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Abstract 

The ecological status of lakes based on ichthyofauna, as defined by the Water Framework Directive, 

is assessed using intercalibrated methods. However, the methods adopted (in Poland, the Lake Fish 

Index LFI-EN method, based on results of one-off fishing with multi-mesh gillnets) are labor-

intensive and do not allow for frequent repeat testing. Therefore, the concept of a simple model 

describing changes in the relative number of single traces in the vertical profile (according to the TS 

target strength distribution) in a lake is presented, as well as an index (the sum of deviations from 

such a model), enabling quantification of the similarity of TS distributions in lakes with this model. 

Preliminary analyses were conducted on acoustic data collected in Lake Dejguny. This lake—the 

condition of which could be estimated based on historical data using the relationships between LFI 

and the degree of lake eutrophication (expressed by Carlson’s TSI)—was assessed as having a good 

status in 2006, whereas in 2021, (based on LFI-EN) it had a moderate status. The study tested the TS 

distribution model, calculated as the arithmetic mean of the relative number of single traces in 2 m-

thick layers. It was also shown that the proposed indicator can effectively signal deterioration of 

ecological status—the sum of the absolute values of the TS distribution deviations in 2021 (moderate 

status) from the model was more than seven times greater than the sum of the deviations of the 

distributions from which the model was built (good status). The obtained results confirmed the 

hypothesis about the possibility of determining a characteristic distribution of single traces in the 

vertical profile when the lake was classified as being in good condition. 

Keywords: ecological status assessment; freshwater hydroacoustics; target strength distribution 

 

1. Introduction 

The EU Water Framework Directive [1] imposed on member states, among other requirements, 

the obligation to monitor all types of surface waters. This led to the development of a number of 

methods for monitoring the quality of aquatic ecosystems based on biological assessment elements, 

including the ecological status of lakes based on fish. The first such method for assessing the 

ecological status of waters—the Index of Biotic Integrity (IBI)—was developed in the 1980s. Based on 

several biotic indices that reflected various aspects of ichthyofauna communities, this index enabled 

the assessment of changes within these communities in shallow streams in the Midwestern United 

States [2]. Various versions of this index were developed, adapting it to the different characteristics 

of ichthyofauna in different regions and the objective of the Water Framework Directive, namely the 

assessment of the ecological status of lakes, rivers, and coastal waters [3]. Ultimately, in most 

European Union countries, various indicators have been developed, some of which are modifications 

of the IBI. 
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Two assessment methods have been developed in Poland. The older index, the Lake Fish Index 

(LFI+), is based on the response of the ichthyofauna structure to positive and negative environmental 

changes [4]. In this method, ecological status is determined based on the weight shares of species and 

their assortments in the total fish catch over ten years of commercial fishing. Because the fishing 

economy has changed in recent decades, and consequently, the number of lakes for which reliable 

catch data is available has significantly decreased, the LFI-EN method was developed, which is based 

on the results of monitoring catches conducted using Nordic net sets compliant with the EN 14757 

standard [4]. The disadvantage of this method is the relatively high labor and time consumption, 

especially when applied to large and deep lakes (>1000 ha). According to the EN 14757 standard, up 

to 68 bottom-set Nordic gillnets should be deployed in such lakes, and pelagic gillnets should also be 

deployed in lakes deeper than 8 m. Their number depends on the lake depth, as they are to be set in 

a stepped pattern from the surface to the bottom [4]. Caught fish must be identified to species, 

separated into size groups, and weighed within these groups to the nearest 1 g. Calculations of the 

Lake Fish Index (LFI-EN) are based on the weight share (%) of fish species in the total catch. 

Calculations are performed separately for two types of lakes, stratified and non-stratified, and the 

obtained results are related to the reference lake model by calculating deviations from reference 

levels. In stratified lakes, the weight shares of bream, white bream, roach, bleak, and ruff are analyzed 

(they show an increase with increasing pressure indices, water transparency, phosphorus 

concentration, chlorophyll a concentration, and the complex Trophic State Index according to [5], as 

well as the weight shares of tench, rudd, and perch (they show a decrease). In unratified lakes, the 

group of fish whose weight share increases with increasing pressure indices also includes the share 

of pike-perch, while the second group (species showing a decrease) consists only of the weight shares 

of rudd and perch. The classification of lake ecological status is based on multiple regression 

equations, which are used to calculate the LFI-EN index values in individual lake equations. In cases 

where the species composition and structure of ichthyofauna in the assessed lake are shaped by 

human activities, the mathematical result is not reliable, and the final assessment is formulated by an 

expert [4]. 

The development of electronic technology gave hydroacoustics many advantages, including the 

ability to obtain data with varying spatiotemporal resolution compared to traditional sampling 

methods. However, researchers using hydroacoustics have noted that the results of acoustic surveys 

can be influenced by the orientation of fish relative to the transducer, the density and distribution of 

fish, and many other factors, including the degree of acoustic coverage of the body of water—defined 

as the ratio of the length of all transects to the square root of the lake surface [6]. It has been shown 

that when it is greater than (5-)7, the distribution and abundance of fish in the water column do not 

change significantly [7]. Many equations have been developed to describe the mathematical 

relationship between the target strength (TS) and total length (longitudo totalis—LT) or individual 

weight of fish, taking into account the aforementioned fish orientation [8,9]. Fish biomass in the lake 

was also determined using the acoustically estimated number of fish and the average weight of an 

individual in kg obtained from trawl fishing [10]. Numerous studies combining results obtained 

using acoustic tools and traditional sampling methods have shown that acoustic methods can be used 

to monitor fish populations [11–14]. However, it was emphasized that to ensure comparability of 

results, it is necessary to develop universally accepted standards for data collection and analysis in 

various systems [15]. All these aspects led to an attempt to develop a method (procedure) for acoustic 

monitoring and estimating changes in the ecological quality of lakes based on ichthyofauna and, 

ultimately, after the necessary calibration, to develop a method for classifying the ecological 

status/potential of lakes. 

Previous analyses based on acoustic data have demonstrated that the vertical distribution of 

target strength (TS) in 2 m water layers can illustrate significant changes in the structure of 

ichthyofauna over time, and analysis of fish distribution in selected 2 m water layers in autumn in 

the same lake after thirteen years showed a significant reduction in the space available to fish below 

24 m depth, which was associated with a reduction in dissolved oxygen concentration below this 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2025 doi:10.20944/preprints202512.2623.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.2623.v1
http://creativecommons.org/licenses/by/4.0/


 3 of 11 

 

depth to a value lower than 2.5 mg L−1 [16]. Subsequent studies allowed for determining the 

uncertainty associated with measurements, including the natural movement of fish in lakes, which 

enables quantification of elements of fish structure assessment, i.e., the vertical distribution of target 

strength (TS) and the depiction of fish spatial distribution in 2 m water layers on maps. It was shown 

that even in shallow water (and in those studies in the 2–4 m and 4–6 m layers), the empirical 

probability of obtaining a statistically different (when Kendall’s τ coefficient < 0.7) vertical 

distribution of the TS target strength was 2/9 (i.e., 22%), although it is commonly assumed that such 

environments (shallow water) require the use of horizontally oriented transducers to maximize the 

acoustically searched water volume [17]. However, the fish occurrence areas in two out of nine 

replicates (with transects oriented east–west and zigzag on the third day of the study) in the 4–6 m 

layer differed statistically significantly from the mean area for all replicates by more than 14%, 

although this error was as high as 56–66% [18]. It was suggested that it would be possible to develop 

a simple index to assess changes in fish population structure, based, similarly to the Large Fish Index, 

on the ratio of large to small fish. The results confirmed that the proposed acoustic data analysis 

methods could be used to decide whether or not to conduct an assessment using the Polish national 

LFI-EN method based on the results of single-day fishing with Nordic multi-mesh gillnets. 

This study conducted an extended analysis of acoustic data collected in Lake Dejguny in 2005, 

2008, and 2021. Lake Dejguny, classified as a vendace lake in the fisheries classification system, was 

recognized by Associate Professor Witold Białokoz as one of the most valuable lake ecosystems in 

Poland, which had undergone only minor negative changes by the beginning of the 21st century, 

giving rise to hope for the maintenance or eventual restoration of its natural ecological systems [19]. 

The aims of the analyses were to (1) determine the probable ecological state of the lake in the second 

half of the first decade of the 21st century and (2) determine whether it is possible to determine a 

model describing a certain ecological state. 

2. Materials and Methods 

2.1. Lake Description 

Lake Dejguny has a total area of 765.3 ha, a volume of 92.6 × 106 m3, a mean depth of 12.0 m, a 

maximum depth of 45.0 m, a maximum length of 6.5 km, and a maximum width of 2.4 km (Figure 1). 

It is located in the Masurian Lake District (northeastern Poland). The shape of the lake basin allows 

for the distinction of three parts: the northwestern part (with a maximum depth of 29 m), which is 

separated by a not-so-narrow isthmus, the central part (with a maximum depth of 45 m), and the 

southeastern part of the lake (with a maximum depth of >30 m). This reservoir was identified by 

Witold Białokoz in 2010 as one of the most valuable natural lake ecosystems, having undergone “the 

least negative changes to date,” retaining “its mesotrophic character,” and the lake “holds promise 

for the maintenance or eventual restoration of its natural habitats”. This lake was “fishing-oriented, 

focused on managing a strong vendace population based on stocking and harvesting.” 

Lake Dejguny was covered by monitoring studies only in 1989, as part of State Environmental 

Monitoring. At that time, physicochemical indicators were taken into account (average oxygen 

saturation of hypolimnion water, oxygen concentration in the bottom layer in summer, COD, BOD5, 

phosphorus and nitrogen concentrations, electrolytic conductivity, total seston as total dry mass, and 

Secchi disk visibility) and “field observations” (“the occurrence of fish kills or mass mortality of other 

aquatic organisms excluded the lake from classification”). On this basis, the lake water was classified 

as class II (on a three-point scale) [20]. According to the assessment “Assessment of the condition of 

lakes in the years 2010–2015”, Lake Dejguny was assessed as high ecological status (however, it was 

an “assessment extrapolated on the basis of pressure”) [21]. However, based on studies conducted in 

2021 as part of State Environmental Monitoring, the LFI-EN index value was determined to be 0.53, 

and the lake was assessed as being of moderate status [22]. The above data suggest that the ecological 

condition of the lake has deteriorated since 2010. This may justify comparing acoustic data to confirm 

their suitability for imaging changes in ecological condition. 
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Figure 1. Bathymetric map of Lake Dejguny with marked boat routes during hydroacoustic surveys in 

November 2005, October 2008, and 2021 (according to Hutorowicz et al., [16]). 

2.2. Acoustic Data 

This study used hydroacoustic data collected on 15 November 2005, 13 October 2008, and 7 

October 2021. Hydroacoustic research was carried out at night, starting one hour after sunset. This is 

due to the dispersion of fish, which allows for the registration of individuals [23]. In 2005, a 7° × 7° 

transducer was used, and in 2008 and 2021, a 4° × 10° elliptical transducer [24]. The transducer was 

mounted on a kite designed by Bronisław Długoszewski. This kite was attached to a rope and floated 

freely on the surface of the water from the side of the boat, just behind its bow. 

The pulse duration was set to 0.3 ms, and the pulse interval was set to the fastest possible in the 

system control software. Hydroacoustic measurements were conducted at a speed of 2.0–2.5 km h−1 

along zigzag transects covering the entire lake area (Figure 1). Data from 2008 and 2021 were 

previously used in previous studies [16]. 

These data met the assumptions adopted in the previous study [16]: they must be collected using 

an identical method (the same probe, the same lake search routes, a comparable period (month) of 

fieldwork, and an identical data processing procedure). The only exception to these requirements 

was the inclusion of research from October 2005, i.e., 32 and 39 days later than during the research 

conducted in 2008 and 2021, respectively. 

Hydroacoustic data were processed using the Simrad EP500 ver. 5.3 echo processing system, 

which is dedicated to this echosounder [25]. In each echogram, the number of single traces (NST) was 

determined separately for water layers 2 m-thick, starting from the layer at a depth of 2–4 m. Since 

NST in this study is related to the length of tracks, an important condition for the reproducibility of 

the results is that the coefficient of variation in the estimated number of single traces is less than 10%. 
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According to Aglen [6], this condition is fulfilled when the ratio of the cumulative length of 

hydroacoustic transects (km) to the square root of the lake surface (km2), i.e., the degree of coverage, 

was at least 3.0, and preferably around or above 6.0 [16]. The total length of the routes on which the 

Lake Dejguny was acoustically searched, about 8.4 km, and the degree of coverage was 6.5. 

Since the potential future method is to be related to the official LFI-EN method, it was assumed 

that it would have to take into account the low effectiveness of gillnets in catching small fish, i.e., 

those with a total length less than 40–50 mm [26]. Therefore, it was already assumed in previous 

publications that such fish would be excluded from the analyses. The calculated target force (TS) is 

−50 dB, according to the regression function defined by Frouzová et al. [9] for fish with an overall 

length of 35 mm, while according to the relationship determined by Świerzowski and Doroszczyk 

[27] specifically for whitefish in Lake Pluszne with a total length of 58.9 mm. Therefore, as in the 

previous study, signals in the range from −50 dB to −17 dB with a TS class resolution of 3 dB [16]. 

Class resolution is based on the capabilities of the Simrad EP500 software [25]. 

2.3. Environmental Data 

The study used measurements of temperature and concentration of dissolved oxygen, as well as 

the Trophic State Index (TSI). The sources of these data and sampling dates are listed in Table 1. 

Table 1. Summary of data used in the study on the physicochemical and biological properties of water in Lake 

Dejguny. 

Parameters Date Citation 

Temperature [°C], 

Oxygen [mg L−1] 

14 November 2005 

13 October 2008 

7 October 2021 

[16,28] 

TSISD, TSIPtot, TSIChl 
June 2006 

August 2006 
[29] 

2.4. Data Analysis 

Following the pattern adopted in previous studies, the number of single traces (NST) was 

presented in vertical distributions (in 2 m-thick layers), taking into account the assumed target 

strength classes with a resolution of 3 dB [16,18]. 

The method of describing the vertical distributions of TS was adopted based on the descriptions 

of elution profiles in HPLC chromatography [30]. Among the important features of these profiles are 

the time of the peak and its height. A preliminary inspection of the TS profiles suggested that the 

characteristic properties of TS profiles are the depth (location) of the appearance of a larger number 

of single traces and their height, i.e., the number of single traces. It was considered that just as in 

mountain ranges, there may be mountain peaks of different heights next to each other, so in TS 

profiles, we can also talk about several peaks. This was also evidenced by the division into TS classes, 

which clearly showed that these peaks were formed by other fish, if not a different species, then at 

least to a large extent by fish of different LT. 

In this study, the basis for further analyses was the number of single traces (NST), calculated 

according to the following formula: 

𝑁𝑆𝑇𝑙 =
𝑁𝑆𝑇𝑙,1 + 𝑁𝑆𝑇𝑙,2 + ⋯ + 𝑁𝑆𝑇𝑙,𝑒 

𝑒
 (1) 

where NSTl,e is the number of single traces identified in layer e in the l-th vertical profile of the TS 

distribution; l is the ordinal number of the analyzed target strength distribution TS (TS profile 

registered in the next test date); e is the number (from 1 to emax) of the subsequent analyzed water 

layers (e.g., 2–4 m; 4–6 m, etc.). 
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Based on the NST, the relative number of single traces was calculated, i.e., the share of NST 

(SNST) in a given water layer in the total number of single traces identified on a given day of the 

study, according to the following formula: 

𝑆𝑁𝑆𝑇𝑙 =
𝑁𝑆𝑇𝑙,1 + 𝑁𝑆𝑇𝑙,2 + ⋯ + 𝑁𝑆𝑇𝑙,𝑒 

𝑁𝑆𝑇𝑙,𝑒

 (2) 

In accordance with the assumption that in a lake with unchanged ecological conditions, the 

vertical distribution of target force does not differ significantly in autumn in subsequent years of 

study, a temporary model (M) was calculated, illustrating changes in the number of single traces with 

depth, according to the following formula: 

𝑀𝑒 =
𝑆𝑁𝑆𝑇𝑙,1 + 𝑆𝑁𝑆𝑇𝑙,2 + ⋯ + 𝑆𝑁𝑆𝑇𝑙,𝑒𝑚𝑎𝑥 

𝑒𝑚𝑎𝑥

 (3) 

where is the share of single traces in layer e in the vertical profile of the target strength distribution 

(TS); e is the number (from 1 to emax) of the subsequent analyzed water layers (e.g., 2–4 m; 4–6 m, etc.) 

(in this study emax = 2); SNSTl,e is the share of the number of single traces in layer e in the l-th vertical 

profile of the TS distribution (TS profile recorded in the next research date). 

According to the Water Framework Directive, a metric that allows for the classification of a given 

lake into a given ecological status class should express the difference between the biological indicator 

value in unaltered (reference) lakes and the indicator value calculated based on data collected in the 

lake being assessed. In this study, the best possible condition was assumed as the reference condition, 

specifically the condition described by the above-mentioned model (Equation (1)). Deviations of the 

relative number of single traces from this model were assumed to be a measure of dissimilarity. It 

was assumed that the metric would be expressed by the following formula: 

𝛥 = ∑ |𝑀𝑒 −  𝑆𝐹𝑒,𝑥|

𝑒𝑚𝑎𝑥

1

 (4) 

where Δ is the sum of absolute values of deviations of the share of the number of fish in layer e in the 

total number of single traces of the compared (marked with the symbol x) distribution of target 

strength TS from the value of the share of the number of single traces in layer e in the model vertical 

profile of the distribution of target strength TS. 

3. Results and Discussion 

3.1. Fish Size Structure 

In November 2005, the NST was recorded as 16,713 in the water column. Two peaks were 

observed in the vertical profile—a significantly smaller one at a depth of 6–8 m and one with more 

than four times as many NST (>2700) between 22 and 24 m depth (Figure 2a). Near the surface, smaller 

fish with TS ≤ −41 dB dominated (NST of 1917, representing 99.5% of all single traces detected in this 

layer). Deeper, the share of larger fish with TS > −41 dB was significantly higher. Between 18 and 28 

m of depth, it reached 27.5%, but below 30 m of depth, it decreased to 18%. 

In October 2008, the total NST was recorded as 20,100 (16.8% more than in autumn 2005). The 

vertical profile of the TS was very similar to that of November 2005. A smaller peak, located closer to 

the water surface, was observed this time at a depth of 4 to 6 m (Figure 2b). This was created by a 

total NST of 925, 46% more than in autumn 2005. The second peak, with a maximum NST of 4237 

(54% more), was recorded at the same depth, between 22 and 24 m. Similarly to November 2005, up 

to a depth of 14 m, the share of small fish, with TS ≤ −41 dB, ranged between 82% and 91%, while 

below a depth of 14 m, with the exception of the water layer between 20 and 24 m, it ranged from 

53% to 93%. At the aforementioned depth of 20–24 m, small fish accounted for 29–33%. 

In October 2021, the largest number of single traces was recorded, 24,794, which is 23% more 

than in the fall of 2008 and 48% more than in November 2005. Fish were observed exclusively to a 

depth of 28 m, although only four signals were detected in this layer (24–26 m, unfortunately not 

visible in Figure 2 due to scale). The largest number of single traces (i.e., 7035 single traces, 

approximately 28% of all detected) was recorded in the layer from 12 to 14 m (Figure 2c). The second 
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peak, more than three times smaller, occurred at a depth of 20–22 m. It consisted of an NST of 1993, 

which constituted only 8% of all NST detected. At depths from 2 m to 18 m, small fish with TS ≤ −41 

dB dominated, constituting 79–94% of all traces detected in these layers. 

 

Figure 2. Target strength (TS) distribution in 2 m-thick layers and oxygen and temperature profiles in Lake 

Dejguny on (a) November 2005, (b) October 2008, and (c) October 2021 (data after [16,28]. 
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In 2008 and 2021, the lowest number of single traces (albeit greater than 0) was observed near 

the thermocline. In 2008, only a total NST of 174 was recorded in the water layer at a depth of 12–14 

m, or <0.9% of all detections, and in 2021, just below the thermocline, in the layer 16–18 m, only a 

total NST of 119 was found, or about 0.5% of all detections. In November 2005, the minimum was 

recorded at a depth of 10–12 m, but a total NST of 365 was recorded there, representing 2.8% of all 

detections. 

The distributions of TS target strength in the water layers of Lake Dejguny from November 2005 

and October 2008 did not differ significantly. The Kendall’s tau coefficient (τ) for the total single traces 

count series was τ = 0.662 at p = 0.002. According to Guilford’s interpretation of the significance of 

correlation (Aswegen and Engelbrecht [31]), this indicates the existence of a moderate correlation 

and, therefore, a statistically significant relationship between the number of single traces recorded at 

individual depths on these dates. 

However, Kendall’s tau coefficient when comparing the TS target strength distribution from 

October 2021 with the remaining distributions took the value τ = 0.09 at p = 0.62 and τ = −0.06 at p = 

0.741, respectively, which indicates almost no relationship. This signals a significant change that can 

be linked to a change in ecological status. 

3.2. Ecological Condition of the Lake 

As already mentioned in the lake description (Section 2.1), based on studies conducted in 2021 

as part of State Environmental Monitoring, the index value LFI-EN was determined to be 0.53, and 

the lake was assessed, based on ichthyofauna, as moderate ecological status [22]. 

Using the relationship between the LFI and the TSI pressure index, described by the authors of 

the Lake Fish Index (LFI) [32], the ecological status of Lake Dejguny was estimated as good in the 

mid-2000s. This was possible thanks to processed data on the Secchi disk visibility and chlorophyll 

concentration measured in the summer of 2006 in Lake Dejguny, which indicated a mesoeutrophic 

state of this lake, as well as a TSI value of 53 [29]. According to Białokoz and Chybowski, the TSI 

values of 53.6 and 57.5 in two deep vendace lakes in the Wel River basin [after 32] indicated that their 

condition was assessed as good based on the above-mentioned TSI and LFI relationship (LFITSI index). 

3.3. Model 

A preliminary model was built to determine characteristic features (i.e., changes with depth) of 

the total number of identified NST in the vertical profile of Lake Dejguny in 2005 and 2008, when TS 

distributions showed significant similarity (Figure 2a,b). For this purpose, the NST in TS distributions 

was expressed as a percentage of all NST detected during acoustic surveys on a given day according 

to formula 2, and arithmetic means were calculated in each water layer according to formula 3 (Figure 

3a). Calculation of deviations (Δ) between the TS distribution from autumn 2021 and the preliminary 

model (formula 4) showed that the sum of the absolute value of deviations was as much as 138%, 

while for the distributions consistent with the model (in this case, forming this model), it was only 

18% (Figure 3b). This indicates that in future studies, this preliminary model could be adopted as a 

starting point for the search for a more general model describing the distribution of TS in vendace-

type lakes classified as at least good condition. 

In Europe, 24 fish-based assessment systems have been developed under the Water Framework 

Directive [33], each generating between 2 and 13 indicators. These indicators include abundance and 

biomass, relative abundance of Perca fluviatilis, Rutilus rutilus, and Abramis brama, dietary preferences, 

sensitive species, and non-native species. Most often, these systems are based on results from multi-

mesh gillnet fishing or a combination of non-standard gillnet fishing, fyke net fishing, and 

electrofishing [33]. According to a summary published by Poikane in 2017, hydroacoustics, along 

with multimesh gillnet fishing and electrofishing, is used exclusively in the Czech Republic [34]. 

Of course, a simple model—a curve illustrating changes in fish numbers with depth—can be 

only one of the partial metrics of a more comprehensive assessment system, which will take into 

account other features visible in the TS target strength distributions, such as fish abundance in size 
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classes (total length). This aspect may, to some extent, compensate for the inability to identify species 

based on acoustic surveys. However, since monitoring covers over 1000 lakes in Poland, the 

ecological status/potential of most lakes is determined in six-year cycles. Only in 22 benchmark lakes 

are monitoring studies conducted on a three-year cycle [35]. Therefore, would it not be worthwhile 

to attempt to develop even a simplified system that would enable more frequent verification of 

changes in ecological status, and perhaps, after prior positive calibration, even conduct the 

assessment itself? 

 

Figure 3. Distribution of relative number of single traces (%) in 2 m-thick layers in Lake Dejguny on 15 November 

2005, 13 October 2008, and 7 October 2021 (a) and the distribution of shape deviations (Δ) of these profiles from 

the model (b). 

4. Conclusions 

The conducted research did not rule out the possibility of building a model illustrating the 

characteristic autumn fish distribution pattern in the vertical profile of deep vendace-type lakes. The 

small differences between the vertical distributions of fish numbers in two different years (2005 and 

2008 in Lake Dejguny) suggest that, by maintaining the same research procedure, it is possible to 

obtain relatively similar data enabling the creation of models quantifying the characteristic features 

of fish distribution in a lake in a specific ecological state. 

The model presented in this study can be considered only preliminary. The reasons include the 

extremely small number of cases analyzed and the lack of data enabling the definition of reference 

conditions. Furthermore, the model only considers one aspect—the number of fish in the water 

layers—and, therefore, can be treated as one of the metrics that will form a future system for assessing 

changes in ecological status. Hence, there is a need for continued research. 
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