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Abstract 
Parameters like water quality and the morphology of rivers and lakes are often seen as 

key variables determining their fish assemblages. The influence of habitat diversity is 

meanwhile often underestimated in recent studies because of the high structure 

complexity within these habitats. This study was therefore conducted to improve the 

knowledge about habitat requirements of specific fish communities in lakes and rivers 

and the accuracy of different sampling strategies (gillnet vs. electrofishing and electro 

fishing transect vs. point abundance sampling). In River Spree, eurytopic and phyto-

limnophilic generalists dominated both main channel and backwater, but significant 

differences in terms of length and weight were found. Some fish species were exclusively 

found in one mesohabitat, indicating the importance of habitat diversity for a diverse fish 

assemblage. The structure complexity within the littoral zone of two examined gravel pits 

in Lower Saxony had as well a high impact on the fish community. As expected with a 

higher degree of complexity, the mean NPUE in total increased and was highest in reedy 

and wooden structures compared to structureless habitats. The smallest average size and 

the highest mean NPUE of perch (Perca fluviatilis) was found in woody mosaic structures 

compared to fully structured habitats with reed or without structure. Rudd (Scardinius 

erythrophthalmus) had a strong preference towards reedy habitats, which was also 

indicated by detecting the highest densities of small rudd in reed. Habitats, with a low 

percentage of artificial deadwood (< 30%), had the highest mean NPUE in total and were 

dominated by rudd, but this was not significant. Furthermore, perch was significantly 

positive correlated to the percentage of artificial deadwood. The structure of fish 

communities and their habitat preferences, which were detectable with transect based 

electrofishing were in accordance to the findings of the electro-fished point abundance 

sampling. Because of the high diversity of habitats, one sampling method is not enough 

and would produce bias. It is better to combine active gear (e.g. electrofishing) and 

passive gear (gill net) that will increase the probability to obtain a more representative 

sample. The results were as expected, the fish caught in gill net were relatively bigger and 

better condition than the fish caught by electrofishing. The Eurasian Perch (Perca 

fluviatilis), as a model to estimate growth population level, sampled by gillnetting were 

on average larger, better conditioned, and faster-growing than the Perch caught by 

electrofishing. 

  



   
 

8 
 

Introduction 
Different fish species with common requirements in terms of biotic or abiotic habitat 

factors, such as spawning substrates or flow velocity, can be summed up in an ecological 

guild. This grouping allows more reliable evaluation of waters, as a decline in the 

abundance of one species may not indicate an alteration of the habitat, if the abundance 

of another species within the same ecological guild simultaneously increases (Dussling et 

al. 1995).  

Ecological guilds are related to different factors like spawning substrate preferences 

(reproductive guilds) or flow velocity (flow preference guilds). According to substrate 

preferences during spawning season, species can be characterized as phytophilic species 

that utilize macrophytes and riparian vegetation as spawning ground, lithophilic species, 

which use gravel as spawning substrate, pelagophilic fish which spawn free-floating eggs 

in the pelagic zone of the river or even more specialized species like ostracophilic fish, 

which spawn in the mantle cavity of bivalves. Flow preference guilds are characterized by 

fish species which are present on any of their life stages in lentic (limnophilic) or lotic 

(rheophilic) waters. Species which present no preference for flow velocities are known as 

eurytopic and normally correspond with “habitat generalist” species. Moreover, 

ecological guilds were used as assessment parameters for river zonation and nowadays 

are completed by physico-chemical characteristics, flow velocity and temperature 

associated with those dominant species utilizing specific ecological guilds (Aarts & 

Nienhuis, 2003). Therefore, due to their specificity, ecological guilds act as indicators of 

ecological status of rivers, due to the wide range of niches and spatial ranges occupied by 

different species, linking diversity to human impacts within the habitats structure (Noble 

et al. 2007). 

Lotic systems are complex composition of different processes and structures produced by 

many biotic and abiotic factors, such as hydrologic and geomorphic processes. These 

factors determine sediment transport, discharge channel dimensions, density of riparian 

vegetation and species diversity, which results in a wide range of different river 

morphologies and compositions (Hubert & Quist, 2010). One of the main features 

controlling morphology and species diversity in lotic water bodies is their structural 

diversity (Jungwirth et al. 2003). In large river channels the structural diversity is 

dependent of different geological processes and results in meandering of channels, 

production of backwaters, islands and floodplains. Habitats like backwaters are of great 
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importance for biodiversity (Trush et al. 2000) since some species utilize the lentic 

waters, shallow, high in nutrients and macrophytes in one or more developmental stages 

during their life history, as refuge, nutrient reservoirs and larval nurseries (Stalnaker et 

al. 1989) in contrast to main channel mesohabitats characterized by fast flowing waters, 

deep bottom and structurally simple compositions (Scott et al. 1989).  

As lakes are usually isolated water bodies they create a different habitat and therefore 

different fish communities than rivers. There might be a linkage between backwaters 

and lakes, as both provide similar niches for eurytopic and limnophilic species for 

feeding, spawning and predator avoidance.  

A lot of studies on European lakes have been done focusing on the relation of fish 

communities and the trophic level of the lake stating that with an increasing trophic state 

the dominance of coregonids shifts towards percids (mainly Perca fluviatilis) and finally 

to cyprinids (Hartmann & Nümann, 1977; Persson et al. 1991; Jeppesen et al. 2000). 

Persson & Greenberg (1990) also observed a perch – roach competition depending on the 

productivity of the lake with the former dominantly in mesotrophic and the latter 

dominantly in eutrophic lakes.  

It seems that this generalization is no longer tenable as Radke & Eckmann (2001) and 

Haertel et al. (2002) could not affirm the dominance of perch in five mesotrophic lakes in 

Germany, but a coexistence of perch and roach depending on the size and depth of the 

lake. A study from Finland by Olin et al. (2002) showed that the shift in percid to cyprinid 

ratio also depend on the size of the lake. Diekmann et al. (2005) observed in 67 north - 

eastern lowland lakes in Germany that fish communities correspond to different lake 

morphologies but not clearly to eutrophication. Data taken from the same 67 lakes by 

Mehner et al. (2005) show an analogous outcome and point out that fish communities and 

abundances of certain species are linked to environmental factors such as lake area and 

maximum depth of the lake. A third study from the lowland lakes in Germany by Garcia et 

al. (2006) also indicates that the prediction of fish communities depends more on the 

depth of the lake than by nutrient level showing a clear trend on fish community 

composition in the division of dimictic (depths > 11m) and polymictic lakes (depths < 

11m) at a depth of 11 metres.  

These studies show that many ecological factors need to be included to get a better picture 

of freshwater lakes. Mehner et al. (2005) suggests, based on lake morphology, trophic 

state, human-use intensity and littoral zone, two distinct fish community types in 
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Germany which are the shallower lakes inhibiting warm-water cyprinid community and 

the deeper lakes inhibiting cold-water vendace and perch community. 

There is another critic on previous studies that in assessing fish communities mostly the 

pelagic and benthic zones were fished with little to no notice of the littoral zones, but it is 

this habitat, which is important for fish in terms of diel, seasonal, or ontogenetic use for 

predation avoidance, food source and spawning substrate (Winfield, 2004).  

A reason for the underrepresentation of the littoral zone could be, that it makes up the 

smallest percentage of the lake and therefore has a low influence on species richness and 

abundance in comparison to the pelagic and benthic zones. However, Lewin et al. (2014) 

showed that the abundance of fish is mostly greater in complex habitats than in open 

water.  

Another reason could be that it was more convenient to sample areas where common 

fishing gears, such as gillnets and trawling, could be used without getting entangled in 

complex structured habitats.  

Fishing gears are defined as tools that specifically designed to extract marine or aquatic 

organisms. The gears usually adapted to certain environments, species, and size (Nédélec 

& Prado, 1990). In general fishing gears are classified into two categories, active and 

passive fishing gears. This classification is based on the behavior characteristic of the fish 

target and fishing gear. The capture of active gears generally based on how the gears chase 

and catch the target species (e.g. electrofishing, trawl), while the capture of passive gears 

based on the movement of targeted fish toward the gear (e.g. gill net, traps) (Cochrane & 

Garcia, 2009).  

In the sampling process, gears tend to have some bias on selectivity for different species, 

size range, and morphology (Goffaux et al. 2005). All sampling methods gives selective 

estimates or biased results of fish species distribution and size structure(Jurvelius, Kolari 

& Leskelä, 2011).  Because of its selectivity, there isn’t any ideal fishing gear that 

universally suits or quantitative sampling in large and diverse aquatic habitat (Cochrane 

and Garcia, 2009). To get reliable information regarding fish populations from sampling 

processes, it is better to combine gears to get more accurate data(Emmrich, 2013; 

Kubečka et al., 2012). Furthermore, the combination of several gears allows the 

observation of different habitats, pelagic and benthic, that will increase the probability to 

obtain a more representative sample (Goffaux et al. 2005). Among large choice of existing 

gear, electrofishing is one of the most representative gear in lotic habitats because it can 
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access shallow and complex littoral zones (P. Jurajda et al. 2009; Mueller et al. 2017). 

However, sampling is still biased due to fish avoidance behaviour or scaring effect during 

sampling (Mueller et al. 2017). Gill nets are widely used as research tool and have the 

highest effectiveness of passive gear in pelagic zone due to low scaring effect (Mueller et 

al. 2017), but the count of small fish tends to be underestimated and the fish without hard 

structures (Goffaux et al. 2005). In addition, the accumulation of fish reduces the 

catchability of gill nets (Minns & Hurley, 1988). 

Beside the selectivity of the gear, the catchability of the fish is influenced by individual 

personal traits, such as behavior of fish and growth. According to the behavior of personal 

trait in fish that related with the probability of fish catch, these fish can be classified as 

shy and bold fish. Shy fish react to unfamiliar situation by becoming quite or escaping, 

while bold fish react normal and explorative to the situation (Wilson et al. 1993). That 

makes bold fish easier to catch in passive fishing gear than shy fish. Apart from that, there 

is also a correlation between bold personality and the growth of fish. Bold fish are usually 

faster growing, probably because the bold fish are more explorative to search for food and 

less cautious to the risk (Reale et al. 2007). Furthermore, it can be expected that the fish 

who are more likely caught by passive fishing gear are better conditioned fish than fish 

who are riskless and less explorative (Reale et al. 2007).  

The executed study aimed to gain a broader insight in different habitat types and their 

importance for species richness, abundance and size distribution. Moreover, the influence 

of two different fishing gear types, gill nets and electrofishing, on the obtained data was 

assessed. Three different water bodies, one river and two lakes, were sampled. 

 

The first part of the study was conducted on the potamal or Bream region of river Spree. 

Differences of the characteristics of fish assemblages in terms of species distribution, 

abundance, length, weight and belonging to certain ecological guilds were assessed 

between main channel and backwater mesohabitats. It was hypothesized that species 

richness and fish size are greater in main channel habitats, while the fish abundance and 

biomass are generally higher in the backwater. In terms of ecological guilds, limnophilic 

species were expected to be found in the backwater while rheophilic species occupy the 

main channel.  
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A second study focused on the different mesohabitats of the littoral zone in two gravel pit 

lakes of Lower Saxony remnants of the then gravel quarrying, which stopped about 30 

years ago. They are today used for recreation, such as fishing.  

In spring 2018, as part of the BAGGERSEE project, artificial deadwood structures were 

brought into the littoral zone around the shoreline of the two lakes to improve the habitat 

complexity. There is a high controversy whether artificial physical structures such as 

wood contribute to freshwater ecosystems (Smokorowski & Pratt, 2007). We compared 

the artificial wood structures with reed and open structures to see whether it is attractive 

to certain species. 

It was hypothesized that (i) the more the habitat is structured we find a higher species 

richness and biomass, but smaller fish (ii) the abundance and species richness is greater 

in mosaic than in fully structured, structureless habitats (iii) mesohabitats create species-

specific abundance tracking habitat preference. 

According the use of fishing gear, it was expected that (i) the fish caught by gill net are 

relatively bigger and better condition than electrofishing, (ii) the Perch caught by gill net 

are on average bigger, better conditioned, and faster growing than electrofishing. 
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Group 1 

Methods 

Study site 

The study was conducted in the lowlands of river Spree, south-east of Berlin, on the 

potamal or Bream region characterize by slow flowing water and high sedimentation. 

Transect samples were taken in different locations of the same tributary, inside 

backwater habitat and main channel (Figure 1). The exact coordinates of the sampling 

sites are mentioned in Table 1.  

 
Figure 1: Location of the sampling sites. Small image shows the location related to Berlin. Big image shows the 
location of different transects. 

Sampling method 

The sampling was performed on September 9th, 2018 during one working day from 11:33 

to 16:12. Sample units (transects) where selected according to the stratified random 

sampling method. Four transects per mesohabitat type (main channel and backwater) 

were sampled and, in each case, two transects were located at the same main channel or 

backwater section but on opposite river banks. Therefore, abiotic factors (T [°C], pH, 

conductivity [µS cm-1], c (O2)[mg L-1], O2[%]) were only assessed twice per mesohabitat 

type. The sampled distance for each transect was recorded via GPS (see Table 1) and the 

water conditions of each were recorded as well (Table 2). 
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Sampling was carried out with electrofishing gear (EFKO FEG 8000 (8KW)) placed in a 

boat using an electric dip net of 45 cm ring diameter to stun the fish and capturing them 

with a separate dip net.  

After capture, each fish was taxonomically identified, and length and weight were 

measured using balances (weighting error 0.1 g) and measuring stripes (precision to 

mm). 

 
Table 1: WGS84 coordinates. 

 

 
 

 
 

 

 

Sample Mesohabitat X Y Distance [m] 

1 Start 
Main channel 

13,876667 52,376699  

1 End 13,877634 52,374943 222 

2 Start 
Main channel 

13,877215 52,376082  

2 End 13,878465 52,374382 230 

3 Start 
Backwater 

13,87781 52,377309  

3 End 13,876619 52,376938 98 

4 Start 
Backwater 

13,876593 52,377018  

4 End 13,877786 52,37738 95 

5 Start 
Main channel 

13,846615 52,362186  

5 End 13,849104 52,363238 211 

6 Start 
Main channel 

13,848904 52,362859  

6 End 13,850638 52,364319 206 

7 Start 
Backwater 

13,850404 52,363651  

7 End 13,851806 52,364618 145 

8 Start Backwater 13,850404 52,363651  

8 End  13,852071 52,364522 150 
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Table 2: Information about sampling sites and the corresponding abiotic parameters. 

Mesohabitat Transect Sampled 
distance [m] Bank pH Conductivity  

[µS cm-1] 
T  

[°C] 
c(O2) 

[mg L-1] %O2 

Main channel 1 222 right 
7.44 768 19.3 6.84 75.1 

Main channel 2 230 left 

Backwater 3 98 right 
8.00 715 22.4 10.50 118.8 

Backwater 4 95 left 

Main channel 5 211 right 
7.71 775 19.8 7.23 79.2 

Main channel 6 206 left 

Backwater 7 145 right 
7.80 792 20.2 7.90 85.2 

Backwater 8 150 left 

 
Calculations 

To calculate mass for fish that were not weighed, both length and mass data for the fish 

entirely measured were transform to logarithm (log10) and a linear model according to 

equation 1 was then fitted. 

𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 [𝒈𝒈] = 𝒎𝒎 ∙ 𝒍𝒍𝒍𝒍𝒍𝒍𝒈𝒈𝒍𝒍𝒍𝒍 [𝒎𝒎𝒎𝒎] + 𝒃𝒃 (1) 

Equation (1 was then modified and obtained individual slope and intercept for each 

species was used to calculate the missing values. 

The number of catches per unit effort (NPUE) and biomass per unit effort (BPUE) were 

calculated with equations (2 and(3. 

𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 =  
𝒍𝒍º 𝒊𝒊𝒍𝒍𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒎𝒎𝒍𝒍𝒎𝒎 𝒄𝒄𝒎𝒎𝒍𝒍𝒄𝒄𝒍𝒍𝒍𝒍𝒊𝒊

𝒍𝒍𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒍𝒍 𝒊𝒊𝒍𝒍𝒊𝒊𝒍𝒍 [𝒎𝒎]
 (2) 

𝑩𝑩𝑵𝑵𝑵𝑵𝑵𝑵 =  
𝒘𝒘𝒍𝒍𝒍𝒍 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒄𝒄𝒎𝒎𝒍𝒍𝒄𝒄𝒍𝒍𝒍𝒍𝒊𝒊 [𝒈𝒈]

𝒍𝒍𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒍𝒍 𝒊𝒊𝒍𝒍𝒊𝒊𝒍𝒍 [𝒎𝒎]
 (3) 

Relative condition factor calculated according to formula 4 measures the relative health 

of the individuals. Measures the relation between the current mass of the individual 

related to the calculated prediction of mass for an individual of same size. 

𝑹𝑹𝒍𝒍𝒍𝒍. 𝒄𝒄𝒆𝒆𝒍𝒍𝒊𝒊𝒊𝒊𝒍𝒍𝒊𝒊𝒆𝒆𝒍𝒍 𝒆𝒆𝒎𝒎𝒄𝒄𝒍𝒍𝒆𝒆𝒆𝒆 =  
𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 [𝒈𝒈]𝒄𝒄𝒎𝒎𝒍𝒍𝒄𝒄𝒊𝒊𝒍𝒍𝒎𝒎𝒍𝒍𝒍𝒍𝒊𝒊
𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 [𝒈𝒈]𝒎𝒎𝒍𝒍𝒎𝒎𝒎𝒎𝒊𝒊𝒆𝒆𝒍𝒍𝒊𝒊

 (4) 
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Biodiversity for each mesohabitat was measured using the Shannon index according to 

the following formula (5) where S is the number of species in the community, pi the 

proportion of abundance for each i species of the community.  

𝑺𝑺𝒍𝒍𝒎𝒎𝒍𝒍𝒍𝒍𝒆𝒆𝒍𝒍 𝒊𝒊𝒍𝒍𝒊𝒊𝒍𝒍𝒊𝒊 =  −�𝒑𝒑𝒊𝒊 𝒍𝒍𝒍𝒍(𝒑𝒑𝒊𝒊)
𝑺𝑺

𝒊𝒊=𝟏𝟏

 (5) 

Statistical methods 

Data manipulation and analysis was carried out using R (version 3.5.1).  

Medians of distributions of categorial variables were compared using the Chi Squared (X2) 

test with Yates correction. 

Shapiro-Wilk and Kolmogorov-Smirnov tests were used to assess normality of the data. 

In case of normal distributed data, an F-test was applied to test for equality of variances. 

For homoscedastic data, a two-sample t-test was chosen for arithmetic mean comparison, 

while the Welch test was applied in case of heteroscedasticity. As significance level, α = 

0.05 was chosen for each test. 

Results 

Information about the sampling site and abiotic parameters are mentioned in Table 2. 

During this project, 1,155 individuals of 16 different fish species, were collected in total. 

731 individuals with a total biomass of 44,961 g were caught in the main channel and 424 

individuals with a total biomass of 7,334 g in the backwaters.  

No significant difference between fish abundance in main channel (NPUE = 0.84) and back 

water habitats (NPUE = 0.86) was found (two-sample t-test: p = 0.71, t = 0.38). The 

biomass, meanwhile, was found to be significantly higher in the main channel with a 

BPUE = 52.49 than in backwater with a BPUE = 16.43 (two-sample t-test: p < 0.05, t = -

2.61). Species richness did not differ significantly between both habitats as the 

comparison of calculated Shannon indices shows (Welch test: p = 0.15, t = -1.86). In 

contrast to this finding, the absolute number of species was higher in the main channel 

with 16 compared to 9 species.  

The overall dominating species in both habitats was perch, followed by roach and rudd.. 

Perch showed no significant difference in terms of its occurrence (NPUEmain = 0.30, 

NPUEback = 0.48). Roach was more present in main channel (NPUEmain = 0.28, 

NPUEback = 0.06) while no difference for rudd was found (NPUEmain = 0.07, NPUEback = 

0.11).  
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Less abundant species like tench were significantly more abundant in the backwater 

(NPUEmain ≈ 0.01, NPUEback = 0.04), while silver bream (NPUEmain = 0.06, NPUEback = 0.01) 

was more abundant in the main channel again.  

For bitterling (NPUEmain ≈ 0.01, NPUEback = 0.11), bleak (NPUEmain = 0.03, 

NPUEback = 0.01) and common bream (NPUEmain = 0.002, NPUEback = 0.001), no significant 

differences between the mesohabitats were found. The corresponding results to the 

significance tests are presented in Table 3. 

European eel, ide, sander, spined loach, wels catfish, European chub and burbot were only 

caught in the main channel. However, these species had the lowest abundances.  

Regarding to the ecological threat of the present species, according to International Union 

for Conservation of Nature (IUCN), Red list of Germany, Red list of Brandenburg and the 

Habitat directive, no evidence of differences between the two studied mesohabitats were 

found (X2-test: p = 0.31, X² = 1.01). The only threatened species caught was eel with a 

proportion of 0.3% of the total catch. The other species were classified as species of least 

concern. 

Mean length and weight differed in both mesohabitats. Fish in the main channel were 

larger and heavier on average than those in backwater environments (two-sample t-test: 

length p < 0.05, t = -7.13; weight p < 0.05, t = -4.05) (Figure 2). In line with this, the size 

class distribution was also significantly different for both mesohabitats (X2-test: p < 0.05, 

X²= 222.84) (Figure 3).  
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Figure 2: Logarithmized (log10) length [mm] and weight [g] data of the whole catch from backwater and main 
channel habitats. 

Comparing fish specieswise, perch, roach, rudd, bitterling and northern pike had 

significantly different mean lengths in both mesohabitats (Table 4). For the first three, 

size classes could be compared due to their high absolute numbers (n > 100), showing 

again significant differences (X2-test: perch p < 0.05, X² = 30.25; roach p < 0.05, 

X² = 36.09; rudd p < 0.05, X² = 97.36) (Figure 4). 
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Figure 3: Size distribution for backwater and main channel mesohabitats. )N=1155) 
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Figure 4: Size distribution comparison between mesohabitats per species (n<100). Size classes where 
determined by calculation of the mid-point for the different lengths. Rudd n=123, roach n=282, perch n=490. 
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Calculated condition factors, meanwhile, did not indicate that the condition of fish was 

dependent on their habitats (F-test: p = 0.81, F = 0.73; t-test: p = 0.92, t = -0.10) (Figure 

5). 

 
Figure 5: Logarithmized (log10) relative condition factors calculated for fish from backwater and main 
channel habitats. 

 
Table 3: Results of t-tests for specieswise comparison of NPUE, BPUE, relative condition factor and mean 
length of fish between main channel and backwater. For NPUE and BPUE comparison, two-sample t-tests with 
an assumed equal variance were applied. To compare relative condition factors and mean length, the Welch 
test was chosen. α = 0.05 

Species NPUE BPUE Condition 
factor 

Mean 
length 

Bitterling (Rhodeus amarus)* 
p = 0.08 p = 0.20 p = 0.37 p < 0.05 

t = 2.06 t = 1.60  t = -1.01 t = - 6.67 

Burbot (Lota lota)*** - - - - 

Common bleak (Alburnus alburnus)**  
p = 0.40 p = 0.27 

- - 
t = -0.89 t = -1.32 
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Species NPUE BPUE Condition 
factor 

Mean 
length 

Common bream (Abramis brama)*** 

p = 0.78 p = 0.19 - - 

t = -0.28 t = -1.46  - - 

Common roach (Rutilus rutilus)* 
t = -3.57 t = -3.96 t = 0.63 t = -5.23 

t = -3.57 t = -3.96 t = 0.63 t = -5.23 

Common rudd (Scardinius 
erythrophthalmus)* 

p = 0.61 p < 0.05 p = 0.83 p < 0.05 

t = 0.55 t = -3.38 t = -0.22 t = -6.81 

European chub (Leuciscus cephalus)*** - - - - 

European eel (Anguilla anguilla)*** - - - - 

Ide (Leuciscus idus)*** - - - - 

Northern pike (Esox lucius) 
p = 0.21 p = 0.05 p = 0.36 p < 0.05 

t = 1.45 t = -2.62 t = -0.97 t = -3.98 

Perch (Perca fluviatilis)* 
p = 0.15 p = 0.30 p = 0.89 p < 0.05 

t=1.63 t=-1.242 t=-0.97157 t=-3.9881 

Sander (Sander lucioperca)***  - - - - 

Silver bream (Abramis bjoerkna)** 
p < 0.05 p < 0.05 

- - 
t = -2.50 t = -3.28 

Spined loach (Cobitis taenia)*** - - - - 
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Species NPUE BPUE Condition 
factor 

Mean 
length 

Tench (Tinca tinca)* 
p < 0.05 p = 0.41 p = 0.58 p = 0.21 

t = 2.54 t = 0.93 t = -0.59 t = -1.73 
Wels catfish (Silurus glanis)***  - - - - 
*Weights of the species were estimated according to 

**No calculation was possible due to lack of samples. 
 

The occurrence of fish with different flow and spawning substrate preferences was also 

found to significantly differ between both mesohabitats (X2-test: flow preference p < 0.05, 

X² = 82.45; spawning substrate p < 0.05, X² = 80.36). 

Regarding the distribution of fish species belonging to different flow and spawning 

substrate preference guilds, species distribution was found to significantly differ for both 

mesohabitats (X2-test: flow preference p < 0.05, X² = 82.45; spawning substrate p < 0.05, 

X² = 80.36). However, generalists were most abundant for both guilds. 

Eurytopic and rheophilic species were found to be more abundant in the main channel 

and limnophilic species in backwater mesohabitats. Altogether, more limnophilic than 

rheophilic fish were caught (Figure 7). Sorted by their NPUE, phytophilic, phyto-litophilic, 

litophilic and pelagophilic species were more abundant in the main channel. Ostracophilic 

species were meanwhile more abundant in the backwater (Figure 6).   
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Figure 6: Percentage of spawning substrate preferences (left) and flow preferences (right). (N=1155) 



   
 

23 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

catadroumus
0,55%

eurytopic
85,50%

limnophilic
10,40%

rheophilic
3,56%

A

litho-
pelagophilic

0,14%

Lithophilic
2,74%

ostracophilic
0,96%

pelagophilic
0,55%

phyto-
lithophilic

74,56%

phytophilic
21,07%

A
litho-

pelagophilic
0,00%

Lithophilic
0,00%

ostracophilic
11,08%

pelagophilic
0,00%

phyto-
lithophilic

63,44%

phytophilic
25,47%

B

Figure 7: Percetage of spawning substrate preferences present on each mesohabitat. A= main channel, B= 
backwater (N=1155, backwater=424, main channel= 731) 
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Figure 8: Percentage of flow preferences present on each mesohabitat. A= main channel, B= backwater 
(N=1155, backwater=424, main channel= 731) 
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Discussion  

The results of this study point out various differences between different closely located 

mesohabitats within the same water body, emphasizing the importance of backwater 

habitats and leading to conclusions in terms of river renaturation.  

In contrast to the hypothesis, fish abundance (NPUE) did not differ between both 

mesohabitats, while biomass (BPUE) was higher in the main channel. Accordingly, fish in 

the main channel were larger and heavier. The size distributions clearly show, that not 

only small species, but also small individuals of one species are rather present in 

backwater habitats. The gathered abiotic parameters (backwater: temperature 2°C 

higher; higher oxygen concentration and saturation) indicate stronger growth of 

macrophytes. Together with a supposed lower flow velocity, smaller zooplankton may be 

available in the backwater compared to the main channel. Therefore, backwater habitats 

may serve as nurseries for generalist species like perch, roach and rudd. This hypothesis 

is also supported by the lack of significant difference for the relative condition factors. 

Fish in both mesohabitats were found to be in similar condition. Thus, fish may find the 

feed organisms that fits best to the requirements of their corresponding life stage in their 

corresponding mesohabitat. Small fish may feed on zooplankton in backwaters and move 

towards the main channel when reaching a certain size and being able to prey on larger 

fish. 

In terms of species richness, no clear statement can be posed. Rare species exclusively 

occur in the main channel. Thus, the absolute number of species or species diversity is 

higher in main channel habitats. The Shannon index, meanwhile, does not show 

significant differences in terms of species richness. 

The majority of fish in both mesohabitats were eurytopic and phyto-lithotrophic 

generalists. This is in contrast to the expected abundance of litho- and rheophilic species 

in the main channel and phyto- and limnophilic species in backwater. Moreover, this is 

also in contrast to a typical fish assemblage found in comparable potamal regions of 

undisturbed rivers. Those are usually characterised by a higher proportion of litho- and 

rheophilic fish. However, the fish assemblage did not change very much compared to 

previously published data (Wolter et al., 2002).  

Apart of generalists, backwater habitats also provided living space for specialists like the 

ostracophilic bitterling that was not significantly more abundant, but a tendency towards 
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backwater can still be recognized probably due to the need of mollusc species to be able 

to spawn.  

All in all, backwater habitats seem to have two major roles: First, they are inhabited by 

species specialized on this kind of environment, second, they probably serve as spawning 

grounds for fish living in the main channel and act as shelter for young fish. In an 

undisrupted river, this may maintain species diversity. In a disrupted river, meanwhile, a 

contrary effect may emerge by „upstream invaders“. As those we define generalist species 

that are able to migrate upstream. Migration could happen because of artificially lowered 

flow velocities or because of new spawning grounds like artificial backwaters. In the new 

habitat, the invading species could then, a part of the anthropogenic factors, lead to a shift 

of the proportions of ecological guilds.  

Both a decrease of the flow velocity and were applied to River Spree due to mining 

activities and river straightening.  

Apart of the negative consequences of anthropogenic shifts for the fish assemblage in 

rivers, the findings also lead to conclusions for river renaturation. As the important role 

of backwater habitats was pointed out, it is obvious that renaturation activities have to be 

holistic. Therefore it has to be taken into account, that a complete renaturation of a river 

can only be successful, if the old habitat is restructured as adequate as possible. E.g. a 

change of the flow velocity to the pre-anthropogenic level may not restore the original 

fish assemblage if no possibility of meandering and formation of oxbows and backwaters 

is given. 
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Group 2 

Methods 

Study site 

All fish sampling examinations were conducted in two gravel pit lakes of Lower Saxony. 

These lakes are remnants of the then gravel quarrying, which was stopped about 30 years 

ago. Nowadays these lakes are used for recreational use, such as fishing and managed by 

the local angling clubs. The first analyzed gravel pit was lake Saalsdorf (52°21’44.48’’N, 

11°2’24.06’’E; see Figure 9), which was situated in the municipality of Helmstedt and 

managed by the fishing club “SFV Helmstedt”. The dimictic lake Saalsdorf was 

characterized by a mean depth of 5,3 m, a maximum depth of 9,2 m, a shoreline 

development factor of 1,28 by an extent of 9 ha. While the Secchi depth was 1,05 m, a Total 

Phosphorus content of 20 μg L-1 and a Chlorophyll a concentration of 17,1 μg L-1 could be 

measured, which classified the lake as mesotrophic. The emerse macrophytes in the 

littoral zone were represented by reed (Phragmites australis). In spring 2018, as part of 

the BAGGERSEE project, artificial deadwood structures were brought into the littoral 

zone around the shoreline of the lake to improve the habitat complexity. The second lake 

for the fish sampling was the Weidekampsee (52°36’56.65’’N, 10°33’58.77”E; see Figure 

10) located in the municipality of Gifhorn and managed by the fishing club “VFG 

Schönewörde”. The Weidekampsee had a size of 3,2 ha, by a mean depth of 2,3 m, a 

maximum depth of 4,3 m and a shoreline development factor of 1,57. The Total 

Phosphorus concentration within the lake was 6 μg L-1, as the Chlorophyll a value could 

be detected by 2,7 μg L-1 and the Secchi depth was amounted to 3,2 m, which characterized 

the lake as oligotrophic. Emerse macrophytes (reed, Phragmites australis) dominated the 

littoral zone and water milfoil (Myriophyllum) was the dominant submerse macrophyte, 

which could be found all over the lake. As mentioned before, also the Weidekampsee was 

subject to habitat enhancement measures and artificial deadwood structures were 

created around the littoral zones (Matern, not published data). 



   
 

27 
 

 
Figure 9: Map of lake Saalsdorf including the electro fished transects (n = 14) (satellite image Google Earth) 

 
Figure 10: Map of Weidekampsee including the electro fished transects (n = 8)  (satellite image Google Earth) 
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Sampling 

Fish sampling was carried out in the littoral zone by electrofishing, whereby two different 

sampling strategies were used. Electrofishing is considered to be one of the most effective 

sampling methods to evaluate fish communities in the littoral zone (Mueller et al. 2017). 

Furthermore, it is mentioned, that electrofishing is a good practice to prevent chronicle 

damages to the sampled fish. For this reason, the fish were sampled using an 

electrofishing device with 265 V and 8,0 kW (EFKO, Leutkirch, FEG 8000, built year 2007; 

Voltage step I), an anodic handnet (diameter of 40 cm) and a copper cathode, which was 

fixed on the boat and hung in the water. Electrofishing was conducted by three persons 

on a boat. One person with the anodic handnet, another with a separate handnet and 

another person which moved the boat by punting along the shoreline. All stunned fish 

were immediately removed with the anodic handnet or by the additional handnet of the 

second person. In total fourteen transects (45 – 117 m length; 0 – 1 m depth) in the littoral 

zone were electro fished on the 5.9.2018 at Saalsdorf during daytime and for each transect 

metadata about the shore structure were documented. After landing the stunned fish, the 

species of each transect were identified, measured in length (Totallength ± 1 mm) and 

masses (Weight ± 0,1 g) and carefully released. This procedure was also repeated at the 

Weidekampsee on the 7.9.2018 at daytime, whereby eight transects (58 – 191 m length, 

0 – 1 m depth) were examined by electro fishing. For the second sampling strategy, the 

point abundance sampling, 72 single points (n = 21 Open littoral; n = 21, Artificial 

deadwood; n = 30, Reed), which were categorized by their habitat complexity of the 

littoral zone, were electro fished in Saalsdorf during the day. The fish samples of each 

point were documented (species, length, weight) the same way as the transect sampling 

strategy.   
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Categorization 

During the fish sampling campaign each transect was characterized by its structure 

complexity in the littoral zone. This was very important to compare the different 

mesohabitats against each other. For the first research question, we classified the 22 

transects from 2018 plus the 41 transects from 2016/17 (in total 63) into six different 

types of mesohabitats. The “Reed” transects were characterized by > 80 % reed, “Wood” 

by > 80 % wood structures and the “No Structure” by > 80 % structureless littoral zone. 

All other mesohabitats with a lower proportion of 80 % of a single structure were 

classified as mosaic mesohabitats and divided into “Mosaic dominated Reed”, “Mosaic 

dominated Wood” and “Mosaic dominated No Structure”. The domination of a structure 

within a mosaic habitat was defined by the highest percentage of a structure within a 

transect. Furthermore, the percentages of structures within the transects were checked 

for correlations. For this analysis we examined the proportions of reed, vegetation (reed 

+ submerse vegetation), wood (overhanging trees + artificial deadwood) and no 

structure.  

As mentioned before artificial deadwood was brought into the lakes in spring 2018 to 

improve the habitat complexity in the littoral zones. For the evaluation, if there are any 

effects caused by the brought in artificial deadwood, all transects have been categorized 

by their percentage of artificial deadwood. Hereby we could define three different 

categories for all transects, which resulted in “Reed” (no artificial deadwood), “Artificial 

deadwood low < 30 %” (amount of artificial deadwood lower than 30 %) and “Artificial 

deadwood high > 30 %” (amount of artificial deadwood higher than 30 %). To get further 

information, how artificial deadwood effects the environment, the percentage of artificial 

deadwood of every transect was checked for correlations in a single test. 

The point abundance sampling strategy was designed to gather information of the 

different microhabitats and for a comparison between transect sampling and point 

sampling. Therefore, three diverse microhabitats as “Reed”, “Artificial deadwood” and 

“Open littoral” have been predefined, and were sampled with electro fishing.  
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Statistical analysis 

During the fish sampling the total length (mm) of every fish was measured, but for 

practical reasons not every mass (g) of all fish were detected. Therefore, the whole data 

set had to be processed for calculating the missing masses. The weight-length relationship 

can be described by the power function (Zale et al. 2012):    

   

W = a x Lb 

 

W = weight 

L = length 

a = intercept of the equation 

b = slope of the equation 

 

All individuals of a species with measured length (mm) and weight (g) were selected by 

lake and year, the values (length & weight) transformed with the natural logarithm and 

visualized with a linear regression of transformed weight-length data (Figure 11). This 

linear regression based on the natural logarithmic transformation was needed to 

straighten the curvilinear weight-length data and to estimate the parameters a and b, 

which are defined by: 

 

ln(W) = a’ + b x ln(L)                            

 

W = weight 

a’ = ln(a) 

L = length 

b = slope of the equation 

ln = natural logarithm 

 

By using the trendline of the linear regression, we could define the parameter b, which 

could be taken right away out of the formula and parameter a was calculated by taking 

the anti-natural logarithm of a’. These parameters were used to impute all the missing 

masses for each species and lake.  
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Figure 11: Example for length-weight relationship for perch in Saalsdorf 2018 with regression line and formula 

For a good statistical analysis, a high sample size was needed, therefore also fish sampling 

data of previous years (autumn 2016 & 2017) of the same lakes have been used for this 

study as well. The data of 2016 and 2017 were treated the same way as mentioned before 

and all missing masses were calculated by species, lake and year. The missing weight data 

of ruffe (Gymnocephalus cernua) and roach (Rutilus rutilus) was calculated by the use of 

the gill net data, which was conducted as well during the fish sampling campaign 2018 

(for further information see Project 3).  

In order to compare the examined mesohabitats a number of different variables were 

calculated for the statistical analyses. Therefore, NPUE (number per unit effort), BPUE 

(biomass per unit effort), average size and the average of the relative condition factor 

were calculated for all fish (pooled) and per species per mesohabitat or point abundance 

sampling as following: 

 

Transect sampling: 

 

NPUE  

Number of fish per transect / length of transect [m]  
 

BPUE  

Sum of masses of fish [g] / length of transect [m] 

Average size  
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R² = 0,9819
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Sum of total length of all fish per transect [mm] / number of fish per transect 

 

Relative Condition Factor (RFC) 

Measured body weight [g] / imputed body weight [g] 

 

Average relative condition factor 

Sum of RCF’s per transect / counts of RCF’s per transect 

 

To be able to compare the different mesohabitats all of these variables were calculated 

for the single species as well as pooled (all fish species) for each categorized transect. 

 

Point abundance sampling: 

 

NPUE  

Number of fish per point sample [Fish/Point]  
 

BPUE  

Sum of masses of fish per point sample [g/Point] 

 

Average size  

Sum of total length of all fish per point [mm/Point] / number of fish per Point 

 

For editing and processing the data the software Excel (version 2016) as well as for 

statistical analyses the program SPSS (version 22) was used. For the comparison of the 

different habitats we used three different tests. For the comparison of the mean values of 

NPUE, BPUE, average size and relative condition factor we used a one-way ANOVA with 

Post Hoc tests for multiple comparisons of the different mesohabitats. Furthermore, to 

evaluate the direct influence of a single mesohabitat parameter (e.g. percentage of reed 

within a single transect) on our variables we used bivariate correlations matrices. All 

statistical analyses were tested with a confidence interval of 95%.  

To compare the relative size distributions of the fish per classified habitat and to test for 

differences in the distribution of frequencies, the length of fish was classified in size class 

bins of 20mm and Chi-square tests were applied with Excel. To apply a Chi-square test 
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only two categories can be compared relative to each other. To get a meaningful result, at 

least 5 samples per size class is needed. Due to time, the classification of the habitats into 

six categories for our first research question (reed > 80%, wood > 80%, open > 80%, 

mosaic dominant reed, mosaic dominant wood, mosaic dominant open) were combined 

into three categories (reed > 80%, wood > 80%, open > 80%) assigning the mosaic 

categories to the others (e.g. mosaic dominant reed was combined with reed > 80%). That 

done, just three test for each research question were needed instead of 15. 

  

Excel function: CHISQ.TEST (actual_range,expected_range) with the following arguments; 

actual_range: range of data observed 

expected_range: range of data calculated from the observed data by taking the product of 

row totals and column totals divided by the grand total. 

Degree of freedom: Df = (number of rows - 1) * (number of columns - 1)  
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Results 

Comparison of mesohabitats 

The total number of fish caught in autumn of 2016, 2017 and 2018 in the two lakes of 

Saalsdorf and Weidekamp was 7488 (Table 4). Eight different species were identified.  

Figure 12 shows the relative frequency of the fish species caught in the six categorised 

mesohabitats in percent (Reed>80%, Wood>80%, Open>80%, Mosaic dominated reed, 

Mosaic dominated wood, Mosaic dominated open). From all eight species identified rudd 

was dominantly found in all six mesohabitats from 70% in “Mosaic dominated open” up 

to 86% in “Reed > 80%”. Perch was also found in all six mesohabitats and makes up the 

biggest proportions in most habitats right after rudd. The relative frequency was highest 

in “Mosaic dominated open” with 14% and followed successively by “Wood > 80%” 

(13%), “Mosaic dominated reed” (12%) and “Mosaic dominated wood” (11%), with the 

fewest proportions of 6% in “Open > 80%” and 4% in “Reed > 80%”. Ruffe and tench make 

up 0% in all habitats as there were 18 catches in total from 7488 fish. The highest 

percentage of bream of all six mesohabitats was in “Mosaic dominated wood” with 15%, 

followed by 2% in “Reed > 80%”, 1% in “Mosaic dominated reed” and 0% in the other 

three mesohabitats. Roach has a relative frequency of 5% in “Reed > 80%” and 4% in 

“Mosaic dominated reed”, 1% in “Mosaic dominated open” and 0% in all other 

mesohabitats. Eel was found in all mesohabitats and has the highest relative frequency in 

“Mosaic dominated open” with 12% followed by 9% in “Open > 80%” and 5% in “Mosaic 

dominated reed”. The relative frequency of eel in the other three mesohabitats range from 

2-3%. Pike showed a consistent relative frequency of 1-2% in most habitats with two 

exceptions, one of 3% in “mosaic dominated open” and 0% in “Reed > 80%”.  
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Figure 12: Relative frequency of the fish species caught in the six categorised mesohabitats in percent: 
Reed>80% (n = 11), Wood>80% (n = 3), Open>80% (n = 5), Mosaic dominated reed (n = 24), Mosaic 
dominated wood (n = 9), Mosaic dominated open (n = 11). 
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Table 4: Overview of the fish community in the lakes Saalsdorf and Weidekampsee in autumn 2016-2018 in the 
six different categorized mesohabitats (Reed>80%, Wood>80%, Open>80%, Mosaic dominated reed, Mosaic 
dominated wood, Mosaic dominated open). 

Latin name Common name N Habitat 

Abramis brama Bream 37 Reed > 80% 
  2 Wood > 80% 
  0 

27 
273 
1 

Open > 80% 
Mosaic dominated reed 
Mosaic dominated wood 
Mosaic dominated open 

Anguilla anguilla Eel 54 Reed > 80% 
  13 Wood > 80% 
  31 

112 
27 
60 

Open > 80% 
Mosaic dominated reed 
Mosaic dominated wood 
Mosaic dominated open 

Esox lucius Pike 12 Reed > 80% 
  6 Wood > 80% 
  8 

44 
15 
16 

Open > 80% 
Mosaic dominated reed 
Mosaic dominated wood 
Mosaic dominated open 

Gymnocephalus cernua Ruffe 0 Reed > 80% 
  0 

0 
1 
0 
2 

Wood > 80% 
Open > 80% 
Mosaic dominated reed 
Mosaic dominated wood 
Mosaic dominated open 

Perca fluviatilis Perch 70 Reed > 80% 
  88 

18 
271 
199 

Wood > 80% 
Open > 80% 
Mosaic dominated reed 
Mosaic dominated wood 

  73 Mosaic dominated open 
Rutilus rutilus Roach 90 Reed > 80% 
  3 

0 
92 
3 
3 

Wood > 80% 
Open > 80% 
Mosaic dominated reed 
Mosaic dominated wood 
Mosaic dominated open 

S. erythrophthalmus Rudd 1636 Reed > 80% 
  575 

274 
1680 
1289 

Wood > 80% 
Open > 80% 
Mosaic dominated reed 
Mosaic dominated wood 

  368 Mosaic dominated open 

Tinca tinca Tench 0 Reed > 80% 
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  2 
0 
8 
4 
1 

Wood > 80% 
Open > 80% 
Mosaic dominated reed 
Mosaic dominated wood 
Mosaic dominated open 

 
 
Total 

  
 
1899 

 
 
Reed > 80% 

  689 
331 
2235 
1810 

Wood > 80% 
Open > 80% 
Mosaic dominated reed 
Mosaic dominated wood 

  524 
7488 

Mosaic dominated open 
All habitats 

 
 

Mean NPUE per mesohabitats 

The mean NPUE (number per unit effort [fish/m]) pooled per habitat was highest in “Reed 

> 80%” (2,26 [fish/m]), right up followed by “Mosaic dominated wood” with 2,18 [fish/m] 

and “Wood > 80%” with 1,91 [fish/m]. “Mosaic dominated reed” had a mean NPUE of 1,13 

[fish/m], “Open > 80%” 0,6 [fish/m] and “Mosaic dominated open” 0,5 [fish/m] (Figure 

13). The one-way ANOVA showed no significance in the mean NPUE pooled, or for a 

certain fish species except for perch (Table 5). Perch were more attracted to wooden 

habitats as “Mosaic dominated wood” with a mean NPUE of 0,23 [fish/m] and “Wood > 

80%” 0,17 [fish/m]. Also the mean NPUE of perch in “Mosaic dominated reed” was with 

0,14 [fish/m] nearly as high as for “Wood > 80%” (Figure 14).  

The mean NPUE Post Hoc results of the one-way ANOVA of perch showed a significance 

in “Mosaic dominated wood” with a mean difference of 0,16 to “Reed > 80%”, 0,19 to 

“Open > 80%” and 0,14 to “Mosaic dominated open” (Table 6). 

Rudd was found to have by far, the highest mean NPUE in all habitats in comparison to 

the other species (Figure 13). Highest in “Reed > 80%” with 1,96 [fish/m], followed by 

“Wood > 80%” with 1,68 [fish/m], “mosaic dominated wood” 1,56 [fish/m], “Mosaic 

dominated reed” 0,84 [fish/m], “Open > 80%” 0,52 [fish/m] and lowest in “Mosaik 

dominated open” with 0,32 [fish/m]. 
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Figure 13: Mean NPUE [fish/m] pooled and per fish species in comparison to the six different mesohabitats. 
Values show the mean. 

 

 

 
Figure 14: Boxplot of the mean NPUE [fish/m] of perch in the six different mesohabitats, Reed>80%, 
Wood>80%, Open>80%, Mosaic dominated reed, Mosaic dominated wood, Mosaic dominated open 
(*significant with a confidence interval of 95%). 
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Table 5: Results of the one-way ANOVA for multiple comparisons of the mean NPUE of perch in the different 
mesohabitats (Wood>80%, Reed>80%, Open>80%, Mosaic dominated wood, Mosaic dominated reed, Mosaic 
dominated open). 

Habitat  n Mean ± SD 

Wood > 80 %  3 0,17 ± 0,19 

Reed > 80%  11 0,07 ± 0,05 
Open > 80%  5 0,03 ± 0,04 

Mosaic dominated wood  9 0,23 ± 0,19 
Mosaic dominated reed  24 0,14 ± 0,11 
Mosaic dominated open  11 0,08 ± 0,07 

p-value between groups   p < 0,05 
 

Table 6: Mean NPUE Post Hoc results of the one-way ANOVA of perch between the mesohabitats which showed 
significance (Reed>80%, Open>80%, Mosaic dominated wood, Mosaic dominated open). 

Dependent 
variable Habitat Habitat Mean 

difference Significance Std. 
error 

NPUE [fish/m] 
Perch 

Mosaic 
dominated wood Reed > 80% 0,16 p < 0,05 0,05 

   
Open > 80% 0,19 p < 0,05 0,06 

 
 
 

Mosaic dominated 
open 0,14 p < 0,1 0,05 

 

Mean BPUE per mesohabitats 

The one-way ANOVA for multiple comparisons showed no significance in the mean BPUE 

(body mass per unit effort [g/m]) for the species pooled (p = 0,72) nor for the individual 

species. The mean BPUE pooled was nearly evenly distributed between the six  

mesohabitats Wood>80%, Reed>80%, Open>80%, Mosaic dominated wood, Mosaic 

dominated reed, Mosaic dominated open, shown in Figure 15. 

 

Figure 15: Mean BPUE (body mass per unit effort) pooled and per fish species in comparison to the six different 
mesohabitats. Values show the mean. 
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Average size per mesohabitats 

Eels were the biggest individuals in average size and ranged from the smallest average 

size caught in “Mosaic dominated wood” with 316,46 [mm] up to 374,1 [mm] in “Wood > 

80%” which is above the average sizes pooled which ranged from the lowest average size 

in “Mosaic dominated wood” with 106,99 [mm] to 196,71 [mm] in “Open > 80%” (Figure 

16). Smallest pike were found in average in “Mosaic dominated wood” [240,63 mm] and 

“Reed > 80%” [279,83 mm] and the biggest in average in “Wood > 80%” [342 mm]. Roach 

was in average taller in “Mosaic dominated open” [155,75 mm], than in “Mosaic 

dominated wood” [79,75 mm] and “Reed > 80” [80,88 mm] with no samples caught in the 

“Open > 80%”. Perch showed just a small difference in average size between the 

mesohabitats with the lowest of 105,16 [mm] in “Mosaic dominated wood” and the 

highest in “Reed > 80%” with 135,65 [mm] (Figure 17). Tench had a sample size of just 

one which was caught in  

The one-way ANOVA for multiple comparisons showed only a significance in the mean 

average size [mm] of perch in the three mesohabitats “Reed > 80%” (Mean ± SD  135,66 

± 23,26), “Mosaic dominated wood” (Mean ± SD  105,16 ± 11,44) and “Mosaic dominated 

open” (Mean ± SD  133,01 ± 12,26) shown in Table 7. The smallest perch in average were 

found in the mesohabitat “Mosaic dominated wood” (Figure 17). The Post Hoc results of 

the one-way ANOVA (Table 8) reported a mean difference between “Mosaic dominated 

wood” and “Reed > 80%” of -30,5 [mm] and a mean difference between “Mosaic 

dominated wood” and “Mosaic dominated open” of -27,86 [mm] for perch. 

 
Figure 16: Average size [mm] pooled and per fish species per mesohabitat, Reed>80%, Wood>80%, Open>80%, 
Mosaic dominated reed, Mosaic dominated wood, Mosaic dominated open. 
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Figure 17: Boxplot of the mean average size of perch per mesohabitat, Reed>80%, Wood>80%, Open>80%, 
Mosaic dominated reed, Mosaic dominated wood and Mosaic dominated open (*significant with a confidence 
interval of 95%).  
 

Table 7: Results of the one-way ANOVA for multiple comparisons of the average size of perch in the different 
mesohabitats (Wood>80%, Reed>80%, Open>80%, Mosaic dominated wood, Mosaic dominated reed, Mosaic 
dominated open). 

Habitat  n Mean ± SD 

Wood > 80 %  3 121,38 ± 33,45 
Reed > 80%  11 135,66 ± 23,26 
Open > 80%  5 124,07 ± 13,55 

Mosaic dominated wood  9 105,16 ± 11,44 
Mosaic dominated reed  24 121,54 ± 21,75 
Mosaic dominated open  11 133,01 ± 12,26 

p-value between groups   p < 0,05 

 
 
Table 8: Mean average size Post Hoc results of the one-way ANOVA of perch between the mesohabitats which 
showed significance (Reed>80%, Mosaic dominated wood, Mosaic dominated open). 

Dependent 
variable Habitat Habitat Mean 

difference Significance Std. 
error 

Average size 
Perch [mm] 

Mosaic dominated 
wood 

 
Reed > 80% -30,50 p < 0,05 8,93 

 
 Mosaic dominated 

open 
 

-27,86 p < 0,05 9,13 
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Mean relative condition factor per mesohabitats 

The mean relative condition for all species pooled and per species per habitat (Figure 18) 

showed no significance in the one-way ANOVA analysis. Bream had a relative condition 

above average in mosaic dominated reed (+ 0,08) and mosaic dominated open (+0,16). 

Roach has a low relative condition (0,97) in mosaic dominated wood. Ruffe had no relative 

condition factor for “Reed > 80%”, “Wood > 80%”, “Open > 80%” and “Mosaic dominated 

wood” as the sample sizes for these mesohabitats were zero.  

 

 

 

Figure 18: Mean rel. condition factor of fish species pooled and per species per habitat. 
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Correlations  

Table 9 shows the correlations of the dependent variables per habitat which were 

significant. The average size “pooled” was positive correlated to open littoral (0,287). A 

value of 0,307 reflected a higher average size of perch in reed, as the average size for perch 

in wood was negatively correlated (-0,288). As the NPUE for perch was higher with 

increasing wooden structure [r = 0,346], the NPUE decreased with a higher proportion of 

open littoral [r = - 0,303]. The NPUE (0,309) of eel was significant and positively 

correlated to the open littoral. Due to low sample size of tench (n = 15) the calculated 

significance with the Pearson correlation could not be trusted and was left out. Therefore 

only the correlations for perch and eel are shown (see Figure 19 to Figure 24). 

 

Table 9: Correlation values (Pearson-r) of the significant dependent variables per habitat “Reed”, “Wood” and 
“Open littoral”. 

Habitat Dependent variable Pearson-r 

Reed Average size Perch [mm] 0,307* 
Wood NPUE Perch [fish/m] 0,346** 
 Average size Perch [mm] - 0,288* 
Open littoral Average size pooled [mm] 0,287* 
 NPUE Eel [fish/m] 0,309* 
 NPUE Perch [fish/m] - 0,303* 
 *significant with a confidence interval of 95 % (pairwise),  

**significant with a confidence interval of 99 % (pairwise) 
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Figure 19: Correlation of the average size [mm] of fish species pooled with open littoral [%]. 

 
 

 
Figure 20: Correlation of the average size [mm] of perch with reed [%]. 
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Figure 21: Correlation of the average size [mm] of perch with wood [%]. 

 
 

 
Figure 22: Correlation of NPUE [fish/m] of perch with wood [%]. 
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Figure 23: Correlation of NPUE [fish/m] of perch with open littoral [%]. 

 
 

 
Figure 24: Correlation of NPUE [fish/m] of eel with open littoral [%]. 
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Relative frequency of the size classes per mesohabitats 

The Results of the 𝜒𝜒2-test for the relative frequency of the size classes (bins of 20 mm) 

per habitat showed a significance [p < 0,1] for fish species pooled between all three 

mesohabitats, perch between all three mesohabitats, pike between “Reed > 80%” and 

“Open > 80%”, roach between “Reed > 80%” and “Wood > 80%” as for “Reed > 80%” and 

“Open > 80%” and rudd between all three mesohabitats (Table 10). The indicated 

significance of the chi-square test of the size class distribution of roach and pike was 

discarded due to low sample size as the outcome could not be trusted. 

The frequency for small perch was highest in “Wood > 80%”, a higher frequency of bigger 

perch [ 120 – 240 mm] was found in “Reed > 80%” which showed a nearly normal 

distribution with the most perch of a size of 120 mm and just a few perch of sizes between 

60 mm to 140 mm (Figure 25). 

Rudd had the highest frequency of 894 fish in “Reed > 80%” with a size of 40 mm (Figure 

26) followed by about 400 fish within the 20 mm size class.  Rudd within the size classes 

of 20 – 40 mm were also mainly present in “Wood > 80%”.) In general, the frequency of 

small rudd [20 – 80 mm] was represented in all three mesohabitats. The size range was 

broader in “Wood > 80%” and “Reed > 80%” than in “No Structure > 80%”. Small rudd [20 

– 40 mm] the biggest rudd [420 mm] was found in “Wood > 80%”.   
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Table 10 Chi-square values of the relative frequency of the size classes per habitat type (** significant). 

Species Scientific name Habitat type p-value 𝝌𝝌𝟐𝟐 Df 
pooled  Reed vs. Wood p < 0,05 797,27** 91 
pooled  Reed vs. Open p < 0,05 349,79** 94 
pooled  Wood vs. Open p < 0,05 432,32** 81 

Eel (Anguilla anguilla) Reed vs. Wood p > 0,05 30,28 28 
Eel (Anguilla anguilla) Reed vs. Open p > 0,05 36,89 29 
Eel (Anguilla anguilla) Wood vs. Open p > 0,05 30,56 25 

Perch (Perca fluviatilis) Reed vs. Wood p < 0,05 46,69** 9 
Perch (Perca fluviatilis) Reed vs. Open p < 0,05 35,46** 8 
Perch (Perca fluviatilis) Wood vs. Open p < 0,05 94,41** 9 

Bream (Abramis brama) Reed vs. Wood p > 0,05 0,20 2 
Bream (Abramis brama) Reed vs. Open p > 0,05 0,11 1 
Bream (Abramis brama) Wood vs. Open p > 0,05 0,13 2 

Pike (Esox lucius) Reed vs. Wood p > 0,05 15,38 22 
Pike (Esox lucius) Reed vs. Open p < 0,05 702,71** 23 
Pike (Esox lucius) Wood vs. Open p < 0,05 12,94 13 

Ruffe (G. cernua) Reed vs. Wood - - - 
Ruffe (G. cernua) Reed vs. Open p > 0,05 1,67 2 
Ruffe (G. cernua) Wood vs. Open - - - 

Roach (Rutilus rutilus) Reed vs. Wood p < 0,05 121,33** 6 
Roach (Rutilus rutilus) Reed vs. Open - - 5 
Roach (Rutilus rutilus) Wood vs. Open - - 5 
Rudd (S. erythrophthalmus) Reed vs. Wood p < 0,05 318,49** 11 
Rudd (S. erythrophthalmus) Reed vs. Open p < 0,05 83,23** 11 
Rudd (S. erythrophthalmus) Wood vs. Open p < 0,05 54,45** 11 

Tench (Tinca tinca) Reed vs. Wood p > 0,05 2,71 5 
Tench (Tinca tinca) Reed vs. Open p > 0,05 7,22 6 
Tench (Tinca tinca) Wood vs. Open p > 0,05 5,29 3 
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Figure 25: Frequencies of the mid-size class (bins of 20mm) distribution of perch of the mesohabitats Wood > 
80%, Reed > 80%, No Structure > 80%. 

 
 

 
Figure 26: Frequencies of the mid-size class (bins of 20mm) distribution of rudd of the mesohabitats Wood > 
80%, Reed > 80%, No Structure > 80%. 
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Effect of artificial deadwood 

The fish sample of the lakes Saalsdorf and Weidekampsee in autumn 2018 consisted out 

of eight different species, with a total number of 4163 caught fish in the three different 

categorized mesohabitats “Artificial deadwood high > 30%” (n = 7), “Artificial deadwood 

low < 30%” (n = 8) and “Reed” (n = 7) (Table 11). Whereas 32 % of the individuals were 

sampled in the mesohabitat “Reed”, 52 % in the “Artificial deadwood low < 30%” and 16 

% of the individuals in the mesohabitat with the highest structure complexity “Artificial 

deadwood high > 30%” (Figure 27). The exact number of how many individual fish of each 

species were caught in the different habitats is shown in Table 11. In total eight different 

fish species could be sampled within the habitats, whereby in “Reed” and “Artificial 

deadwood < 30%” just seven could be detected and eight in the mesohabitat with the 

highest percentage of artificial deadwood (Table 11). Therefore, the three different 

mesohabitats didn’t differ according to species richness. Moreover, the data showed that 

the fish species rudd was dominant in all of the three diverse mesohabitats, which could 

be seen with the highest percentage of rudd within the total catch of each mesohabitat 

(Figure 28, 29, 30). The relative abundance of perch was highest in “Artifcial deadwood > 

30%” with about 28,64 % of the total catch within the habitat, followed by “Reed” and 

“Artificial deadwood < 30%” (Figure 28, 29, 30). 

 
Figure 27: Percentage of fish samples caught in the three different mesohabitats (Artificial deadwood low < 30 
% (n = 8 transects), Artificial deadwood high > 30 % (n = 7 transects) and Reed (n = 8 transects) (n = 4163 
individuals). 

Artifical deadwood low < 30%

Artificial deadwood 
high > 30%

Reed
32%
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Table 11: Overview of the fish community in the lakes Saalsdorf and Weidekampsee in autumn 2018 in the 
three different categorized mesohabitats (Artificial deadwood low < 30 %, Artificial deadwood high > 30 % 
and Reed). 

Latin Name Common name N Habitat 

Abramis brama Bream 37 Reed 
  278 Artifical deadwood low < 30% 
  1 Artificial deadwood high > 30% 

Anguilla anguilla Eel 23 Reed 
  40 Artifical deadwood low < 30% 
  31 Artificial deadwood high > 30% 

Esox lucius Pike 5 Reed 
  14 Artifical deadwood low < 30% 
  10 Artificial deadwood high > 30% 

Gymnocephalus cernua Ruffe 1 Artifical deadwood low < 30% 
  1 Artificial deadwood high > 30% 

Perca fluviatilis Perch 56 Reed 
  68 Artifical deadwood low < 30% 
  191 Artificial deadwood high > 30% 

Rutilus rutilus Roach 2 Reed 
  3 Artificial deadwood high > 30% 

Scardinius 
erythrophthalmus 

Rudd 1190 Reed 

  1777 Artifical deadwood low < 30% 
  423 Artificial deadwood high > 30% 

Tinca tinca Tench 4 Reed 
  1 Artifical deadwood low < 30% 
  7 Artificial deadwood high > 30% 

Total  1317 Reed 
  2179 Artifical deadwood low < 30% 
  667 Artificial deadwood high > 30% 
  4163 All habitats 
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Figure 28: Fish composition in the mesohabitat "Reed" (n=1317) 

 
Figure 29: Fish composition in the mesohabitat „”Artifcial deadwood low < 30%” (n=2179) 

 
Figure 30: Fish composition in the mesohabitat „”Artifcial deadwood high > 30%” (n=667) 
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Mean NPUE of the mesohabitats 

The mean NPUE (number of fish per unit effort; [fish/m]) was highest for all fishes 

(pooled) in the mesohabitat “Artificial deadwood low < 30 %”, followed by “Reed”, 

whereas the lowest NPUE for the pooled fishes was shown in habitats with a percentage 

of more than 30 % of wooden. In contrast the highest mean NPUE for rudd was found in 

the “Reed” and a bit higher than in “Artifcial deadwood low < 30 %”. Lowest NPUE for 

rudd was detected in “Artificial deadwood high > 30 %”. Perch could be found in the more 

wooden structured habitats, which was indicated by the highest mean and median NPUE 

in “Artificial deadwood high > 30 %” and the decline in the mean and median NPUE in the 

mesohabitats “Artificial deadwood low < 30 %” and “Reed” (Figure 31, 32). The one-way 

ANOVA showed tendential differences (p < 0,1) between the mesohabitats in the means 

of NPUE for the species perch (Table 12). These differences were just tendential (p < 0,1) 

recognizable between the two woody habitats, whereby the mean NPUE of “Artificial 

deadwood high > 30 %” was about 0,149 higher than in the less structured wooden 

habitat (Table 13). For all other species as well as pooled fishes, no differences in the mean 

of NPUE between the habitats were detectable. 

 
Figure 31: Mean NPUE (number of fish per unit effort) pooled and per fish species in comparison to the three 
different mesohabitats (Artificial deadwood high > 30%, Artificial deadwood low < 30%, Reed). Values show 
the mean. 
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Figure 32: Boxplot of the mean NPUE of perch in the different mesohabitats (Artificial deadwood high > 30%, 
Artificial deadwood low < 30%, Reed). ” ☆ “indicated a significant difference by a confidence interval of 90%. 

 
Table 12: Results of the one-way ANOVA for multiple comparisons of the mean NPUE of the different 
mesohabitats (Artificial deadwood high > 30%, Artificial deadwood low < 30%, Reed). 

 Mesohabitats  
Dependent 

variable 
Reed; n = 7 Artifical deadwood 

low < 30 %; n = 8 
Artificial deadwood  
high > 30 %; n = 7 

 

 Mean ± SD Mean ± SD Mean ± SD ANOVA 

NPUE Perch 
[Fish/m] 

0,0996 ± 
0,12 0,095 ± 0,1 0,2447 ± 0,16 F=3,06; p 

< 0,1 
 
 
 
Table 13: Mean NPUE Post Hoc results of the one-way ANOVA between the mesohabitats (Artificial deadwood 
high > 30%, Artificial deadwood low < 30%, Reed).  

 Habitat Habitat Mean 
difference Significance Std. 

error 

NPUE Perch 
[Fish/m] 

Artifical 
deadwood 

high > 30 % 
Reed 0,145 p > 0,1 0,06964 

 
 Artifical 

deadwood low > 
30% 

0,149 p < 0,1 0,06743 

 
Artificial 

deadwood 
low > 30 % 

Reed -0,005 p > 0,1 0,06743 
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Mean BPUE of the mesohabitats 

The mean BPUE (biomass per unit effort) of pooled fishes was highest in “Artificial 

deadwood high > 30 %” and declined with the decrease of wooden structures within the 

mesohabitats (Figure 33). However, the statistical analyses with the one-way ANOVA 

could not find any differences in the mean BPUE between the three tested mesohabitats 

and the different fish species. 

 
 

 
Figure 33: Mean BPUE (biomass per unit effort) pooled and per fish species in comparison to the three 
different mesohabitats (Artificial deadwood high > 30%, Artificial deadwood low < 30%, Reed). Values show 
the mean. 
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Average size of the mesohabitats 

The analysis of the average size (mm) showed for the pooled fishes the highest average 

size in “Artificial deadwood low < 30 %”, followed by “Artificial deadwood high > 30 %” 

and the lowest average size in the “Reed” (Figure 34). The one-way ANOVA test resulted 

in no significance regarding to differences between the average size of the fish species and 

the mesohabitats. 

 

 
Figure 34: Average size pooled and per fish species in comparison to the three different mesohabitats (Artificial 
deadwood high > 30%, Artificial deadwood low < 30%, Reed). Values show the mean. 
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Mean relative condition factor of the mesohabitats 

The mean relative condition factor, which gave us an overview about the condition of the 

sampled fishes was highest for the pooled fishes in the habitat with more than 30 % 

wooden structures, followed by “Reed” and “Artificial deadwood low < 30 %”. The mean 

value of rel. condition factor for pooled was ≥ 1 for all three habitats, which showed us a 

good condition for the sampled fish. Tench sampled in the “Artificial deadwood low < 30 

%” had the highest value overall with a rel. condition factor of 1,13, in comparison roach 

sampled in “Artificial deadwood high > 30 %” had the lowest value with 0,83 (Figure 35). 

The statistical analysis about differences between the habitats and the mean relative 

condition factor per species or pooled could not detect any significant varieties. 

 

 
Figure 35: Mean rel. condition factor pooled and per fish species in comparison to the three different 
mesohabitats (Artificial deadwood high > 30%, Artificial deadwood low < 30%, Reed). Values show the mean. 
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Correlation related to the percentage of artificial deadwood 

Pair-wise Pearson’s correlation coefficients were calculated to examine the impact of 

artificial deadwood on our dependent variables (NPUE, BPUE, Average size, rel. condition 

factor) as a function of percentage artificial deadwood within the sampled transects for 

pooled and single species. The results of this matrix underlined the findings of the one-

way ANOVA tests above. Therefore, the mean NPUE of perch was significantly (p < 0,05) 

positive correlated (Table 14) with the appearance of brought in artificial deadwood 

(Figure 36), while all other dependent variables could not be indicated to have a 

significant correlation with the percentage of artificial deadwood. 

 
Table 14: Pearson’s correlation coefficients between the dependent variables and the percentage of artificial 
deadwood 

Dependent variable Percentage of artificial deadwood 

 Pearson - r 
NPUE perch [fish/m] 0,527* 

    
*significant with a confidence interval of 95 % (pairwise) 

 
 
 
 

 
Figure 36: Relationship between the percentage of artificial deadwood and NPUE [fish/m] of perch. R² indicates 
the coefficient of determination. 
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Size distribution of the mesohabitats 

The X²-square test showed significant differences in the size classes (bins of 20 mm) 

between the three different mesohabitats (Table 15), but it could not be detected which 

size class differs among the habitats. However, these differences were found for pooled, 

perch and rudd. According to that, the size distribution for pooled distinguished 

significant (p < 0,05) between each habitat and had the highest frequency of small fish 

(size class 20 & 40 mm) in “Artificial deadwood low < 30%” followed by “Reed” and 

“Artificial deadwood high > 30%” (Figure 37).  A significant (p < 0,05) variety in the size 

distribution of perch could just be found between “Artificial deadwood low < 30%” and 

“Artificial deadwood high > 30%” and a tendentially difference (p < 0,1) between “Reed” 

and “Artificial deadwood high > 30%” (Table 15). The highest frequency of small perch 

was found in the mesohabitat with the highest percentage of artificial deadwood, whereby 

the biggest perch were found in “Reed” and “Artificial deadwood low < 30%” (Figure 38). 

The size distribution of rudd differed in all sampled mesohabitats significantly (p < 0,05, 

Table 16) and had the highest frequency of small individuals in “Artificial deadwood low 

< 30%” followed by “Reed” and “Artificial deadwood high > 30%” (Figure 39).  

 

 
Figure 37: Frequency of the size classes [mm] for all fishes (pooled) in comparison to the three different 
mesohabitats (Artificial deadwood high > 30%, Artificial deadwood low < 30%, Reed). Just size classes [mm] 
from 20 – 200 [mm] are shown to improve visualization quality. 

0

200

400

600

800

1000

1200

1400

20 40 60 80 100 120 140 160 180 200

Fr
eq

ue
nc

y

Size classes [mm]
Artificial deadwood high > 30 % Artificial deadwood low < 30 % Reed



   
 

60 
 

Table 15: Results of the X²-square test to compare the size classes (bins of 20 mm) between the mesohabitats 
(Artificial deadwood high > 30%, Artificial deadwood low < 30%, Reed) for pooled and single fish species.  

Species Scientific name Habitat type p-value 𝜒𝜒2 Df 

pooled  Reed vs. Artificial wood high p < 0,05 296,71** 53 

pooled  Reed vs. Artificial wood low p < 0,05 376,24** 55 

pooled  Artificial wood high vs. Low p < 0,05 602,96** 60 

Eel (Anguilla anguilla) Reed vs. Artificial wood high p > 0,1 11,11 18 

Eel (Anguilla anguilla) Reed vs. Artificial wood low p > 0,1 15,43 18 

Eel (Anguilla anguilla) Artificial wood high vs. Low p > 0,1 22,05 22 

Perch (Perca fluviatilis) Reed vs. Artificial wood high p < 0,1 14,97* 8 

Perch (Perca fluviatilis) Reed vs. Artificial wood low p > 0,1 11,91 8 

Perch (Perca fluviatilis) Artificial wood high vs. Low p < 0,05 40,10** 8 

Bream (Abramis brama) Reed vs. Artificial wood high p > 0,1 0,095 2 

Bream (Abramis brama) Reed vs. Artificial wood low p > 0,1 0,13 1 

Bream (Abramis brama) Artificial wood high vs. Low p > 0,1 0,12 2 

Pike (Esox lucius) Reed vs. Artificial wood high p > 0,1 9,39 9 

Pike (Esox lucius) Reed vs. Artificial wood low p > 0,1 7,08 9 

Pike (Esox lucius) Artificial wood high vs. Low p > 0,1 5,99 9 

Roach (Rutilus rutilus) Reed vs. Artificial wood high - - - 

Roach (Rutilus rutilus) Reed vs. Artificial wood low p > 0,1 2,6 2 

Roach (Rutilus rutilus) Artificial wood high vs. Low - - - 

Rudd (Scardinius 
erythr.) Reed vs. Artificial wood high p < 0,05 156,89** 7 

Rudd (Scardinius 
erythr.) Reed vs. Artificial wood low p < 0,05 65,15** 7 

Rudd (Scardinius 
erythr.) Artificial wood high vs. Low p < 0,05 15,51** 7 

Tench (Tinca tinca) Reed vs. Artificial wood high p > 0,1 3,4 2 

Tench (Tinca tinca) Reed vs. Artificial wood low p > 0,1 1,85 3 

Tench (Tinca tinca) Artificial wood high vs. Low p > 0,1 2,68 3 
**significance with a confidence interval of 95%; *significance with a confidence interval of 90% 
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Figure 38: Frequency of the size classes [mm] for perch in comparison to the three different mesohabitats 
(Artificial deadwood high > 30%, Artificial deadwood low < 30%, Reed). 

 

 
Figure 39: Frequency of the size classes [mm] for rudd in comparison to the three different mesohabitats 
(Artificial deadwood high > 30%, Artificial deadwood low < 30%, Reed).  
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Point Abundance sampling 

The fish sample caught with the point abundance sampling strategy in lake Saalsdorf 

(autumn 2018) comprised seven different species, in three different habitats (Artifcial 

deadwood, n = 21 points; Reed, n = 30 points; Open littoral, n = 21 points) and had a total 

number 642 individuals (Table 16). In total 77,1 % of fish were caught in the “Reed” and 

22,74 % in the “Artificial deadwood” habitat (Figure 40). The “Open littoral” catch 

consisted just out of one fish (Figure 42), therefore the percentage was by 0,16 % (Figure 

40). The most dominant species in “Reed” with 93,13 % (Figure 43) and “Artificial 

deadwood” with 78,77 % (Figure 41) was rudd, followed by perch, which was with 13,01 

% in “Artificial deadwood” more abundant than in reed with 2,02 % of the total catch. The 

exact number of how many individuals of each fish species were caught in the different 

habitats can be seen in Table 16.  

 
Table 16: Overview of the fish community sampled with the point abundance sampling strategy in lake 
Saalsdorf in autumn 2018. 

Latin Name Common name N Habitat 
Abramis brama Bream 6 Reed 

Anguilla anguilla Eel 4 Artificial deadwood 
  1 Open littoral 
  9 Reed 

Esox lucius Pike 2 Artificial deadwood 
  4 Reed 

Gymnocephalus cernua Ruffe 2 Artificial deadwood 
  1 Reed 

Perca fluviatilis Perch 19 Artificial deadwood 
  10 Reed 

Rutilus rutilus Roach 4 Artificial deadwood 
  4 Reed 

Scardinius erythrophthalmus Rudd 115 Artificial deadwood 
  461 Reed 
    
Total  146 Artificial deadwood 
  1 Open littoral 
  495 Reed 
  642 All habitats 

 
 
 
 



   
 

63 
 

 
Figure 40: Percentage of the fish sampled in the different microhabitats (Artificial deadwood, Reed, Open 
littoral. 

 
Figure 41: Fish composition in the microhabitat “Artificial deadwood”. 
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Figure 42: Fish composition in the microhabitat “Open littoral”. 

 

 
Figure 43: Fish composition in the microhabitat “Reed”. 
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Mean NPUE of the point abundance sampling 

The mean NPUE (number of fish per unit effort; [fish/point] was highest for pooled in the 

single structure “Reed” and followed by “Artificial deadwood”. This pattern was also 

visible for the NPUE of rudd with a higher mean NPUE in “Reed” than in the “Artificial 

deadwood” (Figure 44). The predatory fish species perch was sampled more likely in the 

“Artificial deadwood”, shown by the higher mean NPUE compared to the “Reed”. The one-

way ANOVA results (Table 17) found tendential differences (p < 0,1) for the NPUE of the 

pooled fishes and rudd, whereby the mean NPUE of perch showed significant differences 

(p < 0,05) between the different habitat structures. The Post Hoc results (Table 18) of the 

ANOVA showed a significant difference in the mean for NPUE pooled with about 16,45 

[fish/point] more fishes in the “Reed” compared to the “Open littoral” (Figure 45). The 

NPUE of perch in “Artificial deadwood” was with about 0,9 [fish/point] significantly (p < 

0,05) higher than in the “Open littoral” (Figure 46) and the NPUE of rudd in “Reed” with 

15,36 [fish/point] significantly (p < 0,05) higher than in the “Open littoral” (Figure 47, 

Table 18). All other results for the multiple comparison of the means of NPUE between 

the different microhabitats and fish species were not significant. 

 
Figure 44: Mean NPUE of the individual fish species and pooled compared to the three different microhabitats 
(Artificial deadwood, Open littoral, Reed). Values show the mean. 
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Table 17: Results of the one-way ANOVA for multiple comparisons of the mean NPUE of the different 
microhabitats (Artificial deadwood, Open littoral, Reed). 

 
 
 
Table 18: Mean NPUE Post Hoc results of the one-way ANOVA between the microhabitats (Artificial deadwood, 
Open littoral, Reed). 

Dependent 
variable Habitat Habitat Mean 

difference Significance Std. error 

NPUE pooled 
[fish/point] 

Reed Open 
littoral 

16,45* p < 0,05 6,07 

 
Reed Artificial 

deadwood 
9,54 p > 0,1 7,21 

 
Artificial 

deadwood 
Open 

littoral 
6,9 p > 0,1 7,29 

NPUE Perch 
[fish/point] 

Artificial 
deadwood 

Open 
littoral 

0,9* p < 0,05 0,22 

 Artifcial 
deadwood 

Reed 0,57 p > 0,1 0,28 

 Reed Open 
littoral 

0,33 p > 0,1 0,23 

NPUE Rudd 
[fish/point] 

Reed Open 
littoral 

15,36* p < 0,05 5,79 

 
Reed Artificial 

deadwood 
9,89 p > 0,1 7,01 

 Artificial 
deadwood 

Open 
littoral 

5,47 p > 0,1 7,02 

      
*significant difference in the mean by a confidence interval of 95% 
 
 

 Microhabitats  

Dependent 
variable 

Artificial 
deadwood; n = 21 

Open 
littoral; n = 

21 

Reed;  
n = 30 

 

 Mean ± SD Mean ± SD Mean ± SD ANOVA 
NPUE pooled 
[fish/point] 6,95 ± 17,84 0,05 ± 0,22 16,5 ± 33,28 F=3,10; p< 0,1 

NPUE Perch 
[fish/point] 0,9 ± 0,99 0,00 ± 0,00 0,33 ± 0,96 F=6,56; p< 0,05 

NPUE Rudd 
[fish/point] 5,48 ± 18,07 0,00 ± 0,00 15,37 ± 31,74 F=2,99; p< 0,1 
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Figure 45: Boxplot of the mean NPUE of all pooled fishes in the different microhabitats (Artificial deadwood, 
Open littoral, Reed). ” ★ “indicated a significant difference by a confidence interval of 95%. 

 

 

 
Figure 46: Boxplot of the mean NPUE of perch in the different microhabitats (Artificial deadwood, Open littoral, 
Reed). ” ★ “indicated a significant difference by a confidence interval of 95%. 
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Figure 47: Boxplot of the mean NPUE of rudd in the different microhabitats (Artificial deadwood, Open littoral, 
Reed). ” ★ “indicated a significant difference by a confidence interval of 95%. 
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Mean BPUE of the point abundance sampling 

The mean BPUE [g/point] for the pooled fishes, rudd and pike was higher in the “Reed” 

than in the wooden structured littoral zone or the unstructured habitats (Figure 48). 

Whereby the mean BPUE for eel and perch was higher in the “Artificial deadwood” than 

in the “Reed”. The one-way ANOVA (Table 19) indicated significant (p < 0,05) differences 

in the mean BPUE of perch between the different structures in the littoral zone (Figure 

49). Further analyses with the Post Hoc results (Table 20) showed that the mean BPUE of 

perch in “Artificial deadwood” was with 25,69 [g/point] significantly (p < 0,05) higher 

than in the “Open littoral” (Table 20). 

 
 
 

 
Figure 48: Mean BPUE of the individual fish species and pooled compared to the three different (Artificial 
deadwood, Open littoral, Reed). Values show the mean. 
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Table 19: Results of the one-way ANOVA for multiple comparisons of the mean BPUE of the different 
microhabitats (Artificial deadwood, Open littoral, Reed). 

 Microhabitats  
Dependent 

variable 
Artificial 

deadwood; n = 21 
Open littoral; 

n = 21 
Reed;  
n = 30 

 

 Mean ± SD Mean ± SD Mean ± SD ANOVA 

BPUE Perch 
[g/point] 25,69 ± 36 0,00 ± 0,00 12,59 ± 

45,52 F=2,78; p < 0,05 

 
 
Table 20: Mean BPUE Post Hoc results of the one-way ANOVA between the microhabitats (Artificial deadwood, 
Open littoral, Reed). 

Dependent 
variable Habitat Habitat Mean 

difference Significance Std. error 

BPUE Perch 
[g/point] 

Artificial 
deadwood 

Open littoral 25,69* p < 0,05 7,86 

 
Artificial 

deadwood 
Reed 13,1 p > 0,1 11,44 

 Reed Open littoral 12,59 p > 0,1 8,31 

*significant difference in the mean by a confidence interval of 95% 
 
 
 
 

 
Figure 49: Boxplot of the mean BPUE of perch in the different microhabitats (Artificial deadwood, Open littoral, 
Reed). ” ★ “indicated a significant difference by a confidence interval of 95%. 
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Mean average size of the point abundance sampling 

The mean average size [mm] was highest in the open littoral (n = 1), followed by “Artificial 

deadwood” and lastly with “Reed” (Figure 50). The visualization of the mean average size 

showed as well, that the biggest pike and perch could be sampled in the “Reed”, whereas 

eel, ruffe, roach and rudd are bigger in the wooden structured habitats. The one-way 

ANOVA could not identify any significant or tendential differences between the fish 

species and the sampled microhabitats. 

 
 
 

 
Figure 50: Mean average size of the individual fish species and pooled compared to the three different 
microhabitats (Artificial deadwood, Open littoral, Reed). Values show the mean. 
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Discussion  

The comparison of littoral mesohabitats in this study with the dataset of fish caught in 

autumn 2016, 2017 and 2018 in the two gravel pit lakes of Saalsdorf and Weidekamp in 

Lower Saxony shows that fish prefer structured habitats and confirms our hypothesis that 

more fish can be found in a more complex habitat type of the littoral zone.  

This was shown by the pooled NPUE [fish/m] values of fish and per species found in the 

six classified habitats even though there was no statistically significance. Reed vegetated, 

and wooden habitats were favoured over non-structured, open habitats by all species. 

This matches with the results from Lewin et al. (2014) and their study on German lowland 

lakes that the abundance of most species correlated positively to the complexity of the 

shoreline. The littoral zone provides refuge against predators (Meerhoff et al. 2007) and 

changing seasonal abiotic conditions (Wang & Eckmann 1994), provides zooplanktonic 

and zoobenthic food sources (Lewin et al. 2004) and spawning substrates for various fish 

species.  Rudd (Scardinius erythrophthalmus) was predominant in all habitats with by far 

the highest NPUE`s followed by perch (Perca fluviatilis). Roach (Rutilus rutilus) instead 

was very low represented and had the highest relative frequencies from all six habitats in 

“Mosaic dominated reed” and “Reed > 80%” with only 4 - 5 %. This could be explained by 

a study from Winfield (1986) about zooplanktivorous roach, rudd and perch which show 

different feeding performances depending on the absence and presence of macrophytes. 

Perch had the best feeding performance in high density simulated submerged 

macrophytes, as roach is most efficient in low density of macrophytes and rudd in 

intermediate dense structures. Lewin et al. (2004) also observed that perch was a better 

forager in vegetated habitats as roach was a better forager in unstructured environments. 

We assume that both gravel pit lakes provided an intermediate structured environment 

in favour to rudd. Nevertheless, there was no statistical significance in the NPUE of the 

fish species between habitats except for perch. It clearly showed that perch inhabited 

wooden structure more than reed, or open littoral. This outcome was supported by a 

positive correlation of the NPUE of perch with wood and a negative correlation with the 

open littoral.  

The average size of perch was in addition negatively correlated to wood. This was also 

statistically supported by the one-way ANOVA analysis which was significant for “Mosaic 

dominated wood” against “Reed > 80%” and “Mosaic dominated open” with a negative 

mean difference. On the one hand the small 0+ and 1+ perch find refuge in wooden and 
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bottom structures (Christensen & Persson, 1993), on the other hand the most important 

prey for 0+ and 1+ perch was amphipods (Lewin et al. 2004). Amphipods prefer 

structured microhabitats such as roots and bark for the higher dissolved oxygen level and 

to feed of wooden debris (Friberg & Jacobsen, 1994). 

Significant was the positive correlation in average size pooled against open littoral, as 

other statistical analysis showed no significance in the average size pooled or per species 

between the six mesohabitats. As mentioned before, a lot of species use complex 

structured mesohabitats for reproduction and spawning to attach their eggs at vegetated 

macrophytes, or wooden structure. This gives protection during the ontogenetic phase 

and the first years of the fish and provide appropriately sized nutrients like zooplankton 

and zoobenthos.  

The chi-square test was applied to get an even better picture of the relative frequency 

distribution of the size classes per habitat type. The six mesohabitats were broken down 

into three (Wood > 80%, Reed > 80%, No structure > 80%) as mentioned in the methods. 

It was significant for perch between all three habitats and for rudd between reed and 

wood. The highest frequency of small rudd in reed can be explained by its better foraging 

performance in intermediate structured environment as mentioned above. Vegetated 

habitats provide protection and also the favored food source zooplankton which is more 

abundant in vegetated and open structures (Lewin et al. 2004). It could also be possible 

to avoid food competition with perch which dominated in wooden structures. The 

frequency of small perch (0+, 1+ perch) was highest in wooden structure and higher of 

larger perch in vegetated and no structure. This is not only due to the food preference of 

perch to amphipods as mentioned before, perch is also exposed to size-dependent 

cannibalistic interactions and seeks wooden structures to avoid being preyed by larger 

perch. The predation risk sinks as they grow bigger in size and perch move towards reed 

and more open littoral to find more food (Persson et al. 2000).  

Despite the lacking significance in the size class distribution per habitat of pike (Esox 

lucius) there was a tendency of smaller pike more drawn to reed as the larger individuals 

also inhabited the open littoral. This can be explained that pike spawns in vegetated 

habitats and has a good foraging performance in mediate structured mesohabitats lurking 

for prey. Similar to small perch in wooden structures, seek small pike reed structures to 

avoid cannibalism. The risk of cannibalism decreases with increasing size (Grimm & 

Klinge, 1996) and leads to larger movement rates into open littoral (Kobler et al. 2008).  
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It could be shown in this study that the NPUE of fish species is higher and the average size 

smaller in more complex structured habitats in comparison to open littoral. The species 

richness is also greater the more structured the habitat. Eight different species, bream, 

eel, pike, ruffe, perch, roach, rudd and tench were identified with the most catches of 

perch and rudd. Bream, ruffe and roach were not abundant in the open littoral. This 

showed that gravel pit lakes can contribute to the species diversity and that an elaborated 

lake management can enhance littoral fish communities which have minor differences to 

natural lakes (Emmrich et al. 2014). 

A difference in biomass as for the relative condition factor could not be statistically 

confirmed, except for perch but only between the littoral and the pelagic zone which was 

another research question discussed in the following section about the comparison 

between electrofishing and gillnetting. This section also includes the discussion on bias of 

electrofishing which was conducted for this study.  

In spring 2018 several batches of artificial deadwood were brought into the lakes 

Saalsdorf and Weidekampsee around the shoreline to improve the habitat complexity as 

well as to enhance the fish community instead of fish stocking.  It is known, that adding 

wooden structures can improve spawning success, productivity of several fish species and 

angling catch rates (Hunt & Annett, 2002; Wills et al. 2004), while the removal of wooden 

structures in the littoral zones can lead to negative effects for the fish community (Sass et 

al. 2006; Smokorowski & Pratt, 2007). Furthermore, woody habitats host a variety of 

macroinvertebrate species, which provide a good resource for the fish food consumption, 

and support similar densities like in the macrophytes (Bowen et al., 1998). Nevertheless, 

an important difference between deadwood and aquatic macrophytes exist and is about 

the seasonal stability of the two different structures, hereby wooden habitats supply 

protection for fish all over the year (Guyette & Cole, 1999).  

To evaluate the impact of artificial deadwood in the littoral zone, we divided all 22 

transects into three different mesohabitats by the percentage of artificial deadwood 

within. By this procedure the mesohabitat “Reed”, which was characterized by 0 % of 

artificial deadwood, could be seen as a fully structured habitat with the dominance of 

Phragmites australis. The two other categories were defined by their percentage of 

artificial deadwood, whereby also other structures like overhanging trees, artificial shore 

or reed occurred in these mesohabitats and had influence on the structure complexity.  
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In total eight different fish species were detected in the analyses of the fish sample in the 

different habitats, whereas ruffe (Gymnocephalus cernua) was only found in the wooden 

habitats and rudd (Scardinius erythrophthalmus) just in reed and artificial deadwood high. 

Therefore, it was not possible to explain big differences in the species richness of these 

mesohabitats, because nearly all species occurred within them. This fact may be 

explainable, that all tested mesohabitats had a high diversity of structures and provide 

good habitat conditions for a bunch of diverse fish species.  

Nevertheless, the findings of the mean NPUE [fish/m] showed a more diverse picture of 

this context. The pooled mean NPUE was highest in the “Artificial deadwood low < 30 %” 

followed by “Reed” and lastly by “Artificial deadwood high > 30%”. Furthermore, it was 

shown that rudd had the highest proportion within the total catch and was the dominant 

fish species in the littoral zone as well as in the single mesohabitats. Rudd is known to 

have a strong tendency to reedy and vegetated habitat (Lewin et al. 2014). Therefore, we 

assumed to have the highest mean NPUE of this species in the reeds according to our first 

hypothesis. The results of our study could explain this theory as well, because the highest 

mean NPUE of rudd was found in the mesohabitat “Reed”. But this difference compared 

to the other mesohabitats could not be proved significantly and the mean NPUE of “Reed” 

and “Artificial deadwood low < 30%” was pretty close to each other. Moreover, rudd 

showed significant differences within the size classes, with having a higher frequency of 

small individuals in the mesohabitat ”Artificial deadwood low < 30%”. This might be 

explainable, by the fact that the mesohabitat “Artificial deadwood low < 30%” consisted 

out of different types of structures (reed, overhanging trees, artificial shoreline, artificial 

deadwood) and could be seen more or less as a mosaic habitat, whereby the mesohabitats 

“Reed” and “Artificial deadwood high > 30%” were mainly dominated by a single 

structure. Mosaic structures offer for the fish species a more diverse structure complexity, 

protection and potential food compared to just single structures, and can therefore be 

more attractive for this fish species especially for the smaller individuals (Diekmann et al. 

2005). Nevertheless, these results showed no significant differences in mean NPUE of 

pooled or rudd and are just assumptions for the findings, but showed accordance to other 

studies (Lewin et al. 2014). 

Wooden structures are known to provide cover and can be highly related to the 

abundance of fishes (Harmon et al. 1986). These habitats can improve habitat quality in 

form of a better utilisation of shade to hide for potential prey fish (Helfman, 1981), 
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provide a larger amount of zoobenthic biomass compared to reed (Lewin et al. 2004), 

minimize the predation risk (Winfield, 2004) or improve foraging strategies (Savino & 

Stein, 1989). The results of this study showed that the NPUE [fish/m] of perch tend (p < 

0,1) to favor habitats with a higher percentage of artificial deadwood and thus agreed 

with the findings of Lewin et al. (2014), who also detected most perch in the wooden 

structures. Furthermore, small perch had the highest frequency in the mesohabitat 

“Artificial deadwood high > 30%” and was significantly different to “Artificial deadwood 

low < 30%” as well as tendentially different to “Reed”. This could be as well underlined 

with the correlation analysis between artificial deadwood and the NPUE [fish/m] of perch 

(p < 0,05), which showed a clear relationship between the percentage of wood and the 

presence of perch. In summary it could be shown, that the brought in artificial deadwood 

created a species-specific mesohabitat by a preference for perch, which favored especially 

the smaller individuals. According to our hypothesis, we could prove that an increase of 

structure complexity (more artificial deadwood) led to a higher abundance of fishes with 

smaller size. But this was just evident for perch, because all other sampled species in the 

different mesohabitats were not significant. 

The mean BPUE [g/m] was highest in the mesohabitats with a high percentage of artificial 

deadwood, whereas rudd, pike, eel, perch and pooled had the highest proportion within 

the mesohabitats. Higher fish biomasses in the wooden structures compared to 

vegetation were also observed in the study of Lewin et. al (2004) and are therefore in 

accordance to our results. However, in this study, it wasn’t possible to detect any 

significant differences between the mesohabitats to get a clear picture how the biomass 

is affected by the diverse structure complexities. This counted as well for the calculated 

parameters average size [mm] and relative condition factor. Thus other factors except the 

structures in the littoral zone could be more descriptive for our results. For an example 

Garcia et al. (2006) found that the productivity of lakes was closely related to the fish 

biomass, whereby an increase of chlorophyll a resulted in a decrease of biomass for small 

perch. Furthermore, Mehner et al. (2005) also focused on the effects of the lake 

morphology as well as productivity and found strong relationships onto the fish 

communities. Eventually the lack of significant differences between the mesohabitats 

could also be caused by the small sample size of the different categories. 

The point abundance sampling was conducted to get an impression of the fish community 

in the single microhabitats (Reed, Artificial deadwood, Open littoral) and how comparable 
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it was versus the transect sampling. In our study it was not possible to directly compare 

these two different sampling methods, because of the disparate units of NPUE (transect: 

fish/m; point: fish/point) and BPUE (transect: g/m; point: g/point). Nevertheless, the 

results of the two sampling methods gave us a good overview of the fish community. For 

practical reasons just lake Saalsdorf was sampled with the point abundance method and 

therefore the low sample size in each microhabitat should be kept in mind. Furthermore, 

the microhabitat “Open littoral” consisted out of just one fish sample and is therefore 

nearly comparable to the other microhabitats reed and artificial deadwood. The mean 

NPUE [fish/point] of pooled was highest in the microhabitat reed, with a clear dominance 

of rudd. In contrast perch was more dominant in the wooden structured points compared 

to reed. This distribution of the single fish species was also visible in the transect 

sampling. The reasons for the occurrence of these fish species in these particular 

structures are already mentioned above.  

The statistical analysis found evidence for differences between the mean NPUE for pooled, 

perch, rudd and the three sampled microhabitats. These findings were always in 

comparison to the “Open littoral” and never between “Artificial deadwood” and “Reed”. 

Therefore, our results were just limited convincing and caused by the lack of data. The 

same counted as well for the BPUE [g/point] of perch and the average size [mm], which 

gave us no significant evidence. Nevertheless, the results showed us a comparable 

sampling method as it gave us nearly the same information for our hypotheses about the 

fish community related to structures in the littoral zone. Our findings were in accordance 

to the evaluation of different sampling methods in floodplain lakes conducted by Jurajda 

et al. (2009). Jurajda et al. (2009) examined, among other sampling strategies, the 

efficiency of point abundance sampling and continual electrofishing along the shoreline 

and found no significantly difference between these two sampling strategies according to 

species richness. But in comparison it was shown, that no individual sampling method 

could record the total species richness and therefore a combination of different strategies 

was advisable (Jurajda et al. 2009). Moreover, Copp (2010) stated, that point abundance 

sampling can be a really efficient and reliable sampling method, when detecting 0+ fishes, 

but when fishes enter the juvenile life stage data quality will decrease. According to our 

study the fish sample was dominated by a lot of small sized fishes and therefore we value 

our findings as trustworthy. 
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The analysed fish sample was conducted during different field campaigns, therefore 

diverse problems according to the measurements can occur. Measuring the size of fish 

was biased especially by larger fish such as pike and eel as they were very agile and moved 

a lot during the process and due to their low sample size, it can produce a bias in statistical 

calculations. This counted also for the weight taken. The rapid movements of the fish and 

the wind occasionally impacted the scale and influenced the taken weights. This had an 

influence on the length-weight regression done to calculate the missing masses of fish. 

Looking at the extensive sample size for rudd and perch this bias should be tolerable for 

those species and they were in average smaller and easier to handle.  

Another difficulty was the exact categorisation of the biotic factors of the 63 transects. 

Emersed vegetation was easy to detect, but their proportion was roughly estimated. 

Bottom structures were not always seen and left unreported. The transects also differ in 

length which influenced the comparison.  

An additional bias comprises the categorization of the transects into the six mesohabitats. 

We tried different variants and did several statistical tests to see what categorization 

responds best. Either way, the proportions within the categories were never identical and 

made a comparison between them critical. The mosaic habitats were classified by which 

structure was most dominant, but the other proportion still included some emerse and 

submerse vegetation. To classify complex structured mesohabitats to assess littoral fish 

communities remains the biggest challenge (Fischer & Eckmann, 1997). 
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Group 3 

Methods 

Study Site and Sampling 

The sampling process was performed in two different lake, Weidakampsee (Coordinate: 

52°36’56.65’’N, 10°33’58.77”E) and Saalsdorf (Coordinate: 52°21’44.48’’N, 

11°2’24.06’’E). The fishing gears that were used to sample the fish population consist of 

electrofishing and gillnetting.  There were 14 transects in Saalsdorf and 8 transects in 

Weidekampsee for electrofishing. There were 8 points for gill net to be plotted in both 

lakes.  

Electrofishing 

The description of electrofishing process was explained in previous page (see page 28).  

Gillnetting  

The gillnetting process was performed between 5-6 September 2018 in Saalsdorf Lake 

and 6-7 September 2018 in Weidekampsee lake for 10-12 hours. The multi mesh Nordic 

gill net was plotted on each sampling point with the depth around 3 m. The area size of 

each net was 10 m x 1.5 m. The mesh size of each net consists of several sizes (19.5 mm, 

10 mm, 12.5 mm, and 15.5 mm) per layer (2.5 m). 

Data Collection 

Total length and weight 

Majority of fish caught in sampling process were measured and weighed individually. 

Total length measurement was performed by measuring the size of the fish from the 

anterior tip of the longest jaw to caudal fin with meter board (Onsoy et.al, 2011). Weight 

measurement was performed by putting the fish on the analytical scales. For some species 

that we got many individuals within same size class (small one), only some of them were 

weighed due to time and accuracy limitation, although every fish length was measured. 

The length mass regression was performed to calculate the mass of unweighted fish. The 

regression of length mass equation can be stated as 

W = a x Lb                  (allometric equation) 

Log W = Log a + b Log L  (linear regression equation)  
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(Le Cren, 1951) 

 

 

Age determination of Perch 

The determination of Perch age was performed by observing their calcified structure, like 

their opercula. Before observation process, the opercula of Perch sample from Saalsdorf 

Lake were removed by using scissor or scalpel. The opercula were prepared by dipping 

the opercula in boiled water and cleaned with cloth or tissue. Opercula observation were 

performed by reading the number of annual ring growth from the centre of origin growth 

(Le Cren, 1947). To help the observation process, the software QSPAK version 7.0 was 

used to light and to reveal the obscure annual ring.  

Data Processing 

The collected data were processed by Microsoft Excel 2010 software. Abundance and 

biomass of each fish species were calculated, visualized, and compared between 

electrofishing and gillnetting.  

Relative condition factor 

Relative condition factor was calculated to know how well is the condition of fish that has 

been caught by electrofishing and gillnetting. Relative condition factor of each fish was 

calculated according to Le Cren (1951) with this formula below 

Kn = w/W  

Kn = Relative condition Factor 

w = Observed weight (g) of fish 

W= Estimated weight (g) calculated from length weight relationship 

Back-calculation of Size at Age for Perch (Perca fluviatilis) 

Back calculated length was used to determine the total length of fish within the period 

(total length in spring of the same year). Fraser Lee Back-calculation formula can provide 

reasonable estimates for fish length at previous age (Beaty & Chen, 2017; Francis, 1990). 

Back calculation was done by Fraser Lee method which the formula can be stated below, 

and the graph can be seen on figure 42 

Fraser-Lee formula: Li = a + [(Lc − a)/Sc] × Si 
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Li= Length of fish at the time of formation of the scale mark, for i = 1, 2… n 

Lc= Length of fish at the time of capture 

a = Intercept of fish length versus scale radius trend line 

Sc= Scale radius at the time of capture 

Si= Scale radius at the time of formation of the scale mark, for i = 1, 2. . . n 

 

Perch equation: 𝐿𝐿𝑖𝑖 = 21.1 + [(𝐿𝐿𝑐𝑐 − 21.1)/𝑆𝑆𝑐𝑐] × 𝑆𝑆𝑖𝑖  

 
Figure 51 Operculum radius versus total length 

Von Bertalanffy Growth Curve 

Von Bertalanffy is a Growth Model used to determine the relationship between age and 

length of Perch (von Bertalanffy, 1938). It is the most widely and suitable somatic growth 

model in fisheries (Chen, Jackson & Harvey, 1992). The equation for von Bertalanffy 

relationship between size, L, and age, t, is as follows:  

Lt= L∞ (1-e-k(t-t0)) 

Where L∞ is the asymptotic length, k is the rate at which the fish approaches L∞ and t0 is 

the age at which size is estimated to be 0. Using Von Bertalanffy, growth models were 

prepared for 2018 perch size at age data for electrofishing and gillnetting. To get a bigger 

projection of the growth curve, data set of 2016 and 2018 for perch size and age at spring 

was combined. Every fish individual holds one data point in the graph. 
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Statistical Analysis 

Statistical analyses of the data were performed by SPSS (version 19) software. Box plot 

was made to compare the visualization the mean and standard deviation between 

electrofishing and gillnetting. Statistical T-test was performed to compare the significance 

between two treatments. The Chi-square test was performed to assess the distribution of 

fish in size class whether similar or not between electrofishing and gillnetting. 

Analysis of the residual sum of squares was used to compare the non-linear Von 

Bertalanffy Growth Model between two gears (Ratkowsky, 1993). The following formula 

is used to calculate F-statistic: 

 

Where  

RSSp=Residual sum of squares of each Von Bertalanffy Growth Model fitted by pooled 
growth data. 

RSSs= Residual sum of squares of each Von Bertalanffy Growth Model fitted by growth 
data of individual gear sample. 

DFRSSp=Degree of Freedom of pooled growth data 

DFRSSs= Degree of Freedom of growth data of individual gear sample  

K= Number of samples in comparison 

N=Total sample Size 

  



   
 

83 
 

Results 

The fish species distribution between electrofishing and gillnetting 

A total of 5118 individual fish representing 10 species were sampled using electrofishing 

and gill netting (Table 21). There were 4163 individuals of 8 fish species caught by 

electrofishing. Rudd (Scardinius erythrophthalmus) was the most abundant fish caught by 

electrofishing representing 81.43% of the fish sampled by electrofishing. The other fish 

caught by electrofishing consist of Eel (Anguilla Anguilla) 2.26%, Bream (Abramis brama) 

7.59%, Perch (Perca fluuviatilis) 7.57%, Pike (Esox Lucius) 0.05%, Ruffe (Gymnocephalus 

cernua) 0.05%, Roach (Rutilus rutilus) 0.12%, and Tench (Tinca tinca) 0.70%(Figure 52). 

While 955 individuals of 8 species caught in gill net such as, Pike Perch (Sander 

lucioperca), Perch, Bream, Pike, Ruffe, Roach, Rudd and hybrid species between Bream 

and Rudd were sampled by gillnet (Figure 53). The most abundant of fish that has been 

caught by gillnetting was Perch. There were no Eel and Tench in the catch result of 

gillnetting. 
 

Table 21 Distribution of species caught by electrofishing (N=4163) and gillnetting (N=955) 

Fish Species Electrofishing Gillnetting Total Result 
Eel (Anguilla anguilla) 94  94 
Perch (Perca fluviatilis) 315 585 900 
Bream (Abramis brama) 316 2 318 
Pike (Esox lucius) 29 2 31 
Hybrid Bream Rudd  1 1 
Ruffe (Gymnocephalus cernua) 2 40 42 
Roach (Rutilus rutilus) 5 262 267 
Rudd (Scardinius erythrophthalmus) 3390 61 3451 
Tench (Tinca tinca) 12  11 
Pike Perch (Sander lucioperca)  2 2 
Grand Total 4163 955 5117 
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Figure 52 Fish species distribution caught by electrofishing (N=4163) 

 

Figure 53 Fish species distribution between electrofishing (N=4163) and gillnetting (N=955)   

The result of Chi Square test (Table 22) shows that there was significant difference 

between electrofishing and gillnetting for Perch, Roach, Rudd, and relative abundance of 

all species (p<0.05).   The p-value for Ruffe and Pike were not significant. 
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Table 22 The Chi square table of the fish abundance sampled by electrofishing (N=4163) and gillnetting 
(N=955)   

Species P-value 

All Species 1.14e-109 

Perch (Perca fluviatilis) 7.47e-32 

Roach (Rutilus Rutilus) 1.3574e-7 

Ruffe (Gymnocephalus cernua) 0.9976 

Pike (Excos Lucius) 0.8233 

Rudd (Scardinius erythrophthalmus) 0.00061 

 

The distribution of fish biomass between electrofishing and gillnetting 

The biomass distribution of fishes sampled by gillnetting and electrofishing are illustrated 

in Figure 54 and Figure 55. respectively. The highest biomass fish caught by electrofishing 

were Eel (34.15%, n=94) followed by Pike (27.43%, n=29) and Rudd (20.03%, n=3390). 

While Perch (45.13%, n=583) and Roach (37.18%, n=262) holds the highest proportion 

of biomass among the fish species sampled in gill net.  

The Chi-square tests revealed that there were significant differences of biomass between 

electrofishing and gillnetting in Perch, Bream, Pike, Roach, Rudd, and overall species 

(p<0.05), except Ruffe (Table 23). 

 

Figure 54 Fish species distribution in terms of biomass sampled by gillnetting 
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Figure 55 Fish species distribution in terms of biomass sampled by electrofishing 

Table 23 The Chi square table of the fish biomass sampled by electrofishing and gillnetting 

Species P-value  

All Species 0 

Perch (Perca fluviatilis) 0 

Bream (Abramis brama) 4.63240e-200 

Pike (Esox lucius) 0 

Ruffe (Gymnocephalus cernua) 0.94080 

Roach (Rutilus rutilus) 9.9292660e-58 

Rudd (Scardinius erythrophthalmus) 0 

 

Size structure comparison between electrofishing and gillnetting 

Size class distribution of fish sampled by different gears can be seen in (Figure 56). There 

was a higher frequency of smaller individuals in the electrofishing compared to the gillnet.  

It can be clearly seen that the fish size class distribution between 20 - 60mm were 

majority caught by electrofishing, while fish size class of 80 – 220 mm or above were 

dominated by gillnetting. Comparison of mean total length of overall species can be seen 

in (Figure 57). A T-test showed that the total length of all species of fish capture by 

gillnetting were significantly higher than electrofishing (p<0.05) (Table 24). On species 

level, total length of Perch (Figure 58, Figure 59), Roach (Figure 60, Figure 61), and Rudd 

(Figure 62, Figure 63) sampled by gillnetting were significantly different than 

electrofishing (p<0.05). For the rest of the species, either no significant difference in 



   
 

87 
 

length of fish between the two gears was detected, or the species number that captured 

by any one of the gears were not enough to be compared by the statistical analysis. 

 

Figure 56 Size class distribution of overall fish sampled by electrofishing (N=4163) and gillnetting (N=955) 

 

Figure 57: Mean total length of all species sampled by electrofishing (N=4163) and gillnetting (N=955). 
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Table 24 Mean Length Comparison (Students’ T-Test) 

Species 
Electrofishing Gillnet Statistics 

Mean + SD (N) Mean + SD (N) t-value df p-
value 

Pike (Esox lucius) 274 + 159 (29) 433 + 332 (2) -1.303 29 0.203 

Rudd (Scardinius erythropthalmus) 46 + 17 (3390) 132 + 25 (61) -38.499 3449 0.000 

Bream (Abramis brama) 57 + 7 (315) 74 (1)    

Roach (Rutilus rutilus) 102 + 38 (5) 139 + 38 (262) -2.192 265 0.029 

Perch (Perca fluviatilis) 99 + 29 (315) 111 + 27 (583) -5.654 896 0.00 

Ruffe (Gymnocephalus cernua) 104 + 7 (2) 101 + 8 (40) 0.488 40 0.628 

Overall species 60 + 59 (4162) 120 + 37 (952) -30,111 5112 0.000 

 

For Perch, the electrofishing showed a higher frequency of smaller individuals while 

gillnetting showed a higher frequency of larger individuals (Figure 58, Figure 59). The 

mean total length for this species can be seen in (Table 24). The mean total length for the 

electrofishing was 99 (SD ± 29) and for gillnetting it was 111 (SD ± 27). There was 

significant difference between the two gears (t-test, t= -5.654, p < 0.05). 

 

  
Figure 58 Size class distribution of Perch sampled by electrofishing (N=315) and gillnetting (N=583) 
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Figure 59 Mean total Length of Perch sampled by Electrofishing (N=315) and gillnetting (N=583) 

 

For Roach the electrofishing showed a higher frequency of smaller individuals while 

larger individuals were found in gillnetting (Figure 60 Figure 61). The mean total length 

for the electrofishing was 102 (SD ± 35) and for gillnetting it was 139 (SD ± 38) (Table 

24). There was a significant difference between the two gears (t-test, t= -2.192, p < 0.05). 

 

 
 Figure 60 Size class distribution of Roach between electrofishing (N=5) and gillnetting (N=262) 
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Figure 61 Mean total Length of Roach sampled by electrofishing (N=5) and gillnetting (N=262) 

 
For Rudd the electrofishing showed a higher frequency of smaller individuals while 

gillnetting showed a higher frequency of larger individuals (Figure 62, Figure 63). The 

mean total length for the electrofishing (N=3390) was 46 (SD ± 17) and for gillnetting 

(N=61) it was 132 (SD ± 25). There was a significant difference between the two gears (t-

test, t= -38.449, p < 0.05)(Table 24). 

 

Figure 62 Size structure comparison of Rudd sampled by electrofishing (N=3390) and gillnetting (N=61) 
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Figure 63 Mean total Length of Rudd sampled by electrofishing (N=3390) and gillnetting (N=61) 

Relative condition comparison between electrofishing and gillnetting treatment 

A Student´s t-test was applied to compare if the relative condition of the species of interest 

varied depending on the gear used. Relative condition of several comparable species 

between electrofishing and gillnetting were calculated (Table 25). For the relative 

condition, most of species were higher in gill net, only few species like the Ruffe and the 

Pike were higher in electrofishing. The mean relative condition of overall species caught 

in gill net were significantly higher than fish caught by electrofishing (Student’s T-test -

4.986, p-value < 0.05)(Table 25, Figure 64), showing that fish caught by gillnet had a 

better condition than those caught by electrofishing  The other significant differences 

were found in Roach (Student’s T -test, t=-2.86, p-value<0.05) (Figure 65) and Perch 

(Student’s T -test, t=-8.806, p-value<0.05) (Figure 66).  For Ruffe (Figure 67), the mean 

relative condition were higher in electrofishing. For both Pike (t=0.442, p-value = 0.662) 

(Figure 68) and Ruffe (t=0.709, P-value=0.482), mean relative conditions were not 

significantly different between electrofishing and gillnetting (p>0.05). For Bream, gill net 

has only one sample, so T-test was not feasible.  
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Table 25 Comparison of relative condition value between electrofishing (N=4163) and gillnetting (N=955) 

Species 
Electrofishing Gill netting Statistics 

Mean + SD (N) Mean + SD (N) t-value df P-value 
Pike (Esox lucius) 1.005+0.08 (29) 0.979+0.01 (2) 0.442 29 0.662 

Rudd (Scardinius erythropthalmus) 1.012+0.18 (357) 1.032 + 0.01 (61) 0.859 416 0.391 

Bream (Abramis brama) 1.004+0.011(143) 1.118 (1)    

Roach (Rutilus rutilus) 0.901+0.107(5) 1.005+0.08 (258) -2.86 261 0.005 

Perch (Perca fluviatilis) 0.963+0.102(308) 1.043+0.13 (395) -8.806 701 0.000 

Ruffe (Gymnocephalus cernua) 1.046 + 0.05 (2) 1.0012 + 0.08 (40) 0.709 40 0.482 

Overall Species 0.994 + 0.148 (938) 1.03 + 0.12 (757) -4,986 1693 0.000 

 

 
Figure 64 Relative condition comparison of all sample species between electrofishing (N=4163) and 
gillnetting (N=955) 

 
Figure 65 Relative condition comparison of Roach between electrofishing (N=5) and gillnetting (N=258) 
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Figure 66 Relative condition comparison of Perch between electrofishing (N=308) and gillnetting (N=395) 

 
Figure 67 Relative condition comparison of Ruffe between electrofishing (N=2) and gillnetting (N=40) 

 

 
Figure 68 Relative condition comparison of Pike between electrofishing (N=29) and gillnetting (N=2)  
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Size at Age of Perch 

After determining age by counting operculum rings and back calculating size at last spring 

by using Fraser Lee equation, the mean total length of Perch based on different age group 

in spring can be seen in the Figure 69. According to the separated T test analysis for each 

age group (Table 26), the significant differences between electrofishing and gillnetting 

were observed at age of 3 (Student T test, t=-2672, p<0.05) and 4 (Students T test=-2.875, 

p<0.05), while the rest size at age 1,2,5, and 6 were not significant. For age 7 there wasn’t 

enough sample to do the T-test.  

 
Figure 69 Size of Perch based on different age groups between electrofishing (N=37) and gillnetting (N=49) 

Table 26 T test analysis of total length comparison between electrofishing (N=37) and gillnetting(N=49) on 
Perch in separated age group 

Age Electrofishing Gillnetting Statistics 

 Mean + SD (N) Mean + SD (N) T-Value Df P-Value 

1 88 + 16 (5) 81 + 10 (15) 1.138 18 0.27 

2 115 + 12 (14) 116 + 15 (9) 0.059 21 0.954 

3 132 + 7 (9) 150 + 20 (12) -2.672 19 0.015 

4 157 + 8 (6) 172 + 8 (4) -2.875 8 0.021 

5 192 + 40 (2) 178 + 23 (5) 0.61 5 0.569 

6 194 (1) 213 + 20 (3) 0.85 2 0.485 

7 224 (1) -    
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Relative Condition of Perch 

Relative condition of all Perch from electrofishing and gillnetting treatment was 

calculated. The box plot of comparison of relative condition of Perch between 

electrofishing and gillnetting can be seen in Figure 70. According to the T-test analysis 

(Table 27) the comparison of relative condition was significant (Students’ T test, t=-2.673, 

p-value <0.05). The relative condition for all the perch with back-calculated age sampled 

by gillnetting was better than electrofishing. 

  
Figure 70 Relative condition of Perch of all age group caught by electrofishing (N=37) and gillnetting (N=49) 

 

 

Table 27 Relative Condition of Perch sampled by electrofishing (N=37) and gillnetting (N=49) 

All age 
Comparison 

Electrofishing Gillnetting Statistics 
Mean + SD (N) Mean + SD (N) T-Value Df p-value 

0.991 + 0.09 (37) 1.057 + 0.13 (49) -2.673 84 0.009 
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Growth Curves and size selectivity of Perch 

Von Bertalanffy growth curves fitted to perch size at age data for 2018 data alone (Figure 

72) for individual gears and for all gears combined (Figure 71). Growth curves were fitted 

to perch size at age data for each gear, gillnetting and electrofishing for 2016 and 2018 

data combined (Figure 74) and all gears together for the same data set (Figure 73). For 

each curve, growth parameters are provided in Table 28 and in Table 29. Growth model 

of the perch sampled only in 2018 shows that L∞ gillnetting is 6.69% higher than L∞ 

electrofishing and 2.55% higher than L∞ for all gears. All the perch sampled in 2016 and 

2018 are combined to form a growth model of the combined data where Individually L∞ 

gill netting is 15.89% higher than the L∞ value for electrofishing and 2.23% higher than 

L∞  value for all gears. Figure 72 and Figure 74 demonstrate that gill netting yielded Perch 

larger in size and higher in growth rate than electrofishing.  

Analysis of residual sum of squares on Von Bertalanffy indicated that growth of Perch 

sampled in 2018 as well as 2016 and 2018 catch together differed significantly between 

the two gears, electrofishing and gillnetting as the resultant F value for each data set 

(Table 28 and Table 29) is higher than critical F value available in the F-table. 
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Figure 71 Von Bertalanffy Growth Models for Perch caught in 2018 by gillnet and electrofishing together 
represented by black straight line 

 

 
Figure 72 Von Bertalanffy Growth Models for Perch caught in 2018 by gillnet and electrofishing represented 
by black straight line and dotted line respectively 

Table 28 Growth parameters of Perch by gillnetting and electrofishing in 2018 

Growth Parameters Gear Type 
 Combined Gillnetting Electrofishing 

 L∞ 
204.8885 215.6416 188.5946 

k 0.486345 0.412173 0.470733 
t0 0 0 0 

Residual sum of 
squares 

30618.7 13442.61 8707.904 

Degree of Freedom 86 37 49 
3(K-1) 3 

80 N-3K 
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F-statistic 10.19472024 
 

 

 

Figure 73 Von Bertalanffy Growth Models for Perch caught in 2016 and 2018 by gillnet and electrofishing 
together represented by black straight line 

 

 
Figure 74 Von Bertalanffy Growth Models for Perch caught in 2016 and 2018 by gillnet and electrofishing 

represented by black straight line and dotted line respectively 

Table 29 Growth parameters of Perca fluviatilis by gillnetting and electrofishing in 2016 and 2018 combined 

Growth Parameters Gear Type 
 Combined Gillnetting Electrofishing 

L∞ 263.216318316496 275.246 199.7625 
K 0.291531 0.277556 0.426416 
t0 0 0 0 

Residual sum of 
squares 

298482.6 220173.1 58342.26 

Degree of Freedom 813 547 266 
3(K-1) 3 
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N-3K 807 
19.285 F-statistic 

 

 

Discussion 

The fish species distribution comparison between electrofishing and gillnetting 

The most abundant fish caught by electrofishing was Rudd (n=3390), then followed by 

Bream (n=315) and Perch (n=315). The high number of Rudd and Bream were caught by 

electrofishing more likely because of selectivity of the gear that aimed the littoral area, 

which were these fish habitat. Rudd is benthic feeder who prefer shallow water with 

vegetation, feed on zooplankton and aquatic plants (Blackwell and Kaufman, 2009). 

Bream is bottom feeder that prefer benthic area to search for invertebrates and found 

both in deep and shallow waters (Vinni et.al, 2000). Regarding the species distributions, 

it should be noted that gillnets can practically underestimate the proportion of 

bream(Olin, Malinen & Ruuhijärvi, 2009). 

In contrast, the highest abundance fish caught by gillnetting was Perch (n=583), then 

followed by Roach (n=262) and Rudd (n=61). The high abundance of Perch that were 

caught in gill net because of the availability of food that located in gill net location (sub 

littoral) and the gear selectivity. It was expected that Perch will dominate the gill net due 

to the characteristic of perch which is an aquatic predator who searches for prey around 

sublittoral habitat and open water (Linzmaier et.al, 2017). Besides that, the selectivity of 

gill net that more likely catch a fish like Perch because of its body feature with hard 

structure spiny dorsal fin that is easier to be captured in passive gear, like gill net (Goffaux 

et.al, 2005). The probability of a fish to be caught and retained in a gillnet depends on its 

activity, speed and morphology(Hamley, 1975; Kurkilahti et al., 1998). This selectivity 

gear also explained why gill net did not catch any eel, more likely due to eel body shape 

which is slim, long and lack of hard structure 

The fish biomass comparison between electrofishing and gillnetting 

According to the total biomass percentage, Eel (34.15%, n=94) followed by Pike (27.43%, 

n=29), and Rudd (20.03%, n=3390) dominated the proportion of biomass in 

electrofishing. It was expected that eel, pike, and Rudd which are littoral fish type, will 

dominate the biomass composition in electrofishing.  Eels prefer to habituate shallow 
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water area, like littoral zone, and their density in the habitat are strongly influenced by 

silty area, ditches, and vegetation (Feunteun, 2002). Small eels (< 240 mm) are more 

widespread than large eels (>360 mm) who exclusively prefer the large ditch, thin slit 

layer, and low vegetation (Laffaille et.al, 2004). Pike is ambush and solitary predator that 

prefers the shallow water and well-vegetated area, especially the young one to avoid 

cannibalism. The larger pike prefer deeper water and in the edge of vegetated area (Eklöv, 

1997). The high biomass of Eel and Pike in electrofishing were contributed by only several 

large individuals of the species. This matter explained why the low abundance of these 

fish contributed to the high percentage of total biomass. In contrast Rudd were the most 

abundance fish in electrofishing, but their average individual was relatively light that 

contributed to small portion of total biomass. 

The highest biomass percentage in gill net were contributed by Perch and followed by 

Roach. It was linear correlation between their abundance and their total biomass. This 

can be explained by the average mass of each individual Perch and Roach that relatively 

uniform in gill net. 

The fish size structure comparison between electrofishing and gillnetting 

Based on the size structure, it was expected that relatively smaller fish will be caught by 

electrofishing than the gill net. According to the T-test comparison (Table 24), it can be 

clearly seen that the result of overall species size structure supported the hypothesis and 

fish caught in gill net were significantly bigger than electrofishing (p<0.001). The most 

dominant species in each fishing gear, the Rudd in electrofishing and the Perch in gill net, 

both fish caught by electrofishing were significantly smaller than gill net (p<0.05).  The 

fish population with size class distribution between 20 mm and 60 mm mostly were 

caught by electrofishing, in contrast the fish population with size class distribution 

between 80 mm and 220 mm were mostly caught by gillnetting. Larger fish more likely to 

be caught in deeper water (Hickford et.al, 1997). Larger fish predate the smaller 

fish(Mehner et al., 2016). Smaller fish, which are larvae and juvenile, prefer wide variety 

of littoral habitat which are shallow and covered by vegetation to search for food and to 

avoid larger predator (Brabrand and Faafeng, 1993). The other reason because the mesh 

size of gill net that will not support to catch the smallest fish of species (Goffaux et.al, 

2005).  
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The fish relative condition comparison between electrofishing and gillnetting 

Based on the relative condition, it was expected that fish sampled by gillnetting would be 

better conditioned (k>1) than that of electrofishing. The relative condition of most of 

species were higher in gill net, the Perch and the Roach were significantly different 

(p<0.05), only few species like the Ruffe and the Pike were higher in electrofishing.  

According to the T-test calculation (Table 25). for all fish species, the average relative 

condition of fish caught in gill net were significantly higher than fish caught by 

electrofishing (p < 0.05). These phenomena can be explained because gill net is passive 

fishing gear and the fish that more likely to be caught by it were bold, less cautious, and 

good condition fish (Reale et.al, 2007). These fish were active and eager to explore more 

area. Because of this tendency, these fish have advantage to consume more food and will 

be in better condition, but the more they explore the more they exposed to risk and 

predator. In contrast, the fish who more likely to be caught by electrofishing were 

cautious fish who prefer to stay or hide in littoral zone.  

Size comparison at Age of Perch between gillnetting and electrofishing 

There were higher proportion of bigger fish in gill net than in electrofishing. According to 

the T-test result of all age group, there wasn’t significant difference (p>0.05). The size of 

smaller fish, age 1 and 2 were indistinguishable. There were no significant differences in 

size of perch between two gears for age 1 and 2. This can be explained as the difference 

in growth rate takes time to have a distinguishable difference in fish size. The significant 

differences in total length of Perch sampled by gillnetting and electrofishing were found 

only in age 3 and 4. The mean total length of perch at age 3 and 4 are significantly higher 

in gillnetting than electrofishing. So, it can be said that gillnetting is biased towards larger 

fish of same age where electrofishing prefers smaller fish of same age. Fishes bigger in 

size has advantage over smaller fishes to take risk for predation(Mehner et al., 2016). So 

bigger fishes prefer to be active in sub littoral zone and thus found in sublittoral gear, i.e. 

gillnetting while smaller fish of same age tend to hide from the risk of predation from the 

predators in littoral zone and thus found in littoral gear, i.e. electrofishing.  

Von Bertalanffy Growth Model 

An analysis of residual sum of squares was proposed to compare the resultant Von 

Bertalanffy Growth Model because the nonlinear formulation of the Von Bertalanffy 

Growth Model prevented traditional procedures of covariance analysis (Chen, Jackson & 
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Harvey, 1992). The F value of the analysis of residual sum of squares was significant when 

compared with critical F table. The growth curves of two gears gillnetting and 

electrofishing for perch were found significantly different for both the data set of 2018 

data and 2016 combined with 2018 Perch size at age in last Spring data. 

The Von-Bertalanffy Growth Model shows that Perch caught by gillnet has higher growth 

rate than that of electrofishing.  Slow growing and smaller Perch are sampled by littoral 

gear, electrofishing while fast growing and larger perch are caught in sublittoral gear, 

gillnetting.  Because of the food seeking behaviour, bold and risk-taking fishes are active 

in sub-littoral zone (Linzmaier et.al, 2017). Slow growing fish prefers littoral zone with 

shallow water where they can hide and escape from predators and wait for food.  (Reale 

et.al, 2007).  Active and bold fish which are eager to take risk, predate and grow faster 

than the fish which are cautious while searching for food while smaller, shy and low risk 

taking fishes are sometimes forced to take refuge in vegetated area and competition in 

refuge area decreases individual growth rates (Werner, E.E. & Hall, 1988; Mittelbach, 

2014; Belk & Hales, 2016).  Fast-growing populations and those in variable environments 

were especially sensitive to overfishing, and the risk of collapse was more than tripled for 

fast-growing when compared with slow-growing species that experienced overfishing 

(Pinsky & Byler, 2015).  
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Common conclusion and implications 

This study analyzed the impact of habitat diversity of lakes and rivers on the fish 

community and compared how suitable different sampling strategies were in these 

specific habitats. The results indicated, that habitat diversity is an important factor 

determining the composition of fish assemblages. 

Main channel and backwater habitats in River Spree differed in length and weight and 

species composition of their fish communities. Generalists were distributed according to 

their life stages, while specialists only inhabited one mesohabitat.  

The comparison of different mesohabitats within lake Saalsdorf and lake Weidekampsee 

showed evidence that the structure complexity had a high influence on the fish 

community in the littoral zone with small fish benefiting the most from the presence of 

reed, wood or woody mosaic habitats. With the background of introducing artificial 

deadwood structure into the littoral zone around the shoreline of lakes to improve habitat 

complexity, the abundance of small fish was found to increase with a higher amount of 

wood. 

To conclude these findings, river renaturation activities should always take into account 

the original habitat structure of the river to be restructured. Focusing only on parameters 

like water quality or flow velocity lead to an incomplete restructuration. If complete 

restoration of the water body is not possible, comparable artificial habitat structures 

should be created. The effectiveness of those has to be assessed separately. 

In terms of lakes, it can be stated as general recommendation that habitat enhancement 

measures in form of artificial deadwood are used as a suitable tool to improve the 

structure and habitat quality for at least some species.  

Furthermore, the point abundance sampling strategy, which was conducted to get 

information about the fish community in the single microhabitats (reed, artificial 

deadwood, open littoral), was also in accordance to the transect sampling. Nearly the 

same species richness as well as the same patterns according to habitat preferences of 

perch and rudd were detected. Based on the assumption that the two sampling strategies 

used were similar, the validity of these results was found to be good and representative 

as sampling method to study fish communities.  

The strong difference in count of fish individuals sampled by two gears suggest that the 

choice of gear has a strong effect on the monitoring result of the fish community present 

in the assessed habitat. Electrofishing is a littoral gear while gillnet is a sublittoral gear. 
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The two sampling methods assess different zones of the same water body. Variation in 

the catch selectivity of fish sampling gear requires a discrete ecological classification for 

each type of gear. Although all sampling methods have their specific limitations and give 

selective or biased estimates the combined use of several different methods that 

complement with different selectivity of different gears provides a relevant picture of the 

composition and size of fish populations. The gears are also biased towards the physical 

structure and behavior of a fish. A gear bias towards the growth rate of Perch with gillnet 

sampling relatively better conditioned, and faster-growing than that of electrofishing was 

observed which supports the hypothesis. It can be implied that in a habitat of repetitive 

gillnetting, the faster growing fishes are likely to decrease in number faster than the slow 

growing fishes in the same habitat.  
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