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R.S. Bessonov, A.R. Galautdinova, V.A. Dubina 

FEATURES OF THE WATER DYNAMICS NEAR EASTERN PRIMORYE COAST 
 
Archive of the satellite images of the northwest part Japan/East Sea is created. Features of the water 

dynamics near eastern Primorye coast are revealed on base of the joint analysis satellite visible and infrared 
images and supplementary information. 

Key words: Japan/East Sea, Primorye coast, surface current, submesoscale eddies, internal waves, 
Landsat satellites, spectroradiometr MODIS. 
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Fig. 1. Visible image of spectroradiometer MODIS received from Terra satellite on 20 September 2012. 

White rectangle shows external borders of adjacent Landsat frames used in investigation 
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. 2.     Landsat-8  28  2013 .  
    

Fig. 2. Infrared Landsat-8 image obtained on 28 August 2013. Lettering are explained in text 
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. 3.      Landsat-8  28  2013 .  
     

Fig. 3. Fragment of the visible Landsat-8 image acquired on 28 August 2013. Surface manifestations of the 
different-scale internal waves are shown 
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E.A. Gorbacheva  

TOXICOLOGICAL STUDY OF BOTTOM SEDIMENTS IN THE COASTAL AREAS  
OF THE BARENTS SEA  

 
Biological testing method was used to study the toxicity of the bottom sediments taken near the fish 

farms in the Pechenga and Ura Bays and in the coastal zone from the Ura Bay to the Kildin Island. 
Microalgae Phaeodactylum tricornutum and larvae of shrimp Artemia salina were applied as the test 
organisms. It was shown that near the fish farms bottom sediments were not toxic. Only the bottom sediments 
collected in the mouth of the Ura Bay (near the Bear Island) and on the both sides of the Kola Fjord mouth 
(on the beam of the Pogan’navolok Cape and on the opposite side of the Cherny Cape) were slightly toxic for 
A. salina.  

Key words: toxicological studies, bottom sediments, coastal areas. 
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Fig. 2. Dynamics of algae Ph. Tricornutum in extracts of bottom sediments 
 Coastal areas of the Barents Sea (mean ± standard deviation) 
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Fig. 3. Survival of A. salina larvae in extracts of sediments 
Coastal areas of the Barents Sea (mean ± standard deviation) 
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A.Yu. Zhilin, N.F. Plotitsyna, A.M. Bondar  

THE CONTENT OF POLYCYCLIC AROMATIC HYDR OCARBONS (PAHS)  
IN COMMERCIAL FISHES OF THE BARENTS SEA 

 
Investigated the levels of 19 PAHs in the Barents Sea fish caught in different fishing areas. In total, we 

analyzed 146 samples (73 samples of the muscle and 73 samples of the liver) Atlantic cod (Gadus morhua), 
hadd oCk (Melanogrammus aeglefinus), saithe (Pollachius virens), American plaice (Hippoglossoides 
platessoides), sea plaice (Pleuronectes platessa), jelly wolfish (Anarhichas denticulatus), Atlantic wolfish 
(Anarhichas lupus), spotted wolfish (Anarhichas minor), golden redfish (Sebastes marinus), beaked redfish 
(Sebastes mentella)  and Greenland halibut ( Reinhardtius hippoglossoides). The obtained results confirm 
the negligible level of contamination of muscle and liver of commercial fish of the Barents Sea PAHs, 
including exhibiting carcinogenic activity. To assess the risk of accumulation in fish of PAH when eating is 
not possible due to the lack of Russian regulations on the content of these compounds in raw fish. 

Key words: polycyclic aromatic hydr oCarbons (PAHs), fish in the Barents Sea. 
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Y.N. Kalashnikov  
STATE OF ATLANTIC MACKEREL FISHERY IN NORT-EAST ATLANTIC 

 
This article discusses the current state of the st oCk and the fisheries of mackerel in the North-East 

Atlantic and issues in managing fisheries at the international level. A brief history of international and 
domestic mackerel fishery. It is shown the dynamics of world catch of mackerel, are considered the reasons 
for the decline or increase of the Russian fishing in different periods. Noting the leading role in the domestic 
research organization in the mid-1980s, fishing for mackerel in international waters of the Norwegian Sea. 
Summarizes the stages of formation of international regulation of the fisheries of mackerel. Particular 
attention is paid to the period from the beginning of the regulation of fishing of mackerel in the whole area, 
as well as Russia's role in this pr oCess. 

Noted that to preserve the mackerel st oCk within safe biological boundaries must be strict regulation 
of its fisheries through ICES and NEAFC with the use of research evidence. 

Key words: North-East Atlantic, Norwegian sea, mackerel, fishery, the dynamics of st oCks, 
international regulation. 
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  SAM) [4]; * –   
Fig. 1. Spawning st oCk at the beginning of spawning, world catch, total allowable catch (TAC) (thousand 

tons) and replenishment (age 0+, million specimens) of mackerel in 1987-2016. (Estimation of st oCk status 
in 2016 in the SAM model) [4]; * – preliminary data 
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Fig. 2. Mackerel catch in the North-East Atlantic (kt) and commercial mortality (F) in 1987-2016. [4]  
(2016 – preliminary data) 
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Fig. 3. Sites of the domestic mackerel fishery in July-September 2016.  
(Catch, t / ship-day fishing: 1 – less than 50 tons, 2 – 50 tons or more) 
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: 597.2.5 
 

. . ,  . . , . .  
       ,  

100053, , . , . , 232 
 

    (ABRAMIS BRAMA)  
  

 
    2013 .   2014 .    -

.     278   (Abramis brama Linnaeus),    
126   152 .   , ,   .      

  1  5 ,   14–48,5 ,        
11,5–41      30–1405 .     (W, )     
(TL, )      W = 0,005  TL3,2555 (P<0.05) (r = 0,98). -

            (SL, )   
 : TL = 1,1967*SL+0,9333 (P<0,05). (r = 0,99).     

   : TL1 – 13,52 , TL2 – 28,12 . TL3 – 37,87 , TL4 – 42,65 ,  
TL5 – 48,56 .            

     . 
 : , Abramis brama, ,    ,  . 

 
B.G. Kamilov, U.T. Mirzayev, Z.A.Mustafaeva 

AGE AND GROWTH OF BREAM (ABRAMIS BRAMA LINNAEUS) IN TUDAKUL 
RESERVOIR OF UZBEKISTAN 

 
The study was carried out from November 2013 to  oCtober 2014 in Tudakul reservoir, Uzbekistan. A 

total 278 breams, Abramis brama L., were sampled including 126 females and 152 males. Scale of bream is 
cycloid, large, with straight edges. The ages, total lengths, standard length  and weights of the samples 
ranged between 1 to 5 years,14 to 48.5 cm, 11.5 to 41 and 30 to 1405 g, respectively. The relation between 
weight (W, g) and total length (TL, cm) was described by equation W = 0,005*TL3,2555 (P<0.05) (r = 0,98). 
The relationship between total length (TL) and standard length (SL) was described by linear equation:  
TL = 1,1967*SL+0,9333 (P<0,05). (r = 0,99). Mean back calculated total length was at age I –13.52 cm,  
II – 28.12 cm, III – 37.87 cm, IV – 42.65 cm, V – 48.56 cm. In Tudakul reservoir, bream growth rate is fast in 
compare with other regions of area and introductions of this species. 

Key words: bream, Abramis brama, age, back-calculation, growth. 
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 ,  
Tudakul Reservoir, Uzbekistan 

 
 1 

          
(   – ,   – ) 

Table 1 
Average body size of bream of different ages in the Tudakul reservoir 

( bove the line – the scatter, below the line – the average) 
 

,   
1 2 3 4 5 

TL,  
22,5

32–14  
28,6

39–21  
38,9

47–29  
42,7

45,5–40  
47,3

48,5–40  

W,  
127,2

395–30  
291,7

760–105  
778,4

1305–295  
1040,1

1250–755  
1315

1405–1140  

N, . 92 52 108 23 3 
 

 2 
     (    ), 

    
Table 2 

Growth rate of the bream in the Tudakul reservoir (according to the reverse calculation),  
females and males are combined 

 
  ,  ,  N, . 

TL1 TL2 TL3 TL4 TL5 
1 92 13,3         
2 52 13,5 28,6       
3 108 13,5 28,4 38,5     
4 23 14,5 26,1 35,5 42,8   

5 3 13,8 23,6 32,3 41,1 48,6 
  ,  13,52 28,12 37,87 42,65 48,56 

  ,  1,52 14,60 9,75 4,78 5,91 
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 3 
      (TL – , SL –   ) 

 
Table 3 

Growth of bream in different regions of the range (TL – total body length, SL – standard  
body length) 

 
    ,    

 1 2 3 4 5 6 7 8 9 10 
 

 
, 

 

SL - 17,4 22,5 27,1 30.8 34.4 37,7 39,8 41,4  [2] 

. , -
 

SL - 11,1 15,3 18,7 21,6 24,5 26,0 28,0 30,0  [2] 

  
, 

 

SL - 16,0 22,8 25,9 27,5 29,5 31,2 33,2 34,5  [2] 

. , 
 

SL 7,2 11.4 14,9 17,8 22,1 24,2 25,9 27,6 28,8 30 [5] 

. ,  TL 6,4 11,8 16,9 21,4 25,4 291 32,4 35 37,6 34,9 [10] 
 . -

,  
TL 8,1 13,3 17,6 21,2 24 26,4 28,5 30,5 32,4 34,3 [9] 

SL 10,5 22,7 30,9 34,9 39,8        
, 

 TL 13,5 28,1 37,9 42,7 48,6      
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 597.587.9-1.05(268.45) 
 

 
. . , . . , . . , . .   

 -      
  . . . , 

183038, . , .  , 6 
 

   (PLEURONECTIDAE)  
: GLYPTOCEPHALUS CYNOGLOSSUS, PLEURONECTES PLATESSA  

 LIMANDA LIMANDA 
 

       (Pleuronectidae), -
   .   , , ,  ; 

     ,        
. 

 : ,  ,  , . 
 

A.M. Mukhortova, A.V. Baryshnikov, I.I. Lyzhov, V.A. Mukhin  
BI OCHEMICAL PROPERTIES OF BARETS SEA’S FLOUNDERS 

(PLEURONECTIDAE): GLYPTOCEPHALUS CYNOGLOSSUS, PLEURONECTES 
PLATESSA AND LIMANDA LIMANDA 

 
We conducted the investigation of bi oChemical properties for some flounders (Pleuronectidae) that 

live in Barents Sea. The content of water, lipids, proteins, minerals in their tissues and organs was studied; 
fraction content of proteins and lipids and amino acids of proteins was studied by methods of 
chromatography as well. 

Key words: flounder, Barents Sea, biochemical composition, chromatography. 
 

 
   (Pleuronectidae)   -

       ,     
   ,    . ,  -

 [1], ,  ,      
,     - ,       

     .    
      . 

    Pleuronectes platessa   
  ,      2016 .    -

.        7,7 . ,    -
     78,7 .  [2]. 

 Limanda limanda   ,       
      , ,       

   14,5 %  .        
600 ,          [3]. 

    Glyptocephalus cynoglossus -
    .        -

 .     328  [4].      
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          -
 ,          -

 . 
        

  ( )    ,    -
 ,    .   -

       .    -
   ,      -

 ,        
 . 

        -
        -
 Pleuronectidae. 
 

   
      (Pleuronectidae): 

 ( )  – Glyptocephalus cynoglossus,   – Pleuronectes 
platessa,  ( ) – Limanda limanda. 

       -  -
  « ».  ( )      -

  (  ),   –      ( -
-    ),  –  -  , -

     -    . 
   , ,      

   [5, 6]. 
       

 ,        -
.          

 ,         -
 ,       [7]:  -

   6 / 3   115 °    24    -
 . 

      ,     
0,05 / 3   .     -

          
-    0,1 / 3     1     

     Supelkosil LC-18 (30  x 4 )   
   LC-10Ap  «Shimadzu» ( )  -

  RF-10 Axl (    – 340 ,  – 
450 )  :      ,  

.    – 1,5 3/ .   -
      Sigma-Aldrich ( ). 

       -  -
     Pharmacia LKB Biotechnology ( ).  -
     (1,6 x 70 )  Sephadex G-100 Superfine ( -

),    – 0,15 / 3    (  7).   -
        280  (  

  – 2 ).   (M )    -
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,         Sigma-
Aldrich ( )    M  [8]. 

        
 [9].     –  [6],    

  Merck ( )   :  :  :  -
 (45 : 10 : 5,  );   –  :  :  (25 : 5 : 20, 

 ).        
50%-  H2SO4  ,     CS-9000  Shimadzu 
( )    540 .      -

  Sigma-Aldrich ( ). 
 

   
     , ,   -

  ( )         . 1. 
      ( )    
           15,5 %, 

 – 7,80 %.     40,4 % .    
,   – 85,1 %;  – 2,83 %. 

          -
 .              

  . 
            

     17,3–18,3 %  2,07–3,50 % ,   -
      .    -
    – 14,5–15,6 %  11,2–12,5 % .    

 ,   ,    . 
 

 1 
       

Table 1 
Chemical composition of individual parts of the body of the investigated objects 

 
 , % 

,   
  

(  )     
1 2 3 4 5 6 7 

   (  ) 
  74,0 7,80 15,5 0,98 
  54,3 40,4 6,81 0,84 

41,0–43,0  

  85,1 2,83 9,05 1,17 
  ( -    ) 

  75,9 3,11 17,5 1,0 
  64,4 21,3 11,3 0,95 

  72,5 0,54 22,0 0,64 

50,0  

  84,3 1,21 11,4 0,76 
 ( -  ) 

  78,0 2,54 18,0  
 66,7 14,5 11,2 0,36 

  78,4 0,83 16,8 0,89 

30,5–38,0  

  82,4 1,41 10,8 1,32 
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 . 1 
 

1 2 3 4 5 6 7 
 ( -  ) 

  77,6 2,07 18,3 1,14 
  66,9 15,1 11,6 1,32 

28,0–38,0  

  70,0 2,78 23,4 1,27 
 (   ) 

  77,9 3,50 17,3 1,06 
 66,9 15,6 12,5 0,52 

  76,1 1,46 19,2 1,03 

35,5  

  83,4 3,65 10,0 1,17 
 

        
  . 

 

 
 

          
Elution profile of the extract of water-soluble proteins of muscle tissue of the investigated objects 

 
    ( )     (  105,6 )  
 (  13,7 )     23  16,8 % .   

       – 60,2 %. 
         

,    60,7 %.      (  114,4 )  
33,9 %,       12,1      4,4 %. 

        ,  
  63,2 %.      (  117,1 )  32,7 %, 
   (  14,3 ) – 4,1 %. 

      . 2. 
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 2 
       

Table 2 
Amino acid composition of muscle proteins of the studied objects 

 
      

% /100  
 

 

% /100  
 

 

% /100  
 

 

« » 
, % 

 ,   :  
 5,24 812 5,33 933 5,11 920 5,0 

 4,35 674 4,45 779 4,21 758 4,0 
 7,05 1093 7,02 1228 7,07 1272 7,0 

 7,39 1145 6,72 1177 6,36 1145 5,5 
 2,00 310 2,36 413 1,75 316 3,5 (  ) 

 4,07 630 4,19 733 4,00 720 4,0 
 4,00 619 3,92 687 3,93 707 6,0 (  ) 

 ,   : 
 5,92 918 6,10 1067 5,88 1058 
 6,95 1077 7,01 1227 6,64 1194 

 12,77 1979 13,23 2315 12,67 2281 
 1,97 305 2,35 411 2,37 427 

 4,54 704 4,44 777 3,46 623 
 17,00 2635 16,64 2911 15,83 2850 

 4,63 717 4,86 850 4,52 814 
 0,67 103 1,03 180 0,96 173 
 3,36 521 3,93 687 3,43 618 

 

 
       ( ) , -

 ,  ,   (  ,  -
  )    ,  , 

      « » ,   -
   .      

 .        -
. 

        
 ( ),  ( ),    ( ),    

,  ( ) ( ,   .).   -
     . 3. 

           .  
     ,        

. 
    ( )     (6,53 %),  (7,81 %), -
 (9,30 %)    (8,36 %)     ; -
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    (6,24 %).     – 25,5 %,   (7,81 %) 
  (9,30 %)  ;     – 5,28 %.  

          -
 – 28,1  24,7 % ;     10,0 %,     – 

5,86 %.     (12,3 %)    (14,0 %);   (15,2 %) – 
 (4,57 %)   (9,80 %).       (47,2 %); -

    (17,7 %). 
  ,         -

   18,8–35,8 %,  – 6,01–24,8 %,  – 4,82–18,2 %.    -
     12,6–52,5 %    . 

 3  
    , %     

(  ) 
Table 3 

The fractional composition of lipids of the investigated objects,% of the amount of lipids 
(averages) 

 
    

 
   -

 
 -

 
 

 ( )  (  ),  
-

  
- 6,53 7,81 9,30 8,36 10,7 1,77 6,24 2,67 

  25,5 5,85 9,26 7,71 - 6,41 5,28 1,13 - 
  ( -    ),  

-
  

- 28,1 11,8 24,7 - 10,0 1,61 5,86 2,51 

  - 12,3 6,25 3,92 14,0 15,2 4,57 9,80 0,87 
  - 47,2 15,8 10,5 - 23,8 6,15 17,7 - 

 ( -  ),  
-

  
- 19,6 5,07 9,02 7,80 41,0 18,6 19,7 2,74 

  3,16 18,5 13,4 8,74 13,0 42,5 19,3 19,0 4,22 
  - 29,0 6,01 9,73 - 46,6 11,5 35,2 - 

 ( -  ),  
-

  
- 28,0 19,1 13,4 5,80 28,5 11,4 13,9 3,27 

  - 27,7 18,2 4,82 9,00 40,0 16,8 18,8 4,30 
  - 31,7 20,0 17,8 - 27,6 10,8 13,5 3,38 

 (   ),  
-

  
- 18,8 16,4 8,13 - 52,5 20,3 23,4 8,77 

  6,43 24,5 24,8 8,65 22,5 12,6 4,08 5,76 2,81 
  - 35,8 8,20 18,2 7,84 24,7 12,5 11,1 1,23 
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 ,        

   .        
 (    15,5–18,3 % ).   -

   :         2,07–
3,50 %,   ( )    – 7,80 %.   -

 (  78,0 % ),        
    . 
          2,0 %  , 

            
(14,5–21,3 %),       ( )  (    40,0 %).  

         
(60–63 %).          -

  .        
            . 

          
 . 

 ,   :  ( ) Limanda limanda 
  ( )  Glyptocephalus cynoglossus,     

 10–15 %     –   Pleuronectes platessa, 
   .       -

 ,       .   
          -

      .  
       ,  -

        . 
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A.M. Nikolaev, M.Yu. Alekseev  
SEASONAL AND DAILY DRIFT DYNAMICS OF INVERTEBRATES IN THE SALMON 

KOLA RIVER (THE KOLA PENINSULA) 
 
The daily drift dynamics of marine invertebrates and its seasonal patterns in the salmon Kola River (the 

Barents Sea basin) were studied. Simultaneously, the feeding dynamics of the juvenile Atlantic salmon was 
analyzed. It was found that drift abundance and biomass varied both during a day and from season to 
season, and the dynamics had its peculiarities in the different time periods. In almost all the cases, except for 
July, the maximum quantitative parameters of the invertebrate migration were ass oCiated with the night 
time, while of the seasonal one – with August. The daily dynamics of the dominating groups of the organisms 
showed pronounced synchrony, with the exception of the autumn time. The bolus composition in juvenile 
salmon was almost the same as the distribution of organisms in the drift samples. The index of stomach 
fullness in the most of the examined parrs was high, which indicated a sufficient development of the food 
base. High drift abundance in spring proved the right choice of the time to release the farmed salmon 
yearlings. 

Key words: dynamics of drift, invertebrate hydrobionts, salmon yearlings. 
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   ,     -

,    . ,      (  
Diptera), ,  ,   , . 

      .     -
      ,      

       .  
 

     .     
Number and biomass of drift in the river. Cola in the periods under study 

 
     -

 N, ./ 3 B, / 3 N, ./ 3 B, / 3 N, ./ 3 B, / 3 N, ./ 3 B, / 3

15:00–18:00 0,304 0,505 0,318 0,343 0,404 0,586 0,160 0,130 
18:00–21:00 0,243 0,394 0,182 0,167 0,349 0,457 0,145 0,231 
21:00–00:00 0,537 1,627 0,117 0,105 0,519 0,731 0,198 0,364 
00:00–03:00 0,257 0,931 0,117 0,117 0,633 1,386 0,123 0,185 
03:00–06:00 0,138 0,407 0,142 0,151 0,855 1,410 0,235 0,497 
06:00–09:00 0,209 0,325 0,133 0,182 0,540 0,608 0,154 0,269 
09:00–12:00 0,310 0,563 0,120 0,586 0,222 0,269 0,083 0,127 
12:00–15:00 0,214 0,389 0,210 0,250 0,216 0,315 0,148 0,259 

   2,212 5,143 1,340 1,901 3,738 5,762 1,247 2,062 
 

  ,        -
     . ,   

     2,212 ./ 3,   – 1,340 ./ 3,   – 3,738 ./ 3,  -
 – 1,247 ./ 3,   – 5,143, 1,901, 5,762  2,062 / 3 . 
        -

 .   ,      -
  (21:00–00:00),   –   (09:00–12:00) ( . 1).  

 

 
 

. 1.     .    2014 . 
Fig. 1. Daily dynamics of drift in the river Cola in May 2014 
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       (  03:00  06:00). 
           

Plecoptera    0,085 ./ 3  0,751 / 3,    50 %  
        15 %     . 

      (  16 .,  
 9   7 ),    ,    3,75  

(3,6 )   , 3,9  –   ),     
  .      -

,      ,      -
   . 

          
. 

            
  2 .          15:00  

18:00 (  – 0,318 ./ 3,  – 0,343 / 3),      -
     ,    

     ( . 2).  
       ,   

  ,   .      . 
          

.  ,      3,738 ./ 3,   – 
5,762 / 3. 

           (  
03:00  06:00),           21:00  09:00 ( . 3).  

 

 
 

. 2.     .    2014 . 
Fig. 2. Daily dynamics of drift in the river Cola in July 2014 

 
        Diptera 

(0,494 / 3), Mollusca (0,330 / 3)  Plecoptera (0,515 / 3)    3:00  6:00,  -
  35, 22  23 %       . 
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. 3.     .    2014 . 
Fig. 3. Daily dynamics of drift in the river Cola in August 2014 

 
      (  46 .,  -

 24   22 ),        2,2  
2,7  .         -

          -
,  –   ,       

 .         -
  . 

 ,   ,       
      .   -

           (03:00–06:00  
 21:00–00:00 ) ( . 4).       -

.           0,065  
0,253 / 3.       (  09:00  12:00).  

 

 
 

. 4.     .    2014 . 
Fig. 4. Daily dynamics of drift in the river Cola in oCtober 2014 
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M.O. Rybakov 

DYNAMICS OF ATLANTO-SCANDIAN HERRING ST OCK AND FISHERY IN THE 
NORTH-EAST ATLANTIC 

 
This paper shows analysis of dynamics of herring st oCks and fisheries in various time periods. In 

several recent decades, periods characterised by substantial fluctuations in the Atlanto-Scandian herring st 
oCk have been recorded. This resulted in subsequent changes in herring migration patterns as well as in 
changes in the importance of some areas for fisheries in the North East Atlantic.  The author of this paper 
makes an attempt to evaluate the importance of agreed international management and a timely response of 
fleets to changing fishing patterns in order to maintain the herring st oCk in a sustainable manner. 
Description of the dynamics of herring st oCk and fishery is presented. It is worthy to note that to keep the 
Atlanto-Scandian herring st oCk within safe biological reference points in the long-term perspective, there is 
a need to regulate fisheries within NEAFC and Coastal State consultations based on ICES advice. 

Key words: fishery, total available catch, dynamic of st oCk, international regulation, atlanto-scandian 
herring. 
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. 1.  ,     -    1950–2016 . 
Fig. 1. Spawning st oCk, general catch and total catch of Atlantic-Scandian herring in 1950–2016. 
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. 2.           1993–2016 . 
Fig. 2. Catch of herring by the domestic fleet in various fishing areas in 1993–2016 

 
 1995 .,          

1991–1992 .,      -
 .    1995  1998 .      5  11  

 ( . . 1).   .   .   -
      ( )    ,   

     .      
  .       ,   -  

-      .      
          .    

          ,   -
         ( . . 2). 

 2002 .         : 
 – 13,62,  – 57,0,   – 5,5,  – 15,5   – 8,4 %.  

            
      -   ( ). 

        70  100 %. 
  2002 .    ,     

5-          
   70 %,    ,  ,    2   -
        .   

        :  – 
13,62,  – 70,0,   – 3,05,  – 8,66,  – 4,67 %. 
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         .  
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       .    , -
  ,  23 %,      – 24 % ( . . 2).   
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 ( . . 1).        -
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SCREENING FOR ANTIMICROBIAL ACTIVITIES OF THE ETHANOLIC EXTRACT 
DERIVED FROM FICUS HISPIDA L.F. LEAVES (MORACEAE) AGAINST  

FISH PATHOGENS 
 

Use of natural products has been considered as an alternative to antibiotics in fish health management 
to control bacterial infections in aquaculture. Many plants were shown to have potential for being effective 
herbal drugs against the fish and other aquaculture pathogens. Therefore, the aim of this study was to test 
the efficacy of ethanolic extract prepared from Ficus hispida leaves against fish pathogens, Aeromonas hy-
drophila, Citrobacter freundii, Pseudomonas fluorescens to evaluate the possible use of this plant in prevent-
ing infections caused by these bacteria in aquaculture. The antimicrobial susceptibility testing was done on 
Muller-Hinton agar by disc diffusion method (Kirby-Bauer disk diffusion susceptibility test protocol). Mul-
ler-Hinton agar plates were inoculated with 200 and 400 μL of standardized inoculum (108 CFU/mL) of bac-
terium and spread with sterile swabs. Aeromonas hydrophila (strain E 2/7/15) isolated locally from gill of 
rainbow trout (Oncorhynchus mykiss Walbaum) and Pseudomonas fluorescens (strain E 1/7/15) isolated lo-
cally from internal organs of rainbow trout with clinical features of furunculosis (kidneys were gray, liver 
was pale and fragile, enlarged spleen with exudate in the body cavity), as well as Citrobacter freundii iso-
lated locally from gill of eel (Anguilla anguilla L.) with clinical features of disease were used as test organ-
isms. Our results from the disc diffusion assay indicated that the A. hydrophila revealed intermediate suscep-
tibility concerning to ethanolic extract obtained from leaves of F. hispida (inhibition zone diameters were 
ranged from 8 to 12 mm). The most effective at least causing a zone of inhibition 14-16 mm was ethanolic 
extract from F. hispida against P. fluorescens both in 200 μL of standardized inoculum (108 CFU/mL) of 
bacterium (inhibition zone diameters were ranged from 15 to 16 mm) and 400 μL (14-15 mm). Our results 
demonstrated that the C. freundii revealed intermediate susceptibility F. hispida (inhibition zone diameters 
were ranged between 11 and 15 mm). Thus, the preliminary screening assay indicated that F. hispida leaves 
extract possess great potential for the therapy of bacterial infections and may be used as a natural antiseptic 
and antimicrobial agent. Further investigation needs to be focused on isolation and identification of those 
bioactive compounds, which would be a platform for further pharmacological studies, in vivo tests and prac-
tical applications in fish health management. 

Key words: Ficus hispida L.f., antimicrobial activity, Aeromonas hydrophila, Citrobacter freundii, 
Pseudomonas fluorescens, Kirby-Bauer disk diffusion susceptibility test. 
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Introduction 
Fish farming is now a sufficiently large and a mature industry, contributing 17 percent of the 

global animal-based protein supply in 2010 [20], that have justified the development of an effective 
range of antimicrobial agents [1]. Currently, bacterial infections in aquaculture are mainly con-
trolled by antibiotics. However, recently, the use of antibiotics in aquaculture has received consid-
erable attention because their use can lead to the development of drug resistant bacteria, thereby re-
ducing drug efficacy. Moreover, the accumulation of antibiotics both in the environment and in fish 
can be potentially risky to consumers and the environment [11]. Consequently, there is an urgent 
need for development of alternative therapies against bacterial pathogens in aquaculture. 

Use of natural products has been considered as an alternative to antibiotics in fish health man-
agement to control bacterial infections in aquaculture. Many plants were shown to have potential 
for being effective herbal drugs against the fish and other aquaculture pathogens [12]. Additionally, 
it is an attractive method for increasing the protective capabilities of fish [11]. Ficus (Moraceae) 
species are reported to have antimicrobial activity against several pathogenic bacteria and have been 
used as traditional medicines for the treatment of human diseases [2, 6, 13, 14]. Moreover, in line 
with the growing interest in the antibacterial properties of different plants, in our previous re-
searches, we have used ethanolic extracts derived from leaves of various Ficus species to assess an-
tibacterial activity against harmful fish pathogens, Aeromonas hydrophila, Citrobacter freundii, 
Pseudomonas fluorescens [15-18]. 

Ficus L. is one of the largest genera of angiosperms, with about 750 species of terrestrial trees, 
shrubs, hemi-epiphytes, climbers and creepers oCcurring in the tropics and subtropics of the world 
[4]. Ficus hispida L.f., commonly known as the hairy fig or the rough-leafed stem fig, is a shrub or 
tree that can grow up to 15 m tall [10]. It is a dioecious, bat-dispersed species [7], distributed from 
Sri Lanka to India, and from South China across Southeast Asia to Australia [4]. This species is 
used for treatment of several disorder, e.g., ulcers, psoriasis, anemia, piles jaundice, vitiligo, hemor-
rhage, diabetes, convulsion, hepatitis, dysentery, biliousness, and as lactagogue and purgative 
agents [2]. In India, it is commonly cultivated for its pharmacological properties such as antidiar-
rheal activity, as well as neuroprotective and hepatoprotective effects. It was reported that almost all 
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parts of this plant are used as a folklore remedy for the treatment of various ailments by the Indian 
traditional healers, but the leaves are of particular interest, among other parts, from a medicinal 
point of view. Additionally, the fruit is known to be active as aphrodisiac, tonic, lactagogue and 
emetic [2]. F. hispida was chosen for its abundance of alkaloids, carbohydrates, proteins and amino 
acids, sterols, phenols, flavonoids, gums and mucilage, glycosides, saponins, and terpenes [6]. 
Therefore, the aim of this study was to test the efficacy of ethanolic extract prepared from F. his-
pida leaves against fish pathogens, Aeromonas hydrophila, Citrobacter freundii, Pseudomonas 
fluorescens to evaluate the possible use of this plant in preventing infections caused by these bacte-
ria in aquaculture. 

 
Materials and methods 
Collection of Plant Material. The leaves of F. hispida were sampled in M.M. Gryshko Na-

tional Botanical Garden (Kyiv, Ukraine). The whole collection of tropical and subtropical plants at 
M.M. Gryshko National Botanical Garden (Kyiv, Ukraine) (including Ficus spp. plants) has the status 
of a National Heritage Collection of Ukraine. The sampled leaves of Ficus spp. were brought into the 
laboratory for antimicrobial studies. Freshly crushed leaves were washed, weighted, and homogenized 
in 96% ethanol (in proportion 1:10) at room temperature, and centrifuged at 3,000 g for 5 minutes. Su-
pernatants were stored at -20 °C in bottles protected with laminated paper until required.  

Method of Culturing Pathological Sample. Aeromonas hydrophila (strain E 2/7/15) isolated 
locally from gill of rainbow trout (Oncorhynchus mykiss Walbaum) and Pseudomonas fluorescens 
(strain E 1/7/15) isolated locally from internal organs of rainbow trout with clinical features of fu-
runculosis (kidneys were gray, liver was pale and fragile, enlarged spleen with exudate in the body 
cavity), as well as Citrobacter freundii isolated locally from gill of eel (Anguilla anguilla L.) with 
clinical features of disease were used as test organisms. Samples of internal organs (kidneys, spleen, 
liver) weighting 2 g were taken and homogenized before preincubation in TSB broth (Tripticase 
Soya Broth, Oxoid) for 24 hrs. After preincubation, bacterial culture was transferred to two differ-
ent cultivation media: TSA (Tripticase Soya Agar, Oxoid) and BHIA (Brain Heart Infusion Agar, 
Oxoid) supplemented with 5% of sheep blood (OIE Fish Diseases Commission, 2000). After 48 hrs 
of incubation at 27 C, characteristic pink colonies were selected for further examination. Bacterial 
species were identified with the use of the oxidase test and API E test kit (Biomerieux, France). The 
results of the test were interpreted in accordance with the manufacturer's protocol, after 24 hrs of 
incubation at 27 C. Codes ++V-V---+V+++---+-VV+ in API E test were identified as A. hydro-
phila. The strain was obtained from Diagnostics Laboratory of Fish and Crayfish Diseases, Depart-
ment of Veterinary Hygiene, Provincial Veterinary Inspectorate in Olsztyn (Poland). 

Bacterial Growth Inhibition Test of Plant Extracts by the Disk Diffusion Method. Strains 
tested were plated on TSA medium (Tryptone Soya Agar) and incubated for 24 hrs at 25 °C. Then 
the suspension of microorganisms was suspended in sterile PBS and the turbidity adjusted equiva-
lent to that of a 0.5 McFarland standard. The disc diffusion assay (Kirby-Bauer Method) was used 
to screen for antibacterial activity [3]. Muller-Hinton agar plates were inoculated with 200 and 400 
μL of standardized inoculum (108 CFU/mL) of bacterium and spread with sterile swabs.  

Sterile filter paper discs impregnated by extract were applied over each of the culture plates, 15 
min after bacteria suspension was placed. The antimicrobial susceptibility testing was done on Mul-
ler-Hinton agar by disc diffusion method (Kirby-Bauer disk diffusion susceptibility test protocol). A 
negative control disc impregnated by sterile ethanol was used in each experiment. The sensitivity of 
strain was also studied to the commercial preparation with extracts of garlic (in dilution 1:10, 1:100 
and 1:1000). After culturing bacteria on Mueller-Hinton agar, the disks were placed on the same 
plates and incubated for 24 hrs at 25 C. The diameters of the inhibition zones were measured in mil-
limeters, and compared with those of the control and standard susceptibility disks. Activity was evi-
denced by the presence of a zone of inhibition surrounding the well.  

Each test was repeated six times and the average values of antimicrobial activity were calcu-
lated. The following zone diameter criteria were used to assign susceptibility or resistance of bacte-
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ria to the phyt oChemicals tested: Susceptible (S)  15 mm, Intermediate (I) = 11-14 mm, and Re-
sistant (R)  10 mm. 

 
Results and discussion 
Our results from the disc diffusion assay indicated that the A. hydrophila (200 and 400 μl of stan-

dardized inoculum) revealed intermediate susceptibility concerning to ethanolic extract obtained from 
leaves of F. hispida (inhibition zone diameters were ranged from 8 to 12 mm) (fig. 1). 

 

 
 

A 
 

B 

Fig. 1. Antimicrobial activity of ethanolic extracts obtained from F. hispida (1) against Aeromonas 
hydrophila. Muller-Hinton agar plates inoculated with 200 (A) and 400 μL (B) of standardized inoculum 

(108 CFU/mL) of bacterium (B) 
 
The most effective at least causing a zone of inhibition 14-16 mm was ethanolic extract from 

F. hispida against Pseudomonas fluorescens both in 200 μL of standardized inoculum (108 
CFU/mL) of bacterium (inhibition zone diameters were ranged from 15 to 16 mm) and 400 μL (14-
15 mm) (fig. 2). 
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Fig. 2. Antimicrobial activity of ethanolic extracts obtained from F. hispida (1) against Pseudomonas 
fluorescens. Muller-Hinton agar plates inoculated with 200 (A) and 400 μL (B) of standardized inoculum 

(108 CFU/mL) of bacterium (B) 
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Our results demonstrated that the C. freundii (200 and 400 μl of standardized inoculum) re-
vealed intermediate susceptibility F. hispida (inhibition zone diameters were ranged between 11 
and 15 mm) (fig. 3). 

 

  
 

A 
 

B 
 

Fig. 3. Antimicrobial activity of ethanolic extracts obtained from F. hispida (1) against Citrobacter freundii. 
Muller-Hinton agar plates inoculated with 200 (A) and 400 μL (B) of standardized inoculum (108 CFU/mL) 

of bacterium (B) 
 
Chatterjee and co-workers (2015) screened leaf methanol extract from F. hispida for chemical 

content, antioxidant and antibacterial activity. Bacteria tested included 5 strains of Gram-positive 
Salmonella typhi (NCTC-74, B-111, C-145, E-3404, and A-2467) and 5 strains of Gram-negative 
Staphylococcus aureus (ML-357, ML-15, ML-366, ML-276, and ML-145.). Results showed  
S. aureus strains to have generally lower susceptibility to the extracts compared to S. typhi. Among 
the former, S. aureus ML-145 was not affected by any concentration tested (1-25 mg/ml), whereas 
strains ML-357, ML-366, and ML-276 were inhibited with MIC 25 mg/ml, and strain ML-15 was 
inhibited with MIC 10 mg/ml. Phytochemical analysis of the extract showed the presence of fla-
vonoids, tannins, steroids, glycosides, and saponins, as well as absence of alkaloids and amino ac-
ids. Total phenolic content of the extract was almost twice as high as total flavonoid content [5]. 

The broad antibacterial activities of this extract, apparently, could be explained as a result of 
the plant secondary metabolites. Previously it has been reported [13, 14], that the therapeutic prop-
erties of Ficus species may be attributed to the presence of a wide range of phytochemical com-
pounds. In general, Ficus species were reported to have the rich array of polyphenolic compounds. 
In particular, flavonoids and isoflavonoids are responsible for the extract's strong antioxidant activ-
ity that may be useful in preventing diseases involving oxidative stress [13]. Ali and Chaudhary 
(2011) have reported that F. hispida contains wide varieties of bioactive compounds from different 
phytochemical groups like alkaloids, carbohydrates, proteins and amino acids, sterols, phenols, fla-
vonoids, gums and mucilage, glycosides, saponins, and terpenes [2]. Two substantial phenanthroin-
dolizidine alkaloids, 6-O-methyltylophorinidine and 2-demethoxy-tylophorine, and a novel bi-
phenylhexahydroindolizine hispidine from stem and leaves of F. hispida were isolated by 
Venkatachalam and Mulchandani (1982) [19]. Recently, hispidin has been reported to have antican-
cer activity [2]. All the detected phenolic acids are known to have antimicrobial and antioxidant 
properties [8]. Consequently, the antimicrobial property of F. hispida extract may be due to its con-
stituents. Antibacterial flavonoids might be having multiple cellular targets, rather than one specific 
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site of action [9]. One of their molecular actions is to form complex with proteins through nonspe-
cific forces such as hydrogen bonding and hydrophobic effects, as well as by covalent bond forma-
tion. Thus, their mode of antimicrobial action may be related to their ability to inactivate microbial 
adhesins, enzymes, cell envelope transport proteins, and so forth. Lipophilic flavonoids may also 
disrupt microbial membranes [9]. 

 
Conclusions 
The ethanolic extract obtained from F. hispida leaves showed varying inhibitory activities 

against all the test organisms. Thus, the preliminary screening assay indicated that F. hispida leaves 
extract possess great potential for the therapy of bacterial infections and may be used as a natural 
antiseptic and antimicrobial agent. Further investigation needs to be focused on isolation and identi-
fication of those bioactive compounds, which would be a platform for further pharmacological stud-
ies, in vivo tests and practical applications in fish health management. 
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TISSUE-SPECIFIC RESPONSES OF PROTEIN OXIDATIVE DESTRUCTION  
IN RAINBOW TROUT (ONCORHYNCHUS MYKISS WALBAUM) EXPOSED  

TO DISINFECTANT “CIP” FORMULATED WITH PERACETIC ACID  
AND HYDROGEN PEROXIDE 

 
The aim of this study was to evaluate the impacts of disinfection processes with disinfectant “CIP” 

based on 15% peracetic acid (PAA) and 20% H2O2 on the aldehydic and ketonic derivatives of oxidatively 
modified proteins in the muscle, gill, hepatic and cardiac tissues of juvenile rainbow trout (Oncorhynchus 
mykiss). In the disinfectant exposure, fish were bathed with Disinfectant “CIP” solution in final concentra-
tion 16 mL per m3 (Group II). Fish were bathed for 20 min and repeated three times every 3 days. Bathing 
with Disinfectant “CIP” were taken in the morning before fish feeding. Control fish (Group I) were handled 
at same manner as Group II but without Disinfectant “CIP” treatment. Two days after the last bathing, 
twenty two individuals from each group were sampled. Fish were not anesthetized before tissue sampling. 
Findings of this study showed that protein damage in gill tissue is decreased in “CIP”-exposed group when 
compared with control group. Carbonyl derivatives as biomarkers of protein damage in the muscle tissue 
showed a downward trend after disinfectant treatment. Similarly, oxidative modification of protein also 
showed a downward trend after disinfection treatment in the hepatic tissue. In this study, no significant 
changes in carbonyl contents as oxidative damage of proteins of hepatic and cardiac tissues of “CIP”-
treated group compared with control group was observed. Our studies indicated that “CIP”-Disinfectant in 
final concentration 16 mL per m3 could at least partly attenuate protein damage and can be used for prophy-
lactic disinfecting treatment of rainbow trout. 

Key words: peracetic acid, hydrogen peroxide, disinfection, oxidatively modified proteins, aldehydic 
and ketonic derivatives, muscle, gill, liver, heart. 
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Introduction 
Peracetic acid (PAA) is a strong disinfectant with a wide spectrum of antimicrobial activity. 

PAA is a strong oxidizing disinfectant, which is currently sold in several commercial compounds. 
Strong PAA solutions have to be handled with care but the PAA (CH3CO3H) itself breaks down in 
water into acetic acid (C2H4O2) and hydrogen peroxide (H2O2) and further into water and oxygen, 
which all are rather harmless compounds [10]. The mechanism of the toxicity might be that PAA 
and H2O2 are exogenous sources of reactive oxygen species (ROS). They can pass the cell mem-
brane and increase the endogenous ROS concentration [12]. Hydrogen peroxide can transport 
across membranes by free diffusion and is scavenged by antioxidant enzymes, i.e. catalase and glu-
tathione peroxidase under normal conditions [2]. Excess hydrogen peroxide can react with free Cu 
and Fe in the cytosol and form hydroxyl radicals leading to damage in macromolecules [4]. 

Useful effects of PAA application in aquaculture are very well documented [5, 9, 14-21]. 
Aquaculture-related research with PAA products includes in vitro assessments, where promising 
disinfection action has been documented [14-21]. The demonstrated in vitro efficacy of the PAA-
based product suggests its great potential especially to control Ichthyophthirius multifiliis infections 
in commercial aquacultural systems [17]. PAA concentrations of 0.3 ppm were able to kill all 
theronts of I. multifiliis in 120 min. Meinelt and co-workers (2007) recommend an interval-
application of 0.3 to 0.5 ppm PAA for 30 to 150 min and should be prolonged for two life cycles of 
the parasite [15]. Biotic parameters as e. g. fish species, and age as well as abiotic parameters as e. 
g. temperature, pH and organic load of the water could possibly influence the efficiency of the PAA 
application and should therefore be taken into account while picking the dosage and length of the 
PAA exposure [15]. Straus and Meinelt (2009) have determined the acute toxicity of two products 
containing 4.5% and 40% PAA to I. multifiliis theronts from two geographically separate isolates 
[18]. Theronts were exposed to concentrations of PAA in 96-well plates containing groundwater at 
23 °C. Acute toxicity was observed over a 4-h period. No significant difference in the median lethal 
concentration (LC50) estimates was evident between the two isolates at 4 h with the 4.5% PAA 
product (0.146 versus 0.108 mg/l PAA), while there was a statistical difference between the 4 h 
LC50 with the 40% PAA product (0.274 versus 0.158 mg/l PAA) [18]. 

Straus and co-workers (2012) determined the effectiveness of PAA for fungus control on chan-
nel catfish (Ictalurus punctatus, Rafinesque) eggs. The study consisted of five PAA concentrations 
(2.5, 5, 10, 15 and 20 mg·L-1) and an untreated control in a flow-through system. Eggs were treated 
twice daily until the embryos developed eyes. When hatching was complete for all viable eggs, fry 
were counted to determine the percent survival in each treatment. Fungal growth was severe in the 
untreated controls resulting in 11% survival. Treatments of 2.5, 5 and 10 mg·L-1 PAA were signifi-
cantly different from the controls (P<0.05). The highest percent survival of hatched fry was with 5 
mg·L-1 PAA administered twice daily; the 2.5 mg·L-1 PAA treatment had slightly less survival, but 
gives a higher margin of safety in case of treatment error. Very little fungus was present in treat-
ments receiving 2.5 mg·L-1 PAA or higher, and concentrations of 15 and 20 mg·L-1 PAA were toxic 
to the eggs. The mean survivals in the 0, 2.5, 5, 10, 15 and 20 mg·L-1 PAA treatments were 11%, 
60%, 63%, 62%, 32% and 0%, respectively [20]. 
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Therefore, the aim of this study was to evaluate the impacts of disinfection processes with CIP-
Disinfectant based on 15% PAA and 20% H2O2 on the aldehydic and ketonic derivatives of oxida-
tively modified proteins in the muscle, gill, hepatic and cardiac tissues of juvenile rainbow trout 
(Oncorhynchus mykiss Walbaum). 

 
Materials and methods 
Fish. Juveniles of rainbow trout at the age of 0+ (in the first year of life) came from spawning 

in Department of Salmonid Research, Inland Fisheries Institute (Rutki, Zukowo, Poland). Fish were 
fed daily of feed with using of tape feeders. Feed daily dose was calculated according to the appli-
cable feed table, depending on the water temperature. Fish were starved one day prior to experi-
ment. Forty four clinically healthy rainbow trout (O. mykiss) with a mean body mass of 45.8±1.2 g 
were used in the experiments. Experiments were performed at a water temperature of 16±2 °C and 
the pH was 7.5-7.6. The dissolved oxygen level was about 12 ppm with additional oxygen supply. 
Every morning were measured temperature and the oxygen content in the water, using thermometer 
and oxygen meter, respectively. All enzymatic assays were carried out at Department of Zoology 
and Animal Physiology, Institute of Biology and Environmental Protection, Pomeranian University 
in Slupsk (Poland). 

The fish were divided into two groups and held in 250-L square tanks (70 fish per tank). As 
disinfecting agent was used Disinfectant “CIP” solution based on 15% PAA and 20% H2O2 (firm 
“Biochem-Art”, Gdansk, Poland). It was admitted to market by the license No. 0508/04 of Minister 
of Health in Poland (27.01.2004) as biocidal product named Disinfectant “CIP” [8]. In the disinfec-
tant exposure, fish were bathed with Disinfectant “CIP” solution in final concentration 16 mL per 
m3 (Group II). Fish were bathed for 20 min and repeated three times every 3 days. Bathing with 
Disinfectant “CIP” were taken in the morning before fish feeding. Control fish (Group I) were han-
dled at same manner as Group II but without Disinfectant “CIP” treatment. Two days after the last 
bathing, twenty two individuals from each group were sampled. Fish were not anesthetized before 
tissue sampling. 

Isolation of tissues. Muscle, gill, hepatic and cardiac tissues were removed from trout after de-
capitation. One trout was used for each homogenate preparation. Briefly, tissues were excised, 
weighted and washed in ice-cold buffer. The minced tissue was rinsed clear of blood with cold iso-
lation buffer and homogenized in a glass homogenizing vessel with a motor-driven pestle on ice. 
The isolation buffer contained 100 mM tris-HCl; pH of 7.2 was adjusted with HCl.  

Biochemical assays. All enzymatic assays were carried out at 25±0.5 °C using a Specol 
11 spectrophotometer (Carl Zeiss Jena, Germany). The enzymatic reactions were started by adding 
the homogenate suspension. Each sample was analyzed in triplicate. The protein concentration in 
each sample was determined according to Bradford (1976) using bovine serum albumin as a stan-
dard [3]. The rate of protein oxidative destruction was estimated from the reaction of the resultant 
carbonyl derivatives of amino acid reaction with 2,4-Dinitrophenylhydrazine (DNFH) as described 
by Levine and co-workers (1990) [11] and as modified by Dubinina and co-workers (1995) [7]. 
DNPH was used for determining carbonyl content in soluble and insoluble proteins. Carbonyl 
groups were determined spectrophotometrically from the difference in absorbance at 370 nm (alde-
hydic derivatives, OMP370) and 430 nm (ketonic derivatives, OMP430) and expressed in nmol per 
mg of tissue protein.  

Statistical analysis. The obtained results were analyzed statistically using the Statistica 8.0 
software package (StatSoft, Krakow, Poland). Results are expressed as mean ± S.E.M. Kolmo-
gorov-Smirnov test was applied to evaluate normality of the data. As most of the distributions devi-
ated from the normal distribution, non-parametric tests were used for further analyses. To assess the 
differences between the studied group and untreated control, the non-parametric Mann-Whitney U-
test was used, and P-values of less than 0.05 were considered as significant [22]. 
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Results and discussion 
Oxidized proteins are increased with oxidative stress and in some pathological conditions [13]. 

The most protein modification caused by oxidative stress is the carbonyl groups; the most sensitive 
amino acids are arginine, lysine, proline, threonine, and glutamic acid. Reactive protein carbonyls 
reflect the degree of oxidative damage and serve as a biomarker for oxidative stress [13]. For detec-
tion of reactive protein carbonyl groups, several methods are available, including DNPH assay [11]. 
Thus, levels of aldehydic and ketonic derivatives of oxidatively modified proteins in the muscle, 
gill, hepatic and cardiac tissues of juvenile rainbow trout of unhandled and Disinfectant “CIP”-
exposed group were presented in Fig. 1. 

Carbonyls contents as biomarkers of oxidative stress showed non-significant changes between 
unhandled and Disinfectant “CIP”-exposed group except muscle and gill tissues (figure). Ketonic 
derivatives of protein carbonyls content in these tissues of “CIP”-exposed trout was lowered by 
31% (p=0.003) and by 21% (p=0.003) respectively compared to control group (Fig. 1B). Aldehydic 
derivatives of oxidatively modified proteins in gill tissue of Disinfectant “CIP”-exposed trout was 
also decreased by 17.5% (p=0.007) (Fig. 1A). 

 

 
 

 
 

Aldehydic (A) and ketonic derivatives (B) of oxidatively modified proteins in the muscle, gill, hepatic and 
cardiac tissues of juvenile rainbow trout of control and “CIP”-exposed group. 

Data are represented as mean ± S.E.M. (n=11). * – the significant change was shown as p<0.05 when 
compared values of control and disinfected groups 

 

The aim of this study was to evaluate the effect of Disinfectant “CIP” based on PAA and H2O2 
on aldehydic and ketonic derivatives of oxidatively modified proteins in muscle, gill, hepatic and 
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cardiac tissues of rainbow trout. Findings of this study showed that protein damage in gill tissue is 
decreased in “CIP”-exposed group when compared with control group (figure). Carbonyl deriva-
tives as biomarkers of protein damage in the muscle tissue showed a downward trend after disinfec-
tant treatment. Similarly, oxidative modification of protein also showed a downward trend after dis-
infection treatment in the hepatic tissue. In this study, no significant changes in carbonyl contents as 
oxidative damage of proteins of hepatic and cardiac tissues of “CIP”-treated group compared with 
control group was observed (figure). 

The most likely explanation is a tissue-specific difference in the intracellular levels of oxidized 
proteins, reflecting the balance between the rate of protein oxidation and the rate of oxidized protein 
degradation [13]. This balance is a function of factors leading to the generation of ROS. Various 
physiological and environmental processes may lead to the formation of ROS and be factors in de-
termining the concentrations and/or activities of the proteases that degrade oxidatively damaged 
proteins [1]. From in vitro studies it is evident that the 20S proteasome complex actively recognizes 
and degrades oxidized proteins. Furthermore, relatively mild oxidative stress rapidly (but reversi-
bly) inactivates both the ubiquitin activating/conjugating system and 26S proteasome activity in in-
tact cells, but does not affect 20S proteasome activity. Since mild oxidative stress actually increases 
proteasome-dependent proteolysis (of oxidized protein substrates) the 20S 'core' proteasome com-
plex would appear to be responsible [6]. Such degradation is also dependent upon numerous vari-
ables, including the concentrations of proteases that preferentially degrade oxidized proteins, and 
upon cellular components, such as metal ions, inhibitors, activators, and regulatory proteins, that 
affect their proteolytic activities. For example, oxidized forms of some proteins, for example, cross-
linked proteins and proteins modified by glycation or by lipid peroxidation products, are resistant to 
proteolysis and could lead to production of protease inhibitors that hinder degradation of the oxi-
dized forms [13]. 

 
Conclusions 
Aldehydic and ketonic derivatives of oxidatively modified proteins were affected after expo-

sure of rainbow trout to Disinfectant “CIP”. However, the observed effects were dependent on fish 
tissues. Exposure to Disinfectant “CIP” affected ketonic derivatives only in the muscle and gill tis-
sues, while changes in aldehydic derivatives of OMP were observed in gill tissue. Tissues were able 
to protect themselves against the possible potential oxidative damage induced by Disinfectant 
“CIP”. Moreover, no significant alterations in aldehydic and ketonic derivatives of oxidatively 
modified proteins in hepatic and cardiac tissues of disinfected trout were observed. 
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A NEW TREMATODE SPECIES, BIANIUM TONKINENSIS N. SP. (DIGENEA, 
LEPOCREADIIDAE), FROM HEADRABBIT PUFFER LAGOCEPHALUS LUNARIS (BL 

OCH & SCHNEIDER, 1801) IN THE GULF OF TONKIN, VIETNAM 
 
A new species of Lepocreadiidae, Bianium tonkinensis n. sp., is described from Headrabbit Puffer 

Lagocephalus lunaris (Bloch & Schneider, 1801) in the Gulf of Tonkin, Vietnam. In addition, Bianium 
Stunkard, 1930 were reported for the first time from Vietnam. B. tonkinensis n. sp. is distinguished from its 
congeners in having ovary with 8–11 separate subglobular follicles.  

Key words: Lepocreadiidae, Bianium tonkinensis, Gulf of Tonkin, Vietnam. 
 

  1,    1,2,    1    3 
   BIANIUM TONKINENSIS N.SP. (DIGENEA, 

LEPOCREADIIDAE)    LAGOCEPHALUS 
LUNARIS (   , 1801)     

  
 

  Lepocreadiidae, Bianium tonkinensis     -
 Lagocephalus lunaris (   , 1801)      .  

,   1930 .       Bianium Stunkard.   Bianium 
tonkinensis n.sp.        8–11  -

 . 
 : Lepocreadiidae, Bianium tonkinensis,  , . 

 
Introduction 
In their checklist of Vietnamese fish parasites, Arthur and Bui (2006) listed fourteen 

lepocreadiid species, of which nine species had been described by Oshmarin (1965), Oshmarin et al. 
(1961), Mamaev (1970) and Parukhin (1966) from Vietnamese waters. At present, eight species of 
Lepocreadiinae have been reported from the Gulf of Tonkin, namely Callogonotrema fistulariae 
Oshmarin 1965; Hypocreadium cavum Bray and Cribb, 1966; Hypocreadium scaphosomum 
(Manter, 1940); Multitestis magnacetabulum Mamaev, 1970; Opechona formiae Oshmarin, 1965; 
Trigonotrema alatum Goto and Ozaki, 1929 and some unname ‘Opechona-type’ species Hy-
pocreadium sp.; Lepocreadium sp. (Oschmarin, 1965; Mamaev, 1970; Parukhin, 1971, 1989). In 
this paper we report a genera, Bianium Stunkard, 1930 for the first time from Vietnam with descrip-
tions of a new species, Bianium tonkinensis n. sp. In addition, a key to species of Bianium is also 
provided. 

Materials and methods 
Digeneans collected from freshly killed fish were fixed by being pipetted into nearly boiling 

saline and immediately preserved in 70 % ethanol. Whole-mounts were stained with Mayer’s acid 
carmine, de- stained in 4 % HC1 in 70 % ethanol, dehydrated in ascending concentrations of etha-
nol, cleared in graduated (increasing) concentrations of xilen in 100 % ethanol to 100 % xilen, and 
finally whole mounted in Canada balsam. 
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Measurements (in micrometer) are expressed as ranges with means in parentheses. Length is 
given before the width. Specimens were deposited in the Vietnam National Museum of Nature 
(VNMN). 

 
Results 
Fifteen specimens of Headrabbit Puffer Lagocephalus lunaris (Bloch & Schneider, 1801) in 

The Gulf of Tonkin, Vietnam, measuring from 19.5 to 23.0 cm in standard length (mean 21.5 cm), 
were netted and examined for parasites in Octorber 2013. Of these, three fish were infected with 
39 specimens of the new species of Bianium.  

Family Lepocreadiidae Odhner, 1905 
Subfamily Lepocreadiinae Odhner, 1905 
Bianium Stunkard, 1930 
Bianium tonkinensis sp. n. (fig. 1–3) 
Description: 
Based on 21 specimens. Body elongate oval. Tegument spinous; spines embedded in tegument, 

with short scale-like extremity protruding, reach to close to posterior extremity, sparser posteriorly. 
Scoop incomplete, not joined posteriorly; lateral flaps with spread lateral small patches in forebody 
(fig. 1, 3). Oral sucker oval, subterminal. Ventral sucker oval, smaller oral sucker. Prepharynx en-
tirely within posterior concavity of oral sucker. Pharynx oval. Oesophagus straight. Caeca reach to 
posterior end where they terminate abutting against body wall; no evidence of ani seen. 

Testes 2, subglobular, entire, tandem, contiguous, oblique. External seminal vesicle saccular, 
reaching to about level of ovary. Male terminal genitalia of ‘Opechona-type’ (fig. 2). Cirrus-sac 
reaching well into hindbody. Internal seminal vesicle oval. Pars prostatica oval, vesicular, lined 
with anuclear cell-like bodies. Ejaculatory duct long, muscular, folded. Genital atrium distinct. 
Genital pore just post-bifurcal, sinistrally submedian. 

Ovary immediately pretesticular, medial, consists of about 8–11 separate subglobular follicles. 
Seminal receptacle large, oval, sinistral to ovary or oblique to testes. Laurer’s canal opens dorsally 
to seminal receptacle. Uterus preovarian, intercaecal, mainly in anterior hindbody but reaching sin-
istrally to ventral sucker. Eggs tanned, operculate. Metraterm muscular, about third length of cirrus-
sac, enters genital atrium from left. Vitellarium follicular; fields reach from bifurcal level to poste-
rior extremity, ventral, present laterally, confluent in forebody and post-testicular region.Excretory 
pore terminal. Vesicle wide, reaches almost to bifurcal level. 

Taxonomic summary 
Type host: Headrabbit Puffer Lagocephalus lunaris (Bloch & Schneider, 1801) (family 

Tetraodontidae) 
Type locality: The Gulf of Tonkin, Cat Ba Island, Vietnam (200 45'N; 1070 05’E). 
Site of infection: Intestine. 
Type specimens: VNMN holotype No. 2013, and paratypes No. 2014-2020. 
Etymology: The new species is named after its type locality. 
Discussion 
Bray (2005) mentioned two diagnostic characteristics of the genus Bianium Stunkard, 1930, 

viz. ‘Opechona-type’ cirrus-sac and the scoop or lateral flanges incomplete in the anterior third of 
the body. Our specimens key to Bianiumin Bray (2005). The genus Bianium have seven currently 
valid species: 

B. plicitum (Linton, 1928) from the USA, Australia, India, China waters 
B. hemistoma (Ozaki, 1928) from the northwest of Pacific (Japan, China) 
B. indicum (Gupta, 1967) from Indian ocean 
B. purii Gupta, 1968 from Indian ocean 
B. rewa Bray, Cribb &Barker, 1996 from Australia 
B. sponggiosum Bray & Cribb, 1998 from Australia 
B. tonkinensis n. sp. from the Gulf of Tonkin, Vietnam 
Key to species of Bianium 
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1a. Anterior scoop absent; lateral flaps spread lateral patches in forebody .................................  
............................................................................................ B. sponggiosum Bray & Cribb, 1998 
1b. Anterior scoop present; lateral edges of anterior part of body folded ventrally  

to form scoop .....................................................................................................................................2 
2a. Vitelline follicles restricted to small lateral patches at level of cirrus-sac ..............................  
.............................................................................................................. B. indicum (Gupta, 1967) 
2b. Vitelline follicles reach to posterior extremity .....................................................................3 
3a. Genital pore sinistral at level of mid-ventral suckeror posterior margin of ventral sucker ...4 
3b. Genital pore adjacent to antero-sinistral margin of ventral sucker........................................5 
4a. Ovary with 12-28 lobes...............................................................B. hemistoma (Ozaki, 1928) 
4b. Ovary trilobed ................................................................B. rewa Bray, Cribb &Barker, 1996 
5a. Ovary with 8-11 lobes .............................................................................B. tonkinensis n. sp. 
5b. Ovary with 20-23 lobes ........................................................................................................6 
6a. Eggs shorter than 50 m .........................................................................B. purii Gupta, 1968 
6b. Eggs longer than 50 m................................................................. B. plicitum (Linton, 1928) 
 

Host 
n 

Lagocephalus lunaris 
10 

Length 976–1,656 (1,296) 
Width 320–488 (406)  

Oral sucker 84–120 (106) x 96–132 (112) 
Ventral sucker 64–128 (94) x 60–112 (92) 
Sucker-ratio 1:0.54–1,12 (0,84) 

Forebody 240–436 (319) 
Pharynx 56–100 (73) x 48–104 (80) 

Oral sucker: pharynx width ratio 1:1,12–2,33 (1,43) 
Oesophagus 12–80 (29) 

IB to AE 188–348 (260) 
Anterior testis 140–240 (184) x 112–200 (146) 
Posterior testis 140–268 (226) x 44–188 (145) 

Post-testicular region 124–400 (258) 
Cirrus-sac 144–284 (228) x 66–108 (88) 

Genital pore to AE 232–432 (310) 
Ovary 84–196 (140) x 144–212 (178) 

Number of ovary lobes 8–11 (10) 
Vitellarium to AE 240–432 (322) 

Eggs 48–68 (58) x 32–54 (44) 
Width %* 26–37 (32) 

Forebody %* 19–28 (25) 
Intestinal bifurcation to AE %* 17,4–25.0 (20,4) 

Post-testicular region %* 13–25 (19) 
Genital pore to AE %* 17,1–27,9 (24,0) 

 
Table 1. Dimensions of Bianium tonkinensis n. sp. 
* of body-length. 
Abbreviations: AE, anterior extremity;  
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Fig. 1–3. Bianium tonkinensis n. sp. 1 – Ventral view of the holotype. 2 – Male terminal genitalia. Scale-bar: 
500 m, 100 m. 3 – Ventral view of the paratype. Scale-bar: 500 m 
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MEIOBENTHOS COMMUNITIES FOR DIFFERENT MANGROVE TYPES  
IN CAN GIO BIOSPHERE RESERVE, VIETNAM 

 
Can Gio mangrove is the first Biosphere Reserve of Vietnam created since 2000, with a total area of 

75,740 ha. The major habitat types are rehabilitated mangrove (23,028 ha, in there Rhizophora apiculata 
with 96.7 %), and naturally regenerating mangrove (7,829 ha). Meiobenthic communities were investigated 
along Rachoc reek. The samples were taken within a mud flat (Mud) site and 3 different types of mangrove 
from mouth to upper reaches of the creek: natural Avicennia (Avi) forest; natural mixed forest of Avicennia 
and Rhizophora (Mix) and rehabilitated Rhizophora (Rhi) forest during both dry and rainy seasons in. 
Meiobenthic composition mainly included nematodes, copepods, nauplii, foraminifera, polychaetes, oli-
gochaetes, kinorhynchs, acari, ostracods, and others less abundant group (bivalves, gastropods, insect 
lavae, turbelaria, amphipods, nemertinea). Meiobenthic densities in Mixed forest were higher than in 
Avicennia forest or Rhizophora forest. Nematodes were most abundant in all stations and percentages in 
Mixed forest and Mudflat site were higher than in Avicennia and Rhizophora forests. Meiobenthic density in 
dry season was higher than in rainy season. Nematode and copepod densities increased, in the meantime 
nauplius and foraminifera reduced in dry season. 

Key words: Can Gio mangrove, meiofauna, nematodes, seasonal. 
 

  1*,   1,    1,    1, 
  – 2      1 

       
    ,  

 
    –     ,   2000 ., 

  75740 .     –    -
 (23028 ,   96,7 %  Rhizophora apiculata)    

 , 7829 ).     .  .  -
                

 :     (Avicennia);     
  (Rhizophora)         ,    -

  .        , , 
, ,  (  ),  (  ), 

,  (Acarus),  ( )      
(  , ,  , ,  , 

).       ,      -
.       ,    .    

 ,            . 
 :    , , , . 

 
I. Introduction 
Mangroves provide physical protection for communities in low lying coastal areas, more im-

portantly, they are believed to play a major role in supporting tropical estuarine and coastal food 
web (Alongi & Christoffersen, 1992), by providing a major source of organic material and acting as 
nursery grounds and habitats for commercially important brackish water fish species (Robertson & 
Duke, 1987, Pinto & Punchihewa, 1996). Effort to rehabilitate Can Gio mangrove started since 
1978. Rhizophora apiculata was chosen as they were fast growing tree and would be able to restore 



 
 
 

.  
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

 
 

 75

forest cover at the fastest rate, otherwise the tree with the highest commercial value. Since 1984, 
other tree species, such as Intsia bijuga, Ceriops tagal, C. decandra, Lumnitzera racemosa, Xylo-
carpus granatum, Thespesia populnea were planted on higher land to recover the barren land at 
higher altitudes (Le Duc Tuan et al., 2002). 

Meiobenthos are mobile, sometimes also hapto-sessile animals, smaller than macrobenthos, but 
large than microbenthos. The size boundaries of meiobenthos are based on the standardized mesh 
width of sieve 500 m (1000 m) as upper and 42 m (or 63 m) as lower limit: all fauna passing 
the coarse sieve, but retained by the fine sieve is considering meiobenthos (Giere, 1993). In 2000, 
Olafsson et al. published a research of influences of spring tide inundation on meiobenthos of hy-
persaline tropical mangrove sediment. Recently, the first study on ecology of meiofauna in man-
grove of the Red Sea was presented by Khalil (2001). In Vietnam there are only few studies con-
cerning meiobenthos including nematodes in the mangroves. These initial studies were only con-
centrated on identification of free-living nematodes without taking into consideration of 
meiobenthic community structure as well as forest structure (rehabilitated vs natural forest) and its 
age (Nguyen Vu Thanh & Doan Canh, 2000; Gagarin & Nguyen Van Thanh, 2004; Nguyen Vu 
Thanh & Gagarin, 2004; Nguyen Thi Thu et al., 2004, Nguyen Vu Thanh et al., 2005, Lai Phu 
Hoang et al., 2005 and Gagarin & Nguyen Vu Thanh, 2006). 

 
II. Materials and methods 
II. 1. Study area and location: The study was carried out in Can Gio Mangrove Biosphere Re-

serve, located about 65 km in the south of Ho Chi Minh City with latitude: 10 °22’14’’–10 °40’09’’ 
and longitude: 106 °46’12’’–107 °00’59’’.  

II. 2. Sampling and data collection 
Sampling times and sites/stations:Meiobenthic communities were investigated in Rachoc (RO) 

creek in Can Gio Forestry Park area. These creeks flow in nearly right angle direction to Dong 
Tranh River. Along the creek from the 
mouth to upper reaches, there are representa-
tives of natural and rehabilitated mangrove 
forests. On the bank of Dong Tranh River 
and mouth of the creek there are natural for-
est with abundance of Avicennia alba, in the 
upper reaches there are rehabilitated forests 
with single species Rhizophora apiculata 
(since 1978–1982). In between two forest 
types there are mixed forests. These are also 
natural regeneration forest, including two 
main species Avicennia alba, Rhizophora 
apiculata, and others such as Excoecaria 
agallocha, Xylocarpus spp, Aegyceras spp, 
Lumnitzera spp (fig. 1). 

Four sites were selected in range of 
mangrove forests including mud flat site 
(Mud) and three types of mangroves: natural 
Avicennia forest (Avi), natural mixed forest 
(Mix), rehabilitated Rhizophora forest (Rhi). 
The samples were collected in both creek 
banks “a” and “b” at three intertidal stations: 

low water tide (1), middle water tide (2), high water tide (3); and a station at shallow water subtidal 
zone “c”. In the mud flat (Mud) of a creek, four stations were sampled. (fig. 1). 

 
 

Fig. 1. Map of mangrove zones and sampling 
sites/stations in Can Gio Mangrove Biosphere Reserve, 

Ho Chi Minh City of Vietnam 
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Sampling, extraction and preparation of permanent slides: Samples were taken by a hand corer 
of 40 cm length and inner diameter of 10 cm2 (Ø = 3,5 cm). Sediment was collected to a depth of 10 
cm at each sampling station These were preserved in 5 % neutralized formalin heated up to the 
point of 60–70 °C. Some hydrological parameters of the water were measured such as temperature 
(T), pH, salinity (NaCl), electric conductivity (EC), dissolved oxygen (DO), turbidity (Tu) at the 
time of the sampling procedure by the TOA (Model WQC-22A). 

Decantation and Ludox extraction: The sediments were sieved through 1mm mesh size (to 
separate the coarse shells and plant remains from the sediment). The samples then were rinsed with 
tap water in a 5 litre beaker. After settlement (10 seconds) the supernatant was poured through a 
63 m. The rinsing and decantation were repeated 10 times until the water became clear. After de-
cantation, the sample consisting of a small amount of material was carefully washed bringing the 
extracted portion of the sediment to one side of the sieve. Then it was washed into a large beaker 
using Ludox (Heip et al., 1985). At least 3 times the sample volume of Ludox solution was added, 
and stirred. Then it was left to settle for at least 40 minutes. Finally, the supernatant was carefully 
poured through a 40μm sieve. This process was repeated 3 times. The extracted fauna was washed 
thoroughly with tap water and then preserved with FAA (Formalin Acid Acetic) solution in a suit-
able container.  

Data analysis: The extracted meiobenthos were categorized into the different higher taxonomic 
groups (nematodes, polychaete, copepods,...) under a stereomicroscope based on works of Higgins 
& Thiel (1988) and Giere (1993). Univariate measures were statistically tested using SPSS 13.0 
software package. Differences of meiobenthic densities and biodiversity indexes between 
sites/stations were tested using one-way analysis of variance (ANOVA), based on lg(x+1) trans-
formed data.  

 
III. Results 
III.1. Abiotic factors 
Temperatures changed not much from 28 C to 30,7 C at different stations and seasons. Dis-

solved oxygen index (DO) varied among stations and seasons. DO trended to reduce from Rhizo-
phora site to Avicennia site. pH index was nearly similar at three study stations. In the dry season, 
pH was a little higher than in the rainy season. The result of salinity showed that salinity increased 
from Avicennia site to Rhizophora site. Comparison of salinity between 2 seasons, result showed 
that salinity increased quite much from the rainy season to the dry season. In the rainy and dry sea-
sons, turbidity index (Tu) also increased from Avicennia site to Rhizophora site. In contract, turbid-
ity index decreased from Avicennia site to Rhizophora site in the rainy season. 

III. 2. Changes in meiobenthic abundance 
III. 2. 1. Total meiobenthos 
In the dry season, average meiobenthic density was 2803 ind/10 cm2, increased drastically ap-

proximately 30 % in comparison with density in the rainy season. Increased density was main in 
Mixed and Mudflat sites with 3129 and 3420 ind/10 cm2 (average density increased 43-48%) (tabl. 
1). Density of meiobenthos in Mudflat site was significantly higher than in Rhizophora and Avicen-
nia sites. On the other hand, meiobenthic density in Mixed site was higher than in Rhizophora and 
Avicennia sites, but not significantly different among Rhizophora, Mixed and Avicennia sites 
(P>0,05) (fig. 2,A). Among Mudflat stations, meiobenthic density in station Mud-4 was higher sig-
nificantly than in Mud-2 and Mud-3 (P<0,05).  
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Table 1  
Meiobenthic composition in Rachoc reek in the dry season 2013 

 
Meiobenthic composition 

O
rd

er
 Station 

Ne Co Na Po Ol Ki Ac Os Fo Ot Sum 

1 RO-Mud-1 3455 68 27 7 13 0 2 2 7 28 3608 
2 RO-Mud-2 1823 35 20 8 5 0 2 10 10 55 1968 
3 RO-Mud-3 2717 140 30 13 5 2 0 0 7 71 2985 
4 RO-Mud-4 4908 113 27 3 5 3 0 7 0 50 5117 
 Ave Mud 3226 89 26 8 7 1 1 5 6 6 3420 
 Percentage 94,3 2,6 0,8 0,2 0,2 0 0 0,1 0,2 0,2 100 

5 RO-Avi-a1 2867 70 27 7 3 7 10 3 18 57 3068 
6 RO-Avi-a2 1145 70 22 0 3 3 5 13 22 47 1330 
7 RO-Avi-a3 1175 103 35 8 5 13 2 3 15 65 1425 
8 RO-Avi-b1 5093 85 57 7 7 10 8 5 20 55 5347 
9 RO-Avi-b2 2657 102 53 8 2 12 8 10 13 76 2941 

10 RO-Avi-b3 1837 153 38 3 0 15 3 12 25 56 2143 
11 RO-Avi-c 412 15 3 2 0 0 5 0 13 39 489 

 Ave Avi 2169 85 34 5 3 9 6 7 18 57 2392 
 Percentage 90,7 3,6 1,4 0,2 0,1 0,4 0,2 0,3 0,8 2,4 100 

12 RO-Mix-a1 3682 137 57 3 7 0 23 2 22 50 3982 
13 RO-Mix-a2 3313 65 17 5 0 5 2 0 20 74 3500 
14 RO-Mix-a3 2958 20 28 2 7 0 0 0 75 61 3151 
15 RO-Mix-b1 2950 85 15 2 8 5 2 2 43 56 3168 
16 RO-Mix-b2 3188 115 32 7 3 10 7 0 40 63 3465 
17 RO-Mix-b3 2992 143 80 7 2 2 2 3 35 55 3320 
18 RO-Mix-c 1198 48 28 0 2 0 3 0 7 33 1319 

 Ave Mix 2897 88 37 4 4 3 5 1 35 56 3129 
 Percentage 92,6 2,8 1,2 0,1 0,1 0,1 0,2 0 1,1 1,8 100 

19 RO-Rhi-a1 2873 160 75 0 10 2 18 2 78 40 3258 
20 RO-Rhi-a2 1110 132 52 0 0 0 10 0 222 33 1558 
21 RO-Rhi-a3 1213 117 52 0 2 2 5 0 208 18 1616 
22 RO-Rhi-b1 2972 115 28 2 7 0 8 15 40 58 3244 
23 RO-Rhi-b2 1653 78 42 2 7 0 10 0 238 53 2083 
24 RO-Rhi-b3 1532 113 62 0 7 0 8 2 283 16 2022 
25 RO-Rhi-c 3745 57 30 3 10 2 8 0 32 68 3954 

 Ave Rhi 2157 110 49 1 6 1 10 3 157 41 2534 
 Percentage 85,1 4,4 1,9 0 0,2 0 0.4 0,1 6,2 1,6 100 

Average 2539 94 37 4 5 4 6 4 60 51 2803 
Percentage 90,6 3,3 1,3 0,1 0,2 0,1 0,2 0,1 2,1 1,8 100 

Ne: Nematodes Co: Copepods Na: Nauplii Po: Polychaetes Ol: Oligochaetes 
Ki: Kinorhynchs Ac: Acari Os: Ostracods Fo: Foraminifera  Ot: Others 

 
Density in Mud-1 was significantly higher than in Mud-2 (P<0,05), but not significantly differ-

ent than in stations Mud-4 and Mud-3 (P>0,05) (fig. 3, A). In Avicennia site, density in Avi-a1 was 
significant higher than Avi-a3 (P<0,05). In addition, density in station Avi-b1 also was significant 
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higher than station Avi-b2 and Avi-b3 (P<0,05). In subtidal station Avi-c, density was significantly 
lower than all other stations (P<0,05) (fig. 3, B). Between stations in Mixed site, there was no sig-
nificant difference between intertidal stations, but subtidal station Mix-c was also significant lower 
than other intertidal stations (P<0,05) (fig. 3, C). In Rhizophora site, density of meiobenthos in sta-
tion Rhi-a1 significant higher than station Rhi-a2 and Rhi-a3 (P<0,05), station Rhi-b1 was generally 
higher than stations Rhi-b2 and Rhi-b3 but no significant difference (P>0,05), one exception that 
meiobenthic density in the station Rhi-c was significantly higher than in the station Rhi-a2 and Rhi-
a3 (P<0,05) (fig. 3, D). 

 

 
 

Fig. 2. Densities (mean  sd) of meiobenthos (A), major benthic groups (B, C, D, E) and ratio 
Nematodes/Copepods (F) in dry and rainy seasons 

 

 
 

Fig. 3. Densities (mean  sd) of total meiobenthos in the Mud (A), Avi (B), Mix (C) Rhi (D) at different 
stations in dry and rainy seasons 
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Meiobenthic density in the rainy season reduced so much to average 1630 ind/10 cm2, reduced 
42 % of 2803 ind/10 cm2 in dry season. Density reduction with the highest percentage was 53 % of 
average density in dry season in Avicennia site. Result remained only average 1118 ind/10 cm2 in 
Avicennia site in rainy season. Assessment of meiobenthos in 4 sites in the rainy season showed 
densities in Mudflat and Mixed sites was significant higher than in Rhizophora and Avicennia sites 
(P<0,05) (fig. 2, A). Between stations in Mudflat site, meiobenthic density had no significant dif-
ference. In Avicennia site, Avi-b1 was significantly higher than all other stations, in the mean-
time the subtidal station Avi-c was significant lower than all others (P<0,05) (fig. 3, B). In 
Mixed site, between intertidal stations, Mix-b2 was significant higher than Mix-b3, and other 
intertidal stations were not significant difference. Change between intertidal and subtidal sta-
tions was significant (P<0,05) (fig. 3, C). In Rhizophora area, densities in Rhi-a1 and Rhi-b1 
were significantly higher than in Rhi-b2 and Rhi-b3 (P<0,05), but not significant in Rhi-a2 and 
Rhi-a3 (P>0,05) (fig. 3, D). 

Change of meiobenthic density in dry season and rainy season was significant difference 
among all sites. Densities of meiobenthos in dry season was significantly higher than in rainy sea-
son (P<0,05) (fig. 3, A). In Mudflat site, significant difference was in Mud-4 (P<0,05) (fig. 3, A). In 
other sites, significant differences were at stations Avi-a1 and Avi-b1 in Avicennia site, stations 
Mix-a1, Mix-a2 and Mix-c in Mixed site, stations Rhi-b2, Rhi-b3 and Rhi-c in Rhizophora site 
(P<0,05) (fig. 3, B; 3, C; 3, D). 

III. 2. 2. Nematodes 
In the dry season, result showed nematode percentage was 90,6 %, decreased in comparison 

with 87,2 % in the rainy season. The highest percentage of nematodes was remained in Mudflat site 
with 94,3 %. However, the lowest percentage was not in Avicennia site, but in Rhizophora site. On 
the other hand, to compare with nematodes in the rainy season, nematode density increased 35 %, 
reached average 2539 ind/10 cm2, mainly in Avicennia and Mudflat sites. Density of nematodes in 
Mudflat site was significantly higher than in Avicennia and Rhizophora sites (P<0,05). Density in 
Mixed site was higher than in Rhizophora, Avicennia sites and lower than in Mudflat site, however 
it did not varied significantly among sites (P>0,05) (fig. 2, B). 

Within stations, there was not significant difference of nematode density between stations in 
Mudflat site (P>0,05) (fig. 2, E). In Avicennia site, density in Avi-a1 was significantly higher than 
in Avi-a2 and Avi-a3. In the opposite bank of the creek, Avi-b1 was also significantly higher than 
Avi-b2 and Avi-b3 (P<0,05). Density in subtidal station Avi-c was significantly lower than all inter-
tidal stations (P<0,05) (fig. 4, B). In Mixed site, there was not significantly different between inter-
tidal stations (P>0,05) (fig. 4, C). However in subtidal station Mix-c, density was significantly 
lower than other intertidal stations (P<0,05). Comparison of density in Rhizophora site, density in 
stations Rhi-a1, Rhi-b1, Rhi-c was significantly higher than in station Rhi-a2, Rhi-a3. Density in 
stations Rhi-b2, Rhi-b3 was lower than in station Rhi-b1, but the difference was not significant 
(P>0,05) (fig. 4, D). 

Nematode density was also investigated in the rainy season. Result showed that nematode per-
centage reduced in comparison with the dry season and equivalent with the rainy season, was 87,2 
% of the total meiobenthos. But percentages in different site forests were changed. Percentage was 
the highest in Mixed site and lowest in Rhizophora site. Nematode density reduced drastically about 
44 % to compare with the dry season. Average nematode density was only 1421 ind/10 cm2 in the 
rainy season. Between 4 sites, densities in Mudflat and Mixed sites were significantly higher than in 
Rhizophora and Avicennia sites (P<0,05) (fig. 2, B). In Mudflat site, there was no significant differ-
ent between stations (P>0,05) (fig. 4, A). In Avicennia site, nematode density in Avi-b1 was sig-
nificantly higher than all others (P<0,05), Avi-c was significantly lower than almost of them except 
Avi-a2. Between stations in Mixed site, subtidal station Mix-c was significantly lower than all other 
stations, Mix-b2 was not significantly different from Mix-a1, Mix-a2, Mix-a3, Mix-b1 (P>0,05), 
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but significantly different from station Mix-b3 (P<0,05) (fig. 4, C). In Rhizophora site, Rhi-a1 and 
Rhi-b1 were significantly higher than Rhi-b2, Rhi-b3 and Rhi-c (P<0,05), but not significantly dif-
ferent from Rhi-a2 and Rhi-a3 (P>0,05) (fig. 4, D). 

Between the dry season and the rainy season in, difference of nematode density was significant 
in all 4 sites (P<0,05) (fig. 2, B). In Mudflat site, difference between 2 seasons was significant at 
station Mud-4. In Avicennia site, significant difference between 2 seasons was at stations Avi-a1 
and Avi-b1. In Mixed site, difference was significant at Mix-a2, Mix-b1 and Mix-c. In Rhizophora 
site, difference between dry and rainy seasons was significant at stations Rhi-b3 and Rhi-c (P<0,05) 
(fig. 4, A; 4, B; 4 C; 4, D). 

 

 
 

Fig. 4. Densities (mean  sd) of total meiobenthos in the Mud (A), Avi (B), Mix (C) Rhi (D) and nematodes 
in the Mud (E), Avi (F), Mix (G), Rhi (H) at different stations in dry and rainy seasons 

 
III. 2. 3. Copepods and nauplii 
In the dry season, result in Rachoc Creek showed copepods increased fairly and to be second 

abundance with average density 94 ind/10 cm2 and percentage 3,3 % of total meiobenthos. Cope-
pods were the highest density in Rhizophora site (110 ind/10 cm2) and also the highest in percent-
age (4,4 % of total meiobenthos). Comparison of copepod density between 4 sites, there was not 
significant difference in dry season (P>0,05) (fig. 2,C). 

Nauplii were the 4th abundance with average 1.3% of total meiobenthos. Nauplii density was 
the highest abundance 49 ind/10 cm2 (1,9 % of total meiobenthos) in Rhizophora site. However 
there was not significantly different among different sites (P>0,05) (fig. 2,D). 

Copepod density in Rachoc Creek in the rainy season remained in the second abundance, but 
density reduced to average 73 ind/10 cm2. However, copepod percentage remained at level 4,5 % of 
total investigated meiobenthos. Among them, density was the highest in area of the Mudflat site 
with average 122 ind/10 cm2. Densities in Mudflat and Rhizophora sites were significantly higher 
than in Avicennia and Rhizophora sites (P<0,05) (fig. 3, C). In rainy season, nauplii were the third 
abundant group with 63 ind/10 cm2, occupied 3,9 % of total meiobenthos. The highest nauplii den-
sity was 121 ind/10 cm2 (5 %) in Mudflat site. In addition, density in Mudflat site was significantly 
higher than in other sites (P<0,05) (fig. 3, D). Difference of copepod densities between dry and 
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rainy seasons was significant in Mixed site only (P<0,05) (fig. 3, C). On the other hand, nauplii 
density had a significant difference in Mudflat site (P<0,05) (fig. 3, D). 

III. 2. 4. Other less abundant groups 
Some other groups as polychaetes, oligochaetes, acari and ostracods had a less abundance usu-

ally less than 1 % of total meiobenthos, but also showed their variations in different types of man-
grove. In general, polychaete density reduced from Mudflat site to Rhizophora site in dry season. 
Difference between Rhizophora site and other sites was significant (P<0,05). In rainy season, oli-
gochaete density changed a little, exception in Rhizophora site, density was significant higher than 
in dry season (P<0,05). However there was no significant difference among 4 sites in rainy season 
(P>0,05) (fig. 5, A). 

Oligochaete densities in dry season changed among 4 sites but these were not significantly dif-
ferent (P>0.05). The same result was in rainy season. Comparison between 2 seasons, there was 
also no significant difference about density of oligochaetes (P>0,05) (fig. 5, B). 

Ostracods in dry season showed densities in Mudflat and Avicennia sites were significantly higher 
than in Mixed site (P<0,05). But in rainy season, ostracod density reduced in all sites and there was no 
significant difference (P>0,05). Comparison in 2 seasons, ostracod densities in Mudflat, Avicennia and 
Rhizophora sites in dry season were significantly higher than in same sites in rainy season (P<0,05). In 
Mixed site change between 2 seasons was not significant (P>0,05) (fig. 5, D). 

 

 
 

Fig. 5. Densities (mean  sd) of less abundant groups oligochaetes (A), Polichaetes (B), Acari (C) and 
Ostracods (D) in dry and rainy seasons 

 
III. 3. Correlation with abiotic factors 
The Table 2 showed a significant positive correlation between total meiobenthos, nematodes, 

copepods with water temperature (T C) (P<0,05; P<0,01)). N/C ratio had a positive correlation with 
temperature also (P<0,05). On the other hand, total meiobenthos and nematode density were sig-
nificant positive correlation with pH (P<0,05). In addition, polychaetes had significant positive cor-
relation with oxygen in water (DO) (P<0,01). The abundances of meiobenthos and major meioben-
thic groups were not significant correlation with salinity (NaCl) and turbidity (Tu). Other meioben-
thic groups as nauplii, foraminifera, oligochaetes did not showed a significant correlation with 
temperature, oxygen in water, pH, salinity, and turbidity in this study. 
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Table 2 
Correlation (r-value) of the abundance of total meiobenthos and meiobenthic groups,  

and the nematode/copepod ratio (N/C) with some physical variables at the sampling stations 
 

Variable T ( C) DO (mg/l) pH NaCl (%o) Tu (mg/l) 
Total meiobenthos 0,964** -0,238 0,833* 0,601 -0,259 

Nematodes 0,962** -0,233 0,827* 0,592 -0,244 
Copepods 0,847* -0,363 0,749 0.638 -0,341 

Nauplii 0,625 0,041 0,378 0,206 -0,007 
Foraminifera 0,426 0,513 0,256 -0,103 -0,047 
Polychaetes -0,332 0,942** -0,556 -0,807 0,414 
Oligochaetes 0,388 0,636 0,014 -0,370 0,583 

N/C ratio 0,892* 0,038 0,733 0,361 -0,020 
Values with one star (*) are significant at P<0.05 Values with two stars (**) are significant at P<0,01 
 
IV. Discussion 
Composition and density of total meiobenthos  
In a study meiobenthos in Malaysian mangrove, the result of Sasekumar (1994) seemed to be 

approximate with the result of Chinnadurai & Fernando (2007) when meiobenthic densities were 
1109 ind/10 cm2 in Avicennia, 583 ind/10 cm2 in Rhizophora, and lowest 407 ind/10 cm2 in Bru-
guiera forest. Present study shows the similarity with Vanhove et al. (1992). Based on all the sam-
ples taken from Rachoc reek, meiobenthos densities were 1755 ind/10 cm2 in Avicennia, 2543 
ind/10 cm2 in mixed forest of Avicennia and Rhizophora, 1947 ind/10 cm2 in Rhizophora. It seems 
that Rhizophora in Can Gio mangrove may be more attractive to meiobenthos than Avicennia. In 
addition, the highest densities of meiobenthos in mixed forest of Avicennia and Rhizophora sug-
gested that mangroves with multi-plant species can create a habitat that more appropriate for devel-
opment of meiobenthos than mono plant species mangroves.  

Abundance of major meiobenthic groups 
Normally, nematodes occupied over 80 % of total meiobenthos, sometimes up till 95–99 % 

Vanhove et al., 1992, Olafsson (1995, 2000); Khalil, 2001; Netto & Gallucci, 2003; Armenteros et 
al., 2006; Chinnadurai & Fernando, 2007). Nematodes seem to be less important in a study from 
Australian mangroves with 27–31 % (Alongi, 1987a), and in Cuba mangroves with percentages  
35-61% (Lalana-Rueda & Gosselck, 1986). Nematodes are also recorded to be the most abundant 
taxa in the present study. The average nematode percentages were from 81,1–94,3 %. Among the 
three types of mangroves in Rachoc Creek, the nematode percentages and densities were generally 
higher in mud flat site and mixed forest site than Avicennia and Rhizophora sites. Between the two 
seasons, Rachoc Creek showed that nematode percentages and densities in dry season were higher 
than in rainy season. Heavy rains could disturb sediment surface and influence to ratio and density 
of meiobenthos as well as nematodes. Dry season in Can Gio created a more appropriate environ-
mental condition for nematode development than rainy season. Our result showed that copepods 
were the second abundance in most study stations. Copeppod percentages showed gradual change 
from Rhizophora sites (6,7 %), to mixed forest Avicennia site and Rhizophora sites (2,5 %). Among 
three types of forest, copepod percentages were higher in Avicennia and Rhizophora sites than in 
Mixed forest site. The difference was clearer in rainy season. The reason can be from forest struc-
ture. Plantation covers and number of tree in Avicennia and Rhizophora forests are much smaller 
than mixed forest. These could influence to sediment surface of forest types and subsequently 
change copepod distribution. Vanhove et al. (1992) noted low copepod percentages in silty/muddy 



 
 
 

.  
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

 
 

 83

sediment suggested this taxon is more related to coarser grain texture. In addition, copepods and 
epsilonematid nematodes do not withstand high silt fraction. Copepods are report as one of the most 
sensitive taxon is sensitive for oxygen decrease and usually restricted inoccurrence in oxic condi-
tion (Coull & Chandler, 1992). 

In present study, nematode and copepod densities possitively correlated with temperature. 
Nematode density also possitive correlated with pH and polichaetes possitively correlated with dis-
solved oxygen. Other meiobenthic group had no correlation with abiotic factors. However, Ólafsson 
(1995) pointed that lack of significant correlations between environmental factors and meiofauna 
taxa does not mean that these factors were not contributing to the density variations observed. They 
may indeed control the population densities of the major taxa differently and in different proportion 
at the various stations. An experiment approach when the factor of interest can be manipulated 
while fluctuations in all other variables kept to minimum may be more appropriate than simple cor-
relation analyses, in evaluating the importance of community control mechanisms. 
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P.A. Starodubtcev, E.N. Baklanov, E.P. Starodubtcev, M.V. Mironenko 

RESISTANT TO INTERFERENCE, LARGE-SCALE, MULTI-STATIC SCHEME OF 
DETECTING PERTURBATIONS OF THE MARINE ENVIRONMENT AND ITS 

ORGANIZATIONAL, TECHNOLOGICAL AND TECHNICAL CHARACTERISTICS 
 

Issues of construction of a large-scale noise-immune multistatic circuit on the basis of measuring the 
phase difference of the spectral components of acoustic signals received on spatially separated receivers are 
discussed. The technical characteristics and composition of the hardware used to deploy the sonar polygon 
for monitoring the marine environment are presented. 

Key words: sonar, acoustic signal, hydrophones, disturbance of marine environment, parametric 
hydroacoustics. 
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Fig. 1. Area of Stationary luminal radio-acoustic system l oCation:  
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Fig. 2. Bottom relief in the area of receiver 
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Fig. 3. Underwater acoustic beacon -6  
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. 4.        
Fig. 4. Spatial arrangement of receivers and radiators of a multistatic schema 
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Fig. 5. Spatial structure of the Fraunhofer zones between radiation-receiving points 
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Fig. 6. Structure of the «Gonets» system 
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Fig. 7. Appearance of the acoustic station «Monitor» on the assembly transport trolley 

 
  ,    ,    -

           -
       5 10-8  10 .   -

,    ,     
     (  ).     

 ,        
  -      , -

         . 
     ( )  « »  

 . 8,      « »   . 9.   -
           -

  , ,      
    ,       -

      .     
« »   . 2. 

       -
            

     .    : -
    ;     -
 ;     ;   -

     ;      -
;     .  

      ( . 10)    
       5    

   4 .          
       5 ,    

   10–15 .  



 
 
 

  .  41            ISSN 2222-4661 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

 
 

 94

 
 

. 8. C      ( )  « » 
Fig. 8. omposition of the complex of the deep-state denial stations «Monitor» 
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. 9.     « » 
Fig. 9. Structural scheme of the deep-state denial stations «Monitor» 
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Table 2 
Main characteristics of the acoustic station «Monitor» 
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Fig. 10. Appearance of ship's equipment for the operation of the deep-state denial stations 
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V.D. Bogdanov, N.V. Dementeva,  A.A. Simdyankin 

ASSESSMENT OF THE QUALITY AND SAFETY OF DRY CONCENTRATE  
OF SEA CUCUMBER 

 
In. the technology of production of dry concentrate of sea cucumber that allows you to almost fully 

preserve the structure and functional properties of macromolecules of biological raw materials and create a 
highly effective product nutritional, medicinal and prophylactic purpose. 

By results of researches it is established that the dry concentrate of sea cucumber has high nutritional 
value, is a high-protein product, with a low proportion of lipids. Dry concentrate of sea cucumber is rich in 
mineral salts. Microbiological indicators it meets the requirements of the technical regulations of the 
customs Union TR/TS 021 – 2011. Safety dry concentrate trepang confirmed by research on the content of 
toxic elements, pesticides, polychlorinated biphenyls and radionuclides. This fact indicates the guaranteed 
safety of the finished product. The results of research on a new product is developed and approved one STO 
00471515-052-2017. Dry concentrate of sea cucumber. Requirements for quality and security. Requirements 
for the production, storage, and implementation. 

Key words: dry concentrate of sea cucumber, chemical composition, quality, safety. 
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Technological scheme of production of dry trepanga concentrate 
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able 1 
Chemical composition and energy value of dry concentrate of sea cucumber 
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Organoleptic and physico-chemical characteristics of dry concentrate of sea cucumber 
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able 3 
Microbiological characteristics of dry concentrate of sea cucumber 

 
     -

    
    -

 , / ,   
2 104 4 103 

 ( ) 1,0   

S.aureus 1,0   

  
  

1,0   

  ( ),  
  -

 

 ,  
   

25   

  , /    100   
 

          
 , ,    . -

    . 4. 
 

 4 
  , ,    

      
able 4 

The content of toxic elements, pesticides, polychlorinated biphenyls and radionuclides  
in a dry concentrate of sea cucumber 

 

   -
, / ,   

  
   

 
 : 

 
 
 

 

 
1,0 
1,0 
0,2 
0,5 

  -
 

  -
 

  -
 

0,0010±0,0002 

 (        -
        

) 

 
100 

  -
 

 

:     0,03   -
 

:  ( , , - ) 0,2   -
 

    0,2   -
 

  (     
         -

 ) 

2,0   -
 

 



 
 
 

  .  41           ISSN 2222-4661 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

 
 

 104

        -
         -

.  
 

 ,    ,    -
    ,   ,   -

 .      .  -
        -

  /  021-2011.        
   , ,    -

.        -
.            

00471515-052-2017.   .     . -
  , , . 

 
  

 
1. , . .  : , ,  /  

. . . – .: , 2000. – 200 . 
2. , . .         

   / . . , . . , . .  // . . – 2014. 
–  4 (340). – . 5–37. 

3. , . .       
    / . . , . . , . . -

  . // . - . – 2016. –  9. – . 50–52. 
4. , . .       / . . -

, . . , . .  // . . . – : -
, 2016. – . 38. – . 64–68. 
 

  :   ,   , -
, e-mail: bogdanovvd@dgtru.ru; 

  ,   , , e-mail: 
dnvdd@mail.ru; 

  , . , e-mail: And-sim@mail.ru. 
 
 
 
 
 
 
 
 
 
 
 
 



 

 105

 
 

    
   

 
 
 

 
 664.02+639.3.043  
 

. . , . .   
    , 

690087, . , . , 52   
 

      
   

 
        

          -
 .        -
 .      . 

  : , , , , .  
 

M.O. Kholdobo, C.D. Ugrymova  
ASSESSMENT OF THE RELIABILITY OF THE LINE FOR PREPARATION  

OF THE FOOD FOR THE FAR EASTERN TREPANG  
 
The reliability of the technological line for the preparation of feed for Far Eastern trepang is 

considered, and the stages of reliable design of the feed preparation line for Far Eastern trepang are 
developed. A sequence of operations is identified in the analysis of the nature and sequence of failures. The 
probability of failure-free operation of the line is calculated. 

Key words: line, reliability, operation, design, trepang. 
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Fig. 3. Stages of robust design line of cooking food for far east marine 
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