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Summary: During the period from April – September 2004., the first systematic investigations of dragonflies of the upper Drava were carried out at 10 locations. The following methods were used: the method of collecting by entomological nets, the method of strolling and observing and the method of taking photographs. Mapping and digital analyses of the data were done by GIS tehnology, and the ArcView 3,0 program was used. The similarities of fauna were established according to the method of SØRENSEN (1948). On the basis of the 924 collected individuals at different stages of life (larvae - exuvia and adult individuals), a total of  43 species, 22 genuses, 8 families i 2 suborders of the order Odonata were established. Out of this number, 39 species are newly registered in the fauna of that area: Calopteryx virgo, Calopteryx splendens, Chalcolestes viridis, Lestes barbarus, Lestes virens, Lestes sponsa, Lestes dryas, Sympecma fusca, Platycnemis pennipes, Erythromma najas, Erythromma viridulum, Coenagrion ornatum, Coenagrion pulchellum, Enallagma cyathigerum, Ischnura pumilio, Aeshna mixta, Aeshna affinis, Aeshna viridis, Anax imperator, Anax parthenope, Brachytron pratense, Gomphus flavipes, Gomphus vulgatissimus, Somatochlora metallica, Somatochlora flavomaculata, Epitheca bimaculata, Libellula quadrimaculata, Libellula fulva, Libellula depressa, Orthetrum cancellatum, Orthetrum albistylum, Orthetrum coerulescens, Crocothemis erythraea, Sympetrum striolatum, Sympetrum vulgatum, Sympetrum meridionale, Sympetrum sanguineum, Sympetrum pedomontanum and Leucorrhinia pectoralis. The greatest abundance in qualitative structure (frequency of encounter) was found in the species: Calopteryx splendens, Platycnemis pennipes, Coenagrion puella, Ischnura elegans, Anaciaeschna isosceles and the smallest in the species: Chalcolestes viridis, Coenagrion ornatum,  Brachytron pratense and Gomphus flavipes. The established qualitative structure of the dragonflies of the Drava river area represents 59,72 % of the total number of species in Croatia which proves that the investigated area is significant for the protection of the biodiversity of the dragonfly fauna. 
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Introduction

The dragonfly larvae live in water and they breathe throught their intestines or areal water gills. In this manner they live for months and some species even for years. During their lifetime they undergo methamorphosis several times before they come out of water as adult insects. Since the greatest part of their lives is spent in the water, some species need a specific degree of water acidity as well as a specific mineral and oxygene content (ASKEW, 1988). During its larvae period a dragonfly is one of the greatest predators in its surroundings. For feeding they use the lower lip (labia), which has been transformed into a two – part - organ with teeth or thistles. The dragonfly larvae swim by thrusting water through their anus (Zygoptera), or they move the rear part of their body, with the three apendices functioning as paddles (Anisoptera). After the larvae period, the methamorphosis occurs, which can last from a few hours to one day after which the flying period of a dragonfly begins (BELLMANN, 1993). The data shown in this study relate to larvae and flying period. During the period from April – September 2004, the first systematic investigations of dragonflies of the upper Drava river were carried out at 10 locations Drava river and the surrounding areas.

Materials and Methods

The following methods were used: the method of collecting by entomological nets, the method of strolling and observing (transect - method), and the method of taking photographs. 

The material was being collected in certain time intervalls, in average it was twice a month per location. The research in Drava river was executed on free flow water areas: Drava river (loc.1, 2, 5, 8 and loc. 10.), on stagnant waters: ponds of Drava marsh: Legrad, Oparovec, Ždala Hunting Home - pond. Some special locations were also examined, like Dorje and Donja Dubrava forest. Mapping and digital analyses of the data were done by GIS tehnology, and the ArcView 3,0 program was used. The similarities of fauna were established according to the method of SØRENSEN (1948). The research relates to some characteristics of the fauna: the quality structure, and encounter frequency, the quantity structure, daily dynamics, and season dynamics.
Results and Discussion

On the basis of the 926 collected individuals at different stages of life (larvae - exuvia and adult individuals), a total of 43 species, 22 genuses, 8 families and 2 suborders of the order Odonata were established (Table 1). Following families have been established: Calopterygidae, Lestidae, Platicnemididae, Coenagrionidae, Aeshnidae, Gomphidae, Corduliidae and Libellulidae. The greatest abundance of genuses have families: Coenagrionidae, Aeshnidae and Libellulidae (total of 4 genuses), then there are Lestidae, Corduliidae (3 genuses), and Gomphidae, Calopterygidae and Platycnemididae with 1 genus each. The total of 22 genuses have been established: Calopteryx, Chalcolestes, Lestes, Sympecma, Platycnemis, Erythromma, Coenagrion, Enallagma, Ischnura, Aeshna, Anaciaeschna, Anax, Brachytron, Gomphus, Cordulia, Somatochlora, Epitheca, Libellula, Orthetrum, Crocothemis, Sympetrum and Leucorrhinia (Table 1.). The greatest abundance of species have following genuses: Sympetrum (5 species) and Lestes (4 species), then follow the Coenagrion, Aeshna, Libellula, Orthetrum (3 species), Calopteryx, Erythromma, Ischnura, Anax, Gomphus, Somatochlora (2 species), and the least number of species have the genuses of Chalcolestes, Sympecma, Platycnemis, Enallagma, , Anaciaeschna, Brachytron, Corduliia, Epitheca, Crocothemis, and Leucorrhinia (1 species). Out of this number, 38 species are newly registered in the fauna of that area: Calopteryx virgo, Calopteryx splendens, Chalcolestes viridis, Lestes barbarus, Lestes virens, Lestes sponsa, Lestes dryas, Sympecma fusca, Platycnemis pennipes, Erythromma najas, Erythromma viridulum, Coenagrion ornatum, Coenagrion pulchellum, Enallagma cyathigerum, Ischnura pumilio, Aeshna mixta, Aeshna affinis, Aeshna viridis, Anax imperatr, Anax parthenope, Brachytron pratense, Gomphus flavipes, Gomphus vulgatissimus, Somatochlora metallica, Somatochlora flavomaculata, Epitheca bimaculata, Libellula quadrimaculata, Libellula fulva, Libellula depressa, Orthetrum cancellatum, Orthetrum albistylum, Orthetrum coerulescens, Crocothemis erythraea, Sympetrum striolatum, Sympetrum vulgatum, Sympetrum meridionale, Sympetrum sanguineum, Sympetrum pedomontanum and Leucorrhinia pectoralis. The greatest abundance in qualitative structure (frequency of encounter) was found in the species: Calopteryx splendens, Platycnemis pennipes, Coenagrion puella, Ischnura elegans, Anaciaeschna isosceles and the smallest in the species: Chalcolestes viridis, Coenagrion ornatum, Brachytron pratense, Sympetrum pedemontanum, Gomphus flavipes, and Leucorrhinia pectoralis (Table 2.).

Table 1. List of the established families, genuses and species of dragonfly within the researched area

	FAMILY
	GENUS
	SPECIES

	CALOPTERYGIDAE
	CALOPTERYX Leach 1815
	Calopteryx virgo (Linnaeus) 1758

	
	
	Calopteryx splendens (Harris) 1782

	LESTIDAE
	CHALCOLESTES Kennedy 1920
	Chalcolestes viridis (Vander Linden) 1825

	
	LESTES Leach 1815
	Lestes barbarus (Fabricius) 1798

	
	
	Lestes virens (Charpentier) 1825

	
	
	Lestes sponsa (Hansemann) 1823

	
	
	Lestes dryas Kirby 1890

	
	SYMPECMA Burmeister 1839
	Sympecma fusca (Vander Linden) 1820

	PLATYCNEMIDIDAE
	PLATYCNEMIS Burmeister 1839
	Platycnemis pennipes (Pallas) 1771

	COENAGRIONIDAE
	ERYTHROMMA Charpentier 1840
	Erythromma najas (Hansemann) 1823

	
	
	Erythromma viridulum (Charpentier)

	
	COENAGRION Kirby 1890
	Coenagrion ornatum (Selys) 1850

	
	
	Coenagrion puella (Linnaeus) 1758

	
	
	Coenagrion pulchellum (Vander Linden) 1825

	
	ENALLAGMA Charpentier 1840
	Enallagma cyathigerum (Charpentier) 1840

	
	ISCHNURA Charpentier 1840
	Ischnura pumilio (Charpentier) 1825

	
	
	Ischnura elegans (Vander Linden) 1820

	AESHNIDAE
	AESHNA Fabricius 1775
	Aeshna mixta Latreille 1805

	
	
	Aeshna affinis Vander Linden 1823

	
	
	Aeshna viridis Eversmann 1836

	
	ANACIAESCHNA
	Anaciaeschna isosceles (Müller) 1767

	
	ANAX Leach 1815
	Anax imperator Leach 1815

	
	
	Anax parthenope (Selys) 1839

	
	BRACHYTRON Selys 1850
	Brachytron pratense (Müller) 1764

	GOMPHIDAE
	GOMPHUS Leach 1815
	Gomphus flavipes (Charpentier) 1825

	
	
	Gomphus vulgatissimus (Linnaeus) 1758

	CORDULIIDAE
	CORDULIA Leach 1815
	Cordulia aenea (Linnaeus) 1758

	
	SOMATOCHLORA Selys 1871
	Somatochlora metallica (Vander Linden) 1825

	
	
	Somatochlora flavomaculata (Vander Linden) 1825

	
	EPITHECA Charpentier 1840
	Epitheca bimaculata (Charpentier) 1825

	LIBELLULIDAE
	LIBELLULA Linnaeus 1758
	Libellula quadrimaculata Linnaeus 1758

	
	
	Libellula fulva Müller 1764

	
	
	Libellula depressa Linnaeus 1758

	
	ORTHETRUM Newmann 1833
	Orthetrum cancellatum (Linnaeus) 1758

	
	
	Orthetrum albistylum (Selys) 1848

	
	
	Orthetrum coerulescens (Fabricius) 1798

	
	CROCOTHEMIS Brauer 1868
	Crocothemis erythraea (Brulle) 1832

	
	SYMPETRUM Newman 1833
	Sympetrum striolatum (Charpentier) 1840

	
	
	Sympetrum vulgatum (Linnaeus) 1758

	
	
	Sympetrum meridionale (Selys) 1841

	
	
	Sympetrum sanguineum (Müller) 1764

	
	
	Sympetrum pedemontanum (Allioni, 1766)

	
	LEUCORRHINIA Brittinger 1850
	Leucorrhinia pectoralis (Charpentier) 1825

	Σ                 8
	22
	43


Table 2. Qualitative structure and frequency of encounter of the species within the researched area

	No.
	Species
	(Frequency)
	F (%)

	1.
	Calopteryx splendens
	6
	100.00

	2.
	Platycnemis pennipes
	6
	100.00

	3.
	Coenagrion puella
	6
	100.00

	4.
	Ischnura elegans
	6
	100.00

	5.
	Anaciaeschna isosceles
	6
	100.00

	6.
	Calopteryx virgo
	5
	  83.33

	7.
	Erythromma viridulum
	5
	  83.33

	8.
	Ischnura pumilio
	5
	  83.33

	9.
	Aeshna mixta
	5
	  83.33

	10.
	Anax imperator
	5
	  83.33

	11.
	Crocothemis erythraea
	5
	  83.33

	12.
	Sympetrum sanguineum
	5
	  83.33

	13.
	Erythromma najas
	4
	  66.66

	14.
	Coenagrion pulchellum
	4
	  66.66

	15.
	Enallagma cyathigerum
	4
	  66.66

	16.
	Aeshna affinis
	4
	  66.66

	17.
	Aeshna viridis
	4
	  66.66

	18.
	Cordulia aenea
	4
	  66.66

	19.
	Somatochlora metallica
	4
	  66.66

	20.
	Somatochlora flavomaculata
	4
	  66.66

	21.
	Orthetrum albistylum
	4
	  66.66

	22.
	Sympetrum meridionale
	4
	  66.66

	23.
	Lestes barbarus
	3
	  50.00

	24.
	Lestes virens
	3
	  50.00

	25.
	Lestes sponsa
	3
	  50.00

	26.
	Lestes dryas
	3
	  50.00

	27.
	Sympecma fusca
	3
	  50.00

	28.
	Anax parthenope
	3
	  50.00

	29.
	Epitheca bimaculata
	3
	  50.00

	30.
	Libellula quadrimaculata
	3
	  50.00

	31.
	Libellula fulva
	3
	  50.00

	32.
	Libellula depressa
	3
	  50.00

	33.
	Orthetrum cancellatum
	3
	  50.00

	34.
	Gomphus vulgatissimus
	3
	  50.00

	35.
	Orthetrum coerulescens
	3
	  50.00

	36.
	Sympetrum striolatum
	3
	  50.00

	37.
	Sympetrum vulgatum
	3
	  50.00

	38.
	Leucorrhinia pectoralis
	3
	  50.00

	39.
	Chalcolestes viridis
	2
	  33.33

	40.
	Coenagrion ornatum
	2
	  33.33

	41.
	Brachytron pratense
	2
	  33.33

	42.
	Gomphus flavipes
	2
	  33.33

	43.
	Sympetrum pedemontanu
	2
	  33.33

	
	TOTAL
	161
	2549,88


The analysis of quantity shows that the most numerous species is Coenagrion puella with 16,66 % in dragonfly fauna within the reaserched area. There follows the species of Ischnura elegans 14,33 %, Calopteryx splendens 13,66 %, Platycnemis pennipes 12,5 %. These three species represent 7,14 % of the dragonfly fauna within the researched area. On the other hand, the species of Erythromma viridulum 7,66 %, Sympetrum sanguineum 7,33 %, Aeshna isossceles 6,66 %, Aeshna mixta 6,16 %, represent the total of 9,52 % within the researched area. The remaining 34 species are represented with less than 5%. Within the total number they are represented with 11,76 % and thus they belong to rare species within the researched area. The most rare species are those that participate with less than 1% compared to the total number of the established species, and those are: Lestes virens and Anax parthenope. (Table 3.).
Table 3. Quantity structure of the dragonfly fauna within the researched area

	No.
	Species
	Total
	Freq. Tot.(%)*

	1.
	Coenagrion puella
	100
	16.66

	2.
	Ischnura elegans
	86
	14.33

	3.
	Calopteryx splendens
	82
	13.66

	4.
	Platycnemis pennipes
	75
	12.5

	5.
	Erythromma viridulum
	46
	7.66

	6.
	Sympetrum sanguineum
	44
	7.33

	7.
	Anaciaeschna isosceles
	40
	6.66

	8.
	Aeshna mixta
	37
	6.16

	9.
	Crocothemis erythraea
	28
	4.66

	10.
	Aeshna affinis
	23
	3.83

	11.
	Calopteryx virgo
	20
	3.33

	12.
	Anax imperator
	20
	3.33

	13.
	Aeshna viridis
	19
	3.16

	14.
	Orthetrum albistylum
	19
	3.16

	15.
	Ischnura pumilio
	18
	3.00

	16.
	Cordulia aenea
	16
	2.66

	17.
	Libellula fulva
	16
	2.66

	18.
	Sympetrum meridionale
	15
	2.50

	19.
	Enallagma cyathigerum
	14
	2.33

	20.
	Somatochlora metallica
	14
	2.33

	21.
	Orthetrum cancellatum
	14
	2.33

	22.
	Erythromma najas
	13
	2.16

	23.
	Lestes barbarus
	11
	1.83

	24.
	Coenagrion pulchellum
	10
	1.66

	25.
	Gomphus flavipes
	10
	1.66

	26.
	Somatochlora flavomaculata
	10
	1.66

	27.
	Libellula depressa
	10
	1.66

	28.
	Lestes dryas
	9
	1.50

	29.
	Epitheca bimaculata
	8
	1.33

	30.
	Libellula quadrimaculata
	8
	1.33

	31.
	Sympetrum striolatum
	8
	1.33

	32.
	Sympetrum vulgatum
	8
	1.33

	33.
	Leucorrhinia pectoralis
	8
	1.33

	34.
	Sympetrum pedemontanum
	8
	1.33

	35.
	Chalcolestes viridis
	7
	1.16

	36.
	Lestes sponsa
	7
	1.16

	37.
	Brachytron pratense
	7
	1.16

	38.
	Gomphus vulgatissimus
	7
	1.16

	39.
	Orthetrum coerulescens
	7
	1.16

	40.
	Sympecma fusca
	6
	1.00

	41.
	Coenagrion ornatum
	6
	1.00

	42.
	Lestes virens
	5
	0.83

	43.
	Anax parthenope
	5
	0.83

	
	TOTAL
	924
	    153,99


*Freq.Tot. (%) - total frequency in percent
The analysis of the established number of dragonfly on different locations show that the greatest number of species have been found on locations: Ždala Hunters home pond (42 species) and – Legrad pond (41 species). Locations with little less species are: Oparovec - channel (34 species) and Prelog pond (28 species). The lowest rate of abundance is on locations: Đeletkovec (18 species), Ferdinandovac (17 species) and Podravske Sesvete with 15 species of dragonfly (Fig. 1).
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Figure 1. Total number of dragonfly species within research locations

The analysis of the number of the collected dragonfly individuals on the research locations show that the greatest abundance has been established on location Ždala huntig home - pond with 123 individuals and Legrad - pond with 112 inividuals. This location is under great anthropogenic influence (fishponds), and these are the locations on wich most of the european dragonfly species usually have their existance. 
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Figure 2. Total number of established individuals on research locations

These locations contain between 90 and 100 % of the total number of established individuals. Locations that have between 80 and 90 of the collected individuals are: Oparovec - pond, Prelog –pond, Kotoriba, and Donja Dubrava and they comprise 60 - 80% of the collected individuals. Location with 88 collected individuals are Drnje and with 85 individuals are Đeletkovec. Total number of the collected individuals on these locations is 53,55 %. The least number of collected individuals (60) has been established on location Podravske Sesvete. Total number of the collected individuals on these locations is less than 50% (Fig. 2).

The established qualitative structure of the dragonflies of the upper Drava river area represents 59,72 % of the total number of species in Croatia which proves that the investigated area is significant for the protection of the biodiversity of the dragonfly fauna. 
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