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 je  U. crassus  
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 A. anatina 
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crassus A. anatina. 
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U. tumidus.  
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.   (II 
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cology, biodiversity and conservation of freshwater mussels family 
Unionidae in Serbia 

Summary: 
 

Freshwater mussels from the family Unionidae, represent one of the most significant 
and widespread components of inland water ecosystems. Ecological role of this taxonomic 
group within water ecosystems is of great significance being an important structural and 
functional element of benthic communities. The diversity and distribution of Unionidae have 
not been researched adequately so far in Serbia, neither the species richness, nor general 
distribution of individual species and factors affecting the emergence of the taxon and 
populations density. 

 
The aims of this research were: review of total number of species in Serbia; analysis of 

structure and dynamics of Unionidae populations; definition of relations between species and 
most significant environment parameters; morphological variability analysis of different 
populations applying the method of geometric and traditional morphometrics and, as the final 
aim, risk evalulation regarding aquatic species extinction on national level and a conservation 
strategy recommendation.  

 
Material used for analysis was collected during the realization of several national and 

international projects during the period 2001-2013. Besides contemporary researches, the 
analysis also includes historical data obtained from available c
the Natural History Museum in Belgrade, period 1953-1972.  

 
A thorough material analysis in the region of Serbia led to the determination of 

presence of 7 fresh water mussels species from family Unionidae, classified into 3 genera. 
The highest diversity and population abundance were recorded in lower parts large lowlan 
rivers (potamon zone). The detailed overview of communities composition found in the 
investigated river basins with a review of taxonomic and ecological traits of individual species 
was presented. 

 
The comparison of historical data and contemporary investigations shows there are 

changes in habitat size and population dynamics of individual taxons. Significant reduction in 
the habitat size, i.e. complete retreat from the area where it used to be found earlier was 
determined for the species A. cygnea and lentic ecosystems can be marked as their refugium, 
such as accumulations, lakes, marsh and swamp regions in Serbia.  

 
Based on historical data, it was determined that U. crassus species used to be 

widespread and one of the most represented species in whole region of Serbia until mid-
1970's. After that period, in the investigations carried out during last several decades, the 
decrease in the number of this population was observed, as well as only sporadic findings in a 
limited area. The latest investigations indicate to a positive population trend of this species, 
especially in the Sava river basin.  

 
The invastigation of relations among present species based on physical and chemical 

characteristics of water in analyzed localities has shown that the most important physical and 
chemical parameters are as follows: Calcium concentration, total water hardness, BPK5, 
HPK, nitrate concentration and ammonium ion concentration.  



 

The results of canonical correspondence analysis indicate to an expectedly higher 
sensitivity of species U. crassus to BPK, HPK, nitrates and ammonium ion concentration, i.e. 
greater tolerance of species A. anatina to the above listed factors. 

 
The parameters with the most significant influence on freshwater mussels community 

among the group of heavy metals are the concentrations of copper, lead and cadmium in 
water. The results of canonical correspondence analysis indicate to an increased sensitivity of 
species U. crassus to these factors, while a greater tolerance of species A. anatina to these 
factors was recorded. 

 
Using geometric morphometrics method, the size and shape variability of shell left 

valva of different contemporary shell populations samples were analized, as well as the 
specimens belonging to museum samples. Geometric morphometrics analysis of recent 
samples confirms the existence of statistically significant intrapopulation differences in size 
and shape variability of morphological structures. Morphological structures variability 
analysis of museum samples, applying the geometric morphometrics method, does not 
confirm the existence of significant differences within variability of size and shape of various 
varieties, except in the case of U. tumidus. 

 
Using shell variability analysis based on nine linear characters, applying the traditional 

morphometric approach, the existence of intrapopulation differences was determined, as well 
as a similar trend of deviations like in geometric morphometrics analysis.  

 
Applying the modified model ESHIPPO-PD, the risk of extinction and the priority of 

conservation on a local level were determined for the analized species. The first level of 
protection priority was determined for U. crassus, P. comlanata and A. cygnea, i.e. high 
extinction risk at local level. A moderate risk (the second level of conservation priority) was 
estimated for species U. pictorum and A. anatina, while the extiction risk is lower for U. 
tumidus (the third level of protection priority). The analysis of element included in model 
ES+HIPPO+PD, singles out the factor of greatest influence on endangeredness of given 
species and therefor enables the definition of adequate conservation measures at national 
level. 
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(

 Walz, 1998; 

1999).  

 (WFD, 2000),  

. 

 

Stray r 

., 1994).  

 

1.1. Unionidae 

 

Unionidae (Bivalvia: Palaeoheterodonta: 

Unionoida), Mollusca ( . mollis= ), 

: (Gastropoda),  (Cephalopoda), (Polyplacophora), 

(Scaphopoda, Aplacophora, 

Monoplacophora).  , 

(   200  (  

65 ), 

 

 Palaeoheterodonta ,  

Unionoida Neotrigonia  



 

 
 

 
3 

( :Trigonioida), 

Graf ., 2006) , Unionidae ( ) 

,  

. 

Union ida   , Unionoidea 

(Unionidae, Margaritiferidae)  Etherioidea (Hyriidae, Etheriidae, Mycetopodidae, 

Iridinidae). Etherioidea, 

Unionoidea. 

a

Unionoidea  Etherioidea 

(Bauer, 2001). e   

jo  Hyriidae (Graf 

 Cummings, 2006; Strayer, 2008). 

e o ,   , 

 

. 

bi= ; valvulae= ). 

 

 . 

    

.   

 1) (Clifford, 1991). 

 

  

   

 

   



 

 
 

 
4 

   

 

  

 

1   , , 

Moorkens  Killeen, 2009. 

 
 Unionidae 

 2).  

(Watters, 1995). 

 



 

 
 

 
5 

 (Watters, 1995). 

  3.).  

 

2   , . 

 

,   

         . 

       , 

     ,      

    

 ( 3)      

  

 . 

   ,   

          

.  



 

 
 

 
6 

 

3.   M.C. Barnhart)  

. 

 

1.2.  

 

Arthropoda. Unionoidea  

Bivalvia, 800 (Bogan, 2008; 

Bogan  Roe, 2008; Huber, 2010)  (Graf  Cummings, 2006, 2007) , 

.   

Unionidae (Graf  Cummings, 2007).  a, 

2 , Margaritiferida

  Unionidae (Bogan, 2008). 

 4.).   

  (Graf  Cummings, 2007; 

Bogan, 2008). 

Unionidae  (Graf  Cummings, 

2007; Bogan, 2008). , 



 

 
 

 
7 

, 

(Bogan, 2008). 

Bogan, 2008). 

Wu, 

1998). 

 Unionidae (Cuttelod 011, Lopes-Lima 

 2015),  Unioninae Gonideinae (Lopes-Lima 

 2015). Potomida littoralis (Cuvier 1798)  Microcondylaea bonellii (A. 

Ferussac 1827) Gonideinae

Unioninae Unio tumidus Retzius, 1788, Unio tumidiformis Castro 1885, 

Unio pictorum (Linnaeus 1758), Unio crassus Philipsson, 1788, Unio mancus Lamarck 1819, 

Unio delphinus Spengler 1793, Unio tumidiformis Castro 1885, Unio elongatulus Pfeiffer, 

1825, Unio ravoisieri Deshayes 1848, Unio gibbus Spengler, 1793, Anodonta cygnea 

(Linnaeus 1758)  Anodonta anatina (Linnaeus 1758) (Lopes-Lima  2015). 

XIX 

 , 

, 

  

 

 



 

 
 

 
8 

 

4. (Bivalvia: Unionoida)

Reis, 2010. 

 

(Neves, 1997). 

 

(Bogan, 1993; Araujo  Ramos, 2000; Young ., 2001; Lydeard 

., 2004; Strayer ., 2004; Strayer, 2008).  

IUCN)  261  

  (IUCN, 2008; 

Szumowski ., 2012). 

Unionoidea,   

, 

 (Williams ., 1993; Neves ., 1997). , 

 (Strayer, 2008).  

 

a. : 

  -

, 



 

 
 

 
9 

(Bauer, 1988; Bogan, 1993; Neves, 1999; Araujo  Ramos, 2000; Young 

., 2001; Lydeard ., 2004; Reis, 2006; Strayer, 2006).  

 

   , 

   

. 

 

1.3.  

 

  ,    

,        

). Rohlf (1990a), 

 

  

 

      :   

 .        

) ,   

 

  (Oxnard, 1978).   ,  

-  

    

      ,   

      ,     

(Rohlf, 2000; Adams ., 2004).       

 ( . landmarks),         

      . 

 

- 



 

 
 

 
10 

   

 ,    

, 

 (Kendall, 1977).  

   ,    

     ,   

  ( . General Procrustes Analysis  GPA) (Rohlf  Slice, 1990; 

Dryden  Mardia, 1998; Rohlf, 1999),    

( ). o   ( e ),  

,      , 

    ,   ,   

          Joji , 2010).  

 ,    (  

),         

       . 

  ( . centroid size  CS),    

         

       ( )  

 (Bookstein, 1991). 

         , 

   ( . Thin Plate Spline  TPS).  

             

    ,     (   

),      e e e 

. 

  

  

 Unionidae, 

(Küster, 1848; Lea, 1870; Locard, 1890).  

  

   



 

 
 

 
11 

(Aldridge, 1999; Kraszewski, 2006, ., 2006; Costa ., 2008; Morais ., 

2014).    

    ( ., 

2006; Costa ., 2008), (Aguirre  , 2006), 

  ( ., 

2012).  

1.4.  

1.4.1.   

 

XVI veka (Gesner, 1553; 

Magnus, 1555). Unionida Linnaeus-  

Systema Naturae  (Linnaeus, 1758)

ya,  

(Retzius, 1788; Lamarck, 1799). 

 ,  (Say, 1817), 

Lamarck, 1819; Rafinesque, 1820, 

1831).  

Isaac Lea   

(Lea 1836, 1838, 1852, 1870) Simpson 

(Simpson, 1900, 1914). Ortmann-a 

(Ortmann, 1912, 1919, 1921, 1923a,b, 1924)

  Parodiz- Bonetto- Parodiz  Bonetto, 1963), 

Superfamilia 

Unionacea  (Haas  

Starobogatov (1970).  

-

, . 

 



 

 
 

 
12 

(Heard  Guckert, 1970). 

XIX 

XX  

 

XX  

, 

(Lopez-Lima ., 2014). 

, 

(Lydeard ., 1996; Lydeard ., 2000; Baker ., 2003; Machordom ., 2003; 

Huff ., 2004; Campbell ., 2005; Graf  Cummings, 2006; Lopez Lima ., 

2014).  

Graf  

Cummings, 2006).  

 

1.4.2.   

 

 

XIX  

Unionidae  

 ( 1882). di

  

 Henri-  Drouët-  

,   

, .  

Unionidae de Serbie ,  



 

 
 

 
13 

,      (Drouët, 

1882, 1884).  

XX  

, Gastropoda 

( 1907, 1909, 1911, 1912).  

(Fijan,  1953). 

 Unionidae 

 

1952, 1953, 1956, 1957a,b,c, 1960, 1971, 1979).   

, 

 

, 

Unionidae  

 ., 2001a; ., 2005, 2007a, 2007b, 2008;  

 , 2004; Csányi  , - ., ., 

2010, 2014, ., ., 2014), 

 (  , 1999  ., 1999

  ., 2012.). 

  

(Paunovic ., 2006, ., 2012, 2013a, 2013b). 

 

 

 

 



 

 

 

 

 

 

 

 
 

2.   
 



 

 
 

 
15 

 

Unionidae 

,   

, : 

 

    

; 

 ; 

      

;  

       

  

 

  ;  

   

   

   

;  

 

, 

; 

   

ESHIPPO  . 2007)  

   

 

 



 

 

 

 

 

 

 

 
 

 

 

3.  



 

 

 
17 

3.1.  

  

         

,    

      4.000 km2   ( , , 

,    

   500 4.000 km2),      

.  

: ( ) -  (

.  

-

   

 

  

  

    817.000 km2  2.857 km

 km

358 km).      

1433,0 rkm,     845,0 rkm.        

 : ,   

 .  

    157.186 km2 

 966 km. 

   

 (1215 rkm).  

5%  km 

 

         

,         (   

 95.419 km2). .   

  ( 15.147 km2  206 km)   



 

 

 
18 

    

   

.  

   -  

  

o   

3.640 km2  km, 

   

  

 

   

 ( e  37.444 km2). 

  

,   . 

     

,

, . 

 

 

- 

 

 



 

 

 
19 

 

5.    . 

 



 

 

 
20 

3.2.  

 

   

, -

), 

   

3 (Joint 

(ICPDR),  

 

 2011. 2012. .  

 

  

(   , 2001-

 (   

2013). 

 

3.3.    

 

  

 86 a , 57  )    2.367 

  Unionidae ( 5). 

,  

 ,  e e 

 500µm, e e   

(AQEM Consortium, 2002).  

kick and sweep 

 



 

 

 
21 

), 

.   

 . 

 

(25x25cm). 

(0.25 m2). 

 

 

  

 

  

m)

 

   

     : Pfleger (1998), Glöer  

Meier-Brook (2003); Beran (2009). 

            

 (Fauna Europea - FE, verzija 2.6.2) (de Jong 2013). 

 

3.3.1.   

 

   ,  

  :  

        ;  

          ( m2),  

      

 ); 

   



 

 

 
22 

 

F1=0-0.19  ; F1=0.20-0.39  ; F1=0.40-0.59  

; F1=0.60-0.79  F1=0.80-1  . 

 

3.4. 

 Unionidae 

  -PD 

 

   

  

ESHIPPO,  

 S 

  HIPPO)   (2007), 

 (PD).  

, , 

HIPPO

 H -   ( habitat 

alteration), I -   ( invasive species), P -  ( pollution), P - 

   ( popullation growth), O -   (

over-exploitation) (Brennan  Withgott, 2005).  

PD) 

  

 (ESHIPPO) 

2. 

,  

HIPPO PD)   

 .  ( S + HIPPO + PD)  

,    

3). 





 

 

 
24 

 
 

 

  (ES+HIPPO+PD),  

  

   

 3. 0, 

   

 ex-situ  

 

 

 

 

 

 

    

<5 5 

5-40% 3 

 
>40 1 

 ( )  

 
o  5 

 3 

 1 

 
 5 

 3 

 1 

     

  

  (1-2 )  
 ,   

 (1-2 )   
 (2-3    

) 

5 

 
  (3-5 )  
  (2-3   

 ) 
3 

   

     
 (       

 3     
) 

1 



 

 

 
25 

ESHIPPO-PD. 

 

(ES) <25 26-35 36-45 46-50 

    
 

HIPPO  <36 36-45 46-55 65-70 

    
 

 (PD) <10 11-14 15-20 20 

    
 

(ESHIPPO + PD) <70 61-85 86-90  

   
 

 

  3 2 1 0 
 

 

3.5.  

 

 

, 

  

 

(Nikon COOLPIX3100

 

( )  

. 

  

-

-  



 

 

 
26 

3.5.1.  

 

 , 

 

 (Badino, 1982; 

Zettler 1997; Aldridge, 1999; Renard . 2000)

 ( 6, 4).  

51 

)   5 6.). 

.  

ImageJ 

(http://rsb.info.nih.gov/ij/)  

P. complanata  A. cygnea, 

. 

 

 

6.   

. 



 

 

 
27 

 

4. . 

       

1 1+L2) 

2  

3 (W/2) 

4   (UP)  

5  (UA) 

6 L1)  

7 L2) 

8 H1) 

9 H2) 

 

 

5 . 

 
 

 
 

  

U. tumidus U. pictorum U. crassus A. anatina S. woodiana 

 
 

 22 17 
 

  

 14 14 
 

  

    
 17 

 21 
  

  

    
16  

 
 

   
22   

 16 17 
 

  

    
8 16 

  
18 

 
  

    
 20 

 19 
  

  

  21 17 
 

  

 

    
 16 

   
10   

    
 17 

   
13   
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6  . 

   

U. tumidus 
U. tumidus tumidus 22 

U. tumidus solidus 17 

U. pictorum 

U. pictorum f.longirostris 18 

U. pictorum f.balatonicus 20 

U. pictorum f. platyrhyncus 12 

U. crassus 

U. amnicus 18 

U. crassus crassus 28 

U. crassus crassus f. Grandis 13 

 

 

3.5.2.  

 

 (Bookstein, 1991; Rohlf  Marcus, 

1993; Dryden  Mardia, 1998), 

148  

.  

Unio 

(U. tumidus, U. pictorum  U. crassus

 . landmarks)

 , 

 ( 5,  6). 

Morais . (2014  

 

Unio  

  

 TPS 

 X  Y 

 

(GPA). 
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 TpsDig (Rohlf, 2010a),  

 (

12) (  7,  7).  TPSUtil (Rohlf, 2012) TPS 

   TPSRelw 

(Rohlf, 2010b)  

 (Bookstein, 1991), 

 

 

 

7.  

. 
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7.  . 

 
 

 

1. 
 

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

10. 
 

 

3.6.   

 

3.6.1.   

 

   (GPA) (Rohlf  Slice, 1990; Dryden  

Mardia, 1998; Rohlf, 1999)         

(   . centroid size, CS)    (  

). 

       

 (ANOVA).          

   . 

       

 (MANOVA).     ,   

  (  ),    . 

         ( . 

Principal Component Analysis  PCA).   

 .    (PCA),  
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       (PC ).  

 PC    . PC   

  , .     ,   

          

( . PC scores).  

        

 ( . Canonical Variate Analysis  CVA).    PCA    

   ,  CVA    

  .    ( . Canonical Variables  

CV)             

(CV1  CV2).       

    TPS  ( . Thin Plate Spline),     

 .  

   (MANCOVA)    

    (  )   

      .    

      ,   

 (ln CS)         

(     ).   

      (ln CS)       

    ,        

.  

    (  )  

  (ln CS)    ,    

   .       

    ,     10 000 

,       (Good, 

1994).          

 TPS .  

(Pd).        

  ,      10 000 , 
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      (Good, 

1994).  

       

  : Statistica   6 (StatSoft, Inc., 2004)  MorphoJ 

(Klingenberg, 2011). 

 

3.6.2.  

 

 ,    

    ( ) , 

 (CA) -  (CCA) (ter Braak, 1986; Ter Braak  

Verdonschot, 1995, Palmer, 2000, , 2013).  

 

 ( . forward selection), Pearson-  

CCA . Monte Carlo , p<0,05), 

 

 (eigen vrednost)  , 2013). 

DA).  

 . 

 Statistica  

 6 (StatSoft, Inc., 2004)  6  Marin , 2009; 

, 2013). 
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,    

Unionidae 8).  

 8.  Unionidae  

   

Unio 

Unio pictorum (Linnaeus, 1758) 

Unio tumidus Philipsson, 1788 

Unio crassus Philipsson, 1788 

Anodonta 
Anodonta anatina (Linnaeus, 1758) 

Anodonta cygnea (Linnaeus, 1758) 

Pseudanodonta Pseudanodonta complanata (Rossmässler, 1835) 

Sinanodonta Sinanodonta woodiana (Lea, 1834) 

 

 

4.1. 

Unionidae   
 

4.1.1.   

 

        

  

U. tumidus (51.44%). M  U. 

pictorum (18.04%), S. woodiana (13.83%)  A. anatina  

P. complanata U. crassus (0.53%) 

.  

     , U. tumidus 

U. pictorum S. woodiana. 

 A. 
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P. complanata U. crassus (

9). 

U. crassus. 

 

 

. 

 

 

, . 

 

  , 

U. 

pictorum

, 

, 

U. tumidus , , 

A. natin

 

 S. woodiana 

 

P. complanata, 
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0 5 10 15 20

U. pictorum

U. tumidus 

P. complanata 

A. anatina 

S. woodiana 

 
 

 8.  

2001  

 

 

 

 

U. pictorum 

9

  

U. tumidus 

 

. 

A. anatina 

 9).  

 . 

S. woodiana 

 9). 
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P. complanata

 

9). 

 

0 20 40 60 80

U. pictorum

U. tumidus 

P. complanata 

A. anatina 

S. woodiana 

 

9. 

2007. . 

 

 

, , 

U. crassus,  A. anatina. 

U. tumidus U. pictorum

 9) S. woodiana

 10,  9). P. 

complanata 9). 
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0 20 40 60 80

U. pictorum

U. tumidus 

P. complanata 

S. woodiana 

 

10. 

-2012. . 

 

 

11)

U. crassus  

 

   

  

U. tumidus U. pictorum U. pictorum 

U. tumidus  9).  

A. anatina S.  

 9). 
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0 50 100 150 200 250

U. pictorum

U. tumidus 

U. crassus 

P. complanata 

A. anatina 

S. woodiana 

 

11. 

2013. . 

 

9.  (F

. 

2001 2007 2009-2012 2013  

F % F % F % F % F % 

U. pictorum 0.33 10.28 0.65 12.75 0.85 28.43 0.87 17.64 0.69 18.04 

U. tumidus  0.56 36.45 0.82 61.03 0.85 50.80 0.93 48.28 0.81 51.44 

U. crassus / / / / / / 0.13 1.20 0.04 0.53 

P. complanata  0.22 4.67 0.12 0.74 0.71 6.39 0.13 0.45 0.23 2.07 

A. anatina  0.56 28.04 0.71 17.40 / / 0.67 16.44 0.56 14.09 

S. woodiana  0.67 20.56 0.59 8.09 1 14.38 0.67 15.99 0.69 13.83 
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. 

 

4.1.2.  

 

0

 10) U. tumidus 

U. pictorum (17.96%) S. woodiana 

 U. crassus 

A. anatina (1.98%)  P. complanata (0.16%). 

U. tumidus S. woodiana 

 10)

U. pictorum U. crassus A. anatina 

P. complanata F=0.18; F=0.06). 

 

 km   

3) , 

%, U. tumidus 
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U. crassus 

S. woodiana A. anatina, U. pictorum ( 10). 

0 10 20 30 40

km)

U. pictorum 

U.tumidus 

U. crassus

A. anatina 

S. woodiana 

 

3  

-2010. . 

 4)

U. pictorum, U. tumidus S. woodiana

 Unio  S. w diana 

   4 10)

U. crassus  

10). 

0 50 100 150 200

U. pictorum 

U. tumidus 

U. crassus 

S. woodiana 

 

14. 

. 
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S. woodiana 

U. tumidus

 10)

U. crassus, 

 5)  A. anatina  P. 

complanata, 

 5 10). 

, 

2009.-2013. U. crassus

 

16 10) S. woodiana 

 

6 10). 

0 20 40 60 80

U. pictorum 

U.tumidus 

U. crassus

P. complanata 

A. anatina 

S. woodiana 

 
15. 

. 
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0 1 2 3 4

U. crassus

S. woodiana

 

16  

. 

 

10.  (F

. 

  

2001-2010 2011 2012  2009-2013 

F % F % F % F % F % 

U. pictorum  0.33 1.23 1 22.65 0.43 17.92 0.59 17.96 / / 

U. tumidus  1 88.89 1 48.78 0.86 32.08 0.88 48.60 / / 

U. crassus 0.33 3.70 0.8 9.76 0.57 29.72 0.53 15.49 1 77.78 

P. complanata  / / / / 0.14 0.47 0.06 0.16 / / 

A. anatina  0.33 2.47 / / 0.29 4.72 0.18 1.98 / / 

S. woodiana 0.33 3.70 1 18.82 1.00 15.09 0.88 15.82 0.33 22.22 

 

 

- Unio. 

Unio)  

 7).  

x25cm)

U. pictorum

m2 m2, 
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m2 U. crassus

U. crassus

m2). U. tumidus m2

 ). 

0 1 2 3 4

0.8

0.8

1.6

1.6

2.4 0.8

m2

U. crassus 

U. pictorum 

U. tumidus 

 

17  

 

4.1.3.  

 

2001.-2010.  

 8 1) A. anatina

 P. complanata 

o -2010. 

),   

.-2010.  

U. pictorum  

 1). U. tumidus 
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 8 1)

U. crassus  

S. woodiana. A. anatina 

.-2010.

 

0 20 40 60 80 100

U. pictorum 

U. tumidus 

U. crassus 

A. anatina 

S. woodiana 

 

18  

. 

 

11.  (F

. 

2001-2010 2013  

F % F % F % 

U. pictorum 0.5 80.00 0.50 57.35 0.5 61.99 

U. tumidus 0.5 5.71 0.83 34.56 0.7 28.65 

U. crassus 0.25 2.86 0.17 1.47 0.2 1.75 

P. complanata / / / / / / 

A. anatina / / 0.50 2.94 0.3 2.34 

S. woodiana 0.25 11.43 0.50 3.68 0.4 5.26 
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 9). 

U. pictorum,  

m2.   U. tumidus, 

/m2

P. complanata (0.8 m2),   

.  9). 

 

0 1 2 3 4 5 6

2001-2010

2013

3.2

4.8

0.8

0.4

0.8

m2

U. pictorum 

U. tumidus 

P. complanata 

 

19    

. 

 

 

4.1.4.  

 

 

  20, 

2).  



 

 
 

 
47 

 

U. pictorum. 

 

 35 

 . 

S. woodiana, 

 

12) U. tumidus  U. crassus, 

U. tumidus 

 2) P. complanata  

A. anatina (< 4%). A. anatina 

P. complanata 

 

21 U. tumidus 

U. crassus 

U. tumidus

 

  , .-2013. 

U. crassus 

(  20,  12). 

  

U. crassus, 

U. tumidus S. woodiana S. 

woodiana 

U. tumidus.  

U. crassus 

  3 m2. 
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0 10 20 30 40

U. tumidus 

U. crassus 

P. complanata 

A. anatina 

S. woodiana 

 

20. 

. 

 

12. (F

. 

    

  F % F % 

U. tumidus 0.6 34.88 0.25 12.5 
U. crassus 0.6 10.47 1 62.5 
P. complanata 0.4 2.33 / / 
A. anatina 0.2 1.16 / / 

S. woodiana  1 51.16  0.25 25 

 

0 5 10 15

8

3.4

3.2

3.4

3.2

m2

U. tumidus 

U. crassus 

S. woodiana 

 

21    

. 
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4.1.5.  

 

 

( , 13). A. cygnea, 

A. anatin . 

 

A. natina

A.cygnea

 

. 

.  

 

.    

. 

  

% % 

A. cygnea 83.33 75 

A. anatina 16.67 25 
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4.2.     

Unionidae  

 

 

4.2.1. Unio pictorum (Linnaeus, 1758) 

 

 
 

 

. Unio pictorum 

 

 

 

  mm  mm

 mm

 . 

-

 .  

 

-   

 

U. pictorum 

   

 

. ,     

           

    ( - ). 
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14. 

 

  

 

U. pictorum  

 (<200 m ), 

. 

  

  

 

 

4.2.2. Unio tumidus Philipsson, 1788 

  

 

 

.  Unio tumidus 

 

 

  mm  mm  

mm

e  

 . 
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-   

 

-  

- 

14.  

 

  

 

U. tumidus 

U. pictorum

 , U. tumidus 

 

 

4.2.3. Unio crassus Philipsson, 1788 

 

 

 

. Unio crassus 

 

Unio, U. crassus 

 60 mm  



 

 
 

 
53 

mm  mm. 

-

  

-  

25). 

 

-   

 

U. crassus 

    - 

 -

  

14).  

 

  

 

U. crassus 

.  
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4.2.4. Anodonta anatina (Linnaeus, 1758) 

 

 

 

 

6.  Anodonta anatina 

 

 

 

 76 mm  

mm  mm

  .  

 

-  

 

A. anatina , 

,   

-  

 14). 
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A. anatina  

 

 

4.2.5. Anodonta cygnea (Linnaeus, 1758) 

 

 

 

 

7.  Anodonta cygnea 

 

 

 

 mm  mm

40 mm

-

 . 

 

-  

 

. cygnea  
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 -

 m 14). 

 

  

 

. cygnea     

 ,      

 

4.2.6. Pseudanodonta complanata (Rossmässler, 1835) 

  

 

8.  Pseudanodonta 

complanata 

 

 

 

A. anatina

 mm,  mm 

 mm. 

 

. 
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-  

 

P. complanata 

 ).  

 

  

 

P. complanata  
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4.2.7. Sinanodonta woodiana (Lea, 1834) 

 

 

 

9. Sinanodonta woodiana 

 

 

 

 A. cygnea, 

mm mm mm. 

. 

 

 

-  

 

S. woodiana  

, -

 

 4). 
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S. woodiana 
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4.3.  

 

CA) Statistica

. 

 30)  

 - CA1 

   - CA2  

U. crassus

 S. woodiana 

U. tumidus.  

 

30.     (CA)   

     . 

(1- ; 2 - - - - - 

).  
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4.3.1. -

 

 

-

FS (Forward Selection)   Pearson-  

 (p < 0.05), -

15

K CCA). 

-

31. 

(CCA1) 

U. crassus A. anatina 

CCA  -

 ) 

  (Ca)   , 

BPK5, HPK  

 (CCA2)

 

 U. crassus 

  

BPK5, HPK

A. anatina, 

(CCA2) 
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31.  (CCA) 

 

BPK-5, 

- 

2 - - -   
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15 -

. 

 
 

F   

BPK-5 0.1655 6.7638 0.0000 
HPK  KMnO4 0.1176 4.5995 0.0000 

 0.1098 4.2652 0.0020 
 0.1041 4.0226 0.0020 

 0.1036 4.0030 0.0000 
 0.1024 3.9510 0.0040 

 0.0912 3.4861 0.0280 

 0.0770 2.9075 0.0560 
%    0.0657 2.4570 0.0760 

  0.0637 2.3770 0.0820 
pH -  0.0591 2.1969 0.0980 

  0.0535 1.9791 0.0760 
UV  0.0518 1.9156 0.0900 

 CO2 0.0500 1.8450 0.1320 
 0.0445 1.6337 0.1260 

  0.0431 1.5829 0.2440 
 0.0419 1.5366 0.1920 

 0.0384 1.4050 0.2200 
  0.0378 1.3805 0.2040 

  0.0374 1.3655 0.4300 
 0.0362 1.3205 0.3020 

 0.0298 1.0823 0.3900 
 0.0276 1.0009 0.4920 
 0.0224 0.8097 0.5980 

 

4.3.2.  

 

 

   ( . 

forward selection),   CCA , 

16  K (CCA), 

. 

32  (CCA1) 

A. anatina,  

U. crassus



 

 
 

 
65 

 

 

16

. 

 
 

F   

 0.1054 3.57457 0.004 

 0.0768 2.52466 0.032 

 0.0696 2.27056 0.084 

  0.047 1.49658 0.104 

  0.0451 1.43309 0.16 

  0.0305 0.95558 0.39 

  0.024 0.74648 0.484 

  0.0131 0.40236 0.606 

 

32.      (CCA)   

    

    

 .  
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4.4.   

 

 

. 1972

 30 

Unionidae 17). 

1, 

).  

(de Jong . 2014 MUSSELp 

database (Graf  Cummings, 2013). 

 

 U.tumidus kopociensis f. Nova ( )

 

Unio, MUSSELp database (Graf  

Cummings, 2014), 

17 U. crassus. Unio savensis, Unio serbicus, Unio 

rivalis, Henri Drouët  

 (Drouët, 1882). 

Unio bosnensis Möllendorff,  Fauna 

Bosniens).  

Fritz-a Haas-a 

 (Haas, 1969),   U. crassus, 

Unio dokici, (Haas, 1969),  

, . Drouët
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A. cygnea 

A. anatina (  17).   549  

A.cygnea  (Haas, 1969).   

17
1953. .  

 
 

 

 
 

 

U. pictorum* 

Unio pictorum f. longirostris de Joannis, 
1859 

= Unio pictorum 

Unio pictorum f. balatonicus Servain, 
1881 

= Unio pictorum 

Unio pictorum f. platyrhyncus* 
Rossmassler 1835 

 

U. tumidus* 

Unio tumidus solidus Zelebor, 1851 = Unio tumidus 

Unio tumidus tumidus* Philipson 1788  

U.tumidus kopociensis f. Nova  
 

 
U. crassus* 

Unio crassus crassus* Philipson 1788  

Unio crassus cytherea* Kuster 1833  

Unio crassus batavus* (Maton & 
Rackett, 1807) 

 

Unio crassus f. Grandis  

Unio crassus crassus f. Grandis  
Unio amnicus Rossmässler, 1836 - = U. crassus 

Unio consentaneus Zigel  Rossmässler, 1836 - = U. crassus 

Unio serbicus Drouet, 1884 - = U. crassus 

Unio reniformis Schmidt  Rossmässler, 1836 - = U. crassus 

Unio rivalis Drouet, 1884 - = U. crassus 
Unio bosnensis Möllendorff, 1874 - = U. crassus 
Unio savensis Drouet, 1882 - = U. crassus 

 Drouet, 1882 - = U. crassus 

A.cygnea* -  
Anodonta cygnea cellensis Pfeiffer, 1821 - = A. cygnea 
Anodonta moesica Drouët, 1881 - = A. cygnea 
Anodonta ventricosa Pfeiffer, 1825 - = A. cygnea 
Anodonta cariosa Küster, 1842 - = A. cygnea 
Anodonta savensis Drouët, 1881 - = A. cygnea 

A. anatina 
 

 
Anodonta rostrata Kokeil  Rossmässler, 1836 - = anatina 
Anodonta piscinalis Nilsson, 1823 - = anatina 
 Anodonta piscinalis f. rostrata = A. anatina 
Anodonta anserirostris (Küster 1842) - = A. anatina 
P. complanata* -  

Anodonta complanata Rossmässler, 1835 - = P. complanata* 
           *  
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, 

Unionidae 1953.-1972  

 

 

. 

 (

18). 

.-  

U. 

crassus. 

 

 ( 18

U. crassus 

 

U. pictorum. 

 

1953.-

1972.,  U. tumidus 

Unio 8)

 8). 

. 

 A. anatina 

, 1953. 1972.  
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( 8)

 

 A. cygnea 

 1953. 1972. 8).  

  . 

 , 

A. cygnea  , 

A. cygnea, 

  

P. complanata

  8) P. complanata 

. 

U. pictorum 

U. tumidus 

18), 

. 
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18

1953.-1972.  

  U. pictorum U.tumidus U.crassus P. complanata A. anatina A.cygnea 

F F F F F F 

 0.6 0.4 0.6 - 0.2 0.2 

 0.6 0.1 0.4 - 0.3 - 

 - 1 1 - - - 

 0.3 0.3 0.3 0.7 0.3 - 
 
 

- - 1 - - - 

 
- - 1 - - - 

 - - 1 - - - 

 - - 1 - 1 1 

 1 0.5 - - - - 

 1 1 - - - - 

 0.5 0.5 - 0.5 1 1 

 1 1 0.5 0.3 0.8 0.8 

F (
 

0.5 0.37 0.53 0.11 0.32 0.21 

 

4.5. J  

 

4.5.1.    

 

4.5.1.1.    

U. tumidus 

 

 

 (CS) ).  

(ANOVA), 

 

19).  (CS) 
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19.  ANOVA  (CS) (SS - , df - 

, MS - , F - F , P - ). 

  SS df MS F p 

 
384119 1 384119 3536.349 0.000000 

 5724.6 2 2862.3 26.351 0.000000 

 11948.2 110 108.6     

 

 

(PCA),  (

33). 

 

33.  (PCA) 

U. tumidus. 

 (PC1)  (PC2) . 

 
 (MANOVA) 

  20
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20  MANOVA ) 

(Wilks     , F - F , df1  df2 - , P  

). 

Wilks  F df1 df2 p 

 0.000002 3823256 16 95 0.000000 

 0.277794 5 32 190 0.000000 

 

   (CVA) 

 (CV1)  (CV2) 

 TPS 

 34.  CV1 CV1 

), 

 

 

 ,  

8, 9  10 (

).  ,  

CV1 oce  

 

  CV1 oce).  
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34.  (CVA)  CV1  CV2 

  U. tumidus. 

 

 

 

( 20). 

 

21.  

 

 
   

 0 0.0007 0.0003 

 0.018 0 0.0003 

 0.0249 0.0215 0 

 

 (ln CS), 
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 (P < 0.0001, 

)

 4.45%. 

.    (MANCOVA)     

    ( )   (lnCs) (Wilks  = 

0.568829, F = 1.874, P < 0.005459),        

   . 

 

35.  

 (ln CS)  

 . 
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4.5.1.2. o U. 

pictorum 

 

        

  CS .  

J o ANOVA) Cs, 

  

(p=0.000000). 

22.  ANOVA  (CS) (SS - , df - 

, MS - , F - F , P - ). 

  SS df MS F p 

 
152975394 1 152975394 2854.539 0.000000 

 2062338 2 1031169 19.242 0.000000 

 4287219 80 53590     

 

 (

  (PCA)

 36).  

 

36.  (PCA) 

U. pictorum. 

 (PC1)  (PC2) . 



 

 
 

 
76 

 

 a  (p<0.000442)  

 

 (MANOVA) 23).  

 

23  MANOVA ) 

(Wilks    , F - F , df1  df2 - , P  

). 

   F df1 df2 p 

 0.000000 11629179 16 0.000000 0.000000 

 0.403351 2 32 0.000442 0.000442 

 

    (CVA) 

CV

CV1 

CV

(CV2

37  (CV1)  (CV2) 

 

TPS  36  

 

 



 

 
 

 
77 

 

37

 U. pictorum  

 

( 24

 

24.  

 

 

     

 0 0.1617 0.0357 

 0.0117 0 0.0012 

 0.0182 0.021 0 
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ln CS), (P < 

0.0003)  

 ).    

(MANCOVA)   ( )  

 (lnCs) (Wilks  = 0.522611, F = 1.49, P < 0.065056),   

        , 

 ). 

 

38. 

 (ln CS)  

 . 
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4.5.1.3. o  

 U. crassus 

 

 (ANOVA)  (CS)  

 (MANOVA) 

 p=0.000000),  ( 25

( 25)  

 

25.  ANOVA  (CS) (SS - , df - 

, MS - , F - F , P - ). 

  SS df MS F p 

 
39418722 1 39418722 2504.602 0.000000 

 256874 1 256874 16.321 0.000217 

 676756 43 15739 

 
26  MANOVA ) 

(Wilks    , F - F , df1  df2 - , P  

). 

 F df1 df2 p 

 
0.000003 598667.2 16 28 0.000000 

 0.208971 6.6 16 28 0.000008 

 

      

  (PCA), 

 

(  39). 
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39.  (PCA) 

U. crassus.  

(PC1)  (PC2) . 

 

 (CVA) , 

 (CV1)  (CV2) 

, ,  TPS 

40). 

CV1  (CV1  89.4% 

 

CV2 (  10.6% 

 

(CV1)  

 (  1  3)  

   10 ( ).  
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40.  (CVA)  CV1  CV2 

 populacija U. crassus. 

 

( 27) 

 

 

27.  

 

 

  
 

  

 0 0.7166 0.0005 

 0.0151 0 0.0001 

 
0.0345 0.0369 0 
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  (log CS), (P 

< 0.1254,      10000 ). 

  3.49% 

).  

 (MANCOVA) 

   (lnCs) 

(Wilks  = 0.643073, F = 0.9019, P < 0.575361), 

  

  

 

41

 (ln CS)  

 . 
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4.5.1.4. o Unio 

 

 Unio.  

   (ANOVA)   (CS)  

    (MANOVA)  

  (

). 

 

28.  ANOVA  (CS) (SS - , df - 

, MS - , F - F , P - ). 

  SS df MS F p 

 301194964 1 301194964 5757.015 0.00 

 7174324 2 3587162 68.565 0.00 

 12451662 238 52318     

 

29  MANOVA ) 

(Wilks    , F - F , df1  df2 - , P  

). 

   F df1 df2 p 

 0.000009 3521215 7 232 0.00 

 0.104361 69 14 464 0.00 

 

 (CVA),  CV , 

 U. crassus  U. tumidus. 

U. crassus 

CV1 

U. tumidus   

(CV2 

U. pictorum CV2 
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    42). 

 

 

 

42.  (CVA)  CV1  CV2 

 U. tumidus, U. pictorum U. crassus. 

 

30). 

 U. 

pictorum  U. crassus. 
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30. 

 

  U. tumidus U. pictorum U. crassus 

U. tumidus 0 0.0001 0.0001 

U. pictorum 0.0553 0 0.0001 

U. crassus 0.0586 0.0644 0 

 

  (

 (ln CS),  

 (P < 0.0001, 

10.11%    

43).  

 (MANCOVA) je 

  ( )   (lnCs) (Wilks  = 0.676569, F = 

1.899, P < 0.000357),        

  . 

 

43. 

 (ln CS)  

 .  
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4.5.2.  

 

4.5.2.1. U. tumidus 

 

 

DA).      

44  

 

Root

kod: TUt

kod: SUt

kod: DUt
-2 -1 0 1 2 3 4 5 6 7

-4

-3

-2

-1

0

1

2

3

4

 

44   (DA)     

U. tumidus.   

 . TUt  SUt  

  DUt   
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30

  

 

31.  

 

  T_Ut S_Ut D_Ut 

T_Ut 0 0.000000 0.000000 

S_Ut 10.08259 0 0.000000 

D_Ut 9.40919 3.92728 0 

 

 

4.5.2.2.   U. pictorum 

 

 

  (DA) 

45.,   
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root

kod: SUp

kod: TUp

kod: DUp
-5 -4 -3 -2 -1 0 1 2 3

-3

-2

-1

0

1

2

3

4

 

45.  (DA) 

U. pictorum.  

. SUp  TUp 

 DUp   

 

32

32

 

 

32.  

. 

S_Up T_Up D_Up 

S_Up 0 0.003807 0.000000 

T_Up 2.210052 0 0.000000 

D_Up 4.882751 6.071056 0 
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4.5.2.3.   U. crassus 

 

DA). 

46  

 

root

kod: SMUc

kod: MMUc
-5 -4 -3 -2 -1 0 1 2 3 4

-3

-2

-1

0

1

2

3

 

46.  (DA)     

U. crassus.   

 . SMUc   

Uc  MMUc  

 

 

 32
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- - 

 

 33.  

. 

  SM_Uc _Uc MM_Uc 

SM_Uc 0 0.000000 0.000000 

_Uc 22.83076 0 0.329158 

MM_Uc 15.28182 2.3526 0 
 

 

4.5.2.4.   S. woodiana 

 

     Unio   S. woodiana 

47,   
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root

kod: SSw

kod: VMSw

kod: DSw
-3 -2 -1 0 1 2 3 4 5

-4

-3

-2

-1

0

1

2

3

4

 

 47  (DA) 

S. woodiana.  

. SSw  

VMSw  DSw   

 

( 34). 

 

34  

. 

S_Sw VM_Sw D_Sw 

S_Sw 0 0.000000 0.000002 

VM_Sw 3.926695 0 0.000000 

D_Sw 5.260539 7.107705 0 
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4.5.2.5.   A. natina 

 

A. anatina 48, 

 

( 34). 

root

kod: DAa

kod: SAa
-5 -4 -3 -2 -1 0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

 

.  (DA) 

. anatina.  

. DAa  ; SAa  

 

 

.   

 

 

  DAa SAa 

DAa 0 0.000967 

SAa 17.57212 0 
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4.5.3.  

 

4.5.3.1.  U. tumidus 

 

 

U. tumidus  

 

U. tumidus tumidus  T  U. tumidus solidus  S).  

   (GPA)  

 (    CS)    (    

       

   (ANOVA)  

 (CS),   

(MANOVA) 36, 37).  

 

36.  ANOVA  (CS) (SS - , df - 

, MS - , F - F , P - ). 

  SS df MS F p 

 40722622 1 40722622 2155.359 0.000000 

 981746 1 981746 51.962 0.000000 

 699066 27 18894     

 

 

37  MANOVA ) 

(Wilks    , F - F , df1  df2 - , P  

). 

   F df1 df2 p 

 0.000001 2569761 16 22 0 

 0.362439 2 16 22 0.027806 
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(PCA), 

 ). 

 

 

49.  (PCA)  

U. tumidus. 

 (PC1)  (PC2) . 

 

 (DA)  

. 

 TPS 

 49. U. tumidus tumidus 

U. tumidus solidus 

 50). 

p < 0.0001), 

. 
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50.   

 U. tumidus 

 

 

(ln CS), P < 

0.0055

  

  

 51.  

 (MANCOVA) 

   

 ( )   (lnCs) (Wilks  = 0.576857, F = 1, P < 

0.467464),   
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51. 

 (ln CS)  

 . 

 

 

4.5.3.2.   U. pictorum 

 

 

U. pictorum, 

U. pictorum f. longirostris, U. pictorum f. 

balatonicus  U. pictorum f. platyrhyncus). 

 (ANOVA  (CS), 

 (MANOVA) 

38 39). 
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38.  ANOVA  (CS) (SS - , df - 

, MS - , F - F , P - ). 

  SS df MS F P 

 62636368 1 62636368 3079.668 0.000000 

 263735 2 131867 6.484 0.003406 

 894902 44 20339     

 

 

39  MANOVA ) 

(Wilks    , F - F , df1  df2 - , P  

). 

   F df1 df2 p 

 0.000079 130301.3 4 41 0.000000 

 0.858599 0.8 8 82 0.594121 

 

 

,  

 

4.5.3.3.  U. crassus 

 

 

    

, U. amnicus, U. crassus crassus 

U. crassus crassus f. Grandis)

  

 (ANOVA  (CS), 

    (MANOVA)  

 

40, 41).  
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40.  ANOVA  (CS) (SS - , df - 

, MS - , F - F , P - ). 

  SS df MS F p 

 
62636368 1 62636368 3079.668 0.000000 

 263735 2 131867 6.484 0.003406 

 894902 44 20339 
  

 

41  MANOVA ) 

(Wilks    Wilks , F - F , df1  df2 - , P  

). 

   F df1 df2 p 

 
0.000000 3898268 16 29 0.000000 

 
0.443576 1 32 58 0.607723 

 

, 

 

 

4.5.4.  

 

4.5.4.1.   U. tumidus 

 

U. tumidus  

 

U. tumidus tumidus  U. tumidus solidus). 

 

DA) 

U. tumidus solidus 

 U. tumidus tumidus 

52

42. 
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52.  (DA) 

U. tumidus. 

U_ U. tumidus tumidus  U. tumidus solidus).  

.  

 

42.  

 

  U_ts U_tt 

U_ts 0 0.000061 

U_tt 7.606274 0 
 

 

4.5.4.2.   U. pictorum  

 

DA), 

 

U. pictorum  
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 (U. pictorum f. longirostris, U. pictorum f. balatonicus  U. 

pictorum f. platyrhyncus)

  

53

43. 

root

kod: Up_L

kod: Up_fB

kod: Up_fP
-4 -3 -2 -1 0 1 2 3 4 5

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

 

53.  (DA) 

U. pictorum. 

U. pictorum f. longirostris  Up_L, U. pictorum f. balatonicus  U. 

pictorum f. platyrhyncus  Up_fP).  

. 

 

43.  

 

  Up_L Up_fB Up_fP 

Up_L 0 0.108176  0.002698  

Up_fB 2.013706 0 0.362430 

Up_fP 5.340927 1.641449 0 
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4.5.4.3.  U. crassus 

 

 

 U. 

crassus DA) 

 j

U. amnicus, U. crassus crassus  U. crassus crassus f. Grandis).  

U. crassus crassus f. Grandis

 ( ) 44 

 

root

kod: Ua

kod: Ucc

kod: Ucc_fG
-5 -4 -3 -2 -1 0 1 2 3 4

-4

-3

-2

-1

0

1

2

3

 

53a.  (DA) 

U. crassus.  

. 
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44.  

 

 

  Ua Ucc Ucc_fG 

Ua 0  0.035210 0.000000  

Ucc 2.14606 0 0.000000   

Ucc_fG 19.04725 15.02192 0 
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4.6.   

Unionida    

 

  

 Unionida   

ESHIPPO ( 45).  

 

45. 

 

ESHIPPO-PD  

 3 3 3 3 3 3 

 3 3 3 3 3 3 

 1 1 1 1 1 1 

 3 3 3 3 3 3 

 1 1 3 3 1 3 

 3 3 3 3 3 3 

 3 3 3 3 3 3 

 3 3 3 3 3 3 

 1 1 1 1 1 1 

 1 1 1 1 1 3 

 22 22 24 24 22 26 

 5 5 5 5 5 5 

 5 5 5 5 5 5 

 1 1 3 1 1 3 

-  3 3 3 3 3 3 

 3 3 3 3 3 3 

 1 1 1 1 1 1 

-  5 5 5 5 5 5 

 3 3 5 3 3 3 

 3 3 3 3 3 3 

 1 1 1 1 1 1 

 1 1 1 1 1 1 

 3 1 5 5 3 3 

 3 1 5 5 3 5 

-  
      

 3 3 3 3 3 3 

 
      

-  1 1 1 1 1 3 

 1 1 1 1 1 1 

 42 38 50 46 42 48 

ESHIPPO) 64 60 74 70 64 74 
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. PD) 

 

 

(PD) 

 1 1 3 3 3 5 

 
      

 3 3 1 3 5 5 

 3 3 3 3 5 5 

 1 1 5 5 5 3 

 8 8 12 14 18 18 

(ESHIPPO+PD) 72 68 86 88 82 88 

 2 3 1 1 2 1 

 

 

,  

PD,  

 U. crassus, P. complanata A. cygnea 

 

 

88. II  U. 

pictorum A. anatin  (82 U. tumidus 

III , 

ESHIPPO-PD .  

 

 

 

 

 

 

 



 

 

 

 

 

 

 
 

 

 

5.  
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Unionidae 

 

 ,      

     .  

 XIX 

 

1953.-1972., 

  30 

Unionidae

Graf  Cummings, 2014)

.  

 (  17)

  47

XIX Tadi , 1960, 

Ha s, 1969). 

U. crassus. 
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 47  

 
 

        
 

Unio piscinalis Ziegl  Rossmässler, 1835 = U. crassus 

Unio carneus Küster, 1854, = U. crassus 

Unio striatulus Drouët, 1882 = U. crassus 

Unio pruinosus Schmidt, 1840 = U. crassus 

Unio gangroenosus Schmidt, 1840 = U. crassus 

Unio stevenianus Krynicki, 1837  = U. crassus 

Unio dokici Drouët, 1884 = U. crassus 

Unio desectus, Drouët, 1881 = U. crassus 

Unio truncatulus Drouët, 1882 = U. crassus 

Anodonta opalina Küster, 1842 = A. cygnea 

 

  

Unionidae 

  .  

 

 

Unionidae, 

  (Lopes-Lima ).  

  

 

  (Neves  Widlak, 1987; Leff ., 

1990) Van der Schalie, 1938; Huehner, 1987; Vaughn, 1997; Strayer, 

1993, 1999)

 

 

(Strayer, 1999
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 (Fritz 

2004; Korzeniak  

 

 

 

 

 ( ), 

Cummings  Mayer, 1992; Pusch at al., 2001; 

 ., 2006, 2008; Schwalb Pusch., 2007; ., 2010, 2012, 2013b, 

2014

74/2011).  

 

( , 74/2011), 

 

( ., 2010), 

 

(

.  ., 2011). 

 

, II III  

., 2010)   

( , 1992.-1996., 2003.-2007.), 

 ),     

 (Ocokolji ., 2009).  
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 III IV , 

( , 1999-2008). 

III IV 

( . 2011).  

  

  

XIX A. cygne , 

 (Tadi , 1960). 

1953.-1972.

A. cygnea 

 

1992.-2000. (  

, 2004).  .-2008. ( -

., 2013), . cygnea 

 , 

(Graf . ., 2006, 2007a, 2008; ., 

2010, 2012, 2013b, 2014)  

., 2007b

., 2013)  

(JDS-ITR Report, 2002)

 A. cygne  

 

 

 

Zettler  (2006).  
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 ., 2008).  

 

S.woodiana

 

Byrne 2009)

D. polymorpha A. cygnea

(Byrne ., 2009). 

(Byrne ., 2009).  

(Zettler ., 2006)

  

 

)  

( N) , 2005) N  

(Reischütz Reischütz, 2007), a VU) (Byrne ., 2009). 

(Byrne ., 2009).  

 

 km  

(Lopes-Lima, 2014a).  

   ESHIPPO-PD 

, 

 A. cygnea
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A. anatina 

XIX A.anatina 

, 

1960). 

., 2006)

. 

 

 (Paunovi ., 2005, 2007a; 2008; ., 2010, 2012, 

2013b, 2014; Mar - ., 2013). 

A. cygnea

-

 

A. cygnea, 

  

 S. woodiana 

A. anatina Lopes-

Lima, 2014b).  

A. anatina 

 

A. cygnea A. anatina

(Graf  Cummings, 2013).  

IUCN LC 

(Zettler ., 2006).  
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A. anatina  ESHIPPO-PD, 

 II 

 A. anatina 

 

U. crassus. 

XIX )

XIX 

1953. 1972. U. crassus 

, -

 

  .  

U. crassus

9), ., 2001b)

(JDS-ITR Report, 2002

., 2006).  

.-

2013

 

U. crassus 

. 

CA), 

 

, U. crassus, 

. 

 ,  

.  

 (Novakovi  

 .  , 

U. crassus
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U. crassus 

 

 

 

(Bogan, 1993; Layzer . 1993; Watters, 1996; Neves, 1999; Vaughn  Taylor, 1999; 

Lydeard ., 2004; Strayer, 2006). 

 

 

(Nedeljkovi  1979),  

  

U. crassus

U. crassus,  

   

(Lopes-Lima , 2014c). 

(Graf, 2007). 

  

  

IUCN 

 

 

(Schultes, 2010). 

(92/43/ECC) (Anex   
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, 05/2010). , 

 ESHIPP -PD, 

  U. crassus 

 

 

  

 

U. crassus 

 

 

 P. 

complanata.  

P. complanata 

XIX 

.-1972. 

   

 ,  

  

, 

 (JDS-ITR Report, 2002; Paunovi ., 2008; Tomovi ., 2012; 

- . 2013).  

 

 

 Van Damme, 2011a). 



 

 

 
115 

Van 

Damme, 2011 ). 

IUCN 

VU) (Van Damme, 2011a

 (CR) 

(Zajac 2009a  (EN)  

(Bódis 2008, Van Damme, 2011a) VU Korniushin, 

2002).  

 P. 

complanata . , 

.  

U. pictorum 

U. tumidus

 U. pictorum U. tumidus 

 

U. tumidus 

U. pictorum U. crassus. 

XIX  

). 

  

  , 

2001b)   (JDS-ITR Report, 2002)  

( U. tumidus 

 ., 2006). 

U. 

pictorum U. tumidus  (  

74/2011), U. tumidus, 

, 

U. pictorum U. tumidus 
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 (  

.  

Unio  

U. pictorum.  

(Van Damme, 2011b).  

  LC 

 

U. pictorum 

II 

   

    

)  U. tumidus

U. tumidus , 

 . 

S. woodiana,  

Unionidae Cummings, 

2011).   

 

  

 (Petró, 1984),  (Sárkány-Kiss, 1986),  (Girardi  Ledoux, 

1989),   (Beran, 1997),  (Reischutz, 1998), 

 (Bohme, 1998),  (Urishients  Korniushin, 2001), (Manganelli 

et. al., 1998), (Lajtner   ., 2013a), 

 

(Paunovic ., 2006; Bogan ., 2011). 

  

 (Ctenopharyngodon idella (Valenciennes, 1844), Carassius auratus 

gibelio Bloch, 1783; Hypophthalmichthys molitrix (Valenciennes, 1844)  Arstichthys nobilis 

Richardson, 1844) 60- -  XX (Cakic  Hristic, 1987; Paunovic ., 

2006),   

(Paunovic ., 2006). S. woodiana  

 (Cianfanelli ., 

2007)   
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(Beran, 2008).  

(Kraszewski, 2007)

 

(Dudgeon  Morton, 1983  

IUCN LC 

 

-

o  BPK-5, , 

, ,   

. 

 U. crassus  

BPK, HPK

U. 

crassus (Zajac  Zajac, 2009) 

(Schulte, 2010). 

(Schulte, 2010).  

A. anatina  

Mouthon, 1996). 

A. anatina 

(Zettler 

., 2006).  

  

 U. 

crassus 



 

 

 
118 

Jamil ., 1999). 

  

 

 ( ,   Unionidae.  

U. tumidus 

U. pictorum

 

       

        

 U. tumidus.        

     ,        

,            

  . 

 

U. pictorum 

     

 

a TPS 

Unio

 

     

   .       

    (4.45%.  U. tumidus  5.85% U. pictorum),  

   

 

U. tumidus U. pictorum,  

, 
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U. crassus, 

     

a TPS 

-

Unio U. crassus 

 

S. woodiana  A. anatina 

M a a 

  S. 

woodiana  ,  A. anatina   

 Unio 

,  

 

 .   

 

  (Hazay, 1881; 

Buchner, 1910; Israel, 1910; Haas  Schwarz, 1913; Ortmann, 1920; Grier  Mueller, 1926; 

Bloomer, 1938).  

 

(Claxton  ., 1998; Trussell, 2002; 

Hornbach ., 2010)

 Grier, 1920; Negus, 1966; Reigle, 1967; Ghent 

, 1978).  
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(Zieritz  Aldridge, 

2011) (Neo  Todd, 2011; Bourdeau, 2012)

(Preston  Roberts, 2007). 

         

   ,      , 

      (Zelditch ., 2004).  

 Unio 

 

   e 

 

U. 

tumidus

  

7.4% Unio , 

 

 , 

U. crassus crassus f. Grandis , 

  U. 

pictorum,  

   

 

Sinanodonta, Anodonta  

Pseudanodonta

Unio. 

Unionidae, 

. 

 



 

 

 

 

 

 

 
 

 

 

6.  
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 Unionidae

  (

). 

 , 1953.-1972.

 . 

,   , 

XIX  

 

 

 

. 

 , U. crassus 

-

  

  

  

 

 e 

U. crassus.  
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A. cygnea, 

  

 

S.woodiana D. polymorpha, 

 

 Unionidae 

BPK-5, , 

U. crassus.  

   

 U. crassus

 A. anatina.  

   

 

 

 U. 

tumidus U. pictorum 

. 

 

U. crassus 
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U. tumidus  

  

 

 

 

 ,  

 (PD)    

 

U. crassus, P. 

complanata  A. cygnea. II 

U. pictorum A. anatina U. tumidus 

III  

 (ES + HIPPO +PD)   

         

   

    

 a 

,  . 

 

U. crassus  
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 N 

1   18.86217146260 45.84424316700 

2   18.91820963180 45.55668706890 

3   19.07451877650 45.53041728960 

4   19.00581698630 45.49182713960 

5   19.36393903030 45.23258311710 

6   19.46160325180 45.23737654030 

7   19.67268352180 45.22246416230 

8   20.42845177430 44.84086578840 

9   20.58887204170 44.84499203160 

10   20.81860975820 44.65850987000 

12 
 

 21.12790726420 44.73404901040 

13   21.33636301830 44.82391642670 

14   20.64531958650 44.81693984260 

15   20.57587286070 44.84919134920 

16   20.36541710190 45.02647810630 

17   20.26334219950 45.14510487640 

18   19.80298783180 45.22167267690 

19   19.88601910770 45.26037140460 

20   22.41558616680 44.68844173750 

21   21.69434047200 44.66188843410 

22   22.71378891030 44.60074176930 

23 II  22.48128286340 44.43065506920 

58   22.68060644890 44.24283129020 

11   21.00769000000 44.71637000000 

27   20.32225435300 44.73584576590 

28   19.70742361450 44.76436414050 

29   20.37548000000 44.78568000000 

30   19.62028890640 44.96244635530 

31   19.37574595890 44.94247224470 

32   20.23787483550 44.71236401920 

33   20.31019068910 44.68426065140 

34   20.36401374330 44.77240941000 

35   20.45007903100 44.82117642640 

36 km)  20.28308461810 44.66089954150 
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37   19.75647756010 44.91408707800 

38   20.43039939000 44.79724207290 

40   20.28506559810 45.14610735340 

41   20.30435036890 45.17863781520 

42   20.13447103440 45.58948482210 

43   20.14290940330 45.79070340450 

44   20.09318944760 46.04930495240 

45   20.06422317710 45.60752841580 

46   20.31879623240 45.21199340900 

24   20.20576170940 44.37113320430 

25   20.20728880560 44.57324862090 

26   20.26867652260 44.46623122780 

47   21.04224787170 44.70637069170 

48   21.15819561180 44.22709593320 

49   21.19648498800 44.08423134900 

50   21.37570110670 43.94288317180 

51   21.37596597220 43.73293956820 

52 
 

 20.73607847740 43.74089039060 

53   20.77460441050 43.72035239850 

54   20.62892960060 43.77801485890 

55   20.09436553600 43.85865484640 

56  
 

20.69547906800 43.95691784000 

57  
 

21.17849149770 43.36759185360 
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U. pictorum  6         4 2 

U. tumidus  2   8   10 12 7 

U. crassus                

P. complanata     4         

A. anatina    11 4   5 1 8 

S. woodiana  4 7 2 7 1 1 12 

*  1 1 1 1 1 1 1 

BPK-5 (mg/l) 3.091 4.030 2.636 2.660 2.315 2.045 2.852 
HPK  
KMnO4 (mg/l) 4.900 4.890 4.315 5.320 3.415 3.064 4.725 

 
(mg/l) 52.273 52.100 52.346 49.800 49.480 56.040 56.375 

(mg/l) 184.691 183.900 178.892 168.790 191.480 214.500 161.333 

NH4-N (mg/l) 0.121 0.219 0.222 0.159 0.090 0.129 0.099 
NO3-

N (mg/l) 1.830 1.510 1.732 1.475 1.123 1.006 1.708 

(mg/l) 10.227 9.850 9.177 9.720 9.362 8.582 11.438 

 
 

 
 

 
  

U. pictorum  7   17 2     4 

U. tumidus  13   22 25   8 19 

U. crassus                

P. complanata 2     1       

A. anatina  15 2   14 1 4 2 

S. woodiana  8     2     2 

*  1 1 1 1 1 1 1 

BPK-5 (mg/l) 2.967 2.946 3.150 3.068 2.925 2.224 2.721 
HPK  
KMnO4 (mg/l) 4.683 5.100 4.880 4.363 4.950 3.588 5.489 

 
(mg/l) 56.167 53.867 55.100 55.083 54.333 61.167 50.368 

(mg/l) 198.667 188.133 197.100 195.875 192.750 222.958 175.316 

NH4-N (mg/l) 0.094 0.087 0.125 0.160 0.153 0.091 0.114 
NO3-

N (mg/l) 1.825 1.685 1.588 1.539 1.542 1.892 1.228 

(mg/l) 10.708 10.893 10.180 9.513 10.292 9.475 9.995 
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U. pictorum    8 5 1   7 32 

U. tumidus  10 60 34 3 2 15 80 

U. crassus                

P. complanata             5 

A. anatina    6 4 1       

S. woodiana  2 1 2     6 4 

*  1 1 1 1 1 1 1 

BPK-5 (mg/l) 2.150 2.143 2.408 2.073 2.440 2.333 2.540 
HPK  
KMnO4 (mg/l) 3.652 4.242 3.746 3.108 3.368 2.333 3.512 

 
(mg/l) 58.000 54.042 60.615 60.231 60.833 49.727 58.294 

(mg/l) 223.000 189.083 211.769 209.154 217.167 171.727 198.176 

NH4-N (mg/l) 0.070 0.167 0.097 0.076 0.120 0.107 0.149 
NO3-

N (mg/l) 1.306 1.339 0.692 0.985 1.378 1.371 0.818 

(mg/l) 9.420 8.658 9.092 8.508 9.608 9.700 10.012 

 
  

 
  

 

U. pictorum  8 6 6 17 5 5 5 

U. tumidus    29 1 19 23 9 50 

U. crassus                

P. complanata 1 5           

A. anatina          1   4 

S. woodiana  15 6 11 4 6 8 3 

*  1 1 1 1 1 1 1 

BPK-5 (mg/l) 2.367 2.250 2.086 2.025 1.722 2.218 2.091 
HPK  
KMnO4 (mg/l) 4.825 3.707 3.213 4.317 4.300 4.509 5.764 

 
(mg/l) 54.400 59.714 55.917 53.083 55.778 48.382 51.909 

(mg/l) 194.000 214.714 194.167 182.750 204.778 171.818 185.273 

NH4-N (mg/l) 0.074 0.089 0.141 0.066 0.054 0.063 0.085 
NO3-

N (mg/l) 1.691 0.606 0.758 0.066 1.584 1.422 1.396 

(mg/l) 10.908 8.836 9.159 10.533 9.000 10.591 8.982 
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U. pictorum  6 1 5 1   22   

U. tumidus  10 4 16 7 2 1   

U. crassus        5     1 

P. complanata               

A. anatina  1   2 2       

S. woodiana    4           

*  1 1 1 1 1 2 2 

BPK-5 (mg/l) 1.778 1.860 2.150 1.910 1.703 1.967 2.111 
HPK  
KMnO4 
(mg/l) 3.062 3.290 3.233 3.383 2.909 4.575 5.967 

  
(mg/l) 54.575 51.310 57.583 55.200 53.127 47.429 48.667 

 
 

(mg/l) 185.500 169.800 219.833 181.400 181.091 159.857 168.000 
 

 NH4-N 
(mg/l) 0.106 0.128 0.105 0.115 0.102 0.098 0.161 

 
NO3-N (mg/l) 0.896 1.268 0.617 0.710 0.709 1.105 1.107 

 
 

(mg/l) 9.449 8.990 9.258 8.766 9.782 9.017 8.600 

 
 
 

       
. 

  
  

U. pictorum  4 5     4 23 30 

U. tumidus  1 5   1 1 3 130 

U. crassus  1   2   9 2 3 

P. complanata 1   1 1       

A. anatina  

S. woodiana  1 1 8 6 1 5 35 

*  2 2 3 3 4 4 4 

BPK-5 (mg/l) 1.682 2.029 2.358 1.944 1.608 1.383 1.758 
HPK  
KMnO4 
(mg/l) 4.613 5.414 4.833 4.591 2.531 2.877 2.858 

 
(mg/l) 54.286 44.429 54.917 60.636 62.769 66.231 61.917 

(mg/l) 186.286 148.643 221.000 232.545 212.077 213.846 207.750 

NH4-N 
(mg/l) 0.087 0.117 0.152 0.160 0.036 0.042 0.055 

NO3-N (mg/l) 0.975 1.210 0.542 0.814 0.618 0.677 0.478 

(mg/l) 8.664 9.800 10.692 10.582 10.123 9.700 9.475 
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U. pictorum  18   

U. tumidus  9 34 

U. crassus  47 1 

P. complanata 

A. anatina  

S. woodiana  1 6 

*kod 4 4 

BPK-5 (mg/l) 1.556 1.871 
HPK  KMnO4 
(mg/l) 2.144 2.829 

 
(mg/l) 65.583 60.143 

(mg/l) 230.083 209.000 

NH4-N (mg/l) 0.047 0.083 
NO3-N 

(mg/l) 0.617 0.500 

(mg/l) 10.242 9.245 

 

 
 

   
  

 
 

  

U. pictorum 2 7 17 2 
  

4 

U. tumidus 7 13 22 25 
 

8 19 

U. crassus 
       

P. complanata 
 

2 
 

1 
   

A. anatina 8 15 
 

14 1 4 2 

S. woodiana 12 8 
 

2 
  

2 

*  1 1 1 1 1 1 1 

 
 (µg/l) 

0.20 0.25 0.20 0.20 0.20 0.20 0.20 

 
 (µg/l) 

2.60 2.67 3.33 2.20 1.75 1.44 2.00 

 
 (µg/l) 

8.00 20.00 12.67 21.13 18.25 11.88 14.50 
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U. pictorum 8 5 1 
 

7 32 6 

U. tumidus 60 34 3 2 15 80 29 

U. crassus 
       

P. complanata 
     

5 5 

A. anatina 6 4 1 
    

S. woodiana 1 2 
  

6 4 6 

*  1 1 1 1 1 1 1 

µg/l) 
0.20 0.20 0.22 0.20 0.11 0.14 0.11 

(µg/l) 
3.25 1.20 1.20 1.00 0.58 0.81 3.86 

(µg/l) 
10.50 10.80 12.60 8.83 22.50 8.39 7.41 

 
  

 
  

 
. 

 

U. pictorum 6 6 17 5 5 5 6 

U. tumidus 29 1 19 23 9 50 10 

U. crassus 
       

P. complanata 5 
      

A. anatina 
   

1 
 

4 1 

S. woodiana 6 11 4 6 8 3 
 

*kod 1 1 1 1 1 1 1 

µg/l) 
0.11 0.07 0.01 0.01 0.01 0.04 0.09 

(µg/l) 
3.86 1.66 0.25 0.25 0.25 0.50 0.25 

(µg/l) 
7.41 10.77 6.25 5.82 3.44 13.99 3.80 

 

 
. 
 

 
     

U. pictorum 15 1 5 1 
 

4 5 

U. tumidus 42 4 16 7 2 1 5 

U. crassus 
   

5 
 

1 
 

P. complanata 
     

1 
 

A. anatina 2 
 

2 2 
   

S. woodiana 7 4 
   

1 1 

*  1 1 1 1 1 2 2 

µg/l) 
0.12 0.02 0.06 0.06 0.05 0.02 0.05 

µg/l) 
0.25 0.25 0.25 0.25 0.25 0.31 0.25 

(µg/l) 
3.75 2.25 6.63 7.63 6.47 2.78 3.97 
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.    

. 
 

 
( )   

U. pictorum 4 23 30 18 
   

U. tumidus 1 3 130 9 34 
  

U. crassus 9 2 3 47 1 
  

P. complanata 
       

A. anatina 
       

S. woodiana 1 5 35 1 6 
  

*  3 3 3 3 3 
  

(µg/l) 
0.03 0.02 0.48 0.02 0.72 

  

(µg/l) 
0.25 0.27 0.42 0.31 0.36 

  

(µg/l) 
7.08 7.73 8.87 5.45 9.72 

  


