altitude, so specimens, who adopt the high 
altitudes, are bigger than the other specimens. Also, the 
differences depending on the climatic conditions were 
observed in the posterior cubital cells of the wings. On the 
other hand, it could be observed in the shape deformation 
graphic that the medial cells of the wing were differentiated 
with wind speeds. The wing shape of the flies does not 
differ statistically according to climatic characteristics; 
however it was found that wing shapes are similar with 
regard to shape variability.

It could be considered that this situation observed 
among the individuals in different populations is associated 
with environmental conditions which are effective during 
larval development. The larvae of T. bromius species 
is completely aquatic habitats of the larvae showing 
development and a direct exposure to water, physical and 
chemical changes in the larvae may create a difference 
in their development. In addition, it could be taken into 
consideration that as the larvae are predators, the dietary 
differences could affect their development and create a 
difference in terms of shape and size in larvae’ adult stages 
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of development. For example, cadmium and lead which 
accumulate in water were found out to have a negative 
influence on populations (Altunsoy and Kılıç, 2012). The 
intensity of these heavy metals in the water could cause 
minor differences in the shape.

According to the results obtained in this study, 
T.bromius species female subjects altitude, wind and 
precipitation changes were discovered to be statistically 
significant on the wing shape, while humidity was not found 
to be statistically significant. Geometric morphometric, 
organisms changes in shape and size make it easier to 
define and measure. However, because these changes 
are occurring in phenotype is not only the environmental 
conditions. It must be known that genetic factors are 
effective on the size and shape of the body. Therefore, 
differences in shape and size to be considered in future 
studies investigating the genetic factors will ensure more 
reliable results.

CONCLUSION

In conclusion, this study is first implication of 
morphometric analysis on the horse flies, which are 
important mechanical vectors between wild and domestic 
animals and also human. Ecological and climatic factors 
effects distribution, seasonal activity, life cycle and 
morphological characters of horse flies. Consequently, as 
could be interpreted in this study, it brings out necessity of 
researches on other species of family and other countries.

ACKNOWLEDGEMENTS

This research has been supported by project of 
Anadolu University numbered BAP-1502F074.

Statement of conflict of interest
Authors have declared no conflict of interest.

REFERENCES

Aldenderfer, M.S. and Blashfield, R.K., 1984. Cluster 
analysis. Sage Publications, Newbury Park, CA. 
https://doi.org/10.4135/9781412983648

Altunsoy, F. and Kılıç, A.Y., 2010. New systematic 
record for the Turkish Tabanidae (Insecta: Diptera) 
fauna. J. entomol. Res. Soc., 12: 109-111.

Altunsoy, F. and Kılıç, A.Y., 2011. New data about 
Tabanus karaosus Timmer 1984 (Insecta: Diptera) 
from Turkey. J. entomol. Res. Soc., 13: 77-82.

Altunsoy, F. and Kılıç, A.Y., 2012. Seasonal abundance 
of Horse Fly (Diptera: Tabanidae) in Western 
Anatolia. J. entomol. Res. Soc., 14: 95-105.

Brombin, C. and Salmaso, L., 2009. Multi-aspect 
permutation tests in shape analysis with small 
sample size. Comput. Stat. Data Analy., 53: 3921-
3931. https://doi.org/10.1016/j.csda.2009.05.010

Bookstein, F.L., 1982. Foundations of morphometrics. 
Annu. Rev. Ecol. Syst., 13: 451-470. https://doi.
org/10.1146/annurev.es.13.110182.002315

Chvala, M., Lyneborg, L. and Moucha, J., 1972. The 
horse flies of Europe (Diptera: Tabanidae). 
Entomological Society of Copenhagen. E. W. 
Classey Ltd. Hampton. pp. 442 

Dimitrov, D.M., 2006. Reliability in assessment for 
counselors. (ed. B.T. Erford) Houghton-Mifflin/
Lahaska Press Chapter 3 Boston, pp. 99-122.

Dryden, I.L. and Mardia, K.V., 1998. Statistical shape 
analysis. 4, John Wiley and Sons New York. pp. 
151-173.

Ercan, I., Ozdemir, S.T., Etoz, A., Sigirli, D., Tubbs, 
R.S., Loukas, M. and Guney, I., 2008a. Facial 
asymmetry in young healthy subjects evaluated by 
statistical shape analysis. J. Anat., 213: 663-669. 
https://doi.org/10.1111/j.1469-7580.2008.01002.x

Ercan, I., Ocakoglu, G., Guney, I. and Yazici, B., 2008b. 
Adaptation of generalizability theory for inter-rater 
reliability for landmark localization. Int. J. Tomogr. 
Stat., 9: 51-58.

Ercan, I., Ocakoglu, G., Sigirli, D. and Ozkaya, G., 
2012. Statistical shape analysis and usage in 
medical sciences: Review. Turk. Klin. J. Biostat., 
4: 27-35.

Etoz, A. and Ercan, I., 2012. Anthropometric analysis 
of the nose. Handbook of anthropometry: physical 
measures of human form in health and disease. 
Springer, Chapter 54. pp. 919-926. https://doi.
org/10.1007/978-1-4419-1788-1_54

Fritscher, K.D., Pilgram, R., Leuwer, R., Habermann, 
C., Muller, A. and Schubert, R., 2004. Analyzing 
inter-individual shape variations of the middle 
ear cavity by developing a common shape model 
based on medial representation. Computer Assisted 
Radiology and Surgery. Proc. 18th Int. Cong. 
Exhibit, 1268: 243-248. https://doi.org/10.1016/j.
ics.2004.03.190

Futuyma, D.J., 1998. Evolutionary biology. Sinauer 
Associates, Inc., Sunderland, Massachusetts. Third 
Edition, pp. 763.

Krcmar, S., 2004. Ecological notes on Tabanus bromius 
L. and Haematopota pluvialis (L.), (Diptera: 
Tabanidae) of some flood areas in Croatian sections 
of the river Danube. J. Vector Ecol., 29: 376-378.

Krcmar, S., 2005. Seasonal abundance of horse flies 
(Diptera: Tabanidae) from two locations in eastern 



1018                                                                                        F. Altunsoy et al.

Croatia. J. Vector Ecol., 30: 316-321.
Karan, D., Dubey, S., Moreteau, B., Parkash, R. 

and David, J.R., 2000. Geographical clines for 
quantitative traits in natural populations of a tropical 
drosophilid: Zaprinonus indanus. Genetica, 108: 
91-100. https://doi.org/10.1023/A:1004090517967

Leclercq, M., 1952. Introduction â I’ êtude des Tabanides 
et rêvision des espê ces de Belgique. Inst. R. Sci. 
Nat. Belg. Mem., 123: 1-80, 30 cartes.

Mayr, E. and Ashlock, P.D., 1991. Principles of 
systematic zoology. McGraw-Hill Inc, London.

Olsufjev, N.G., 1937. Fauna USSR, 7: 433 - 216 figs., 
Moskova- Leningrad. (In Russian and German).

Olsufjev, N.G., 1977. Faune de 1’ USSR insectes 
Dipteres, VII, 2: Tabanidae. Academical Sciences 
URSS. Trav. Zool. 113, Leningrad, pp. 434.

Patz, J.A., Graczky, T.K., Geller, N. and Vittor, A.Y., 
2000. Effects of environmental change on emerging 
parasitic disease. Int. J. Parasitol., 30: 1395-1405. 
https://doi.org/10.1016/S0020-7519(00)00141-7

Richtsmeier, J.T., Paik, C., Elfert, P., Cole III, T.M., 

Dahlman, H.. 1995. Precision, repeatability and 
validation of the localization of cranial landmarks 
using computed tomography scans. Cleft 
Palate Craniofac. J., 32: 217–227. https://doi.
org/10.1597/1545-1569(1995)032<0217:PRAVOT
>2.3.CO;2

Schneider, J.R., Morrison, A.C., Astete, H., Scott, T.W. 
and Wilson, M.L., 2004. Adult size and distribution 
of Aedes aegypti (Diptera: Culicidae) associated 
with larval habitats in Iquitos, Peru. J. med. Ent., 
41: 634–642.

Sinclair, B.J., Vernon, P., Klok, C.J. and Chown, S.L., 
2003. Insects at low temperatures: an ecological 
perspective. Trends Ecol. Evol., 18: 257-262. 
https://doi.org/10.1016/S0169-5347(03)00014-4

Strickman, D. and Kittayapong, P., 2003. Dengue and 
its vectors in Thailand: calculated transmission 
risk from total pupal counts of Aedes aegypti and 
association of wing-length measurements with 
aspects of the larval habitat. Am. J. Trop. Med. 
Hyg., 68: 209–217.


