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 There are presented the research results of macro-zoobenthos in the area of cage fish 

farm functioning in Lakhtinskaya Bay of the Lake Onega. It was revealed that organic 

waste (fish food remainder, excrements) from growing fish in the fish cages influence 

on type composition, number and biomass of macro-zoobenthos. While increasing the 

fish growing volume the influence is enhancing. Gathered organic substances under the 
pond cages even after closing the cage fish farm keep stimulating influence on macro-

zoobenthos. Macro-zoobenthos is possible to use in the capacity of indicator of water 

ecosystem condition evaluation in the area of pond cage fishery. 
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INTRODUCTION 

 

 The cage fish farming is the youngest but fast developing innovation in total aquaculture [1, 8]. Norway 

was a pioneer of the current direction which in 1970 has obtained the first market products of the rainbow trout 

and the Atlantic salmon [2: 141-143]. In those years it was obtained the first market products of the rainbow 

trout in the lakes of Karelia [3: 182]. In 2004 the world production of commodity fish in the pond cages has 

exceeded 45.5 mln. tons [4: 77]. By FAO data in 2010 the world volume of aquaculture (without plants) was 60 

mln. tons and in 2011 – 63,6 mln.tons [5: 3, 60]. 

 High growth of aquaculture is conditioned by the complex of different interrelated with each other factors: 

the presence of significant water area, easily reproducing economic and effective technologies of fish growing, 

well selected seedstock herds, technical equipment of cage farms and favorable environment. Development of 

aquaculture also influences the shortage of fishery volume (has become stable on the level of 90 mln. tons) and 

continuously growing market demand in fish products. At the same time development of aquaculture increases 

employment of population and its products provides growing needs of the population [6: 2].  

 At the same time the intensive development of aquaculture and increase of its productivity may lead to 

sufficient changes of water ecosystems condition, even taking into account that the total contribution of fish 

farming is insignificant in comparison with other sources of pollution [7: 1345-1349; 8: 1-12] and that the 

influences of fish cage fisheries are local and practically are not being marked in the distance more than 30 m 

[9: 1176-1179]. In order to prevent that, it is required to improve the system of sectors management 

(implementing ecosystem approach), realize the intrastate control and conduct ecologic monitoring.  

 While developing of cage fish farming it is required to develop the system of indicators for water ecosystem 

condition evaluation. One of those indicators can be macro-zoobenthos with wide types variety and quite long 

life cycle. The aim of the work was to prove the suitability of macro-zoobenthos usage as an indicator. To 

research its species composition, number and biomass in the functioning conditions and after stopping of the 

trout cage farm activity located in Lakhtinskaya Bay of the biggest in Europe Lake Onega.  
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MATERIALS AND METHODS 

 

 Lakhtinskaya Bay is located in the southwest part of the Lake Onega. The area of water plane – around 

6 sq.m Shallow waters are dominating (4-5 m), discontinuing by some depressions (up to 17 m). The Bay 

littoral – is rocky and blocky. The grounds are presented by thin lay of sand and sandy loam [10: 30].  

 The trout cage farm was located in the middle part of the Bay and was functioning from 1996 till 2006. 

Volume of trout growing gradually increased from 20 tons/year till 300 tons/year. In 2002 it was being grown 

150 tons of fish per year and in 2006 – 300 tons/year. Fish was being grown in the fish cages which were set in 

the limnetic zone of the Bay at a depth of 6-10 m. 

 Macro-zoobenthos has been studied while research conduction by the program of ecologic monitoring 

during the period from 2002 till 2012. Selection of samples has been done annually in summer period (June) on 

three stations. The first one was located directly close to fish cages, the second one - at a distance of 300 m. 

from fish cages in the direction to the top of the Bay and the third one (control one) – at a distance of 500 m. 

from fish cages in the direction of open lake. 

 The samples of macro-zoobenthos were chosen by means of Ekman bottom sampler – Berdja (gripping area 

is 0.025 sq.m). The chosen samples were washed through the sieve with gas No. 35-38 and fixed with formalin 

with 4% concentration. Cameral processing of the collected material was conducted by commonly accepted 

methodologies [11: 169]. The quality of water was evaluated by saprobity indexes [12: 60].  

 

RESULTS AND DISCUSSIONS 

 

 Macro-zoobenthos of Lakhtinskaya Bay in the quality ratio is presented by substantially poor complex of 

invertebrates. During the research period it was revealed up to 40 types and forms, the base of which was 

formed by chironomids (up to 38%), bugs (up to 29%) and oligochaetes (up to 20%). Minimum type variety is 

marked in 2004 (23 types and forms), then till 2007 it was observed its continuous increase (up to 40 types and 

forms) with further decrease till the end of the research (in 2012 it was revealed 30 types and forms). Qualitative 

changes in the composition of macro-zoobenthos are solely related to changes of fish production volumes. In the 

period from 2002 till 2006 cage fish volumes has grown in 6 times and reached 300 tons/year. At the end of 

2006 cage farm has stopped its existence. 

 During the whole research period in the area of pond cages there were dominating Psectrocladius 

psilopterus, Paracladopelma camptolabis, Lamprodrilus isoporus. In the beginning period of cage farm 

functioning, Ablabesmya lentiginosa was also widely presented, and in years of maximum fish goods 

production volumes (2007-2012 years) Micropsectra praecox and Spirosperma ferox has got a mass 

development. 

 Number of macro-zoobenthos in the area of fish cages during the research period has changes within the 

limits from 221 sample per sq.m up to 1262 samples per sq.m, biomass – from 0.520 g/sq.m up to 1.60 g/sq.m 

In the control those indexes fluctuated within the limits 155-1043 samples per sq.m, biomass – 0.211-1.0 g/sq.m 

correspondingly. Long-term dynamic of macro-zoobenthos number and biomass is shown in the Picture 1. 

 

                   
 

Fig. 1: Long-term dynamic of macro-zoobenthos number and biomass in Lakhtinskaya Bay of the Lake Onega  
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 In the first three years of the research (2002-2004) number of macro-zoobenthos at fish cages was lower or 

close to control indexes. The index of biomass at fish cages was significantly higher of control indexes (up to 

2.5 times). That means that already organic wastes (fish food remainder, excrements) from the huge volume of 

growing fish (within the limits 100 tons) began to influence zoobenthos biomass. Then, while increase of 

growing fish volume (up to 300 tons) and increase of organic wastes from growing fish in the fish cages, the 

number and biomass of fish cages macro-zoobenthos has reached its maximum in 2006 (1262 samples per sq.m 

and 1.6 g/sq.m). At that time the content of nitrous and phosphorous compound in the benthonic layer of pond 

cages was high (NH4 – 0.26 mgN/l, NO3 – 0,31 mgN/l, Рmin – 0.005 migР/l) that increased half as much as the 

control indexes. Next year after closing the cage farm both quantitative indexes of pond cages macro-

zoobenthos has sharply decreased, but kept on the level exceeding such ones in the control (478 samples per 

sq.m and 0.63 g/sq.m; control – 289 sampler per sq.m and 0.35 g/sq.m). The content of nitrous and phosphorous 

compounds in the fish cages benthonic layer has also decreased (NH4 – 0.17 mgN/l, NO3 – 0.25N/l, Рmin – 0.002 

mgР/l). New increase of number and biomass was mentioned in 2008 – 2009 (till 962 – 807 samples per sq.m 

and till 0.81 – 1.092 g/sq.m). In 2008 ammonium nitrogen compound has increased up to 0.36 mgN/l, nitrate 

nitrogen – up to 0.31 mgN/l and mineral phosphorus – up to 0.006 mgР/l. The reason of such changes could be 

removal of fish cages from the place of their dislocation at the end of 2007, that contributed the benthonic layer 

washing out being formed during the cage farm functioning. The appearance of organic in the benthonic layers 

has created the conditions for intensive development of macro-zoobenthos. 

 Next year of the research the number and biomass of macro-zoobenthos in the area of placed before fish 

cages has gradually decreased (pic. 1), but it increased 1.5-2.5 half as the control. That indicated about the 

consequences of cage farm work for macro-zoobenthos even after its closing. The similar dynamic was noticed 

in the compound of nitrous and phosphorous compounds. In 2012 the content of NH4 was 0.2 mgN/l, NO3 – 

0.18 mgN/l, Рmin – 0.004 mgР/l.  

 In whole, the self-cleaning capability of the ecosystem in that area was saved on the high level and provided 

favorable condition of water environment and biota that is proved by the capability index value (1.4). 

 

Conclusion: 

 Thus, the conducted research material of macro-zoobenthos in the area of trout cage farm being placed in 

Lakhtinskaya Bay of the Lake Onega showed that the components of hard organic wastes (fish food remainder, 

excrements) of fish growing in the fish cages influence on the dynamic of macro-zoobenthos species 

composition, stimulating increase its number and biomass. That influence grows with increase of fish volume 

growing in the cages. While stopping fish cages functioning, the substances transform, being stored under the 

fish cages, and keep stimulating influence on macro-zoobenthos while washing out from benthonic layers. 

 Judging by the saprobity value index, the ecosystem self-cleaning capability of Lakhtinskaya Bay of the 

Lake Onega provided favorable condition of water environment and its biota. 

 High sensitivity of macro-zoobenthos toward organic wastes gives the base to use this group of water 

invertebrates in the capacity of water ecosystem evaluation indicator in the area of cage fish farms work. 
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