
1 
 

 
 

 
 
 
 
 

Lake Fisheries Enhancement in the Aral Sea Region 
 

 
 

 
 
 
 
 
 
 

Kai Lorenzen 
University of Florida 

 
 
 
 
 
 
 
 
 
 
 
 



2 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Citation: 
 
Lorenzen, K.(2011) Lake Fisheries Enhancement in the Aral Sea Region. Report to the 
Deutsche Gesellschaft fuer Internationale Zusammenarbeit GmbH(GIZ) 
 
 
Cover photograph: 
 
Winter fishing on lakeKamyshly-Basch. 
 
  



3 
 

Executive summary 
 

1) Lakes in the Northern Aral Sea region of Kazakhstan are naturally of low biological 
productivity, but support capture fisheries of substantial importance to the local population. 
No current data were available regarding the exploitation status of the lake fisheries, but 
data from 2001 suggest that exploitation was sustainable then. Lake fisheries are leased to 
‘lake owners’ and fished commercially by fishing brigades. Members of fishing brigades 
earn about one tenth, and lake owners about one half of the Kazakh annual average 
income. Subsistence fishing is likely to make a significant contribution to local livelihoods 
but is technically illegal (‘poaching’).  

2) Fisheries management in the delta lakes of the Syr Darya, Aral Sea region is at a 
crossroads. Development options currently considered include sustainable exploitation of 
wild stocks as a capture fishery and fisheries enhancements at different intensities. 
Fisheries enhancement is a fisheries management approach involving release of hatchery-
reared fish and other measures to improve the quantity and/or quality of fish harvested and 
other attributes of the fishery. Possible enhancement approaches include a mixed 
capture/culture-based fishery, or a very intensive, mostly culture-based fishery system 
known as a Lake Productive Farm (LPF).  The LPF concept originates from the Soviet 
period and entails drastic reduction or elimination of wild fish and development of a culture-
based carp fishery. Projected or perceived benefits of LPF include an increase in overall 
production, change in catch composition towards high-value species, freedom of operators 
from fishing regulations, and greater bargaining power in water allocation decisions. The 
latter benefits arise because LPF are classified as agricultural enterprises rather than 
natural resource uses and thus are subject to different legal arrangements.  

3) Overall catch biomass and value are likely to increase with management intensity, but so 
do input costs as well as economic and ecological risks. Projected economic performance 
of enhancements is highly sensitive to the return rate of stocked common carp and there is 
a considerable risk for actual returns to be below the minimum viable level. It must also be 
born in mind that there will be a substantial time delay of at least three years between the 
establishment of a LPF and the generation of fisheries yield and income. Intermediate 
management intensity (a mixed capture and culture-based fishery) may provide the 
greatest overall benefits but further analyses, planning and capacity and institutional 
development are required to identify and implement best the development option.  

4) Quantitative assessment of exploitation status and management options for the wild and 
currently stocked fish populations in the lakes is an immediate priority. Only once this 
information is available will it be possible to gauge the potential for alternative development 
options to improve fisheries outcomes. 

5) Certain changes in governance arrangements associated with the designation of a Lake 
Productive Farm are likely to be beneficial regardless of the biological/technical fisheries 
development option pursued. These changes involve principally (a) strengthening the 
autonomy of lake fishery owners to make management decisions, including reform of the 
quota system; and (b) strengthening of the influence of lake owners in water allocation 
processes.  

6) Sustainable development of the fisheries and changes in governance will require some 
capacity building and reform on the part of key stakeholders. Lake owners, KazNIR and the 
Fishery Inspection will need to enhance their capacity to conduct and understand 
quantitative fisheries assessments, undertake cooperative data collection and research, 
effectively communicate results, and use empirical evidence in management decision 
making. 

7) Major changes in management such as intensification of fisheries enhancements should be 
implemented as adaptive management experiments in order to obtain empirical evidence of 
the biological and economic performance of the management option and its wider 
ecological and social impacts.           

 
 
 
 



4 
 

Contents 
 
Executive summary.............................................................................................................. 3 
Contents .............................................................................................................................. 4 
1 Introduction ....................................................................................................................... 5 

1.1 Background ................................................................................................................ 5 
1.2 Terms of Reference .................................................................................................... 5 

2 Lake fisheries and fisheries enhancements in the Aral Sea region ................................... 5 
2.1 Lake fisheries ............................................................................................................. 5 
2.2 Fisheries enhancement .............................................................................................. 6 

3 Responsible approach to developing lake fisheries enhancements in Kyzylorda ............. 7 
3.1 Role of enhancement in the fisheries system (URA Element 1) ................................. 9 
3.2 Target species and stocks (URA Element 4) .............................................................. 9 
3.3 Enhancement fisheries systems (URA Element 6) ................................................... 10 
3.4 Contributions to fisheries management goals (URA Element 3) .............................. 10 
3.5 Economic and social benefits and costs (URA Element 5) ....................................... 13 
3.6 Aquaculture systems for fish seed production (URA Element 7) .............................. 14 
3.7 Genetic resource management (URA Element 8) .................................................... 15 
3.8 Disease and health management (URA Element 9) ................................................. 15 
3.9 Identification of released fish (URA Element 10) ...................................................... 15 
3.10 Optimal release strategies (URA Element 11) ........................................................ 16 
3.11 Ecological impacts (URA Element 14) .................................................................... 16 
3.12 Governance arrangements (URA Element 12) ....................................................... 16 
3.13 Stakeholder engagement and decision making (URA Element 2) .......................... 17 
3.14 Management plan with clear goals and decision rules (URA Element 13) ............. 18 
3.15 Adaptive management (URA Element 15) ............................................................. 18 

4 Regional enhancement fisheries workshop .................................................................... 19 
5 Supporting the responsible development of enhancement fisheries ............................... 19 

5.1 Overview .................................................................................................................. 19 
5.2 Synthesis and analysis of existing information ......................................................... 19 
5.3 Assessment of selected fisheries ............................................................................. 19 
5.4 Capacity and institutional development .................................................................... 20 
5.5 Review of fisheries development plan ...................................................................... 20 
5.6 Experimental evaluation of fisheries enhancements ................................................ 20 
5.5 Continued assessment and adaptive management.................................................. 21 

6 Conclusions and recommendations ................................................................................ 21 
References ........................................................................................................................ 22 
Appendix 1: Schedule of trip .............................................................................................. 24 
Appendix 2: Economically important fish species in the lakes of the Aral Sea region ........ 25 

  



5 
 

1 Introduction 
 
1.1 Background 
 
The lakes of the Syr Darya delta, in the Aral Sea region of Kyzylorda Oblast, Kazakhstan, support 
fisheries of great importance to the local population. Many of the lake fisheries were intensively 
stocked and managed as ‚lake productive farms‘ during the Soviet period, but have since suffered 
from the collapse of this management system as well as from water level fluctuations aggravated 
by regional water and environmental management issues.The lake ecosystems and the fisheries 
they support have since recovered significantly. Fisheries currently operate as capture fisheries 
based primarily on wild fish, with some limited supplementary stocking. Production and revenue 
from the fisheries have remained low, however, and the economic status of fishing households 
precarious. There is therefore renewed interest in intensifying fisheries management through 
enhancement approaches. Kyzylorda Oblast has proposed a Fisheries Development Plan that 
includes provision for developing lakes into Lake Productive Farms (LPFs): intensively stocked, 
primarily culture-based fisheries. The present report examines the lake fisheries and the potential 
for enhancements to generate sustainable benefits, drawing on the widely accepted ‚responsible 
approach‘ todeveloping fisheries enhancements.  
 
 
1.2 Terms of Reference 
 
The consultancy aims to provide advisory services in the following thematic areas:  
 
1 Analysis of possible stock enhancement strategies  
 
2 Analysis of the capacities of the involved stakeholders/players  
 
3 Assist in the conceptualization and preparation of the ”Regional Workshop on Fisheries 
Enhancement in the Aral Sea Region”  
 
4 Engagement with the NGO „Aral Tenizi“ and the Kazakh fisheries institute „KazNiirh“ in 
Almaty and Aralsk for the design of training/capacity building activities for fishers and institutional 
partners  
 
 
 

2 Lake fisheries and fisheries enhancementsin the Aral Sea region 
 
2.1 Lake fisheries 
 
 
The lakes of the Syr Darya delta are natural delta/floodplain lakes (Asarin et al. 2010). Under 
natural conditions, water in the lakes is replenished primarily by flooding during high flow periods of 
the Syr Darya. Irrigation abstractions have dramatically reduced flows in the Syr Darya and this 
has not only contributed to the well-known shrinking of the Aral Sea but also, to a lesser extent, 
affected water replenishment in the delta lakes (Dukhovny et al. 2004). The lakes have been 
supplied through dedicated canals since the 1980, but problems with physical infrastructure and 
water allocation conflicts have meant that inflows have often been insufficient. Through the 1980s 
and 1990s, the surface area of delta lakes was at around 30-50% of their natural area. Lake water 
levels and areas have since been restored close to their historic levels owing to restoration of the 
small Aral Sea and the Syr Darya delta, and improved local water management.  
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The delta lakes provide habitat for about 30 mostly indigenous fish species and are considered 
important to migratory waterbirds (Asarin et al. 2010). The regional importance of the lakes to both, 
fisheries production and biodiversity conservation was probably highest in the 1990s when the Aral 
Sea was at its lowest water area and the lakes, though impacted, accounted for a substantial share 
of aquatic habitat in the region. Restoration of the North Aral Sea has since shifted this balance 
somewhat back to the historical situation.   
 
Chemical and biological parameters suggest that the delta lakes are naturally of low biological 
productivity. Fish assemblages are dominated by common native species including bream, 
common carp, perch, pike and pikeperch and some introduced species including roach. 
 
 

 
 
Figure 1. Map of lakes in the Aral Sea region, indicating lakes identified for possible implementation 
of enhancement measures   
 
 
The lakes support capture fisheries of substantial importance to the local population. Lake fisheries 
are leased to ‘lake owners’ and fished commercially by fishing brigades. Members of fishing 
brigades earn about one tenth, and lake owners about one half of the Kazakh annual average 
income (about $US 4000). Subsistence fishing is likely to make a significant contribution to local 
livelihoods but is technically illegal (‘poaching’).  
 
No current data were available for exploitation status the lake fisheries, but data from 2001 suggest 
that exploitation was biologically sustainable then (KazNIR 2002).  
 
 
2.2 Fisheries enhancement 
 
Aquaculture-based fisheries enhancement is a fisheries management approach involving release 
of cultured fish to increase stock abundance and/or fisheries catches. It usually combines partial 
use of aquaculture technologies with governance arrangements typical of fisheries. In addition to 
stocking it may involve auxiliary measures such as removal of wild fish, screening, and fertilization. 
It may also involve change in governance arrangements to allow for greater control than is typical 
in fisheries. 
 
Fisheries enhancement has been practiced in the region since the Soviet period. Although details 
are somewhat vague, it appears that many lakes were intensively stocked with hatchery fish and 
wild fish intentionally eliminated in a management model known as a Lake Productive Farm. Such 
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intensive fisheries enhancement bordering on aquaculture was common in reservoirs and lakes in 
China and in the former Soviet Union (Li &Xu 1995). Such intensive enhancement practices have 
declined with the transition to market economies but remain common in China. Less intensive 
enhancements, resulting in mixed harvests of wild and stocked fish, are common in freshwaters 
worldwide (Welcomme &Bartlley 1998). 
 
The extent of fisheries enhancements in Kazakhstan has declined after the Soviet period and wild 
stocks have recovered to provide the bulk of fisheries production. Nonetheless, supplementary 
stocking of carps (principally common, grass and silver carp) is still being carried out in lakes and 
the major rivers. The new Fisheries Development Plan for Kyzylorda Oblast 2010-2020 now aims 
to re-intensify lake fisheries management, essentially proposing a return to the Lake Productive 
Farm model of the Soviet period. 
 
Low yields from the lake fisheries, persistent low income of fishers, and recurring issues around 
water allocation to the lakes have prompted a renewed emphasis on intensive fisheries 
enhancement. This approach has the potential not only to improve yields and income, but to turn 
fisheries into agricultural enterprises that receive higher priority in water allocation. It also, 
however, involves significant economic and environmental risks which have not been addressed.  
 
 

3Responsible approach to developing lake fisheries enhancements in Kyzylorda 
 
Aquaculture-based enhancements can, at least in principle, generate a range of benefits (Lorenzen 
2008). In biological terms, enhancement can (1) increase yield through manipulation of population 
and/or food web structure, thus raising fisheries production at low external inputs and degree of 
habitat modification, (2) aid the conservation and rebuilding of depleted, threatened and 
endangered populations, and (3) provide partial mitigation for habitat loss and ecosystem effects of 
fishing. This may give rise to economic and social benefits, including new opportunities for 
fisheries-related livelihoods. Enhancements can also provide incentives for active management 
and better governance of common pool resources. However, many enhancements have failed to 
deliver significant increases in yield or economic benefits, and/or have had deleterious effects on 
the naturally recruited components of the target stocks. Sometimes enhancements have 
contributed to management failure by encouraging counterproductive changes in fishing patterns 
or habitat degradation.  
 
Enhancements enter into complex fisheries and their role within them must be considered clearly 
from the outset. Outcomes of enhancement are determined by interacting, biological and human 
dimensions of the fishery system into which they enter and are evaluated against a broad set of 
criteria. Enhancement ‘success stories’ often show how positive outcomes are dependent on 
matching enhancements to fisheries characteristics, transforming governance arrangements, and 
seeking ways in which enhancement can add value to other management approaches. 
Conversely, many enhancements have failed not or not only for technical reasons, but because 
they did not address management issues in the fishery (e.g. sometimes enhancements are 
developed for lightly exploited stocks or stocks of little fisheries interest), or inadvertently caused 
problematic responses (such as an increase in fishing effort on already overfished stocks).  
  
It is therefore of utmost importance to gain a good understanding of the fisheries system at the 
start of any initiative aimed at developing or reforming fisheries enhancements. The initial fisheries 
system analysis has the multiple aims of summarizing relevant characteristics of the fishery 
system, understanding current management outcomes and their causes, and exploring ways in 
which outcomes may be improved. A broad framework for analyzing enhancement fishery systems 
is given in Lorenzen (2008). The framework sets out how situational variables (attributes of the 
resource, fishing, aquaculture production, habitat and environment, stakeholders, markets and 
governance arrangements) influence outcomes of enhancement initiatives through physical-
biological pathways and through those mediated by stakeholder action (Figure. 2). 



8 
 

 
 

 
Figure 2.Framework for analyzing enhancement fisheries systems (Lorenzen 2008). Operational 
interactions between elements are shown as solid lines and determine outcomes in the short term 
when the situational variables are fixed. In dynamic interactions, shown as dashed lines, situational 
variables are modified in response to the outcomes of operational interactions. 
 
 
Lorenzen et al. (2010) propose an updated Responsible Approach to developing and reforming 
enhancements. Our updated approach is staged in order to ensure that key elements are 
implemented in the appropriate phases of development or reform processes. We propose 15 key 
elements (Table 1), arranged in three stages as follows: 
 
Phase I:  Initial appraisal and goal setting 
Phase II:  Research and technology development including pilot studies  
Phase III:  Operational implementation and adaptive management  
 
Stages are ordered in this sequence in order to ensure that broad-based and rigorous appraisal of 
enhancement contributions to fisheries management goals is conducted prior to more detailed 
research and technology development and operational implementation. This basic requirement 
applies to both, development of new and or reform of existing enhancements.  We use the updated 
Responsible Approach to developing and reforming enhancements fisheries. I will consider all 
elements of the updated responsible approach below, but have changed the order of elements in 
order to provide the most logical flow of the argument. (The order of elements in Table 1 reflects 
the order in which the elements should be considered in developing, large-scale projects).    
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Table 1.The ‘updated responsible approach’ (URA) to stock enhancement (Lorenzen et al. 2010). 
Stage I: Initial appraisal and goal setting 
(1) Understand the role of enhancement within the fishery system  
(2) Engage stakeholders and develop a rigorous decision making process 
(3) Quantitatively assess contributions to fisheries management goals 
(4) Prioritize and select target species and stocks for enhancement 
(5) Assess economic and social benefits and costs of enhancement 
Stage II: Research and technology development including pilot studies  
(6) Define enhancement system designs 
(7) Develop appropriate aquaculture systems 
(8) Use genetic resource management  
(9) Use disease and health management 
(10) Ensure that released hatchery fish can be identified 
(11) Use an empirical process for defining optimal release strategies 
Stage III: Operational implementation and adaptive management  
(12) Devise effective governance arrangements 
(13) Define a management plan with clear goals and decision rules 
(14) Assess and manage ecological impacts  
(15) Use adaptive management  
 
 
 
 
3.1 Role of enhancement in the fisheries system (URA Element 1) 
 
Enhancements enter into complex fisheriessystems. It is crucial to consider the fishery system, 
broad objectives for management, and the full range of management options when assessing 
potential for, developing and using enhancements. 
 
Enhancement approaches have been employed in Kazakhstan since the Soviet period and have a 
well-defined place in the fisheries management framework. Fish stocking is primarily production-
oriented and falls into the categories of culture-based fisheries or stock enhancement. Ownership, 
governance arrangements, and hatchery infrastructure are conducive to the implementation of 
fisheries enhancements. Special privileges and subsidies are afforded to intensive enhancement 
efforts through the designation as ‘Lake Productive Farms’. 
 
It is important to bar in mind that the Soviet models of fisheries enhancement systems were 
designed to meet production targets rather than economic or environmental criteria. The Soviet 
models are unlikely to be appropriate under the current conditions of a more market-based 
economy and growing environmental awareness.  
 
 
 
3.2Target species and stocks (URA Element 4) 
 
The only species currently available from hatcheries are common, silver, grass carp. All three 
species are well suited for lake stocking and command a good price in Kazakhstan. Hatchery 
technology for pikeperch has been developed elsewhere but is not currently available in 
Kazakhstan. Pikeperch is a high value predator species, but its wild populations appear abundant 
and productive in the lakes and it is unlikely that additional pikeperch stocking would bring 
substantial benefits. 
 
Stakeholders expressed divergent views on the best target systems for enhancements. Some point 
out that smaller lakes can be enhanced more easily and efficiently (a view supported by evidence 
from other enhancement programs), while others argue that larger lakes produce more overall and 
benefit a larger group of fishers (a view supported by information from the region). This is a matter 
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of relative weight attached to the different criteria (efficiency vs. spreading of benefits) and of 
personal interests within stakeholder groups.  
 
 
3.3Enhancement fisheries systems (URA Element 6) 
 
Enhancements may be developed in a variety of fisheries situations with a view to achieving 
different goals. Different situations and goals give rise to very different design criteria for the 
system designs (combinations of hatchery practices, release and fishing regimes). Objectives and 
potential system designs should be clarified early on in the development process because different 
designs may require very different technologies and governance arrangements.  
 
Three alternative systems are relevant to the lake fisheries in Kyzylorda 

(1) Capture fishery with supplementary stocking. Essentially the current management system 
where production is based primarily on naturally recruiting stocks but some supplementary 
stocking of carps takes place. Under this system, sustainability of harvesting of naturally 
recruiting stocks is paramount. 

(2) Mixed capture and culture-based fishery, where some species/stocks are naturally 
recruiting while others are supported primarily by stocking. In the lakes, stocked (culture-
based) fisheries for common, grass and silver carp can add to overall production and value 
while maintaining a capture-only fishery for other wild species (e.g. pike perch, pike, 
bream). The contribution of culture-based fisheries however will be limited by biotic 
interactions with wild stocks and the need to restrict harvesting of mixed wild/stocked 
fisheries to levels that are sustainable with respect to the wild stocks.  

(3) “Lake productive farm”, where wild stocks are suppressed or eliminated and production 
is based almost entirely on culture-based fisheries. Under this management model, it is not 
necessary to restrict harvesting so as to maintain natural spawning stocks. Instead, fish can 
be stocked at high density and harvested as soon as they reach marketable size (often 
smaller than the size of maturation). Such management strategies can provide greater 
biomass production than can be achieved from optimal exploitation of natural stocks, but 
require substantial investment in stocking. 

 
In addition to the above, production-oriented enhancements, there is also scope for conservation-
oriented hatchery programs to support restoration of indigenous species such as the Aral barbel. 
Such programs have different performance goals and may require different management 
approaches both in the hatchery and for the wild population compared to the production-oriented 
models currently under consideration. In particular, preservation of natural genetic variation is 
paramount . 
 
 
3.4Contributions to fisheries management goals(URA Element 3) 
 
The ultimate aim of enhancements is to contribute to the achievement of fisheries management 
goals. This is possible only where enhancements are technically effective and outperform or add 
value to alternative management measures such as fishing regulations or habitat management. 
The potential contribution of enhancement to management goals can and should be assessed 
early on in the development or reform process. Timely quantitative assessmentsare crucial to 
preventing large investment in, and subsequent maintenance of ill-conceived enhancement 
programs. Quantitative assessment should explore the likely outcomes of fishing regulations, 
releases of cultured fish and where relevant, habitat restoration on fisheries catches and the 
population abundance and structure of cultured and wildfish.  
 
In the case of the Kyzylorda lake fisheries, no current information is available on exploitation status 
(i.e., it is unclear whether or not the stocks are overfished and therefore, whether changes in 
exploitation alone could improve catches). KazNIR quota calculations appear to be based on 
assessments of feed organism production and the use of transfer coefficients to predict the fish 
production the lake is able to support. This approach is well suited for predicting gross production 
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from lakes of very different innate productivity, but provides little information on how well the given 
productivity of a lake is utilized by fishing. Fisheries assessment using simple population dynamics 
modelling based on catch data is likely to provide more specific information and may well allow 
identification of management options that could significantly improve catches of valuable species. 
 
Data on fish population structure in lakes Kamyshtybash and Akshatau-Sorgak was available for 
2001 from a KazNIR study for GEF. Analysis of this data set suggests that exploitation rates were 
sustainable at this time.  
 

 
 
Figure 3. Mixed species catch in the winter fishery of Lake Kamystybash. 
 
 
 
The Fisheries Development Plan for Kyzylorda calls for the establishment of ‘Lake Productive 
Farms’ (LPF): essentially, replacement of capture fisheries based on wild stocks with extensive 
aquaculture of carps. Projected or perceived benefits of LPF include an increase in overall 
production and a change in catch composition towards high-value carp species (Fig. 2). The 
projected increase in production would be achieved in part by removal of predators, which would 
relieve predation on lower trophic levels and allow a higher proportion of primary production to be 
harvested in fisheries. This principle has been applied e.g. in the intensive management of 
Chinese reservoirs. Common carp is an omnivorous species that also commands a very high 
marked price in Kazakhstan, giving rise to the unusual situation that a shift towards lower trophic 
level species can increase both, yield and value. The projected yield under the LPF appears to be 
technically realistic, though available data are insufficient to allow a full assessment and actual 
performance of the LPF could be substantially different from projections. It must also be 
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appreciated that stocked fish require several years to reach marketable size and that therefore, the 
establishment of LPF would involve a prolonged period during which no fishing is carried out. The 
Fisheries Development Plan for Kyzylorda is not explicit about the means for removing wild fish 
populations, but most likely this would be attempted by very intensive fishing (which is labour-
intensive and unlikely to be wholly effective in large lakes).     
 
 

 
 
 

 
 
Figure 4.Total yield and species composition under the current fishery management system and 
projected for Lake Productive Farms (LPF) for lakes Akschatau-Sorgak(top) and Kamystybash 
(bottom). Current figures based on KazNIR 2002 for species composition and reported average catch 
for 2007-2009; projected LPF figures based on the design plan (KazNIR 2010).  See Appendix 2 for a 
species list. 
 
It is likely that intermediate enhancement fisheries options can be designed, i.e. management 
regimes that utilize a mixture of wild and stocked fish. While such options may not achieve the 
biological production level or gross revenue projected for the LPF option, such options could be 
substantially less risky, bring benefits earlier, and better conserve natural ecological attributes of 
the lakes than the LPF option.  
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3.5Economic and social benefits and costs(URA Element 5) 
 
 
Consideration of economic and social benefits and costs is critical to decision making on whether 
enhancement initiatives should proceed or continue, and how they should be operated. The first 
step should be a bio-economic analysis of the fishery, considering situations with and without 
enhancement.  
 
Lake fisheries are leased to ‘lake owners’ and fished commercially by fishing brigades. A rough 
analysis based on interviews with lake owners in Karakol and Akschatau-Sorgaksuggests that at 
present, members of fishing brigades earn around 200-300 US$ per year from fishing, less than a 
tenth of the Kazakh annual average income of about 4800 US$. Lake owners may earn 
substantially more than fishers, but are unlikely to earn more than about half the Kazakh average 
income. These figures, while uncertain, nonetheless illustrate the level of poverty commonly found 
in fishing communities in Kazakhstan.  
 
The development plan for LPFs projects very large, four-to-fivefold increases in catch value and 
profit compared to the current, capture-based fisheries management. The projected increases 
reflect a combination of increased yield and a shift in species composition to high-value carp 
species (common and grass carp command prices of around 200 Tenghe per kg, compared to 15-
60 Tenghe per kg for the all other species except pikeperch).  
 
Fisheries production in the LPF is based almost entirely on stocking of hatchery fish, and the 
economic performance of this option istherefore highly sensitive to the physical return rate and cost 
of stocked fish (particularly common carp which would form the cornerstone of LPF management). 
The KazNIRdesign plan assumes returns of 0.13-0.23 kg per stocked carp fingerling, and a cost of 
12Tenge/fingerling. The assumed returnrate is comparatively high: Chinese reservoir 
enhancements typically achieve returns for common carp of only 0.05-0.15 kg per advanced 
fingerling (13 cm length) (Li & Lu 1995; Li 1999). In addition, the assumed price of 12 
Tenghe/Fingerling is lower than the prices quoted in interviews and other reports (about 20 
Tenghe/Fingerling). There is therefore a substantial risk that actual returns will be lower, and costs 
of stocking higher than assumed in the projections.  
 
It must also be born in mind that there will be a substantial time delay of at least three years 
between the establishment of a LPF and the generation of fisheries yield and income. If successful, 
LPFs could substantially increase the income of lake owners and members of fishing brigades, but 
the actual outcome is highly uncertain. 
 
Subsistence fishing appears to make a significant contribution to local livelihoods even though it is 
illegal (‘poaching’). Opportunities for subsistence-oriented fishing may decline if LPF are 
established and regulations enforced more rigorously to protect the large investment in stocking. 
Hence local people other than members of the fishing brigades may be disadvantaged by the 
development of LPF, unless they gain other benefits from their increased output. 
 
The proposed government subsidy program for aquaculture will make fish for stocking virtually free 
and provide tax breaks for “lake productive farms”. These benefits may make developing an LPF 
attractive to lake owners, even if the real economic benefits of this management system are low or 
negative.  
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Table 2.Comparison of yield and economic performance of the Karakol lake fishery under current 
and LPF management.Figures for current management are based on an interview with the ‘owner’ of 
Lake Karakol, while figures for the LPF scenario are based on the design plan (KazNIR 2010). Note 
that figures for both scenarios are uncertain! 
 

 

Current 
management 

 

Lake Productive Farm 
(LPF) 

Yield/stocking 
   Yield 27600 kg 73500 kg 

Stocking 0 numbers 490000 numbers 
Economics     

 
Tenghe US$ Tenghe US$ 

Revenue 1276500 8625 13500000 91216 
Costs 

       Fingerlings 0 0 4500000 30405 
   Brigades  446775 3019 1040000 7027 
   License 321000 2169 

 
0 

KazNir 100000 676 
 

0 
   Repairs 150000 1014 4850000 32770 
   Water fee 4002 27 

 
0 

   Other 
 

0 1967000 13291 
Total 1021777 6904 12357000 83493 
Gross profit 254723 1721 1143000 7723 
Social tax 3% 7642 52 34290 232 
Net profit 247081 1669 1108710 7491 

 
 
 
Development of LPFs is a long-term investment (it would take about 5 years for full benefits to 
materialize). It is therefore important to consider implications of likely economic development, such 
as increasing labor costs, recreational fisheries demand, etc. when assessing the benefits of 
fisheries management options.  
 
 
 
3.6Aquaculture systemsfor fish seed production (URA Element 7) 
 
The design of aquaculture systems and rearing practices influences production efficiency and the 
fitness of released fish. Typically there is a tradeoff between these aspects that must be 
considered in system design and rearing protocols.       
 
Carp hatchery and nursery production is well developed, while hatchery production of other 
species (e.g. pikeperch) not currently developed in Kazakhstan.  
 
Hatchery production of fish for enhancement is carried out to normal practices in the carp 
aquaculture sector. No particular measures are taken to promote qualities in fish that may be 
desirable for certain enhancement programs, such as genetic similarity to wild stocks, local 
adaption, predator avoidance etc. That said, the current practice of culturing juveniles in 
extensively managed ponds may promote some of these qualities by default.  
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Hatchery production is limited by law to public sector entities. Private sector involvement in 
hatchery production and technology development could yield efficiency gains and should be 
considered.  
 
 
3.7Genetic resource management(URA Element 8) 
 
Genetic resource management is important to both enhancement effectiveness and conservation 
of wild population genetic structure, fitness, and evolutionary potential. Attention to genetic 
resource management is required both in the hatchery operation and in managing the mixed 
wild/hatchery stock.      
 
It appears that no explicit consideration is given to genetic resource management at the present 
time. The common carp stocks currently being cultured may have been subject to cross-breeding 
with common carp from other parts of the Soviet Union, and to selective breeding during the Soviet 
period. “Maintenance of pure breeds” appears to be mandated by the government but it is unclear 
how much attention is paid to genetic issues at the present time.  
 
Common carp are native to Kazakhstan and the wild population of the Syr Darya is genetically 
distinct from hatchery populations maintained in Uzbekistan and most likely, those maintained in 
Kazakhstan (Murakaeva et al. 2003). Introgressive hybridization between wild and hatchery 
populations has been observed and the threat this may pose to the wild stock should be 
considered. Possible management measures to reduce such interactions and preserve the genetic 
integrity of the wild stock include (1) strict separation of wild and stocked fish (as would be 
achieved in the LPF model) or (2) use of wild brood fish in hatchery programs so as to ensure that 
stocked and wild fish are genetically similar. Note that these strategies imply radically different 
management measures.  
 
Attention to fitness and local adaptation issues in the management of hatchery and release 
operations can improve post-stocking survival.Recent studies show that freshwater fish 
populations are locally adapted and that return rates of stocking decline noticeably if fish are 
released more than a few tens of kilometres away from their native waters (Lorenzen et al. 2010). 
 
 
3.8Disease and health management(URA Element 9) 
 
Releases of hatchery fish can transfer diseases or parasites from the hatchery stock to wild stocks 
and may also affect epidemiological dynamics through addition of susceptible hosts. Thus a health 
management process is required that includes at minimum health screening of fish prior to release, 
but may require further measures where enhancements are carried out on a large enough scale to 
affect host dynamics significantly.  
 
Basic health management appears to be satisfactory in hatcheries. There are no particular known 
problems, but introduction of health screening for fish destined for release into natural waters 
should be considered. 
 
 
 
3.9Identification of released fish(URA Element 10) 
 
Virtually all aspects of enhancement research and management require an ability to identify 
released hatchery fish. Various traditional and innovative tagging methods are available. Presently, 
released hatchery fish are not marked in any enhancement programs in Kazakhstan. Marking at 
least some released cohorts would allow precise estimates survival, growth, dispersal, recapture 
and allow optimization of stock management. Use of externally visible tags is the only realistic 
option in Kazakhstan to ensure tag reporting. Only batch marking is required.  
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3.10Optimal release strategies(URA Element 11) 
 
Survival of fish released into natural water bodies is highly variable in the first days after stocking 
and strongly influenced by timing and location of release, fish size and other factors. Great 
improvements in survival can often be realized by adopting an experimental approach and 
improving release practices in the light of results from pilot releases.  
 
Currently fish are released directly from transport trucks, with release habitat and season 
determined mainly by practicalities. It is likely that systematic experimentation with different release 
habitats, seasons, and techniques would lead to substantially higher post-release survival and 
thus, greater economic returns. One simple technique that often improves post-release survival is 
to allow fish to acclimatize in fenced-off areas of the receiving water body for a few days after 
stocking. 
 
 
 
3.11Ecological impacts (URA Element 14) 
 
Impacts of operational enhancements on wild populations and ecosystems can be significant, 
either positive or negative. Such impacts arise from intra- and interspecific, biological and technical 
interactions. Ecological impact assessment and management needs to form part of any 
development or reform process. 
 
It is likely that mixed capture/culture-based fisheries can be established with only low to moderate 
impacts on the abundance and biodiversity of wild fish and other aquatic and riparian organisms. 
The most important impacts are likely to result from sediment re-suspension by common carp and 
macrophyte removal by grass carp. Neither impact is likely to be major, given the depth of the 
lakes. Culture-based fisheries for Chinese major carps often coexist with abundant and diverse 
wild fish communities (Barthelmes&Bramick 2004; Arthur et al. 2010). 
 
Establishment of LPFs would carry higher environmental costs than the mixed capture/culture-
based fisheries option, in particular loss of wild fish communities and some of the ecosystem 
goods and services they provide.These services include fundamental services such as 
maintenance of food webs, material and energy flows, and the linking aquatic and terrestrial 
ecosystems as well as demand-driven services such as the provision of food, recreational 
opportunities, and indicators of ecosystem ‘health’ (Holmlund& Hammer 1999).  
 
Environmental benefits of LPF may arise from greater priority of lakes in the allocation of water 
resources in times of scarcity. 
 
Empirical assessments of ecological impacts of alternative fisheries development strategies are 
desirable (and also important for possible eco-certification of products). 
 
 
 
 
3.12Governance arrangements(URA Element 12) 
 
Effective governance arrangements are essential for sustaining operational enhancements and 
minimizing any adverse impacts. Governance arrangements should facilitate effective coordination 
of the enhancement fishery system and operation of its components. Development or reform of 
enhancements often requires changes in governance, from small adjustments to radical 
transformations.   
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Governance arrangements in Kazakhstan are conducive to active fisheries management including 
enhancement approaches in principle. The ‘natural resource user’ (‘lake owner’) system puts a 
single entity – the leaseholder - in charge of lakefishery management, providing incentives for 
investment into the resource (e.g. through enhancement) and the capacity to control exploitation. 
Linkages between lake owners, the government hatchery system, KazNIR, and the fisheries 
inspection are well established. Even though certain problems have been identified with the current 
arrangements (see below), the presence of fairly comprehensive arrangements alone is highly 
encouraging. 
 
Weaknesses in the current arrangements relate in particular to the system of setting and 
administering quotas. Quotas are set and enforced by the fisheries inspection, based on scientific 
studies carried out by KazNIR, and paid for by the lake owners. Key weaknesses of the process 
include: 

 The process is seen as un-transparent and somewhat arbitrary by lake owners 
 It transfers management responsibility away from lake owners 
 It encourages misreporting of actual catches 
 The methodology used for quota setting may not be the most appropriate for evaluating the 

fisheries exploitation 
 
Greater autonomy for lake owners including exemption from fishing regulations and quotas was 
among the key reasons advanced by lake owners for aiming to have their lakes designated as 
“lake productive farms”. Such exemptions are given because LPFs are primarily culture-based 
fisheries or aquaculture operations and therefore, are not seen to constitute a use of natural fishery 
resources.  
 
It is likely that institutional reform, together with some capacity building on the part of KazNIR and 
lake owners, could improve the setting and implementation of fishing regulations while 
simultaneously empowering lake owners and providing better data for monitoring and research. 
Key, possible reforms could include: 

 Restricting ‘lake ownership’ (leases)to individuals with primary economic interests in 
fisheries and relevant training (as is the case in many European countries). This serves to 
ensure that lake owners have a long-term interest in the resource and relevant technical 
expertise. 

 Giving lake owners primary responsibility for fisheries management decisions  
 Making scientific management advice obligatory but not binding  
 Further incentives for sustainable exploitation could be provided by reviewing management 

performance periodically and by certification schemes that may be applicable to export 
products such as pikeperch.   

 
 
3.13 Stakeholder engagement and decision making (URA Element 2) 
 
Constructive engagement with stakeholders through a decision making process that is 
participatory, structured, and makes good use of science is crucial to the successful development 
or reform of enhancements 
 
There is a well-established system of interaction between resource users and government 
agencies involved in fisheries management and enhancement. The principal management 
responsibility rests with natural resource users (lake owners), who contract fisher brigades to carry 
out harvesting operations. Fishing quotas are set for each lake by the fisheries inspection, based 
on recommendations from the fisheries research institute KazNIR.  
 
While the system of interaction is well established, discussions with various stakeholders suggest 
that in practice the interaction involves limited information flow and little shared decision making. 
Natural resource users complain that quota setting is not transparent, even though they are 
required to pay a fee for the KazNIR studies upon which quotas are based. The prospect of being 
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exempted from the quota system and outside influence on management decisions was repeatedly 
quoted as a key advantage of the designation as a ‘lake productive farm’.However, some of these 
concerns are best addressed through reform of the fisheries management framework. 
 
The degree to which the Kyzylorda fisheries development plan has built on stakeholder 
consultation is unclear. However, none of the lake owners consulted during the mission expressed 
opposition to the plan. This is not surprising, given that inclusion in the plan effectively unlocks 
massive government subsidies for productivity enhancements. 
 
The fisheries development plan draws on general scientific knowledge and some lake-specific 
studies carried out by KazNIR. However, no assessments of the exploitation status of target 
fisheries have been carried out. Projected benefits are based on assumptions that are reasonable 
but highly uncertain. Use of science in decision making could be strengthened in both, the planning 
and implementation phases of the development plan.        
 
Approaches to stakeholder interaction could be improved to provide for exchange of technical 
information, participation of all stakeholders, and shared decision making. 
 
 
3.14Management plan with clear goals and decision rules (URA Element 13) 
 
To increase the likelihood of success and avoid long-term maintenance of enhancements that are 
unsuccessful, management plans should be devised for enhanced stocks with clear goals, 
measures of success and decision rules. Stock management goals should reflect wider fisheries 
management and conservation goals and be associated with specific measures of success 
(measurable indicators and reference points). Decision rules should set out what actions are to be 
taken in the light of realized measures of success.  
 
There are currently no explicit management plans for the lake fisheries, although certain general 
regulations (such as a ban on monofilament gill nets) and lake-specific quotas are in force. Outline 
design plans for the proposed lake productive farms have been formulated by KazNIR. Neither the 
current fisheries management measures nor the development plans contain explicit elements of 
evaluation or decision making in the light of evaluation outcomes. The formulation of management 
and development plans with these attributes is strongly encouraged.  
 
Overall, management of the lake fisheries is almost entirely production-oriented, with little 
consideration of conservation goals. Inclusion of conservation goals into the management 
framework would be desirable and will increasingly be required by the market (e.g. eco-labelling of 
fisheries products such as pikeperch fillets which are traded internationally; FAO 2010).    
 
A first step towards the formulation of development plans would be an assessment of the current 
exploitation status of the lake fisheries. This assessment would also provide key information on fish 
growth, gear selectivity etc. that could be used to assess the likely performance of larger-scale 
stocking programs.    
 
 
3.15Adaptive management (URA Element 15) 
 
Adaptive management needs to be firmly established as part of the operational plan for 
enhancements. Adaptive management enables evaluation of the performance of hatchery releases 
and provides the means to resolve critical uncertainties, improve the efficiency of release 
strategies, refine operational plans and achieve the goals of enhancement.    
 
As mentioned above, there are design blueprints for lake productive farms but no fisheries 
management plans. Adaptive management involving evaluation and learning in particular is 
absent. Adding a component of research, evaluation and feedback is likely to improve efficiency of 
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the Kyzylorda fisheries development plan and to allow the plan to adapt to changing environmental 
and economic conditions 
 

4 Regional enhancement fisheries workshop 
 
A summary report of the regional enhancement fisheries workshop is available separately (GIZ 
2011).  
 
 

5Supporting the responsible development of enhancement fisheries 
 
5.1 Overview 
 
The fisheries development plan for Kyzylorda Oblast includes provision for fisheries enhancement 
in twenty lakes, including the major lakes of the Syr Darya delta. Here we propose a program of 
research, institutional development and capacity building to support the development of these 
enhancements in line with the updated ‘responsible approach’ (Lorenzen et al. 2010).  
 
Aim:  
 
Aid the development of sustainable enhancement fisheries in Kyzylorda 
 
Activities 
 
A set of short- and medium-term activities is proposed 
 

(1) Synthesis and analysis of existing information 
(2) Assessment of selected fisheries 
(3) Capacity and institutional development 
(4) Review of fisheries development plan 
(5) Experimental management in selected lakes 
(6) Continued assessment and adaptive management 

 
5.2 Synthesis and analysis of existing information 
 
The present report provides a preliminary synthesis of issues and existing information relevant to 
the development of fisheries enhancements in the Aral Sea region. Further information is likely to 
be available or can be obtained relatively easily, e.g. biological survey data from KazNIR, 
economic data from lake owners, the Kamystybash hatchery and the Syr Darya Authority etc. Such 
information may be used to refine the preliminary analyses presented here. In particular, a re-
examination of the economic assumptions regarding the LPF enhancement ‘model’ would be 
desirable. 
 
 
5.3 Assessment of selected fisheries 
 
Quantitative assessments of the exploitation status of selected lake fisheries should be carried out 
in order to establish whether the fisheries can be improved simply by optimizing the use of existing 
wild stocks. The assessments would also provide key information on fish growth, gear selectivity 
etc. that could be used to assess the likely performance of larger-scale stocking programs.    
 
The assessment requires the following steps 
 

1) Sampling of catches from the selected lakes.  
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 Commercial catches are sampled by gear type and species to establish age 
distributions, length and weight at age for species of major importance.  

 Length and weight of each fish are recorded on site, and a scale sample taken for 
age determination in the laboratory.  

 If possible,fish should also be examined for sexual maturity (this may not always be 
possible depending on the time of sampling). 

2) Age determination of fish from scales and linking of age with size and maturity data 
collected in the field. 

3) Estimation of total mortality, fishing gear selectivity, and growth curves from the data. This 
is done by catch curve analysis and fitting of growth models (See Sparre&Venema 1998; 
Haddon 2001).  

4) Assessment of relative yield and spawning biomass per recruit (See Sparre&Venema 1998; 
Haddon 2001).  

5) Prognostic evaluation of likely returns from carp stocking, based on the gear selectivity, 
growth and mortality information obtained for common carp (also grass and silver carp if 
possible)  

 
The capture fisheries assessment will use standard methods described in Sparre&Vemena (1998) 
or Haddon (2003).The prognostic evaluation of stocking returns will build on the capture fisheries 
assessments and use the EnhanceFish modelling tool (Medley &Lorenzen 2006). 
 
 
5.4 Capacity and institutional development 
 
Capacity and institutional development is indicated as outlined in sections 3.12 – 3.15.  
 
 
5.5 Review of fisheries development plan 
 
The enhancement component of the Kyzylorda Fisheries Development Plan should be reviewed in 
the light of results from the above activities. A procedure for this review should be developed 
through consultation among the relevant stakeholders.  
 
 
5.6 Experimental evaluation of fisheries enhancements 
 
Experimental implementation of fisheries enhancement measures at a pilot scale (10 lakes) is 
recommended in order to  

 Develop best implementation strategy for either mixed capture/culture-based fisheries 
orlake productive farms  

 Determine best lake types for implementation of mixed capture/culture-based fisheries 
orlake productive farms 

 Develop best management for reference lakes 
 Compare benefits of enhanced lake fisheries with benefits from capture fisheries in 

reference lakes  
 
The following experimental design is suggested: 

1) Select 10 lakes of different sizes (area 50-13000 ha).  
2) Five lakes are to be to be developed as enhanced fisheries (either mixed capture/culture-

based fisheries or lake productive farms). These lakes will be stocked with marked carp 
fingerlings 

3) Five lakes are to be managed as capture fisheries 
4) Ideally, monitoring of all lakes should start for a year prior to experimental management so 

that both temporal and spatial controls are available (BACI design).  
 
Monitoringshould be carried out of the following variables: 
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 Recapture of marked, stocked fish 
 Catch and age structure of wild fish species  
 Fishing effort  
 Economic data  

 
 
 
5.5Continued assessment and adaptive management 
 
Assessment and adaptive management of enhanced fisheries should be continued throughout and 
after the pilot experiments. Assessments should be made of the following:  

 Survival, growth, dispersal and optimal harvesting of stocked fish 
 Optimal harvesting of wild fish species 
 Environmental impacts 
 Overall economic assessment of lake fisheries management (stocked and wild fish)  

 
Adaptive management: entails revising fisheries management in the light of new knowledge, and 
seeking to maximise learning from the management process itself. 
 
 

6 Conclusions and recommendations 
 

1) A wide range of development options for lake fisheries in the Aral Sea region should be 
considered and evaluated. At present, only two options are being considered: (1) 
exploitation of wild stocks with the current fishing regime, and (2) radical conversion of lake 
capture fisheries into intensively managed, largely culture-based Lake Productive Farms 
(LPFs). Overall catch biomass and value are likely to increase with intensive management 
as LPF, but so do input costs as well as economic and ecological risks. The economic 
viability of LPFs is highly uncertain. Management options of intermediate intensity may 
provide greater overall economic and ecological benefits and are certainly less risky. Such 
options include (3) improving exploitation of wild stocks and (4) enhancement of certain 
stocks with hatchery fish to create a mixed, capture and culture-based fishery. A mixed 
capture/culture-based fishery may provide the greatest overall benefits but further analyses, 
planning and capacity and institutional development are required to identify and implement 
the best development option.  

2) At present there is insufficient information to gauge the potential for alternative 
development options to improve fisheries outcomes. Quantitative assessment of 
exploitation status and management options for the wild and currently stocked fish 
populations in the lakes is an immediate priority.  

3) Consideration of resource conservation and of wider environmental impacts should be 
strengthened within the fisheries management process. Overall, management of the lake 
fisheries is almost entirely production-oriented. Inclusion of conservation goals into the 
management framework will increasingly be required by the market (e.g. eco-labelling of 
fisheries products such as pikeperch fillets which are traded internationally).    

4) Certain changes in governance arrangements associated with the designation of a Lake 
Productive Farm are likely to be beneficial regardless of the biological/technical fisheries 
development option pursued. These changes involve principally (a) strengthening the 
autonomy of lake fishery owners to make management decisions, including reform of the 
quota system; and (b) strengthening of the influence of lake owners in water allocation 
processes.  

5) Sustainable development of the fisheries and changes in governance will require some 
capacity building and reform on the part of key stakeholders. Lake owners, KazNIR and the 
Fishery Inspection will need to enhance their capacity to conduct and understand 
quantitative fisheries assessments, undertake cooperative data collection and research, 
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effectively communicate results, and use empirical evidence in management decision 
making. 

6) Major changes in management such as intensification of fisheries enhancements should be 
implemented as adaptive management experiments in order to obtain empirical evidence of 
the biological and economic performance of the management option and its wider 
ecological and social impacts.  
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Appendix 1: Schedule of trip 
 
08.02.2011  22:00 Arrival in Almaty (earlier, planned flight diverted to Karaganda) 

 
09.02.2011 AM  

 
Discussion with Benjamin Mohr, Julia Jantke (Almaty) 
 
PM  
 
Flight to Kyzylorda 
 
Brief meeting with officials from Kyzylorda Oblast including KozhagulAlimusa 
(Head of Fishery Inspection), AbibullayevIbragim (Dept. of Natural 
Resources). 
 

10.02.2011 AM  
 
Travel by car to the Aral Sea region 
 
PM  
 
Visit to Kamyshlyhash fish farm and meeting with its Director, 
KulanovNurkabilAlimbetovich 
 
Visit ot the winter fishery on Lake Kamyshlybash 
 
Visit to Lake Karakol, overnight stay with the ‘lake owner’  
AbdikovAdilzhanKolbayevich 
 
 

11.02.2011 AM 
 
Visit to Karakol and Akshatau Lakes and discussion with lake owners 
AbdikovAdilzhanKolbayevich (Karakol) and AlenovTabin (Akshatau). 
 

11.02.2012 PM  
 
Return to Kyzylorda 
Visit to Fishery Inspection and meeting with  KozhagulAlimusa (Head) and a 
group of others.  
 

12.02.2011 First field trip evaluation 
Return flight to Almaty 

 
13.02.2011 Further discussion and evaluation of field trip 

Seeminar preparation 
 
14.02.2011  Seminar on stock enhancement 
15.02.2011  Seminar on stock enhancement 
16.02.2011  Seminar on stock enhancement 
 
17.02.2011 Meeting at KazNIR(SerikTimikhanov, Vice Director) 
 
18.02.2011  Return flight to Gainesville 
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Appendix 2: Economically important fish species in the lakes of the Aral Sea region 

(modified from Makhambetova 2010) 

Scientific name Russian name English name 
Esocidae Щуковые Pike fishes  
Esoxlucius Linnaeus, 1758 Щукаобыкновенная Northern pike 
Cyprinidae Карповые Carps 
Abramisbrama (Linnaeus, 1758) Лещ Common bream 
Alburnuschalcoides(Guldenstadt, 1772) шемая Danube bleak 
Aspiusaspius (Linnaeus, 1758) жерехобыкновенный Asp 
Ballerussapa(Pallas, 1814) Белоглазка White-eye bream 
Barbusbrachycephalusbrachycephalus 
Kessler, 1872 

усачаральский Aral barbell 

Carassiuscarassius (Linnaeus, 1758) Золотой, 
илиобыкновенныйкарась 

Crucian carp 

Ctenopharyngodonidella(Valenciennes, 
1844) 

амурбелый Grass carp 

Cyprinuscarpiocarpio (Linnaeus, 1758) сазан, карп Common carp 
Hypophthalmichthysmolitrix(Valencien
nes, 1844) 

толстолобикбелый Silver carp 

Leuciscusidusidus (Linnaeus, 1758) Язь Ide 
Pelecuscultratus (Linnaeus, 1758) Чехонь Ziege 
Rutilus rutilus (Linnaeus, 1758) плотва оыкновенная Roach 
Scardiniuserythrophthalmus (Linnaeus, 
1758) 

Красноперка Rudd 

Siluridae Сомовые Catfishes 
Silurusglanis Linnaeus, 1758 Сомобыкновенный Wels catfish 
Percidae Окуневые Perch fishes 
Percafluviatilis (Linnaeus) Окунь European perch 
Sander lucioperca (Linnaeus, 1758) Судакобыкновенный Zander, pikeperch 
HyrcanogobiusbergiIljin, 1928 БычокБерга - 
Channidae Змееголовые Snakehead fishes 
Channaargus(Cantor, 1842) змееголов Snakehead 

 

 


