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1. Abstract 

The basis for successful management of fish communities is an accurate assessment of 

community characteristics like species composition, abundance, and size distribution. 

However, numerous impacts need to be considered during the assessment and when 

implicating the results into management actions. Here, we provide new insights into 

environmental impacts on fish communities and selectivity of fishing gears. Species-

specific requirements on habitat characteristics structure fish communities among 

environmental gradients. We compared electrofishing samples of the fish communities 

of stagnant, densely vegetated floodplain lakes (polders) with the main channel of the 

river Oder. Limnophilic and phytophilic fish species have been more abundant in 

polders, and interestingly, abundance of rheophilic species did not differ between 

habitat types. The biomass per unit effort was higher in the polder, but better 

conditioned fish were found in the river. Further, we studied the impact of a toxic algae 

bloom on the river Oder fish community by comparing long-term before and after data. 

Biomass declined significantly and fish community composition changed drastically. 

Some species could not be detected after the fish kill at all, especially larger species, in 

particular those belonging to the rheophilic group. Beside environmental 

determinants, fish community assessments are impacted by the selectiveness of fishing 

gears. In our third study, we investigated the selectivity of electrofishing and gill nets, 

by using both methods for assessing the littoral fish community of a German lowland 

lake. Results show clear differences between methods, as more phytophilic species 

were caught with electrofishing. When placing the gill nets in the deeper littoral (>3m) 

fish abundance was higher. Lastly, we explored the role of gill net configuration on 

catch outcome in multi mesh gillnets, by comparing three net types that differed in 

their panel length (2.5m, 5m, 10m). Mean size of captured fish was largest in 5m net 

types, which also captured more roach (Rutilus rutilus). Our studies provide evidence 

for the sensibility of fish communities to environmental impacts, especially their 

vulnerability to toxic algae blooms. Furthermore, the results elucidate knowledge gaps 

on fishing gear composition and contribute essential knowledge for accurately 

assessing fish communities. This will direct future studies and aid management of fish 

communities. 
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2. Introduction 

Contrasting interests between the use of natural goods and nature conservation 

increasingly challenge the management of freshwaters and fish communities. The basis 

for successful management of fish communities is knowledge about community 

characteristics like species composition, abundance, and size distribution (Karr, 1981). 

This emphasizes the need for accurate sampling of fish communities. Possible impacts 

on sampling outcome are numerous and range from environmental variability, over 

toxic algae blooms, to selectivity of sampling methods. To control for these impacts, 

there is a large need for basic knowledge. Here, we provide four studies that 

investigated different impacts on fish community characteristics and sampling 

outcome. We compared the fish community composition of River Oder between the 

main channel and disconnected floodplain lakes, as well as before and after the serious 

fish kill which was experienced by the river earlier this year. Further, we compared the 

assessment of littoral fish communities in a typical lowland lake of northeast Germany 

using electrofishing and multi-mesh gillnetting. Lastly the effect of gill net 

configuration on the catch outcome was investigated by comparing three types of 

multi-mesh gill nets that differed in their panel length.  

Species-specific requirements on habitat characteristics structure fish communities 

among environmental gradients (Balon, 1975; Karr, 1997). In lotic water bodies, many 

stream organisms show strong preferences for local habitat variables such as velocity, 

water depth, roughness, or shear stress (Gore & Judy, 1981; Bovee, 1982). Shallow 

pools with slow flow velocity and woody structures are generally preferred by small 

species and young-of-the-year individuals, while adult, streamlined species are usually 

found in faster flowing water. Medium to deep pools are often used by large bodied 

species (Aadland; 1993). Even though cover and riparian vegetation usually play a 

secondary role for the occurrence of rheophilic species, inundated floodplains provide 

important reproduction and nursery habitats for certain fish species in river (Copp, 

1989; Copp & Peňáz, 1988; Bischoff, 2002; Rashleigh et al., 2005). In lentic systems, 

structurally complex littoral zones are crucial habitats for limnophilic fish species, as 

they harbour submerged and emerged macrophytes that provide spawning grounds, 

food, as well as shelter from predators which is especially important for juvenile 

individuals (Okun & Mehner, 2005; Lewin et al., 2014). Pelagic zones are an important 

foraging habitat for zooplanktivorous fish, however, predator induced diel migrations 
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between the pelagic and the sheltered littoral are often observed (Bohl, 1979; Schulze 

et al., 2005). 

To investigate the impact of different habitats on fish communities we compared the 

fish community composition of lentic and lotic waters bodies within the Polish-

German National Park ‘Lower Oder Valley’. Between 1892 to 1897, the floodplain in 

this area was transformed into a system of polders with low summer dikes close to the river and 

high winter dikes farther away to protect the arable farmland. This created two distinguishable types 

of polders: In floodable polders, inundation takes place once a year from mid-

November to mid-April when the summer dike floodgates are opened. Non-floodable 

polders are bordered by winter dikes and have no connection to the main channel. The 

floodplain lakes belonging to this polder system have been isolated from the main 

channel since 1947. This stagnant water bodies are characterized by dense emergent 

and submergent vegetation with silt and organic matter as the predominant substrate. 

In contrast, the main river in the ‘Lower Oder Valley’ is characterized by a high flow 

velocity and uniform, steep banks that are predominantly fixed by riprap 

embankments with narrow belts of emergent macrophytes (Wolter & Schomaker, 

2011). In our first study, we investigated the impact of these different habitats on the 

fish community composition by comparing electrofishing samples from the main 

channel with samples from disconnected, non-floodable floodplain lakes.  

The Oder has undergone significant anthropogenic activities throughout history 

(Bischoff & Wolter, 2001). Canalization of the lower Oder, construction of dikes, 

dredging and groynes have impacted the river's natural banks severely and deepened 

the main channel (Szlauer-Lukaszewska, 2015). Five of 39 native fish species found in 

the Lower Oder have gone extinct and four others have seen significant declines over 

the past few decades because of these factors (Bischoff & Wolter, 2001). As a result of 

channelization, meanders were removed, the river channel was straightened, and 

thereby shortened by 25%. Today, nearly 80% of the Oder's floodplains have been lost 

(Blackbourn, 2014). In addition to the strong river modifications, pollution of surface 

and underground water by heavy industrialization an agriculture constitutes a serious 

threat to the river Oder. Nitrate and phosphorus are released by agricultural or 

wastewater treatment plants, while heavy metals and salts are released by industrial or 

mining discharges. Even though there was a slight improvement of water quality in the 

river Oder between 1970-2000, saline mine waters and surface washings remained one 

of the major problems (Absalon & Matysik, 2007). This year, the Oder experienced a 
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serious man-made, environmental disaster. Anglers reported dead fish around Oława 

as early as March 2022. Following, two more large die-offs were reported at the end of 

July 2022 and on 11 August 2022 (Strzelecki, 2022). Numerous fish died, sunk down 

to the bottom or washed up on the banks of the river. In total, over 200 tonnes of dead 

fish were removed on a 160-kilometer stretch of the river (Wolter, 2022). 

The golden alga (Prymnesium parvum) was found in masses in water samples from 

the river Oder in recent research outcomes of the Leibniz Institute of Freshwater 

Ecology and Inland Fisheries (IGB, 2022). Coastal and marine waters are the algae’s 

primary habitats, although high-density blooms have been observed in brackish inland 

waters as well (VanLandeghem et al., 2013). Elevated salt concentrations and high 

nutrient loading provided good growth conditions for the toxic algae in the river Oder. 

Excessive toxin concentrations accumulated in the river which was already affected by 

lower water levels and reduced oxygen concentration. Even though detailed analyses 

are still in progress, the algae bloom is expected to be the main reason of the fish kill 

in the river Oder (IGB, 2022). In our second study, we sampled the lower Oder fish 

community between stream kilometre (skm) 687 -703 and used 23 years (1998–2021) 

of ‘before’ data to compare the fish community composition before and after the fish 

kill.  

Our third and fourth studies investigated the effect of gear types on sampling outcome. 

Monitoring requires sampling methods that catch representative samples of the fish 

community. However, most methods vary in their representativeness, i.e., they are 

selective and provide a biased picture of how the fish community actually looks like 

(MacLennan 1992; Müller et al. 2017). Spatial heterogeneity of fish community 

composition, variation of fish size and body forms as well as behavioural differences 

impede representative sampling success (Benson & Magnuson, 1992; Goffaux et al., 

2005; Říha et al., 2015).  

The most commonly used sampling gears for monitoring European lakes are 

electrofishing and gillnetting (CEN, 2002, 2005). Passive gillnets only capture actively 

swimming fish, while electrofishing is considered an active fishing gear which stuns 

inactive fish at their hiding places (Olin et al., 2004; Cochrane & Garcia, 2009). Due to 

its ability to access shallow and highly complex areas, electrofishing has been widely 

used in sampling littoral fish assemblages of lakes (Brind’Amour & Boisclair, 2004; 

Diekmann et al., 2005; Mueller et al., 2017). However, fish avoidance behaviour and 
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scaring of fish while sampling can reduce the success of electrofishing, irrespective of 

fish abundance (Mueller et al., 2017). Gillnets are recommended for the sampling of 

benthic and pelagic habitats (Appelberg et al. 1995; Appelberg, 2000). They have a low 

scaring effect but are influenced by species-specific behavioural patterns like diel 

migrations and small species as well as species with reduced external projections are 

usually underestimated (Paragamian, 1998; Goffaux et al., 2005; Schulze et al., 2006; 

Mueller et al., 2017). To control for the selectivity of single sampling gears, 

combination of multiple sampling methods is recommended to gain reliable estimates 

(Eckmann, 1995; Ruetz et al., 2007; Fischer & Quist, 2014). In our third study, we 

investigated the selectivity of electrofishing and gill nets by using both methods for 

assessing the littoral fish community of a German lowland lake. 

Multiple mesh sizes are commonly used to reduce size selectivity of gill nets, with 

species-specific, dome-shaped selectivity curves for each mesh size (Hamley, 1975; 

Psuty-Lipska et al., 2006). The mesh sizes of the European Standard Nordic multi-

mesh gillnet range from 5 to 55mm (knot-to-knot) with 2.5m panel length (CEN, 2015). 

Large species like bream (Abramis brama) were shown to be underrepresented in this 

standard. Therefore, adding larger mesh sizes has been recommended (Šmejkal et al., 

2015). Fish do not always gill or wedge themselves (only possible if head girths are 

smaller but maximum girths larger than the mesh perimeter), large fish entangle by 

head and tail parts more often (Hamley, 1975). Entanglement of large individuals 

might increase with panel length, since longer sections of a single, large mesh size could 

increase entanglement by head and teil parts. Accordingly, not only mesh size but also 

panel length would determine whether large individuals get captured or not, while total 

number of captured key species is not expected to differ with panel length (Rotherham 

et al. 2006). In our fourth study, we investigate the role of gill net configuration on 

catch outcome in multi mesh gillnets by comparing three net types that differed in their 

panel length (2.5m, 5m, 10m), while total length (60m) and mesh sizes (24mm, 29mm, 

35mm, 43mm, 55mm, 75mm) stayed the same. This study was also conducted at a 

typical lowland lake of northeast Germany.  

.



 

8 
 

3. The influence of habitat types on fish communities 

1. In many large European rivers, the mainstream channel has generally shown a 

higher fish species diversity (Balon, 1963; Schiemer et al., 1995). In general, it is known 

that in the mainstream channel fish species richness and fish composition assemblages 

are higher (Chea et al., 2017; Grenouillet et al., 2004; Nuon et al., 2020). Although 

there was recent fish kill in the mainstream of river Oder, we still maintained that the 

species richness would be higher and therefore hypothesised, that the fish species 

richness is higher in the mainstream in comparison to the polder. 

 

2. In previous studies on the polder (Wolter, Schumacher 2011), there was a lower 

number per unit effort than in the mainstream, which was corresponding to past 

investigations (Balon, 1963; Spieß et al., 1994; Van den Brink et al., 1996; Grift, 2001; 

Grift et al., 2006). Hence, we hypothesised that the number of individual fishes 

(NPUE) is higher in the mainstream. Accordingly, we assumed that the biomass 

(BPUE) also is higher in the river. Previous data on the abundance of perch and roach 

showed that they were among the species that are found in both ecosystems. So we 

hypothesised that the fish biomass would be higher in the mainstream.  

 

3. According to previous studies, lentic and lotic species can be found in floodplains 

due to the biodiversity brought about by inundation (Balon, 1963; Schiemer et al., 

1995; Van den Brink et al., 1996; Tockner et al., 2000; Ward et al., 2002; Sullivan & 

Watzin, 2009). Because of the standing water, there is gain in species numbers and 

abudance of limnophils in isolated floodplains (Wolter, Schumacher 2011). Also, 

shallow waters, as polders, normally are macrophyte-dominated (Wang, Li, Xing, & 

Wu, 2017). On one hand, macrophytes offer fish like Roach and Perch hiding places to 

avoid predation (Christensee and Persson 1993, Rossier, Castella et al 1995), on the 

other hand, phytophil fishes can use them for successful reproduction (Balon, 1975). 

Hence, we hypothesised that phytophil and limnophil fishes are more represented in 

the polder. 

 

4. Due to the fact that rheophil fish species prefer flowing water (Moosbach, 2022), it 

is obvious that there should be a higher proportion in the mainstream than in the 

polder. Also, other studies showed that the river shores contain a higher proportion of 
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rheophil species than disconnected backwaters (Schiemer & Waidbacher, 1992). 

Lithophil species need rocks to attach their eggs (Balon, 1975). Since the polders silt up 

due to the lack of current (van Staveren, Warner & Khan, 2017) and loose suitable 

spawning habitat, the lithophils are expected to dominate in the mainstream. Hence 

we hypothesised that rheophil and lithophil fishes are more represented in the river. 

 

5. The mainstream offers deeper habitats which positively affects the fish size. Shallow 

depths affect the size of fish negatively (B.X Harvey; A.J Stewart 1991). Rivers 

additionally are more productive than lake habitats (Randall, Minns, & Kelso, 1995). 

Therefore, we hypothesised that the mean fish size is larger in the mainstream. 

3.1. Methods 

Study site 

The study was done in the area of Schöneberg in north-east Germany. There, five 

different polders without connection to the river and the mainstream Oder were 

examined. The investigated polders “Schoepfwerk Stolpe Mahlbusen”, “Garling 

Jarling”, Wetdorfsche Kuhle”, Hechtzug Scharfer John“, and „Raths Lanke“ have been 

formed as floodplain of the Oder. According to Schomaker and Wolter (2011), such 

waterbodies may have been isolated and individually developed for more than 50 

years. These standing waters were compared to the Oder Friedrichsthal (km 703 – 704) 

and Oder Zützen (Saatener Wehr – km 687). 

Habitat types 

The polders are characterized by reeds at almost the entire shoreline and partly 

macrophytes. The riverbank of the Oder mostly consists of artificially created riprap 

with reeds growing in between (Table 1). 

Table 1: proportion of the habitat types [%] per sampling site and length of each transect [m] 

Sampling site Reeds 
(%) 

Macrophytes 
(%) 

Riprap 
(%) 

Reeds 
between 

riprap (%) 

Transect 
length [m] 

Schoepfwerk Stolpe 
Mahlbusen 

100 0 0 0 420 

Garling Jarling 100 0 0 0 400 

Wetdorfsche Kuhle 100 0 0 0 300 
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Sampling site Reeds 
(%) 

Macrophytes 
(%) 

Riprap 
(%) 

Reeds 
between 

riprap (%) 

Transect 
length [m] 

Hechtzug Scharfer 
John 

70 30 0 0 240 

Raths Lanke 90 10 0 0 130 

Oder Zuetzen 0 0 100 0 200 

Oder Zuetzen 0 0 100 0 200 

Oder Zuetzen 5 0 95 0 600 

Oder Friedrichsthal 0 0 100 70 200 

Oder Friedrichsthal 0 0 100 70 200 

Oder Friedrichsthal 0 0 100 70 400 

Oder Friedrichsthal 0 0 100 70 200 

 

Fish sampling 

The fishes were captured via electrofishing on 26th of September 2022 in the polders 

and on 27th of September 2022 in the river Oder. A fuel operated electrofishing unit 

with a power of 8 kW was used. The hand anode with 40 cm in diameter was controlled 

by Christian Wolter, while two assistants used a net to catch the immobilised fish. The 

electrofishing was done from a boat, for which Jan Hallermann was responsible to steer 

via oar and engine. The data sampling took place close to the littoral zone. 

The transect length of the polders varied between 130 and 420 meters, depending on 

the size of the waterbody. In Oder Zützen, three transects were fished, while in Oder 

Friedrichsthal was divided into four transects. The sampling sides in the river Oder 

reached from 200 to 600 meters (Table 1). 

The captured fishes were carried to the shore, where their species was determined. 

Afterwards, their length [mm] was measured on measuring boards. The European 

perches and Roaches also were weighted with laboratory balances. These data were 

collected and documented by students participating in the course. 

Also, the conductivity [µS], oxygen saturation [mg, %], pH and water temperature [°C] 

were measured with a water quality multiparameter (Table 2) in each waterbody. 
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Table 2: measured waterparameters per waterbody 

waterbody conductivity 
[µS] 

oxygen 
saturation 

[mg] 

oxygen 
saturation 

[%] 

pH water 
temperature 

[°C] 

Schoepfwerk 
Stolpe Mahlbusen 

962 1.6 14.8 7.2 12.3 

Garling Jarling 1263 9.2 91.6 8.0 15.1 
Wetdorfsche Kuhle 995 9.4 92.8 7.9 14.7 
Hechtzug Scharfer 
John 

1071 7.2 41.3 7.6 13.7 

Raths Lanke 1037 6.2 60.9 7.5 13.8 
Oder Zuetzen 1275 9.5 94.7 8.1 14.4 
Oder Friedrichsthal 1295 9 90.2 8.0 14.6 

 

Data analysis 

The species composition between the polders and the river was compared by using a 

Chi-Square test. The results show the proportion of each species within the waterbody, 

the number of captured fish per species and the expected quantity of each species per 

waterbody based on all caught fish of the species. 

To make the transect sides comparable, they were standardised to a length of 100 

meter. This was used to compare the catch per unit effort in biomass (BPUE) and 

number (NPUE). Because not all fish were weighted, the biomass was estimated for the 

missing individuals. Therefore, data from the electrofishing in the Oder in Mai 2022 

have been used. For each species, the length and mass have been logged (log10) to 

create a length-mass-correlation. The formula of the trendline then was used to 

calculate the weight of the respective species for each single individual by using its 

length. This was the case for all fish species with sufficient data. For the other species, 

the values from the fishbase website (Froese & Pauly, 2022) have been used (Table 3). 

With the measured weight of European perch and Roach and the calculated weight for 

each unweighted individual fish, the total biomass per 100 m was calculated for each 

transect. The following formulas were used to calculate the fish weights: 

 

Calculation with old data: estimated weight [g] = 10 ᵃ x length [mm] ᵇ 

Calculation with fishbase:  estimated weight [g] = a x (length [mm]/10) ᵇ 
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Biomass per 100 meters: 

BPUEᵢ = mᵢlₙ  x 100 

mᵢ = total weight [g] of individuals of species i 

lₙ = length of transect [m]  

Numbers per 100 meters: 

NPUEᵢ = nᵢlₙ x 100 

nᵢ = total number of individuals of species i 

lₙ = length of transect [m] 

The physical condition was only calculated for the weighted species, European perch 

and Roach. Also, a comparison of the mean weight of these two species took place. The 

formula for the relative condition factor was the following: 

Condition Kₙ = WₘWₑ 

Wₘ = measured weight [g] 

Wₑ = estimated weight [g] 

The estimated weight was calculated as described before. 

Further, the measured water parameters and habitat structures have been compared 

between the waterbodies. Also, the species composition and richness as well as habitat 

and reproduction guilds of the captured fish were determined (Table 3).  

Therefore, the classifications of Balon (1975) and Schiemer & Waidbacher (1992) 

were used. The necessary ones for understanding are described below. 

 

Reproduction guilds 

Phytophil: the eggs are attached to submerged plants 

Lithophil: the eggs are attached to rocks 
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Habitat guilds 

Rheophil fishes prefer flowing water 

Limnophil fishes prefer standing water 

Table 3: guild types per fish species and a and b values for the weight calculation, based on the number of used 

individuals (n) for the calculation of a and b and size range [mm] 

 
Guild type Old data values 

Fish species habitat reproduction a b n Size range [mm] 

Bream eurytop phyto-lithophil -5.2425 3.1334 409 67-430 

European perch eurytop phyto-lithophil -4.9428 3.0182 906 52-285 

Northern pike eurytop phytophil -5.4888 3.1205 65 175-455 

River gudgeon rheophil psammophil -5.2085 3.1383 518 47-145 

Roach eurytop phyto-lithophil -5.0981 3.0776 1171 45-350 

Ruffe eurytop phyto-lithophil -2.0702 3.1383 483 65-150 

Spined loach rheophil phytophil -4.5453 2.6844 143 70 - 125 

White bream eurytop phytophil -5.4102 3.2305 3716 68 – 385 

  Fishbase values 

Asp rheophil lithophil 0.0020 3.47 177 138-327 

Bitterling eurytop ostracophil 0.0145 3.06 600+ 24-98 

Bleak eurytop phyto-lithophil 0.0072 3.10 4238+ 15-200 

Chub rheophil lithophil 0.0093 3.10 7184+ 9-330 

Common dace rheophil lithophil 0.0089 3.14 252+ 49-280 

Crucian carp limnophil phytophil 0.0162 3.07 1246 45-640 

European eel eurytop pelagophil 0.0010 3.14 44463+ 53-1050 

Gudgeon rheophil psammophil 0.0079 3.11 28489+ 19-210 

Ide rheophil phyto-lithophil 0.0100 3.11 2941+ 37-760 

Prussian carp eurytop pyhtophil 0.0155 3.08 20889+ 18-466 

Round goby eurytop speleophil 0.0132 3.05 5846+ 36-350 

Rudd limnophil phytophil 0.0076 3.23 10800+ 19-390 

Sunbleak limnophil phytophil 0.0074 3.12 942 20-90 

Tench limnophil phytophil 0.0132 3.00 3413+ 20-558 

Threespined 
stickleback 

eurytop ariadnophil 0.0098 3.12 30754 13-100 

Wels catfish eurytop phytophil 0.0120 2.83 686 88-2500 

Hybrid eurytop phyto-lithophil  - -  -  -  
 

To test the difference in the species richness between the waterbodies, the number of 

different species in each transect has been counted and their mean values have been 

compared. For all species which were present with a minimum of five individuals in 

each of the waterbodies, also the mean length was compared. 

All these comparisons on the basis of the two different waterbodies were done with 

unpaired t-tests at a confidence interval of 95 % via the statistics software SPSS. 
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3.2. Results 

Species composition 

In total, 5197 fishes were captured via electrofishing in our study. The most common 

were rudd (n = 1288), roach (n = 1082), bleak (n = 857) and european perch (n = 675). 

2133 individuals thereof have been found in the mainstream Oder. The biggest 

proportion showed bleak (38.9 %), roach (22.6 %), european perch (20.5 %) and round 

goby (6.9 %). All the other species had a share of below 5 % (Table 4). 

In the polders, rudd (n = 1282), roach (n = 600), european perch (n = 237), gudgeon 

(n = 165) and threespined stickleback (n = 153) were the most frequent. The remaining 

species were present at less than 5 % of the total number (Table 5). 

Using a Chi-Square test (ꭓ² = 2956.25, n = 5197, df = 24, p < 0.001), showed that there 

is a relation between species composition and the respective waterbody. 

Table 4: proportion and total number of captured fish species in the mainstream Oder and expected quantity per 

species 

Mainstream Oder Rel. frequency Quantity Expected Quantity 

Main species    
Bleak 38.9% 830 351.7 

European perch 20.5% 438 277.0 

Roach 22.6% 482 444.1 

Round goby 6.9% 148 60.7 

Other species    

Asp 1.1% 24 9.9 

Bitterling 2.2% 46 79.2 

Bream 0.3% 6 5.3 

Chub 1.8% 38 15.6 

Common dace 0.0% 1 0.4 

Crucian carp 0.0% 0 2.9 

European eel 0.4% 9 3.7 

Gudgeon 0.1% 2 68.5 

Hybrid 0.0% 0 0.4 

Ide 0.4% 9 3.7 

Northern pike 0.1% 2 13.5 

Prussian carp 0.0% 1 1.2 

River gudgeon 0.0% 0 27.9 

Rudd 0.3% 6 528.6 

Ruffe 0.3% 6 7.4 

Spined loach 1.4% 30 21.3 

Sunbleak 0.0% 0 43.9 

Tench 0.1% 2 56.6 
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Mainstream Oder Rel. frequency Quantity Expected Quantity 

Threespined stickleback 0.0% 0 62.8 

Wels catfish 0.1% 2 0.8 

White bream 2.4% 51 45.6 

 

Graphic 1: Species composition in the mainstream Oder Graphic 2: Expected species composition in the 

mainstream Oder 

The species composition in the mainstream Oder showed a higher quantity in the four 

main species, bleak, european perch, roach and round goby (Graphic 1) than expected 

(Graphic 2) by analyzing the total catch. The total of the other species therefore was 

captured less than expected (Table 4). Especially the Rudd was expected to catch much 

more individuals (n = 528.6) than we did (n = 6). 

Table 5: proportion and total number of captured fish species in the polders and expected quantity per species 

Polder Rel. frequency Quantity Expected Quantity 

Main species    
European perch 7.7% 237 398.0 

Gudgeon 5.4% 165 98.5 

Roach 19.6% 600 637.9 

Rudd 41.8% 1282 759.4 

Threespined stickleback 5.0% 153 90.2 

Other species    

Asp 0.0% 0 14.1 

Bitterling 4.8% 147 113.8 

Bleak 0.9% 27 505.3 

Bream 0.2% 7 7.7 

Chub 0.0% 0 22.4 

Common dace 0.0% 0 0.6 

Crucian carp 0.2% 7 4.1 

European eel 0.0% 0 5.3 

Hybrid 0.0% 1 0.6 

Ide 0.0% 0 5.3 

Northern pike 1.0% 31 19.5 
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Polder Rel. frequency Quantity Expected Quantity 

Prussian carp 0.1% 2 1.8 

River gudgeon 2.2% 68 40.1 

Round goby 0.0% 0 87.3 

Ruffe 0.4% 12 10.6 

Spined loach 0.7% 22 30.7 

Sunbleak 3.5% 107 63.1 

Tench 4.4% 136 81.4 

Wels catfish 0.0% 0 1.2 

White bream 2.0% 60 65.4 

 

 
Graphic 3: species composition in the polders Graphic 4: expected species composition in the polders 

In the polders, the actual quantity (Graphic 3) of gudgeon, rudd and threespined 

stickleback was higher than expected (Graphic 4). However, european perch and roach 

as well as the sum of the other species were less abundant than expected. Thereof, 

especially the bleak was less frequent (27) than calculated (505.3) in the Chi-Square 

test (Table 5). 

Species richness 

The mean number of species per waterbody shows the species richness. In the 

electrofishing transects of the mainstream Oder (n = 7), a minimum of 7 and a 

maximum of 12 different species could be found. The mean number was 11.0 ± 2.4 

(Standard deviation). The mean quantity of the polders (n = 5) was 10.2 ± 3.9 

(Standard deviation), with a low of 6 and a high of 16 species (Graphic 5). The species 

richness didn´t show a difference between the two waterbodies (t = 0.439, df = 10, p > 

0.5). 
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Graphic 5: Species richness of the Oder transects and the polders 

Water parameters 

The mean oxygen content in the river Oder (n = 2) amounted to 9.3 ± 0.4 (Standard 

deviation) mg/l and the mean water temperature showed 15.5 ± 0.1 (Standard 

deviation) °C. So, both values were higher than in the polders (n = 5). However, the 

statistical tests didn´t show a significant difference (Table 6). 

Table 6: mean oxygen content and water temperature of the river Oder and the polders 

 
Oder (n = 2) Polder (n = 5) 

 

Water parameter mean ± SD mean ± SD Statistics t-test 
Oxygen content [mg/l] 9.3 ± 0.4 6.7 ± 3.2 t = 1.1 df = 10, p > 0.05 

Water temperature [°C] 14.5 ± 0.1 13.9 ± 1.1 t =0.7 df = 5, p > 0.05 

 

Habitat structures 

The mean habitat structure in the electrofishing areas in the mainstream Oder (n = 7) 

was riprap. The statistical t-test indicated a significant difference to the polders (n = 

5). These mainly showed reeds, with a highly statistical difference in the comparison 

to the Oder. While the river didn´t contain macrophytes, some were present in the 

polders. There, no statistical variance was found (Table 7). 

Table 7: mean proportion of reeds, macrophytes and riprap in the littoral zone of the river Oder and the polders 

 
Oder (n = 7) Polder (n = 5) 

 

Habitat structure mean ± SD mean ± SD Statistics t-test 
Reeds (%) 0.7 ± 1.89 92.0 ± 13.0 *** t = 18.6 df = 10, p < 0.001 

Macrophytes (%) 0.0 ± 0.0 8.0 ± 13.0 t = 1.7 df = 10, p > 0.05 

Riprap (%) 99.3 ± 1.89 *** 0.0 ± 0.0 t = 115.8 df = 10, p < 0.001 
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Catch per unit effort (CPUE) 

The biomass per 100 m in the polders (n = 5) was significantly higher (t = -2.664, df = 

10, p < 0,05) than in the mainstream Oder (n = 7). Its mean was 3.25 ± 1.94 (SD) kg. 

The mean biomass in the polders was 1.16 ± 0.68 (SD) kg per 100 m (Graphic 6). 

Additionally, the number of captured individuals differed significantly (t = -1.884, df = 

10, p < 0.001). The mean captured quantity from the polders (n = 5) was with 216.9 ± 

155.1 (SD) fishes per 100 m more than double than in the Oder (n = 7) with 103.7 ± 

38.7 (SD) individuals per 100 m (Graphic 7). 

 
Graphic 6: captured fish biomass per 100 m per waterbody Graphic 7: captured number of fish per 100 m per 

waterbody 

Habitat guilds 

30 % of all captured fishes belonged to the habitat guild of the limnophils. Thereby, the 

highest proportion of limnophil fish species in one transect of the Oder (n = 7) was 1 

%, the lowest was 0 %. It´s mean value laid beyond 1 %. It was 0.3 ± 0.4 (SD) %. In the 

polders (n = 5) the minimum was 32 % and the maximum 90 % (Graphic 8). The mean 

was 56.2 ± 26.4 (SD) %. That results in a significant difference (t = -5.720, df = 10, p < 

0.001). 

The rheophil individuals (Graphic 9) had a total share of 7 %. The mean in the 

mainstream Oder (n = 7) was 5.8 ± 3.2 (SD) %. The smallest proportion was 3 %, the 

biggest was 12 %. The mean of the Oder was slightly bigger than in the polders (n = 5). 

There, the range reached from 0 % to 19 % and the mean was 4.1 ± 8.6 (SD) %. No 

statistical significance could be found (t = 0.480, df = 10, p > 0.05). 
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Graphic 8: proportion of limnophil species per waterbody Graphic 9: proportion of rheophil species per 

waterbody 

Reproduction guilds 

1 % of all fishes could be determined as lithophils. While in the polders (n = 5), no 

single lithophil individuum was found (Graphic 10), a mean of 3.8 ± 2.8 (SD) % could 

be captured in the Oder sampling sites (n = 7). So, the proportion of lithophil fishes 

was significantly higher in the river Oder than in the polders (t = 3.034, df = 10, p < 

0.05). 

The opposite was found for phytophil fishes (Graphic 11). The proportion of phytophil 

fishes in the polder (n = 5) was with 59.0 ± 26.7 (SD) % significantly higher than in the 

Oder (n = 7) with a mean of 4.6 ± 2.9 (SD) % (t = -5.450, df = 10, p < 0.001). The 

smallest ratio in the Oder was 1 %, the highest 9 %. In the polders the smallest 

proportion was 30 %, the highest 92 %. 
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Graphic 10: proportion of lithophil species per waterbody        Graphic 11: proportion of phytophil species per 

waterbody 

Fish length 

For the species shown in Table 8, the mean length was compared. Only the rudd was 

significantly larger in the Oder than in the Polder. In the other species no statistical 

difference could be found. 

Table 8: mean length per fish species and waterbody 

 
Oder (n = 7) Polder (n = 5) 

 

Species Mean length [mm] ± SD Mean length [mm] ± SD Statistics T-test 

Bitterling 31.3 ± 29.6 36.4 ± 33.7 t = -0.3, df = 10, p > 0.05 

Bleak 50.3 ± 24.0 23.4 ± 34.7 t = 1.6, df = 10, p > 0.05 

Bream 22.1 ± 38.1 20.9 ± 28.8 t = 0.1, df = 10, p > 0.05 

European perch 103.1 ± 10.1 131.9 ± 27.6 t = -2.6, df = 10, p > 0.05 

Roach 86.0 ± 22.5 100.9 ± 38.9 t = -0.8, df = 10, p > 0.05 

Rudd   70.9 ± 67.7 *** 69.9 ± 13.0 t = 0.03, df = 10, p < 0.001 

Ruffe 70.6 ± 48.5 16.9 ± 37.7 t = 2.1, df = 10, p > 0.05 

Spined loach 86.4 ± 39.9 62.6 ± 57.3 t = 0.9, df = 10, p > 0.05 

White bream 51.6 ± 36.8 26.7 ± 36.6 t = 1.2, df = 10, p > 0.05 

 

Fish weight 

Neither in European perch, nor in Roach a difference in the mean weights could be 

found between the mainstream Oder and the polders (Table 9). 
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Table 9: mean weight of european perch and roach per waterbody 

 
Oder (n = 7) Polder (n = 5) 

 

Species mean weight [g] 
± SD 

mean weight [g] ± 
SD 

Statistics T-test 

European 
perch 

14.3 ± 3.8 32.0 ± 14.9 t = -3.1, df = 
10, p > 0.05 

Roach 9.1 ± 7.9 18.9 ± 21.9 t = -1.11, df = 
10, p > 0.05 

 

Fish condition 

Both fish species of both waterbodies in mean showed a relatively worse condition than 

compared with other fishes of the same species. The statistical analysis between the 

Oder and polders couldn´t proof a difference for the european perch. The roach on the 

other hand had a significantly better condition in the mainstream Oder. 

Table 10: mean condition of european perch and roach per waterbody 

 
Oder (n = 7) Polder (n = 5) 

 

Species mean 
condition ± SD 

mean 
condition  
± SD 

Statistics T-test 

European 
perch 

0.95 ± 0.05 0.90 ± 0.02 t = 1.806, df = 10, 
p > 0.05 

Roach 0.92 ± 0.06 * 0.83 ± 0.02 t = 3.372, df = 10, 
p < 0.05 

 

3.3. Discussion 

Electrofishing was the method that was chosen for the sampling because it is applicable 

in different water bodies regardless of obstacle, macrophytes or even riprap (Wolter, 

Schomaker, 2011). This method has its shortcomings, as it excludes the mid channel 

potamal fish species in the mainstream (Wolter & Bischoff, 2001; De Leeuw et al., 

2007) and some fish can avoid the net due to fish avoidance behaviour (Mueller et al. 

2017) 

We compared the mainstream and the polders because they were once connected but 

now they are completely independent of each other. Fish cannot move in and out the 

polders as there is no connection to the lotic system. They are different habitats and we 

wanted to find out how each habitat influences the species community as fish species 
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diversity and distribution are determined by the habitat variations (MacArthur, 1965; 

MacArthur and Wilson, 1967; Shmida and Wilson, 1985).  

There was a significant relationship between the spp composition and the respective 

waterbody just like the chi-squre test showed. (ꭓ² = 2956.25, n = 5197, df = 24, p < 

0.001). There were some species that were exclusively in the main river for example 

asp, european eel and chub. The mainstream showed higher quantities of bleak, roach, 

european perch and round goby than the expected quantity (Table 4). This was similar 

in the polder, where Rudd and Gudgeon had higher quantities than expected (Table 5). 

The species diversity was higher in the mainstream (20 species) compared to the 

polder (18 species), but there was no significant difference in species difference. Hence 

contradicting previous studies that show higher species diversity in the main river 

channel (Balon, 1963; Schiemer et al., 1995). This could have been attributed by the 

recent fish kill in the mainstream of river Oder or the availability of nutrients in the 

polder. Polders diversity can be influenced by the mixture of lotic and lentic species 

(Balon, 1963;Schiemer et al., 1995; Van den Brink et al., 1996;Tockner et al., 2000; 

Ward et al., 2002; Sullivan & Watzin, 2009).The availability of high numbers of 

gudgeon in the polder was an unexpected outcome as they are rheophilic. This can be 

explained by the previous connection to the main river.  

We hypothesized that rheophilic and lithophilic species were more represented in the 

mainstream river. Our results contradicted our hypotheses as in the mainstream river 

there were rheophilic, eurytophilic and limnophilic species. The polder was 

characterised by limnophils but also the gudgeon were in high numbers and they are 

rheophilic. The habitat structure in the river was mainly riprap, while in the polders 

more reeds and some macrophytes were abundant. There was a significant difference 

in habitat structure (Table 7). This supports the high number of rudd in the polder as 

they prefer muddy or reedy lakes and round goby in the mainstream river as they prefer 

perching on gravel and other substances. 

There was a high significance, that lithopils were more present in the mainstream (t = 

3.034, df = 10, p < 0.05). Our results showed no lithopil individuum was found in the 

polder (graphic 10). Phytophil fish were in a higher proportion in the polder, but also 

were found in the mainstream river. The polders are silted up due to the lack of current 

(van Staveren, Warner & Khan, 2017) and loose suitable spawning habitat. These 
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results supported our hypotheses that phytophilic and limnophilic are more 

represented in the polder.  

Biomass and number per unit effort were significantly higher in the polder than in the 

main river respectively. (t = -2.664, df = 10, p < 0,05). (t = -1.884, df = 10, p < 0.001). 

This contradicted our hypotheses. Due to availability of space and different habitats in 

the main river we expected a higher catch per unit effort. This may be attributed to the 

recent fish kill that maybe the bigger and heavier fish got killed. Biomass was 

determined by perch and roach as we had actual measurements in the respective water 

bodies. 

The mean length of the fish species did not differ between the mainstream and the 

polder (Table 8). There was a high significance only in the rudd species where there 

were only several large individuals of the species, Rudd (n = 6) in the mainstream and 

(n = 1282) in the polder. Rudd was mainly found in the polder as they prefer littoral 

areas and they are benthic feeders that prefer shallow waters (Blackwell and 

Kaufmann, 2009). The vegetated habitats offer protection and Zooplankton as food as 

well (Lewis et. al, 2004). Though being in high numbers in the polder their mean length 

was lower than in the river as they were smaller in size. 

There was no significant difference in the mean weight of the perch and roach in the 

polder and the main river (Table 9). This was unexpected as we attributed to finding 

heavier fish in the river as size is directly proportional to space availability. European 

perch had similar poor conditions in both water bodies (Table 10). However, roaches 

had a better condition in the mainstream, as we expected in our hypothesis. We 

assumed that this is because roaches are better forager in unstructured environments 

(Lewin et. al, 2004). 

The polders are really different. Hence making general consumptions was quite 

challenging and the lack of more samples using a different sampling method limited 

our study.
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4. The impact of the toxic alga Prymnesium parvum on the fish 

community in the main channel of River Oder  

4.1. Methods 

Written by Hannes Thonagel 

Sampling Sites and Dates 

Fish were sampled in River Oder at the same two sites on the German site of the main 

channel close to Zuetzen (stream kilometre 687, Niedersaatener Wehr) and 

Friedrichsthal (stream kilometre 703, Lower Oder Valley National Park, Brandenburg. 

Data from the following dates were used for this analysis: 29 September 1999, 17 

November 1999, 20 September 2000, 08 November 2000, 12 September 2001, 21 

November 2001, 19 November 2002, 15 November 2004, 14 November 2005, 13 

November 2006, 17 September 2007, 12 November 2007, 10 November 2008, 23 

September 2010, 24 September 2010, 10 September 2013, 07 October 2014, 13 October 

2015, 14 October 2015, 21 September 2016, 27 October 2017, 01 October 2018, 05 

October 2018, 10 October 2019, 02 September 2021 (kindly provided by Dr. Christian 

Wolter, Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Berlin, 

Germany). These were analysed as “before” (the fish kill in river Oder in summer 

2022). Additionally, samples from the same two sites were collected on 27 September 

2022. These were analysed as “after” (the fish kill in river Oder in summer 2022). 

Sampling gear and Procedure 

All fish were caught utilizing the electrofishing gear FEG 8000 (efko GmbH, Germany, 

8 kW; 150 - 300/300 - 600 Volt DC) 40 cm anode net, 6 mm mesh size, copper cathode 

(5 m length). Sites were separated into 3 (Zuetzen) or 4 (Friedrichsthal) transects (in 

2022) whose individual lengths were used to normalize for abundance calculations. Dr. 

Wolter performed electrofishing; Jan Hallermann steered the boat; Leon Müller 

caught fish assisted by a student. For all caught fish, species were identified, the length 

was measured and for roach and European perch, weight was measured in addition. 

The data were noted in field protocols. All animals were released into the Oder after 

the procedure.  
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Calculations 

To estimate the weights of the non-measured fish, historic data (from river Oder, 

caught with trawl and electrofishing) were used (implausible entries were deleted), if 

these were not applicable length-weight ((L/W) relationships were taken from 

FishBase (Pauly & Froese). Length-weight relationships for european perch and roach 

were calculated using our dataset from 2022. The parameters a and b were used to 

interpolate the weights of individual fish according to the following formula and 5. 

𝑊 = 𝑎 × 𝐿𝑏 

Table B.2 shows the length and weight minima and maxima per species that were used 

to calculate the parameters a and b. Also, it shows the minimum and maximum lengths 

to which the formula was applied. 

5. Species with their English and scientific names and their length weight relationship parameters a and b with 

the corresponding source of the information (for recently found species). Species which were observed before 

(previous) but not after where not considered for length-weight relations. N.a. indicates that the parameters 

were calculated within the present dataset. Nomenclature based on Kottelat, 1997 

Species recent Scientific name a b Source 

Asp Aspius aspius 0,0074 3,06 historic 

Bitterling Rhodeus amarus 0,012 3,04 FishBase 

Bleak Alburnus alburnus 0,0072 3,10 FishBase 

Bream Abramis brama 0,0054 3,21 historic 

Chub Leuciscus cephalus 0,0068 3,17 historic 

Common Dace Leuciscus leuciscus 0,0122 2,88 historic 

European Eel Anguilla anguilla 0,001 3,14 FishBase 

European Perch Perca fluviatilis 0,000012 2,98 n.a.; millimeters 

Gudgeon Gobio gobio 0,011 2,93 historic 

Ide Leuciscus idus 0,0081 3,15 historic 

Northern Pike Esox lucius 0,0041 3,15 historic 

Prussian Carp Carassius gibelio 0,0155 3,08 FishBase 

Roach Rutilus rutilus 1,1989×10-5 2,96 n.a.; millimeters 

Round Goby Neogobius melanostomus 0,0132 3,05 FishBase 

Rudd Scardinius erythrophthalmus 0,0076 3,23 FishBase 

Ruffe Gymnocephalus cernuus 0,0082 3,16 historic 
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Species recent Scientific name a b Source 

Spined Loach Cobitis taenia 0,014 2,68 historic 

Tench Tinca tinca 0,0132 3,00 FishBase 

Wels Catfish Silurus glanis 0,0075 2,99 historic 

White Bream Abramis bjoerkna 0,0069 3,22 Historic 
 

     

Species previous Scientific name 

Barbel Barbus barbus 

Burbot Lota lota 

Common Carp Cyprinus carpio 

Hybrid --- 

Pikeperch Sander lucioperca 

River Gudgeon Romanogobio belingi 

Stone Loach Barbatula barbatula 

Sunbleak Leucaspius delineates 

Threespined Stickleback Gasterosteus aculeatus 

Vimba Bream Vimba vimba 

Weatherfish Misgurnus fossilis 

Zope Abramis ballerus 

 

Species richness was accounted for by transect: 49 “before” transects accumulated 

from the different dates indicated above, 7 “after” from 2022. This method was used 

for all calculations and statistics if not indicated differently. A total of 32 species was 

found before, while 20 species remained in 2022. Species composition was determined 

by counting each individual caught per species relative to the total catch.  

Fish abundance was calculated as number of fish caught per unit effort (NPUE, per 100 

m transect) and as biomass of fish caught per unit effort (BPUE, kg per 100 m for 

combined calculations, g per 100 m for each species). All data for round goby were only 

considered from 2013 on, when the species was detected in river Oder the first time 

(Schomaker & Wolter, 2014). Species of high interest were selected and grouped for 

closer analysis: common fish: perch, roach, bream, white bream, and round goby; 

interesting for fishing and angling; northern pike, european eel, and wels catfish; 
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riverine fish species: chub, asp, and ide; and particularly small species: bitterling, 

bleak, gudgeon, and spined loach. 

Habitat guild assignments were performed according to literature (Dußling, Berg, 

Klinger, & Wolter, bis Erg.-Lfg. 26 (2008); Schiemer & Waidbacher, 1992). 

Fish size was measured as total length of each individual fish. For the comparison, only 

the years 2019 and 2022 were considered. In total 4,757 fish were counted. 2,624 were 

measured in 2019 and 2,133 in 2022 after the fish kill in river Oder. 

Analysis and Statistics 

Data work and graphic design was performed in Microsoft 365 Excel (Version 2204). 

SPSS software (Release 14.0.1; SPSS Inc., Chicago, Il, USA, and IBM SPSS Statistics, 

Version 29.0.0.0 (241)) was used for statistical analyses. Χ² and student’s t-tests were 

performed as indicated (the latter connected upstream with Levene’s tests for equality 

of variances). “±” always indicates the standard deviation (SD) if not indicated 

otherwise. 

 

4.2. Results 

Written by Hannes Thonagel 

Species richness 

The number of species before (b) and after (a) the Oder fish kill did not decrease 

significantly (nb = 28; na = 7; t = 1.701; df = 33; p = 0.98; ∆(x̄a; x̄b) = 2.96). The mean 

of fish species found per transect before was 13.96 ± 4.4, while 11.00 ± 2.4 species per 

transect were found afterwards. Some fish species that were found before could not be 

detected, including the previously common burbot (n = 2242), river gudgeon (n = 487), 

and still frequently observed pikeperch (n = 18). Common carp, sunbleak, stone loach, 

three-spined stickleback, Barbel, vimba bream, zope, wheatherfish, and hybrids were 

more seldomly monitored before 2022 and did not show up here.  
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Fig. 1 Number of species found per transect in autumn months before and after the fish kill in river 

Oder (summer 2022). Values combined for sites Friedrichsthal and Zuetzen, Germany. nb = 28; na = 7, t = 

1.701; df = 33; p = 0.98; ∆(x̄a; x̄b) = 2.96, * signifies p < 0.05, ** signifies p < 0.01, *** signifies p < 0,001, 

× marks the arithmetic mean. 

Species composition 

The composition of species throughout the sampled Oder sites changed. Roach made 

up 22.58% before and 22.60% afterwards, respectively. European perch made up 

17.14% before and 20.53% afterwards. White bream abundance decreased from 7.90% 

to 2.39%, bream increased from 0.23% to 0.28%. Round gobies decreased from 8.13% 

to 6.94%. The commonly larger species northern pike, wels catfish, and european eel 

vary in changes of abundance: pike decreased from 1.42% to 0.09%, wels catfish 

increased from 0.06% to 0.09%, and eel increased from 0.03% to 0.42%. Burbot 

decreased from 7.82% to 0.00%. Other rheophilic species behaved differently: Chub 

decreased from 3.21% to 1.78%, asp increased from 0.48% to 1.13%, Ide decreased from 

2.08% to 0.42%. Bleak made up 17.38% of the fish composition before and 38.91% after 

the fish kill. Bitterling increased as well from 0.52% to 2.16%. Spined loach and river 

gudgeon both decreased from 2.99% and 1,67% to 1.41% and 0.00% respectively. Rudd 

decreased from 2.66% to 0.28%. Ruffe decreased from 1.89% to 0.28%. Gudgeon 

decreased from 1.21% to 0.09. In total 30,793 fish of 32 species were found. 31 of these 

were detected before the fish kill (nb = 28,660). 20 species were found after the fish kill 

(; na = 2,133), including one Prussian carp, a species that has not occurred in 

measurements before. These findings are highly significant (χ2 = 1148,330, df = 31; p 

< 0.001). (More information and total numbers see Table B.2. 
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Fig. 2 Species composition in autumn months before and after the fish kill in river Oder (summer 2022). 

Values combined for sites Friedrichsthal and Zuetzen, Germany. nb = 28,660; na = 2,133: 

Fish abundance 

Fish abundance decreased over all measured transects after the fish kill. NPUE 

(number of fish caught per unit effort; per 100 m transect length) was not significantly 

lower, but catch numbers tended to be lower in 2022 (nb = 49; na = 7; t = 1.280; df = 

54; p = 0.206; ∆(x̄a; x ̄b) = 152.33) with x̄a = 256.02 ± 312.14 and x ̄b = 103.69 ± 38.73. 

BPUE (biomass of fish caught per unit effort; per 100 m transect length) decreased 

significantly from 3.943 ± 2.511 kg/100 m to 1.63 ±0.678 kg/100 m (nb = 49; na = 7; t 

= 6.306; df = 35.51; p < 0.001; ∆(x ̄a; x ̄b) = 2.780).  
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Fig. 3 NPUE (number of fish caught per unit effort; per 100 m transect length) and BPUE (biomass of 

fish caught per unit effort; per 100 m transect length) for all transects and all fish combined before and 

after the river Oder fish kill. NPUE: nb = 49; na = 7; t = 1.280; df = 54; p = 0.206; ∆(x̄a; x̄b) = 152.33/100 

m with x̄b = 256.02 ± 312.14/100 m and x̄a = 103.69 ± 38.73/100 m. BPUE: nb = 49; na = 7; t = 6.306; df 

= 35.51; p < 0.001; ∆(x̄a; x̄b) = 2.780 kg/100 m; x̄b = 3.943 ± 2.511 kg/100 m to x̄a =1.63 ±0.678 kg/100 

m, * signifies p < 0.05, ** signifies p < 0.01, *** signifies p < 0,001, × marks the arithmetic mean. 

Single fish species showed significant changes in NPUE and BPUE only in rare cases. 

NPUE changed in round goby (nb = 23; na = 7; t = 3.35; df =25.88; p = 0.002; ∆(x ̄a; x ̄b) 

= 39.79/100 m with x ̄b = 46.62 ± 54.16/100 m and x ̄a = 6.82 ± 9.79/100 m), spined 

loach (nb = 49; na = 7; t = 3.75; df =48.45; p < 0.001; ∆(x ̄a; x ̄b) = 24.73/100 m with x ̄b 

= 26.30 ± 46.05/100 m and x ̄a = 1.57 ± 1.21/100 m), and Ide (nb = 49; na = 7; t = 6.24; 

df =50.93; p < 0.001; ∆(x̄a; x ̄b) = 7.48/100 m with x̄b = 7.890 ± 8.25/100 m and x ̄a = 

0.40 ± 0.58/100 m).  

BPUE changed in round goby (nb = 23; na = 7; t = 2.97; df =27.73; p = 0.006; ∆(x ̄a; x ̄b) 

= 213.04 g/100 m with x ̄b = 268.62 ± 312.457 g/100 m and x ̄a = 55.58 ± 78.98 g/100 

m), Ide (nb = 49; na = 7; t = 5.56; df =52.42; p < 0.001; ∆(x ̄a; x ̄b) = 449.66 g/100 m 

with x ̄b = 472.03 ± 550.18 g/100 m and x ̄a = 22.37 ± 50.87 g/100 m), roach (nb = 49; 

na = 7; t = 5.56; df =27.91; p = 0.019; ∆(x̄a; x ̄b) = 299.67 g/100 m with x ̄b = 530.64 ± 

645.39 g/100 m and x ̄a = 230.97 ± 205.43 g/100 m), chub (nb = 49; na = 7; t = 4.788; 

df =50.86; p < 0.001; ∆(x̄a; x ̄b) = 356.47 g/100 m with x ̄b = 398.67 ± 512.44 g/100 m 

and x ̄a = 42.21 ± 35.79 g/100 m), and bream (nb = 49; na = 7; t = 2.73; df =48.20; p = 

0.009; ∆(x ̄a; x ̄b) = 73.43 g/100 m with x ̄b = 75.21 ± 188.13 g/100 m and x ̄a = 1.79 ± 

3.29 g/100 m). The other investigated species did not give clear results (6) 

*** 
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Fig. 4 Species specific NPUE (number of fish caught per unit effort; per 100 m transect length) and 

BPUE (biomass of fish caught per unit effort; per 100 m transect length) before and after the river Oder 

fish kill. nb = 49 (for round goby only values from 2013 on were considered since it is an invasive species, 

nb, round goby = 23); na = 7, * signifies p < 0.05, ** signifies p < 0.01, *** signifies p < 0,001, × marks the 

arithmetic mean. 

 

6.  Means (x ̄) of NPUE (number of fish caught per unit effort; per 100 m transect length) and BPUE (biomass of 

fish caught per unit effort; g/100 m transect length) test statistics for selected species in comparison before (b) 

and after (a) the fish kill. nb = 49; na = 7 for each species (nb, round goby = 23), SD = standard deviation, t = t-test 

value, df = degrees freedom, p-value indicates 2-tailed significance <0.05, * signifies p < 0.05, ** signifies p < 

0.01, *** signifies p < 0,001. 

NPUE x̄b SDb x̄a SDa t df p-value 

Bleak 35.30 96.45 32.13 26.63 0.09 54.00 0.93 

European Perch 45.55 56.75 26.75 19.45 0.86 54.00 0.39 

Roach 57.93 100.49 25.48 12.14 0.85 54.00 0.40 

Round Goby 46.62 54.16 6.82 9.79 3.35 25.88 **< 0.01 

Bitterling 0.74 2.29 2.14 3.17 -1.45 54.00 0.15 

Chub 6.66 7.77 1.86 1.25 1.62 54.00 0.11 

Asp 1.40 3.23 1.50 2.00 -0.08 54.00 0.94 

 Ide 7.89 8.25 0.40 0.58 6.24 50.93 ***0.00 

Pike 2.14 4.16 0.14 0.24 1.26 54.00 0.21 

European Eel 0.11 0.32 0.50 0.65 -1.57 6.42 0.16 

Gudgeon 2.69 7.85 0.10 0.19 0.87 54.00 0.39 

Spined Loach 26.30 46.05 1.57 1.21 3.75 48.45 ***0.00 

*** 

 

*** 

 
*** 
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NPUE x̄b SDb x̄a SDa t df p-value 

Bream 0.81 2.04 0.43 0.73 0.49 54.00 0.63 

White Bream 14.09 42.78 2.89 2.68 0.69 54.00 0.49 

Wels Catfish 0.13 0.32 0.14 0.38 -0.08 54.00 0.93 

BPUE x̄b SD x̄a SD t df p-value 

Bleak 58.60 111.32 67.58 57.14 -0.21 54.00 0.84 

European Perch 672.25 895.59 424.52 366.78 0.72 54.00 0.48 

Roach 530.64 645.39 230.97 205.43 2.49 27.91 *0.02 

Round Goby 268.62 312.46 55.58 78.98 2.97 27.72 **< 0.01 

Bitterling 1.44 5.14 3.92 5.24 -1.19 54.00 0.24 

Chub 398.68 512.44 42.21 35.79 4.79 50.86 ***0.00 

Asp 10.76 27.33 5.97 7.45 0.46 54.00 0.65 

 Ide 472.03 550.18 22.37 50.87 5.56 52.42 ***0.00 

Pike 404.57 545.75 119.28 221.22 1.36 54.00 0.18 

European Eel 38.80 138.20 119.22 155.06 -1.42 54.00 0.16 

Gudgeon 15.10 40.73 1.75 4.42 0.86 54.00 0.39 

Spined Loach 118.58 238.61 11.54 9.84 1.18 54.00 0.24 

Bream 75.21 188.13 1.79 3.28 2.73 48.20 **< 0.01 

White Bream 60.17 129.73 14.56 17.04 0.92 54.00 0.36 

Wels Catfish 3.88 9.90 23.50 62.17 -0.83 6.04 0.44 

 

Changes in habitat guild composition 

Habitat communities showed significant changes after the Oder fish kill.  Eurytopic 

species ranged from 3.93% to 93.01% in all transects before to afterwards 88.16% up 

to 97.01% of all found species. Limnophilic made up 0% to 7.20% of the community 

before and 0% to 1.20 after the fish kill. Rheophilic species dropped in abundance from 

5.85% to 96.07% before to 2.91% to 11.84% afterwards (Fig. 5). The changes for 

eurytopic and rheophilic species are highly specific. Eurytopic species increased by 

around 15% (nb = 49; na = 7; t = -4.94; df =54.00; p < 0.001; ∆(x ̄a; x ̄b) = 15.39% with 

x ̄b = 49.56 ± 7.44% and x ̄a = 64.95 ± 9.60%), while rheophilic species decreased by 17% 

(nb = 49; na = 7; t = 5.58; df =54.00; p < 0.001; ∆(x ̄a; x ̄b) = 16.67% with x̄b = 45.01 ± 

7.60% and x ̄a = 28.34 ± 5.43%). No significant change was detected in the rarer 
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limnophilic species (nb = 49; na = 7; t = -0.56; df =54.00; p = 0.578; ∆(x̄a; x ̄b) = 1.28% 

with x ̄b = 5.43 ± 5.47% and x ̄a = 6.71 ± 7.01%),  * signifies p < 0.05, ** signifies p < 

0.01, *** signifies p < 0,001. 

 

Fig. 5 Changes in habitat guild composition after the river Oder fish kill. Percentage of eurytopic fish 

(white) rose from 49.56% to to 64.95% (nb = 49; na = 7; t = -4.94; df =54.00; p < 0.001; ∆(x̄a; x ̄b) = 15.39% 

with x̄b = 49.56 ± 7.44% and x̄a = 64.95 ± 9.60%). Percentage of limnophilic species (plain grey) remained 

unchanged at 5.43% before and 6.71% afterwards species (nb = 49; na = 7; t = -0.56; df =54.00; p = 0.578; 

∆(x̄a; x̄b) = 1.28% with x̄b = 5.43 ± 5.47% and x̄a = 6.71 ± 7.01%). Rheophilic species (striped grey) 

decreased significantly from 45.01% to 28.34% ((nb = 49; na = 7; t = 5.58; df =54.00; p < 0.001; ∆(x̄a; x̄b) 

= 16.67% with x̄b = 45.01 ± 7.60% and x ̄a = 28.34 ± 5.43%), * signifies p < 0.05, ** signifies p < 0.01, *** 

signifies p < 0,001 , × marks the arithmetic mean. 

Fish size 

Overall, fish decreased in size from 100.39 ± 43.16 mm (= x̄b) to 79.85 ± 41.28 mm (= 

x ̄a) (nb = 2,624; na =2,133; t = 16.718; df = 4632; p < 0.001; ∆(x ̄a; x ̄b) = 20.54 mm) (Fig. 

6). Species individual numbers are shown in 7.  

Length of roach decreased highly significantly (x̄b = 109.61 ± 24.08 mm; x ̄a = 81.93 ± 

26.51 mm, nb = 614; na =482; t = 18.06; df = 1094.00; p < 0.001; ∆(x ̄a; x ̄b) = 27.68 mm), 

whereas length of european perch increased significantly by a small margin (x ̄b = 

101.88 ± 25.24 mm; x ̄a = 438.00 ± 106.41 mm, nb = -1,018 ; na =438; t = -3.73; df = 

1066.58; p < 0.001; ∆(x ̄a; x ̄b) = 4.53 mm). Also, sizes of chub increased after the fish 

kill (x̄b = 85.44 ± 50.56 mm; x ̄a = 111.74 ± 41.59 mm, nb = -165; na =38; t = -2.98; df = 

201.00; p = 0.003; ∆(x ̄a; x ̄b) = 26.30 mm). The other tested species did not show clear 

results (Table B.1). With low sample sizes no statistics were performed. 

*** 

 

*** 
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Fig. 6 Total length of fish caught in 2019 (before; b) and 2022 (after; a). Length in millimeters. x̄b = 

100.39 ± 43.16 mm; x̄a = 79.85 ± 41.28 mm, nb = 2,624; na =2,133; t = 16.718; df = 4632; p < 0.001; ∆(x̄a; 

x̄b) = 20.54 mm. Outliers excluded from the figure (before: 175; 185; 195; 205; 220; 230;240; 250;260; 

270; 280; 290; 300; 310; 320; 330; 340; 360; 390; 420; 530, after: 155; 161; 167; 175; 182; 189; 195; 202; 

215; 270; 295; 347; 421; 446; 534; 559; 567; 690; 710 [mm]). See supplement graphic Figure B.1 including 

outliers. * signifies p < 0.05, ** signifies p < 0.01, *** signifies p < 0,001, × marks the arithmetic mean. 

 

7. Number of fish species before (nb, from 2019) and after (na), where size was measured and size calculations 

were performed. Statistics was done for selected species.  

Fish species nb na Fish species nb na 

Asp 7 24 Northern Pike 11 2 

Bitterling 4 46 Pikeperch 1 0 

Bleak 178 830 Prussian Carp 0 1 

Bream 23 6 Roach 614 482 

Burbot 49 0 Round Goby 114 148 

Chub 165 38 Rudd 41 6 

Common Dace 5 1 Ruffe 24 6 

European Eel 0 9 Spined Loach 12 30 

European Perch 1018 438 Tench 0 2 

Gudgeon 1 2 Wels Catfish 1 2 

Ide 52 9 White Bream 304 51 

 

8. Mean length and standard deviation (SD) (in mm) for selected species considered for length comparison before 

and after the fish kill. nb and na are given in 7, SD = standard deviation, t = t-test value, df = degrees freedom, 

p-value indicates 2-tailed significance, * signifies p < 0.05, ** signifies p < 0.01, *** signifies p < 0,001. 

*** 
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Fish species Meanb SDb Meana SDa t df p-value 

Asp 72.86 9.55 76.25 19.38 -0.44 29.00 0.66 

Bleak 61.03 21.29 58.12 13.23 1.76 207.22 0.08 

Bream 73.83 10.42 77.33 13.82 -0.69 27.00 0.50 

Chub 85.44 50.56 111.74 41.59 -2.98 201.00 **<0.01 

European Perch 101.88 25.24 438.00 106.41 -3.73 1066.58 ***< 0.001 

Ide 161.90 62.57 132.33 50.51 1.34 59.00 0.19 

Roach 109.61 24.08 81.93 26.51 18.06 1094.00 ***< 0.001 

Round Goby 79.75 17.65 77.82 19.13 0.85 251.64 0.40 

Spined Loach 99.27 15.49 99.27 15.49 0.24 40.00 0.81 

White Bream 72.45 17.46 72.45 17.46 0.67 98.89 0.50 

 

Length [mm] 

Roach European Perch Round Goby 

   

White Bream Bream Bitterling 

   

*** 

 

*** 
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Length [mm] 

Bleak Gudgeon Spined Loach 

   

Northern Pike European Eel Wels Catfish 

   

Chub Asp Ide 

   

Fig. 7 Total length of fish caught in 2019 (before; b) and 2022 (after; a) of selected species. Length in 

millimeters. * signifies p < 0.05, ** signifies p < 0.01, *** signifies p < 0.001, sample numbers are given in 

7 

4.3. Discussion 

Written by Buket Zeynep Daldaban  

The Oder fish kill severely affected the species composition and the biomass of fish in 

the river. The study conducted in 2001 reveals that chub (Leuciscus cephalus), spined 

loach (Cobitis taenia), and burbot (Lota lota) were one of the dominant species of the 

main channel in the Oder River (Wolter & Bischoff, 2001). After the fish kill sampling, 

no burbot was caught, and spined loach and chub declined, all belonging to the 

rheophilic group. 

** 
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This change reveals that fish species were affected depending on their habitat guild 

features. Mainly larger fish have disappeared or declined in abundance. Especially the 

species belonging to the rheophilic group were affected far more than generalist species 

that can survive in a wide range of habitats that are not characteristic of natural river 

ecosystems. In addition, 78% of the rheophilic species are on the Red List (Aarts & 

Nienhuis, 2003a). This puts more emphasis on how important the conversation 

measures are for rheophilic species in rivers. The migratory rheophiles tended to go 

extinct first, as their decline was well underway by the 19th century (De Nie, 1997; de 

Groot, 2002). Generalist species are mainly found in the eurytopic guild, which is a 

sign of degradation. Rheophilic species, on the other hand, prefer natural running 

water flow dynamics and patterns (Glińska-Lewczuk et al., 2016; Zajicek & Wolter, 

2018). 

Size of fish across and within species decreased after fish kill. It illustrates that larger 

fish are being lost as a result of the decline in abundance and increase in relative 

proportions of smaller fish. A significant decrease in body length was observed in roach 

size but an increase was observed in body length for chub.  A similar study was 

conducted in several reservoirs of the upper Colorado River and Brazos River basins in 

Texas after a toxic bloom of golden alga (Prymnesium parvum). In the Colorado River 

basin, size structure of Largemouth Bass indicated an increase in relative proportions 

of smaller fish or loss of larger fish (VanLandeghem et al., 2013). 

By protecting and conserving Oder's ecosystem and ensuring it can be used sustainably 

in the future, numerous measures can be taken to prevent future environmental 

disasters. An infrastructure project review is recommended by scientists from IGB. As 

part of their action plan, they provided six recommendations for policymakers and 

authorities to take into consideration. 

A channelized stretch of River Oder showed reduced habitat heterogeneity and ecotone 

(Szlauer-Lukaszewska, 2015). The physical and chemical conditions of a channelized 

river stretch differ significantly from those of a natural one; dissolved oxygen 

concentrations are higher in natural rivers and temperature, conductivity, alkalinity, 

and TDS (total dissolved solids) are higher in channelized rivers (Barbosa et al., 

2006).  Therefore, it plays an important role in maintaining the integrity of the river 

by enforcing the interruption of planned and ongoing river engineering projects that 

might result in its stream bed being deepened and homogenized (IGB, 2022). 
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A study indicated that anthropogenic development and climate changes will result in 

decreased inflows and high reservoir salinities and therefore better condition for 

golden alga to thrive (Roelke et al., 2012). Therefore, nitrates and phosphorus input 

into the Oder River from municipal wastewater treatment plants and agriculture have 

to be reduced. Additionally, the amount of heavy metals and salts entering the water 

body need to be significantly reduced (IGB, 2022).   

When the riverbed and backwaters are restored, more water will be retained, ensuring 

a healthy riverbed despite drought conditions (IGB, 2022). When connectivity 

decreases, endangered species are less likely to be found. Most endangered species are 

rheophilic species that inhabit connected channel habitats, which is why they are less 

likely to be found with decreasing connectivity (Ward et al., 2002). Disconnected 

floodplains are inhabited primarily by eurytopian fishes, with very few endangered 

species (Schiemer et al., 1994). 

Researchers from the IGB have already suggested fish stocking as a potential measure 

to deal with the mass fish die-off (2022). However, several of the species which inhabit 

the Oder River, have evolved into distinct genetic units that are adapted to their 

respective habitats. Consequently, if the populations are stocked with non-native fish 

in the Oder, the species may become genetically compromised. Moreover, the results 

of research indicate that stocking was relatively ineffective compared to natural 

recruitment in assisting native fish to recover following an environmental disaster 

(Stocks et al., 2021; Thiem et al., 2017). 

Finally, the Oder should be managed and evaluated primarily at the basin scale, from 

which national and smaller-scale administrative measures can be derived according to 

the European Water Framework Directive (WFD). After this man-made disaster, 

international cooperation proved inefficient when it came to monitoring pollutants, 

coordinating measures, and communicating. Consequently, data from digital 

monitoring systems should be made freely available and a broader network of 

monitoring stations should be established across all three Oder riparian countries, 

including the Czech Republic, Poland, and Germany (IGB, 2022). 
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5. Influence of sampling gear (Electrofishing vs. multi mesh 

gillnets) on fish community-samples in a lowland lake of 

north-Brandenburg  

5.1. Methods 

Hypotheses 

1. The littoral zone where gillnetting is done is exposed to allchtonus material 

input which enhances nutrient availability fostering a higher biological 

productivity (Neiman & Decamps, 1997).Due to greater structural complexity, 

associated with the littoral zone there has been diverse availability of food 

resources and a greater potential for ecological niche separation, hence greater 

fish abundance and high species diversity (Fischer & Eckmann, 1997; Lewin et 

al., 2004). Previous studies have shown greater species richness in 

electrofishing than in gillnet fishing (Zalewski & Cowx, 1989; Vaux et al., 2000; 

Goffaux et. al., 2005). Therefore, it was hypothesized that there will be greater 

species richness in electrofishing. 

2. Rudd (Scardinius erythrophthalmus) is a benthic feeder which prefers shallow 

water with vegetation, feed on zooplankton and aquatic plants (Blackwell and 

Kaufman, 2009). As a result of gear selectivity, certain sizes of rudd will be 

found in the littoral zone. Several studies have shown that northern pike (Esox 

Lucius) prefers the littoral zone (Cook & Bergersen, 1988) and structurally 

diverse, vegetated habitats (Cook & Bergersen, 1988; Casselman & Lewis, 1996; 

Grimm & Klinge, 1996). The littoral zone is covered with vegetation, which plays 

an important role of providing cover for adults, attachment of eggs and larvae, 

as well as food and cover for juveniles (Casselman & Lewis, 1996). It was 

therefore hypothesized that the abundance of species rudd and northern pike in 

electrofishing will be higher. 

3. Lake sublittoral zones have high abundance of food and provide habitat for 

many aquatic vertebrates. Roach (Rutilus rutilus) is known for its optimal 

foraging behavior with a trade-off between food resource utilization and 

predator avoidance (Gauthier & Boisclair, 1997). Roach has a high foraging 
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efficiency on zooplankton in open waters (Persson, 1987). Perch is an aquatic 

predator who preys on open waters and around the sublittoral zone (Linzmaier 

et al.,2017). Therefore, we expected a higher relative frequency of roach and 

European perch (Perca fluviatilis) in benthic gillnets 

4. Deeper lakes are known to hold less fish per unit of volume (Mehner et al., 2007) 

and a higher fish abundance in the littoral zone (Lauridsen et al., 2008). It was 

hypothesized that there will be higher abundance and biomass of the whole fish 

community in more littoral gill nets than in deeper stratum placed gill nets, 

specifically for roach and european perch. 

In medium structured habitats of the littoral zone, Perch are superior 

competitors to Roach (Persson & Eklöv, 1995). Perch are strictly carnivores 

while Roach are generalist feeders whose foraging is efficient in shallow waters 

where there’s plenty of zooplanktons (Persson, 1987). We therefore 

hypothesized that the Numbers per unit of effort (NPUE) and the biomass per 

unit of effort (BPUE) of european perch could be higher in shallow nets than in 

deeper stratum and roach viceversa. 

5. Electrofishing efficiency is limited to shallow water areas (Bohlin et al., 1989), 

hence suitable for sampling the highly vegetative littoral zone (Lewin et al., 

2014), which serves as spawning ground for many fish. Phytophilic species are 

adapted to spawn their eggs on plants in freshwater ecosystem. A previous study 

by (Gillet et al., 2013) showed that most phytophilic fish species spawn eggs 

among hydrophytes. It was therefore hypothesized that the phytophilic species 

will be more abundant in electrofishing samples. 

6. The fish body size is normally attributed to predator prey interactions between 

relatively small prey within the dense littoral zone and large predators outside 

(Devries, 1990). The Littoral zone usually is characterized by shallow waters 

high structure diversity which is a refuge zone for small-bodied fish, hence a 

preferred habitat for larval and juvenile fish (Brosse & Lek, 2002; Okun & 

Mehner, 2005). The high structural complexity of the littoral zone outstandingly 

increases their protection from larger piscivorous predators (Werner et al., 

1983). As fish grow their risk to predation by predators decreases (Gaeta et al., 

2018), this might be the reason for larger-bodied fish to leave the shelter habitat 

more frequently (Ríha et al., 2015). Some studies have shown larger fish to be 

found in the deeper waters (Hickford et.al, 1997). Fish species condition is 
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determined based on the analysis of length weight relationship reflecting that 

heavier fish, at a given length might be in better condition (Bolger & Connolly, 

1989). It was therefore hypothesized that the total length and condition should 

increase with increasing depth. 

Sampling site 

The study was conducted on the natural lake Kleiner Döllnsee, a 25-ha, dimictic, 

shallow (mean depth 4.1 m, maximum depth 7.8 m) and mesotrophic to slightly 

eutrophic lake (P concentration at spring overturn of 28 lg l-1). It is located 80 km 

northeast of Berlin in the northeastern lowlands of Germany (N 52° 590 32.100 , E 13° 

340 46.500). The habitat structure of the shoreline is dominated by 95% reed and 5% 

submerged macrophytes. For the day of sampling the weather was estimated as sunny 

to cloudy with limited wind. Water parameters were measured with a conductivity of 

437 µS, an oxygen concentration/saturation of 8,67mg/l = 88,6% in a depth of 0,5m. 

The secchi depth was measured 2 m (30.09.2022). The fishing right of lake Kleiner 

Döllnsee belongs to the Leibnitz Institute of freshwater ecology and Inland fisheries 

(IGB), which makes it a very good sampling area, due to complete isolation of 

recreational- as well as commercial inland fisheries and. 

Sampling method 

Environment & water quality parameters  

The weather condition was distinguished by eye between sunny, cloudy and rain as 

main weather events. Furthermore, the wind was estimated between limited wind, very 

windy and storm.  
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The water parameters conductivity (µS), oxygen concentration(mg/l), oxygen 

saturation (%) and pH-value were measured with a WTW KS MultiLine and the fitting 

probes WTW TetraCon 325, WTW SenTix 41, WTW FDO 925. Additionally, a vertical 

depth-profile of temperature and oxygen concentration was dependent on depth was 

prepared and is shown in figure 1.  

Figure 1 Depth profile of oxygen concentration and water temperature of lake Kleiner Döllnsee from 29.09.2022 

at the deepest part of the lake 

Electro-sampling 

The fish community sampling was executed around the whole shore area of the lake in 

the littoral zone (0-1.5m) with an electrofishing gear. Littoral electrofishing was 

conducted from the boat by a four-person crew, using a (BRETTSCNEIDER 

SPEZIALELEKTRONIK-EFG4000: Ausgangsleistung 4000W/used electricity of 

30A/260V), powered by a battery. One person controlled the anode of 40 cm in 

diameter while 2 person used nets to catch the fish, swimming to the anode. One 

person navigated the boat. Prior to sampling the lake shore was divided in seven 

different transects measuring from 250-480m depending on local conditions. Each 

transect was fished and data recorded separetly.The transect numbers in the lake 

started by 13 and ended up by 19. The number of the transects were summed up to the 

total lake shore. 
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Gillnet-sampling 

To compare the community data of fish with the composition in deeper stratum of the 

lake, stratified random sampling following the European standard procedure 

(EN,14757,2005) was used to define the coordinates for the net location as seen in 

figure 2.  

 

Figure 2 QGiS map of Kleiner Döllnsee. Deep pelagic zone (grey), shallow littoral zone, reed belt (green) with 

random stratified generated GPS-locations for the WFD multi mesh gillnets in different depth strata. 

The nets were set before dusk ad lifted the next day after. Overall, 8 nets were set 

(European gillnet sampling standard (CEN, 2015) considers a minimum of 8 or 16 

gillnets depending on whether the maximum depth is less than or above 12m). Four 

nets were placed in lower stratum of 0-3 m depth, near the littoral zone, at the edge of 

the reeds and further four nets in depth >3m. The nets for estimating the fish 

community and composition were standardized Norden multimesh gillnets (CEN, 

2015), with a total length of 30 m and hight of 1.5 m. Each net was composed of mesh-

size panels, each being 2.5 m long with different knot to knot measured mesh sizes (43, 

19.5, 6.25, 10, 55, 8, 12.5, 24, 15.5, 35, 29.5mm). The nets were attached to a floating 

line and sinking line to guarantee an upright position inside the water column. All eight 

WFD multi mesh gillnet were set on 28.09.2022 approximately one hour before sunset 

between 05:35 to 06:08 pm and been lifted between 10:25 to 10:53 am the next day. 
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Fish measurement 

Total length of all captured fish was measured to the nearest mm. Furthermore, the 

wet weight of most Individuals was measured (±0.5g). Exceptions were made for rudd 

. Due to very high numbers of individuals in one cohort (100-140 mm) only length was 

measured after 5 transects and only Individuals larger or smaller were weighted. In 

cyprindis, hybrids of White bream (Blicca bjoerkna) were found but no further 

determined. Fish were categorized into reproductive guild according to (Balon, 1975) 

Data analysis 

Data was transferred from analogue into digital format (Microsoft Excel 2016). The 

missing values of weight (W) from rudd, were predicted and calculated via length-

weight regression with the equation  

𝑊 = 𝑎 × 𝐿𝑏𝑊 = 𝑎 × 𝐿𝑏  

𝑎 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡;  𝐿 = 𝑇𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ;  𝑏 = 𝑙𝑒𝑛𝑔ℎ𝑡 − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 

To gain a linear regression model, Logarithm of 10 for parameters a and b were taken 

and the missing weight could be calculated. 

Numbers per unit of effort (NPUE) as absolute numbers and Biomass per unit of effort 

(BPUE) in kg were calculated for electrofishing per 100 m transect length and for WFD 

multi mesh gillnets per 10 m² the following way: 

NPUEᵢ (electrofishing) = 
𝑛𝑖

𝑙𝑛
×  100 

NPUEᵢ (WFD-net) = 
𝑛𝑖

𝑙𝑛
×  10 

BPUEᵢ (electrofishing) = 
𝑚𝑖

𝑙𝑛
 ×

100

1000
 

BPUEᵢ (WFD-net) = 
𝑚𝑖

𝑙𝑛
 ×  

10

1000
 

nᵢ = total number of individuals of species i 

lₙ = length of transect [m] 

mᵢ = total weight [g] of individuals of species i 

lₙ = length of transect/net [m] 
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The condition of fish was calculated for all species but needed a reference weight. 

Therefore, the estimated weight was calculated, based on the a and b values from 

website “fishbase”(Froese & Pauly, 2022): 

estimated weight [g] = a x (Total length [mm]/10) ᵇ 

 

Afterwards, the calculation for the condition (Kn)was made: 

𝐾𝑛 =
𝑊𝑚

𝑊𝑒
 

Wₘ = measured weight [g] 

Wₑ = estimated weight [g] 

 

Statistical testing 

Species richness was descriptively analysed by comparing the two gear methods and 

the revealed species from each method. 

Pearson Chi-Square test was used for both hypotheses with nominal scaled variables, 

to test the difference of species composition between the two gear methods and to test 

if there exist a difference between reproductive guilds and the gear methods. 

T- test for equality of means of independent samples was used to test differences 

among means of relative CPUE and relative BPUE for species rudd, northern pike, 

european perch and roach in the two gear types. Levene’s test was interposed to test 

equality of Variances. 

T-test for equality of means of independent samples was used to test differences among 

means of CPUE and BPUE for the two WFD-multi mesh gillnets (0-3m,>3m) and 

species specifically for roach and european perch. Levene’s test was interposed to test 

equality of variances. 

One-way analysis of variance (ANOVA) was used to test differences between three 

sampling methods electrofishing, WFD-multi mesh gillnets (0-3m) and WFD multi 

mesh gillnet (>3m) for dependent variables condition and total length. Post-hoc test 

for multiple comparisons, Tukey HSD or Dunnet T3 were used to examine the exact 

differences. Levene’s test was used as tool for the decision of post-hoc test, Tukey-HSD 

(equal variances) or Dunnet T3 (unequal variances).   
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Significance was assumed at an α-level of 5 % for all statistical tests. 

All test statistics were done with SPSS Version 26.0.0.0 (SPSS Inc., Chicago, IL, USA 

All plots were created in Microsoft Excel 2016.  
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5.2. Results 

With the use of different gear methods (Electrofishing, WFD multi mesh gillnets) 10 

different species could be observed in the lake. In total the two gear methods captured 

2015 individuals. 

Figure 3 Species composition (%) for 7 pooled electrofishing transects (left) and 8 pooled WFD multi mesh gill 

nets (right)  

Thereof, 1290 Fish were caught, using electrofishing as fishing method and 725 

individuals with WFD multi mesh gillnets. The Chi- square test revealed that the 

composition of all species differed significantly (Chi²= 1040.026df=9, p< 0.001) 

between the two gear-types. As shown in figure 3 the electrofishing samples were 

dominated by rudd, with about 77%, while the fish composition in gillnet samples 

mostly consisted of roach (~40%) and european perch (~ 39%).  
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Figure 4 100% Stacked bar chart of relative frequency (%) of caught Species, aggregated to reproductive guild 

classes, phytophile and phyto-lithophil. 7 pooled electrofishing transects (left) and 8 pooled WFD multi mesh 

gill nets (right) 

The analysis on composition between reproductive guilds and the two gear methods 

(Electrofishing & WFD multi mesh gillnet) showed, a significant difference (Chi²= 

907.968df=1, p<0.001) between the gears. Phytophilic species were more abundant in 

the Electrofishing samples with 1088 Individuals, while phyto-lithophilic fish were 

represented by 202 Individuals. However, phyto-lithophilic species were more 

abundant in gillnets with 611 Individuals. The gillnets caught only 114 phytophilic 

Individuals which is also expressed as relative frequency of Fish in the two guilds of 

figure 4.  

Table 1 Test statistic: t-test for Equality of Means between Relative catch per unit of effort NPUE and relative 

biomass per unit of effort (BPUE) and selected species rudd, Northern Pike, european perch and roach. 

The Numbers per Unit of Effort (CPUE) and Biomass per unit of effort (BPUE) 

compared between two gear types revealed a significant difference among means for 

the tested species rudd, northern pike, roach and European perch, summarized in table 

1. 

NPUE [%] Species N (Electrofishing) N (WFD gillnet) df t p-value 

  Rudd  7 8 13.00 5.76 <0.001 

 Northern pike 7 8 13.00 2.28 0.04 
  European perch 7 8 13.00 3.08 0.009 

 Roach 7 8 13.00 8.88 <0.001 

BPUE [%] Species N (Electrofishing) N (WFD gillnet) df t p-value 

  Rudd  7 8 13.00 4.16 0.001 

 Northern pike 7 8 13.00 4.00 <0.001 
  European perch 7 8 13.00 6.27 <0.001 

 Roach 7 8 13.00 8.83 <0.001 
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Figure 5 Boxplots (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) of NPUE in n/10m² and 

BPUE in kg/10m² for roach and perch in N=4(0-3m) and N=4(>3) WFD multi mesh gillnets. Significance for 

T-test for equality of means marked with *-signs 

Besides the differences between two gear types, it was expected, that NPUE and BPUE 

just for the two WFD-gillnets in two different depth (0-3m, >3m) are higher for gillnets 

of 0 – 3m. but the result for the t-test for equality of means for independent samples 

showed significantly higher NPUE (t=-2.497df=6, p =0.47) and BPUE (t=-3.755df=3,143, 

p =0.03) in the deeper placed water area. The gillnets of higher depth captured on 

average 25.1 fish per 10 m² (SD±6.5) which were 10 fish more than in nets, placed in 

shallower water depths. In addition, the biomass reflects a similar result and was with 

1.8 kg fish per 10m² (SD±0.59) more than twice as high in deeper gillnets compared to 

the biomass of shallower nets, where the biomass was with 0.73 kg/10m² on average 

(SD±0.09) comparingly low. The species composition was dominated by roach and 

european perch with a portion of 79% of the total catch in WFD gillnets. Gillnets 

between 0-3 m captured on average 6.5 (SD±1.76) roaches per 10m², while gillnets 

>3m caught 9.7 (SD±4.08) roach. Nevertheless, T-test for equality of means showed 

no significant differences between NPUE and gillnet-stratum (t=-1.448df=6.143, p >0.05) 

seen in figure 5. On the other hand, the BPUE for roach was with a mean of 0.7 kg/10m² 

(SD±0.05) significantly higher in gillnets >3 m (t=-12.775df=6, p <0.001). For European 

Perch, the CPUE (-3.904df=6, p <0.05) as well as BPUE (-2.596df=6, p <0.05) were tested 

significantly different for equality of means. On average the gillnet placed in 0-3m 
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caught 3,27 fish per 10m² (SD±2.06) and the gillnet deeper than 3 m caught 12.27 fish 

per 10m² (SD±4.12).  

 

Figure 6 Boxplot (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) of Total length in mm for 

roach and european perch within different fishing geartypes. N=7(Electrofishing); WFD gillnet 0-3m (N=4); 

WFD gillnet < 3m (N=4) Significant differences are highlighted with *-signs. Post-hoc testing was performed 

by Dunnet T3 (european perch) and Tukey HSD (roach) 

The Condition of fish species showed no significant differences with statistical test of 

ANOVA between the different gear-methods (ANOVA, F=2.553[2,2012], p >0.05). 

Moreover, the condition for single species european perch and roach showed no 

significant differences and rejected the hypotheses of better conditioned Individuals in 

deeper water areas. The total length of fish indeed showed significant differences 

between the gear types (ANOVA, F=2.553df=2, p<0.001). Therefore, Dunnett T3 test for 

multiple comparisons approved significant differences between Electrofishing and 
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both WFD-gillnets samples in the depths of 0-3m (N=2015, p< 0.001) and >3m 

(N=2015, p<0.001). This was also revealed for tested european perch (ANOVA, 

F=4.097df=2, p=0.017). Figure 6 shows the Dunnett T3 for multiple comparisons, which 

found again differences between Electrofishing and the WFD-gillnets of 0-3m depth 

(N=390, p=0.04) and >3m depth (N=390, p=0.028) while the gillnets among 

themselves showed no differences between total length of fish Individuals (N=390, 

p>0.05). In roach, Tukey HSD detected total length differences just between the 

electrofishing method and WFD-gillnets of >3m depth (N=342, p<0.001). In addition, 

the gillnet placed in 0-3m depth differed significantly from the deeper gillnets of >3m 

in depth (N=342, p=0.019).   
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5.3. Discussion 

The Influence of different fishing gear such as the examined technic of electrofishing 

and the WFD multi mesh gillnets showed several effects in the caught fish assemblage. 

Our analysis clearly revealed that the fish communities are different between both 

fishing methods. Dominant species during electrofishing was rudd. In WFD multi-

mesh gillnets, dominating species were roach and european perch. Fish species 

aggregated to reproductive guilds, showed that phytophilic species were more 

abundant in electrofishing samples, while phyto-lithophilic species manly dominated 

the gillnets samples. Specifically for the species rudd, and northern pike our analysis 

showed, that they were significantly better catchable with the use of electrofishing and 

were underrepresented in WFD multi mesh gillnets. The opposite applies to analysed 

species roach and european perch, which were rarely captured by electrofishing but in 

WFD multi mesh gillnets. By comparison between the two nets of different depths, 

significantly higher numbers in fish and biomass were captured in deeper (>3m) 

placed nets, against our prediction. Furthermore, this applies to the dominating 

species european perch and roach. For the multiple analysis of condition and gear 

methods (Electrofishing; 0-3m; >3m) specifically for roach and european perch no 

differences could be found. The total length comparison to the gear methods showed 

that european perch were larger in total length in both gillnets compared to 

electrofishing samples. Roach had the significantly highest total length in the deepest 

gillnets (>3m) compared to gillnets of lower depth and electrofishing samples.  

The composition of different species between gear methods showed that a northern 

lowland lake harbours no same frequencies of certain fish species in all parts of the 

lake. This effect could lead to large underrepresentation or overrepresentation of 

species when using only one gear method. The near shore habitats such as reed leads 

to more complex structure and can be assumed with more food resources and refuge 

availability against other predators (Werner et al., 1983). Nevertheless, littoral fish 

community had no more diversity compared to benthic WFD multi mesh gillnets, 

although the diversity of species often is connected with habitat diversity (Eckmann, 

1995). Electrofishing is the only fishing method to reach those shallow, structured 

habitats and therefore captures especially the species, which are closely associated with 

those habitats. That also applies for reproductive guilds, which aggregates certain 

species to an optimal reproductive habitat. in this study most individuals of 
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phytophillic guild were only caught with electrofishing gear. The dominant species of 

this guild in our study, in the littoral zone was rudd. The benthic feeding behaviour and 

preference for shallow water areas with vegetation of rudd (Blackwell and Kaufman, 

2009), underlines our result of capturing almost all rudd, in all sizes with the 

electrofishing gear and not in the WFD-multi mesh gillnets. Furthermore, Northern 

Pike is closely related to the littoral zone (Cook & Bergersen, 1988). The high food 

availability, presence of macrophytes and reed as cover to hide and attack for prey as 

well as sexual reproduction habitat for attachment of eggs and larvae makes the littoral 

zone the perfect habitat for pike adults and juveniles (Casselman, 1995; Casselman & 

Lewis, 1996). This explains why the electrofishing gear is very good method to sample 

northern pike and therefore extend the species composition where a gillnet 

underrepresents this specific species completely.  

On the other hand, electrofishing is limited in open-water habitats and do not catch 

species which use the pelagic water column as habitat or deep benthic zone in lakes 

where other species could be found (Copp & Peňáz, 1988; Bohlin et al., 1989). In our study, 

we caught the highest frequency of roach in WFD multi mesh gillnets. The roach is one 

of the species, which is planktivorous, but larger sized Individuals tend to feed on algae 

and macrozoobenthos (Persson, 1983; Haertel & Eckmann, 2002). Accordingly, the 

preferred lake habitat of large roach is the pelagic zone, where the competition of food 

resources is comparingly low to the littoral zone. This could be the reason for the high 

abundance of roach in WFD multi mesh gillnets. Moreover, the european perch can be 

related to the pelagic zone of lakes mostly during daytime, while at night the european 

perch shows a migration to littoral habitats (Schulze et al., 2006). Which makes the 

result plausible, that WFD multi mesh gillnets caught significant more european perch. 

Roach and perch only have a co-occurrence in the same habitat when roach are larger 

than the prey range from european perch. Otherwise, there would exist a horizontal 

migration during day and night (Schulze et al., 2006).  

Regarding the CPUE and BPUE of roach and european perch by comparing the net 

depth of 0-3/>3m the abundance in the deep nets only could explained by the seasonal 

cycling in dimictic lakes. As the depth profile for temperature and Oxygen showed, that 

there was no oxygen depletion throughout the whole water column and the 

temperature just varied between 2°C the lake showed the typical autumn circulation. 

This indicates that fish had the ability to inhabit higher depth of the lake to search for 

foodresources. 
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The total length for the whole fish community showed that with higher depth, the 

length of fish increased although the risk of predation is assumed to be higher. It can 

be anticipated that large Individuals take the risk and even estimate the risk. This was 

shown in lab experiments, where fathead minnows distinguished predators based on 

the size with chemical cues (Kusch et al., 2004). 

In summary it was shown that the different gear types have a great influence on the 

species composition of fish communities in a lake. Every gear type, either electrofishing 

or WFD multi mesh gillnets have their justification and their specific area of 

application. This can depend on the depth as well as on the habitat structure and on 

the scaring effect of the gear type. 

In the end, both methods catch different species and sizes, which is why both methods 

should always be used when collecting data on the composition of fish communities in 

lakes. Therefore, net-setting should always follow a stratified random sampling to 

reach the highest variety of habitats and depth where fish could hide.
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6. Influence of multi-mesh gill net configuration on catch 

outcome in Lake Großer Vätersee – does panel length 

influence the assessment of fish species richness, 

composition, abundance, biomass, and size structure? 

Hypotheses 

1. Species richness and species composition 

Large species are often underrepresented when mesh sizes are not large enough 

(Šmejkal et al., 2015). If this is the case, large individuals do not wedge themselves, but 

entangle by head and tail parts (Hamley, 1975). Entanglement of large individuals 

might increase with panel length, since longer sections of a single, large mesh size 

could lead to entanglement with head and tail parts. The total number of captured key 

species is not expected to differ with panel length (Rotherham et al., 2006). Hence, we 

hypothesized that with increasing panel length (2.5m, 5m, 10m), species composition 

will be shifted towards a higher portion (%) of large cyprinid species (represented by 

bream, Abramis brama), both by number and weight, while species richness does not 

differ.  

2. NPUE and BPUE 

Given the spatial heterogeneity in fish community composition within lakes (Benson & 

Magnuson, 1992; Schulze et al., 2006), mismatches between individuals of a certain size 

class and the suitable mesh size might occur. With increasing panel length, we expect 

mismatching to be elevated. Simultaneously, entanglement of large individuals could 

also increase (according to our first hypothesis). Therefore, we hypothesized that the 

number per unit effort (NPUE), measured in count/net, will decrease in multi-mesh 

gill nets with increasing panel length (2.5m, 5m, 10m), but biomass per unit effort 

(BPUE), measured in kg/net, remains similar (less but heavier individuals). On species 

level, NPUE as well as BPUE is expected to increase for bream (Abramis brama) with 

increased panel length.  
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3. Size structure 

As we expected entanglement of large individuals to increase with panel length (first 

hypothesis), we hypothesized that the total fish size increases with panel length (2,5m, 

5m, 10m). On species level, the same trend is expected to be observed for bream 

(Abramis brama). This effect of panel length on fish size is predicted to be pronounced 

in large mesh sizes (55mm and 75mm), as underrepresentation of large species should 

decrease with mesh size (Smejkal et al. 2015) and entanglement of large individuals 

might be facilitated.  

6.1. Methods  

Sampling location  

Lake Großer Vätersee is situated about 70 km north-east of Berlin, Germany (53°009 

N; 13°339 E). It has a surface are of 12 ha and is characterised by a simple lake basin 

morphometry (maximum depth 11,5 m, mean depth 5,2 m; Figure 1). The mesotrophic 

lake has no in- or outflow and the catchment is mostly covered by forest, while most 

of the lake’s littoral zones are covered by reed beds. The lake is unexploited which 

means that neither commercial fishing nor angling is allowed. Former assessments 

revealed roach (Rutilus rutilus) and Eurasian perch (Perca fluviatilis) as dominating 

species both by number and biomass (Kasprzak et al. 2000). 

 

Figure 1. Bathymetric map of lake Großer Vätersee with 1m contourline intervals (Kasprzak et al., 2000).  
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Data collection 

To analyse the effect of gill net configuration on catch outcome, we used multi-mesh 

(24mm, 29mm, 35mm, 43mm, 55mm, 75mm; knot-to-knot) gill nets (1.5m height x 

60m length) that differed in their panel length (2.5m, 5m, 10m) for each mesh size. 

Accordingly, gill nets with 2.5m, 5m, and 10m panel length (in the following referred 

to as net type) consisted out of 24, 12 and 6 panels, with 5, 2, and 1 panel per mesh size 

respectively (Table 1).  

Table 1. Number of nets, panels per net, and panels per mesh size and net for the three net types. 

Net type Number of  

  nets  panels  panels per mesh size 

2.5 2  24  5  

5 2  12  2  

10 2  6  1 

 

The mesh size order was randomly assigned. Twine diameter was 0.17mm for the 

24mm and 29mm mesh, 0.2mm for the 35mm and 43mm mesh and 0.25mm for the 

55mm and 75mm mesh. All panels were attached to floating head-ropes and sinking 

foot-ropes. Six gill nets (2 gill nets per net type) were set for one night each on 28th and 

29th of September. Set up time was approximately 2h before sunset and nets were lifted 

the following morning approximately 1h after sunrise (mean set time = 15:19 h ± SD = 

00:35 h; variation in set time was neglected). The locations of the gill nets were 

previously assigned using R, package sf with function st_sample (R version 4.2.1, 

Pebesma, 2018; Figure 2). Random points (and associated coordinates) were 

generated within the epilimnion (0-5m depth) (Figure 1) (Kasprzak et al., 2000). The 

nets were placed above the thermocline to control for the impact of deoxygenated 

water at the bottom of the lake.  
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Figure 2. Map of lake Großer Vätersee, showing the randomly generated gill net locations in the nearshore 

region above 5m depth (yellow area). 

Captured fish were sorted by net type, mesh size, species, measured by length (mm), 

and weight (g). Abiotic parameters were measured at the deepest point of the lake 

using a multi parameter sonde. PH was measured at the surface and temperature and 

oxygen profiles were measured vertically over the whole water column. Water 

transparency was measured using a secchi disc.   

Data analysis 

Raw data was checked by plotting log10 transformed linear length-weight regressions 

from species-specific filtered raw data in Excel (Microsoft Excel 2016). Outliers and 

missing values were identified visually and double checked with handwritten field 

protocols. Most outliers could be corrected by identifying mistakes that occurred 

during digitalization of data. To predict missing weight values (W), we used species-

specific length-weight equations: 

𝑊  =  𝑎  ×  𝐿𝑏  

generated form our raw data (a = intercept, L = length, b = length-weight 

relationship). Trendlines and associated formulas of linear length-weight regressions 

were displayed to generate log10(a) and b parameters (retransformation of intercept 

by 10a). For tench (Tinca tinca), crucian carp (Carassius carassius) and white bream 

(Blicca bjoerkna), sample size was too small for calculating length-weight regressions. 

Therefore, estimated parameters (a, b) were obtained from FishBase (preliminary 

parameters were used, no exclusion or adjusted weight of studies; Froese and Pauly, 
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2022). Pivot tables were used to calculate net type- and species-specific numbers per 

unit effort (NPUE) and biomass per unit effort (BPUE), with net as unit. Identification 

of main species was based on their abundance, both by number and weight. Tidy data 

was organized in pivot tables, which were used for reporting descriptive information 

on study outcomes and for statistical data analysis in SPSS (IBM SPSS Statistics 28.0).  

The effect of panel length on species composition was tested using a Pearson Chi-

Square test. To test the effect of panel length on NPUE and BPUE, both total and on 

species level, the data was tested for Equal Variances with Levene's Test of Equality of 

Error Variances and analysed using a one-way ANOVA. For differences between each 

group, a Tukey HSD post-hoc analysis was done. When variances were not equal, a 

Kruskal-Wallis test was used for main effects and a Dunnett T3 test for post-hoc 

analysis. The same analysis protocol was used for the effect of panel length on size, 

both total and on species level and per mesh size. Environmental lake data 

(temperature and oxygen) were only plotted as descriptive information.  

6.2. Results 

Descriptive information on sampling site 

During the sampling, the lake was temperature stratified (depth of thermocline 6.5m) 

with an anoxic zone below the mixed layer (Figure 3). At the water surface, 

temperature was 14.7°C, oxygen saturation 7.81mg/L and pH = 8. Secchi depth was 

3.7m. 
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Figure 3. Depth profiles of water temperature (°C; dashed line) and oxygen saturation (mg/L; solid line) for 

lake Großer Vätersee. Pronounced thermal stratification with the thermocline around 6.5m and anoxic water 

in hypolimnion.  

Descriptive information on outcomes 

460 individuals were captured belonging to 8 different species. Roach and perch were 

the dominating species, both by numbers per unit effort (NPUE) and biomass per unit 

effort (BPUE). Bream was less abundant by NPUE but contributed substantially by 

BPUE (Table 2). Therefore, roach, perch and bream were identified as main species 

for further analysis.  

 



 

62 
 

Table 2. NPUE, size, weight, BPUE, both as mean and range, number (N), and length-weight equations for each species captured in the study. Sums are given for number (total 

and relative), weight (mean and relative), mean NPUE and mean BPUE.  

Species  Scientific name  N NPUE  

(N/net) 

Size  

(mm) 

Weight 

(g) 

 BPUE  

(g/net) 

Length-weight 

equation 

    total mean range mean range mean range mean range   

Bream  Abramis brama 20   1.7 0-3 367  200-455  600  89-887 1000 0-2224  W = 1.12E-05×L2.99 

Crucian carp Carassius carassius 2   0.2 0-1 296  209-382  679  193-1165  113 0-1165 W = 1.62E-02×L3.07 

Perch  Perca fluviatilis 172   14.3 1-30  230  114-369  172  19-638  2458 76-5269 W = 2.84E-06×L3.26 

Pike  Esox lucius 6   0.5 0-2  537  210-895  1390  110-4112  695 0-4112 W = 1.02E-04×L2.56 

Roach  Rutilus rutilus 240   20 12-31 244  160-340  174  41-466  3490 2033-5667 W = 2.62E-06×L3.26 

Rudd  Scardinius 

erythrophthalmus 

17   1.4 0-5 255  168-328  271  52-560  384 0-1691 W = 7.90E-07×L3.51 

Tench  Tinca tinca 2   0,2 0-1 450  450-450  1293  1203-

1384 

 216 0-1203 W = 1.32E-02×L3.00 

White bream Blicca bjoerkna 1   0,1 0-1  359  359-359  508  508-508  42 0-508 W = 1.07E-02×L3.19 
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Species richness and species composition 

Fish species were equally represented among net types, both by number (X² (14, N= 

460) = 21.172, p = .097) and weight (Table D1 in appendix).   

 

 
Figure 4. Species abundance (%) per panel length.  
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Figure 5. Biomass (%) of all species per panel length  

NPUE and BPUE 

Neither numbers per unit effort (NPUE) (H (2) = [.383], p = .826) nor biomass per 

unit effort (BPUE) (H (2) = [.962], p = .618) varied by net type (Table D2 + D3 in 

appendix). The boxplots show a large variation of NPUE for all panel length, while the 

variation of BPUE is smaller for the 5m and 10m net type (Figure 6 + 7). 
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Figure 6. Boxplots of NPUE (count/net) per panel length (Table D2 in appendix). 

 
Figure 7. Boxplots of BPUE (kg/net) per panel length (Table D3 in appendix). 
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On species level, NPUE of Bream (F (2, 9) = [1.900], p = .205), Perch (F (2, 9) = 

[0.352], p = .713), Roach (F (2, 9) = [4.062], p = .055) did not differ between net types 

(Figure 8). However, there was a trend towards a difference between the 2.5 and 5 m 

panel length for roach (Table D2 in appendix). 

Figure 8.  Species-specific boxplots of NPUE (count/net) per panel length for bream, perch, and roach (Table 

D2 in appendix).  

For BPUE, the biomass of roach was significantly higher (F (2, 9) = [8.544], p = .008) 

in the 5m (M = 4524.33, SD = 986.852) compared to the 2.5m (M = 2691.53, SD = 

469.944) and the 10m (M = 3253.10, SD = 209.136) panel length. There was no 

difference between the panel lengths for perch BPUE (F (2, 9) = [0.82], p = .922) and 

bream BPUE (F (2, 9) = [2.604], p = .128). 
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Figure 9. Species-specific boxplots of BPUE (kg/net) per panel length for bream, perch and roach (Table D3 in 

appendix). Asterisks indicate significance *p < .05, **p < .01. 

  

* * 
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Size structure 

Fish size differed among panel lengths (F (2, 457) = [5.445], p = .005). Individuals in 

the 5m (M = 260.08, SD = 63.069) panel length were significantly larger than in the 

10m (M = 235.53, SD = 55.515) panel length (Figure 10) (Table D7 in appendix).  

 
Figure 10.  Boxplots of fish size per panel length (Table D4 in appendix). Asterisks indicate significance *p < .05, 

**p < .01. 

On species level, perch were significantly larger (H (2) = [11.943], p = .003) in the 10m 

(M = 214.10, SD = 40.479) compared to the 2.5m (M = 236.10, SD = 52.502) and the 

5m (M = 246.29, SD = 61.321) panel length. A similar trend could be seen for roach (F 

(2, 237) = [2.750], p = .066) between 5m (M = 250.22, SD = 34.353) and 10m (M = 

238.65, SD = 36.850) panel lengths. No significant differences could be seen for bream 

(H (2) = [1.264], p = .532) (Table D7 in appendix) 

**
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Figure 11. Species-specific boxplots of fish size per panel length (Table D4 in appendix). Asterisks indicate 

significance *p < .05, **p < .01. 

Overall, fish were larger in larger meshes (Table D9 in appendix). A statistical 

significance could only be achieved for the 35 mm mesh size (Table 3) between the 

2.5m (M = 286.61, SD = 79.292) and the 10m (M = 250.74, SD = 58.964) panel length. 

A trend can be seen for the 29mm and 75mm mesh size (Table 3). 

On species level, roach showed significant differences in the 35 mm mesh in the 10m 

(M = 244.62, SD = 36.899) compared to the 2.5m (M = 268.14, SD = 18.136) and the 

5m (M = 275.64, SD = 24.490) panel length (Table D10 in appendix). 

Table 3. Statistical analysis of fish size per panel length for each mesh size 

Mesh 

size 

Statistical test N Type III sum of 

squares 

Test statistic df p-value 

24 Kruskal Wallis 200  2.397 2 .302 

29 ANOVA 111 3377.520 F = 2.546 2 .083 

35 ANOVA 99 24294.699 F = 3.440 2 .036 

43 ANOVA 24 5481.611 F = .590 2 .563 

55 ANOVA 14 21763.048 F = 1.807 2 .210 

75 Kruskal Wallis 12  4.827 2 .089 

* 
* 
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Table 4. Statistical analysis of size of bream, perch and roach per panel length for each mesh size 

 

 

 

Species Mesh 

size 

Statistical test N Type III sum 

of squares 

Test 

statistic 

df p-value 

Roach 24 ANOVA 94 931.888 F = .569 2 .568 

 29 ANOVA 78 120.778 F = .264 2 .768 

 35 Kruskal Wallis 62  11.803 2 .003 

 43 NA      

 55 NA      

 75 NA      

Perch 24 ANOVA 100 336.973 F = .232 2 .794 

 29 Kruskal Wallis 29  2.300 2 .317 

 35 Kruskal Wallis 28  4.467 2 .107 

 43 ANOVA 10 184.933 F = .317 2 .738 

 55 NA      

 75 NA      
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Figure 12. Boxplots of fish size per panel length per mesh size. Asterisks indicate significance *p < .05, **p < .01. 

* 
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Figure 13. Species specific boxplots of fish size per panel length per mesh size. Asterisks indicate significance *p < .05, **p < .01. 

 

* 
* 
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6.3. Discussion 

In this study, three types of multi-mesh gill nets were used to investigate the impact of 

panel length (2.5m, 5m, 10m) on catch outcome. In total, 460 individuals from 8 

different species were captured. The lakes fish community was dominated by cyprinids, 

and the most important species in all net types were roach, perch and bream, both by 

number and weight (Radke & Eckmann, 2001). Only the species with low abundance 

(N ≤ 2) did not show up in all net types, which is most likely an effect of small 

population size in the lake rather than an effect of panel length. Hence, panel length 

does not seem to influence multi-mesh gill net selectivity on species richness 

(Rotherham et al. 2006). We expected more large cyprinids (bream) to entangle with 

increasing panel length. However, neither species composition was shifted towards a 

higher portion of large bream (hypothesis 1), nor did we observe any difference in 

numbers per unit effort (NPUE) and biomass per unit effort (BPUE) that can be 

explained by an increase of bream with larger panel lengths (hypothesis 2). In addition, 

fish size did not increase with panel length, neither on total level, nor on species level 

for bream. Additionally, larger mesh sizes did not show a pronounced effect on fish size 

with panel length (hypothesis 3). Accordingly, the study did not provide evidence that 

entanglement of larger fish increases with panel length and none of our hypothesis 

could be confirmed.  

Against our expectations, we observed a selectivity for roach in the 5m net type. Overall 

species composition (%) did not differ between panel length. However, a trend for 

higher abundance of roach could be observed in the 5m net types and visual inspection 

of the relative biomass (%) indicates a similar trend. This suggests that there is no 

linear relationship between panel length and abundance of large cyprinids. Instead, 

intermediate panel lengths (5m) might select for small-bodied cyprinids like roach. 

Investigating the effect of panel length on number and biomass per net showed the 

same pattern, as the only impact of panel length could be found on roach NPUE and 

BPUE in the 5m net types. The observed increase of roach NPUE (non-significant but 

strong trend) and BPUE in the 5m net type supports the trend observed on the species 

composition level, and thereby strengthens the assumptions that intermediate panel 

length (5m) might select for roach. In addition, the total mean size of fish captured per 

net type was largest in the 5m panel length, and perch and roach sowed a trend to be 
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smallest in 10m the net type. The analysis on mesh size level revealed that the mean 

size of roach captured with 35mm meshes was elevated in the 5m panels. 

Roach commonly perform predator dependent diel migrations between the 

zooplankton-rich pelagic zone, and refuge-rich littoral zones (Eklöv & Persson, 1996; 

Hölker et al., 2002; Schulze et al., 2006). This concise diel migrating behaviour is 

neither pronounced in perch, nor in bream and should largely increase the 

susceptibility of roach to be captured with passive gill nets (Müller et al. 2017). 

Considering that roach migrate in schools, larger panels could be more efficient in 

capturing a higher portion of individuals from a school than smaller panels might do. 

Based on this assumption, the observed dome-shaped selectivity of panel length on 

roach catches might be explained by the increased catchability of migrating roach 

schools with panel length (left side of the dome). While catchability might have 

decreased again in the 10m panel length, as panel number decreased to one panel per 

mesh size, mismatches between schools of roach and suitable mesh sizes might have 

increased (right side of the dome) due to their spatial heterogeneity in the lake (Benson 

& Magnuson, 1992; Schulze et al., 2006). This trade off would predict higher NPUE 

and BPUE of roach in the 5m panels, as we have seen. However, the larger sized roach 

observed in 5m panels with the 35mm mesh cannot be explained directly by these 

mechanism as we would expect the same size distribution in all 35mm panels 

independent of the number of individuals. As we saw a trend for roach to be smallest 

in the 10m net types, this might indicate some underlying mechanism of panel length 

on roach size. However, since there is no obvious explanation of this interaction, it 

might have occurred by chance. To draw robust conclusions on the mechanisms 

underlying our results, we need a larger sample size and replication of the study in 

multiple lakes. 

From a management point of view, our results suggest that panel length has a minor 

influence on monitoring outcome, which suggests to further use the state-of-the-art 

European Standard Nordic multi-mesh gill net with 2.5m panel length in monitoring 

programs like the Water Framework Directive.  
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7. Conclusion and Implications 

The first study was conducted to investigate the influence of habitat type on the fish 

community. Therefore, seven river sections of the river Oder and five disconnected 

polders have been sampled via electrofishing. The mainstream of the river Oder is 

mainly characterized by riprap structures on the littoral zone. The polders which once 

were connected with the stream are characterized by a lentic habitat with reeds. While 

there was no difference in the total species richness due to the missing current, more 

limnophilic species were seen in the polder than in the main channel. Furthermore, the 

proportion of phytophilic species was higher in the polder because of the high share of 

reeds, which these species need for reproduction. As assumed, because of the rocky 

bottom, more lithophiles were present in the main channel. Due to the lack of current, 

the polders are silted up and do not offer a suitable spawning habitat for them. 

Although rheophilic species prefer currents, they were not found in the mainstream of 

the Oder to a higher extent. Responsible for this was the large quantity of gudgeon. 

This rheophilic species may still be present from earlier times when the polders were 

connected to the river. 

Against all assumptions, the biomass as well as the number per unit effort were 

significantly higher in the polder than in the mainstream. This probably resulted from 

a massive fish kill which took place in the river Oder in Summer 2022. 

Because of the higher nutrient input and productivity in rivers in general, it was 

hypothesized that fish in the mainstream are larger. By comparing the size of species 

with a minimum of five individuals per species and waterbody, only rudd showed a 

difference. Its mean length was longer in the river than in the polder. European perch 

as well as roach were caught in larger numbers in both water bodies. The weight 

comparison between the two did not show a difference and only roach were better 

conditioned in the river than in the polder. On one hand, it is possible that the Oder 

fish kill is responsible for the smaller fish in the river because there, larger fish were 

killed to a higher extent. On the other hand, it is conceivable that the productivity in 

the river declined, or that the bigger fish in the littoral zone could not be caught via 

electrofishing, because they hide in deeper zones. 

During the fish kill in river Oder, an erratic increase of salinity was monitored which 

led to an algal bloom. A massive decline in biomass was shown, ascribed to a toxin 



 

76 
 

produced by the alga Prymnesium parvum. Even though the toxin is unselective, some 

species like roach, ide, spined loach, and chub were more affected than others. This 

influenced the fish community and composition substantially, leading to complete 

absence of species like weatherfish, sunbleak, vimba bream, and pikeperch which were 

already rare – and more prominent species like bleak and european perch. 

Overall, project 2 has shown that there was a trend towards a decline in fish count, and 

it was shown that the preferred habitat of the species coincided with a greater 

susceptibility towards the toxin in rheophilic species. Proportionately, eurytopic 

species increased in abundance. 

Relative fish size decreased due to the Oder fish kill. Larger fish were killed to a greater 

extent than smaller individuals. These larger fish are usually more productive which 

attenuates the repopulation of the river. 

Due to the decline in biomass, fisheries and anglers might be negatively affected on 

their yield in the next few years. Repopulation may also not only depend on the reduced 

production of smaller mature fish, but also on immigration from not affected 

tributaries. Different species may exert different repopulation abilities and velocities 

which might change the local fish community for years. Today, it cannot be foreseen 

whether the ecosystem will bounce back or change its composition in the future. 

The third project discovered that the influence of different fishing gear, such as the 

examined technique of electrofishing and the WFD multi mesh gillnets, show several 

effects in the captured fish assemblage. Our analysis clearly revealed that the fish 

communities are different between both fishing methods. The dominant species during 

electrofishing was rudd. In WFD multi mesh gillnets, dominating species were roach 

and European perch. Fish species aggregated to reproductive guilds, showed that 

phytophilic species were more abundant in electrofishing samples, while phyto-

lithophilic species mainly dominated the gillnets samples. Specifically for the species 

rudd and northern pike, our analysis showed that the catchability was significantly 

increased with the use of electrofishing and that they were underrepresented in WFD 

multi mesh gillnets. The opposite applies to the species roach and european perch, 

which were rarely captured by electrofishing but more abundant in WFD multi mesh 

gillnets.  

When comparing the two nets of different depths contrary to our expectations, 

significantly higher numbers in fish and biomass were captured in deeper (>3 m) 
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placed nets. Furthermore, this applies to the dominating species european perch and 

for the biomass of roach. The multiple analysis of variance for condition and gear 

methods (Electrofishing; 0-3 m; >3 m), specifically for roach and european perch, 

showed no differences. The total length comparison to the gear methods showed that 

european perch were larger in total length in both gillnets compared to electrofishing 

samples. Roach had the highest total length in the deepest gillnets (>3 m) compared to 

gillnets of lower depth and electrofishing samples. In summary, it was shown that the 

different gear types capture different fish and therefore have a specific influence on the 

fish assemblage in a lake. Every gear type, either electrofishing or WFD multi mesh 

gillnets, has their justification and their specific area of application. This can depend 

on the depth as well as on the habitat structure and on the scarring effect of the gear 

type. In the end, both methods should be used when collecting data on the composition 

of fish communities in lakes to gain the highest variety of species and measuring 

parameters such as length and weight. 

Gear selectivity is crucial to consider in sampling of fish communities. As multi-mesh 

gill nets play an important role in monitoring programs, net configuration is a 

determining factor for representativeness of the sampling. In the fourth study, three 

types of multi-mesh gill nets were used to investigate the impact of panel length on 

catch outcome. In total, a number of 460 individuals from 8 different species were 

captured. Roach, perch, and bream were the most important species both by number 

and weight in all net types and were therefore classified as main species for further 

analysis. Neither total fish abundance nor total fish biomass varied by net type. On 

species level, net type did not influence abundance (NPUE) and for (BPUE) the 5 m net 

types caught a higher roach biomass. Regarding the size structure in general, larger 

fish were captured in the 5m net types. On a species level, mean size of perch was 

smallest in the 10m net types, and a similar trend could be seen for Roach. Mesh size 

had almost no influence on the fish size between net types, with the exception of the 35 

mm mesh size, where larger fish were captured in the 5m net types. Similarly, 

comparing the effect of mesh size on mean size of bream, perch and roach for the 

different net types, only in the 35mm meshes of the 2.5 m net types, larger roaches 

were caught than in the 10m net types. In conclusion, no clear pattern could be 

observed for the different net types. We expected more large cyprinids to entangle with 

increasing panel length, however, neither abundance (number and biomass) of bream, 

nor overall mean size indicated the expected trend. The strongest observed pattern was 
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that 5 m net types seem to catch larger roaches; however, more samples are needed to 

draw robust conclusions. From a management point of view, our results suggest that 

panel length has a minor influence on monitoring outcome, which supports the further 

use of the European Standard Nordic multi-mesh gill net with 2.5 m panel length in 

monitoring programs like the Water Framework Directive.  
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10. Appendix 

 

9. Table B.1  Length (L, in cm) and weight (W; in g) minima (min) and maxima (max) per species for 

which BPUE was calculated. Used was the historic dataset provided by Johannes Radinger. Additionally, length 

minima and maxima for the weight interpolation (BPUE calculation) are given. BPUE calculation for european 

perch and roach was performed with self-collected fish data from 2022. 

 historic BPUE calculation 

Species  Lmin Lmax  Wmin Wmax Lmin Lmax  

Asp 6.2 86 2 6217 6.4 12.4 

Bream 6.7 64 3 3906 5 9.0 

Chub 9.6 54 10 1830 3.5 39.0 

Common Dace 6.3 15.5 2 29 4.7 14.0 

European Perch 61 25.0 2.9 122   

Gudgeon 7 13 4 26 10.5 13.7 

Ide 5.5 50 2 2054 5.8 32.0 

Northern Pike 17.5 69 34 2315 3.75 53.4 

Roach 44 21.5 1 90.8   

Ruffe 6.5 15 3 40 6.3 11.5 

Spined Loach 7 12.5 2 16 6.8 12.0 

Wels Catfish 22.5 179 78 34000 14.0 29.5 

White Bream 6.8 38.5 2 806 3.1 12.5 

 

 

10. Table B.2  Each found fish species with the total abundance (no.) and percentage abundance 

before and after the fish kill in river Oder, nb = 28,660; na = 2,133, ntotal = 31,793 

Fish species No. before No. after %before %after 

Roach 6,472 482 22.58 22.60 

European Perch 4,913 438 17.14 20.53 

White Bream 2,264 51 7.90 2.39 

Bream 65 6 0.23 0.28 
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Fish species No. before No. after %before %after 

Round Goby 2,331 148 8.13 6.94 

Northern Pike 407 2 1.42 0.09 

Wels Catfish 18 2 0.06 0.09 

European Eel 8 9 0.03 0.42 

Burbot 2,242 0 7.82 0.00 

Chub 921 38 3.21 1.78 

Asp 137 24 0.48 1.13 

Ide 596 9 2.08 0.42 

Bleak 4,981 830 17.38 38.91 

Bitterling 148 46 0.52 2.16 

Spined Loach 858 30 2.99 1.41 

River Gudgeon 478 0 1.67 0.00 

Rudd 763 6 2.66 0.28 

Ruffe 542 6 1.89 0.28 

Gudgeon 348 2 1.21 0.09 

Common Dace 49 1 0.17 0.05 

Stone Loach 27 0 0.09 0.00 

Sunbleak 24 0 0.08 0.00 

Pikeperch 18 0 0.06 0.00 

Tench 14 2 0.05 0.09 

Threespined Stickleback 11 0 0.04 0.00 

Vimba Bream 10 0 0.03 0.00 

Zope 6 0 0.02 0.00 

Hybrid 4 0 0.01 0.00 

Barbel 2 0 0.01 0.00 

Weatherfish 2 0 0.01 0.00 

Common Carp 1 0 0.00 0.00 

Prussian Carp 0 1 0.00 0.05 

 28660 2133 100.00 100.00 
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Figure B.1 Total length of fish caught in 2019 (before; b) and 2022 (after; a). Length in millimeters. x̄b = 

100.39 ± 43.16 mm; x̄a = 79.85 ± 41.28 mm, nb = 2,624; na =2,133; t = 16.718; df = 4632; p < 0.001; ∆(x̄a; x̄b) 

= 20.54 mm. Outliers included (cf. Fig. 6), . * signifies p < 0.05, ** signifies p < 0.01, *** signifies p < 0,001, × 

marks the arithmetic mean. 

 

Table D1. Species biomass and abundance per panel length 

Panel length Species Biomass Abundance 

2.50 Bream 12.30% 4.83% 

2.50 Crucian carp 0.00% 0.00% 

2.50 Perch 32.01% 42.07% 

2.50 Pike 18.05% 2.07% 

2.50 Roach 30.53% 44.83% 

2.50 Rudd 5.66% 5.52% 

2.50 Tench 0.00% 0.00% 

2.50 White bream 1.44% 0.69% 

5.00 Bream 16.28% 5.84% 

5.00 Crucian carp 0.53% 0.65% 

5.00 Perch 25.42% 27.27% 

5.00 Pike 3.60% 1.30% 

5.00 Roach 49.59% 62.34% 

5.00 Rudd 1.29% 1.95% 

*** 
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Panel length Species Biomass Abundance 

5.00 Tench 3.30% 0.65% 

5.00 White bream 0.00% 0.00% 

10.00 Bream 5.92% 2.48% 

10.00 Crucian carp 4.02% 0.62% 

10.00 Perch 30.79% 42.86% 

10.00 Pike 2.27% 0.62% 

10.00 Roach 44.84% 49.07% 

10.00 Rudd 7.40% 3.73% 

10.00 Tench 4.77% 0.62% 

10.00 White bream 0.00% 0.00% 
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Table D2. Mean NPUE of species per net type and total NPUE (mean and range) per net type. 

Net type Mean NPUE (N/net) of Total NPUE (N/net) 

 Bream Crucian carp Perch Pike Roach Rudd Tench White bream mean range 

2.5 1.8 - 15.3 0.8 16.3 2 - 0.3 36 25-49 

5 2.3 0.3 10.5 0.5 24 0.8 0.3 - 39 30-43 

10 1 0.3 17.3 0.3 19.8 1.5 0.3 - 40 28-54 

 

Table D3. Mean BPUE of species per net type and total BPUE (mean and range) per net type. 

Net type Mean BPUE (g/net) of Total BPUE (g/net) 

 Bream Crucian carp Perch  Pike Roach Rudd  Tench White bream  mean range 

2.5 1084 - 2822 1591 2692 499 - 127 8816 4648-14787 

5 1486 48 2319 329 4524 117 301 - 9124 8454-10622 

10 429 291 2234 165 3253 537 346 - 7255 6005-8063 

 
Table D4. Mean size of species and total mean size per net type.  

Net type Mean size (mm) of 

 Bream Crucian carp Perch  Pike Roach Rudd  Tench White bream  Total 

2.5 369 - 236 598 241 254 - 359 254 

5 388 209 246 461 250 206 450 - 260 

10 317 382 214 505 239 281 450 - 236 
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Table D5. Post hoc analysis of NPUE of Bream, Perch and Roach among panel lengths  

Species Statistical 

test 

Panel 

length (m) 

Mean 

Difference (I-J) 

Std. 

Error 

Sig. 95% Confidence Interval Mean + SD 

Lower 

bound 

Upper 

bound 

2.5m 5m 10m 

Bream Tukey HSD 2.5-5 -.500 .645 .727 -2.30 1.30 1.75 + 

1.258 

2.25 + .957 1.00 + 0.00 

  2.5-10 .750 .645 .503 -1.05 2.55 

  5-10 1.250 .645 .184 -.55 3.05 

Perch Tukey HSD 2.5-5 4.750 8.268 .837 -18.33 27.83 15.25 + 

11.843 

10.50 + 

9.950 

17.25 + 

13.074   2.5-10 -2.000 8.268 .968 -25.08 21.08 

  5-10 -6.750 8.268 .703 -29.83 16.33 

Roach Tukey HSD 2.5-5 -7.750* 2.723 .046 -15.35 -.15 16.25 + 

3.096 

24.00 + 

5.774 

19.75 + 

1.258   2.5-10 -3.500 2.723 .438 -11.10 4.10 

  5-10 4.250 2.723 .310 -3.35 11.85 

 

 

 

 

 



 

102 
 

Table D6. Post hoc analysis of BPUE of Bream, Perch and Roach among panel lengths  

Species Statistical 

test 

Panel 

length 

(m) 

Mean 

Difference 

(I-J) 

Std. Error Sig. 95% Confidence Interval Mean + SD 

Lower 

bound 

Upper 

bound 

2.5m 5m 10m 

Bream Tukey HSD 2.5-5 -401.30 467.34 .678 -1706.11 903.51 1084.28 + 

772.049 

1485.58 + 

751.263 

429.23 + 

387.257   2.5-10 655.05 467.34 .38 -649.76 1959.86 

  5-10 1056.35 467.34 .114 -248.46 2361.16 

Perch Tukey HSD 2.5-5 503.37 1573.02 .945 -3888.52 4895.27 2822.25 + 

2663.430 

2318.88 + 

2663.430 

2233.72 + 

2040.077   2.5-10 588.53 1573.02 .926 -3803.36 4980.43 

  5-10 85.16 1573.02 .998 -4306.74 4477.05 

Roach Tukey HSD 2.5-5 -1832.80* 454.32 .007 -3101.28 -564.33 2691.53 + 

469.944 

4524.33 + 

986.852 

3253.10 + 

209.136   2.5-10 -561.57 454.32 .463 -1830.05 706.91 

  5-10 1271.23* 454.32 .05 2.76 2539.71 
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Table D7. Post hoc analysis of fish size among panel lengths 

Statistical test Panel 

length (m) 

Mean 

Difference (I-J) 

Std. Error Sig. 95% Confidence Interval Mean + SD 

Lower 

bound 

Upper 

bound 

2.5m 5m 10m 

Tukey HSD 2.5-5 -6.271 7.949 .710 -24.96 12.42 253.81 + 

85.578 

260.08 + 

63.069 

235.53 + 

55.515  2.5-10 18.286 7.864 .053 -.21 36.78 

 5-10 24.556* 7.742 .005 6.35 42.76 

 

Table D8. Post hoc analysis of size of Bream, Perch and Roach among panel lengths  

Species Statistical test Panel 

length 

(m) 

Mean 

Difference 

(I-J) 

Std. Error Sig. 95% Confidence 

Interval 

Mean + SD 

Lower 

bound 

Upper 

bound 

2.5m 5m 10m 

Bream Dunnett T3 2.5-5 -19.206 44.191 .960 -146.48 108.06 368.57 + 

104.093 

387.78 + 

60.369 

317.25 + 

126.326   2.5-10 51.321 74.414 .865 -195.03 297.67 

  5-10 70.528 66.291 .671 -190.73 331.78 

Perch Dunnett T3 2.5-5 -10.187 11.607 .762 -38.48 18.10 236.10 + 

52.502 

246.29 + 

61.321 

214.10 + 

40.479   2.5-10 21.997* 8.303 .027 1.88 42.11 

  5-10 32.184* 10.643 .011 6.10 58.26 
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Species Statistical test Panel 

length 

(m) 

Mean 

Difference 

(I-J) 

Std. Error Sig. 95% Confidence 

Interval 

Mean + SD 

Lower 

bound 

Upper 

bound 

2.5m 5m 10m 

Roach Tukey HSD 2.5-5 -9.711 5.630 .198 -22.99 3.57 240.51 + 

33.813 

250.22 + 

34.353 

238.65 + 

36.850   2.5-10 1.862 5.870 .946 -11.98 15.71 

  5-10 11.573 5.325 .078 -.99 24.13 

 

Table D9. Post hoc analysis of fish size among panel lengths for each mesh size 

Mesh 

size 

Statistical 

test 

Panel 

length 

(m) 

Mean 

Difference 

(I-J) 

Std. 

Error 

Sig. 95% Confidence 

Interval 

Mean + SD 

Lower 

bound 

Upper 

bound 

2.5m 5m 10m 

24 Dunnett T3 2.5-5 -3.094 6.539 .952 -19.01 12.83 207.26 + 25.574 210.35 + 42.114 202.94 + 26.730 

  2.5-10 4.320 4.341 .686 -6.16 14.80 

  5-10 7.414 6.463 .583 -8.33 23.16 

29 Tukey HSD 2.5-5 -11.878 6.017 .124 -26.18 2.42 253.18 + 20.722 265.06 + 28.904 254.93 + 23.932 

  2.5-10 -1.755 6.768 .964 -17.84 14.33 

  5-10 10.123 5.885 .202 -3.86 24.11 
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Mesh 

size 

Statistical 

test 

Panel 

length 

(m) 

Mean 

Difference 

(I-J) 

Std. 

Error 

Sig. 95% Confidence 

Interval 

Mean + SD 

Lower 

bound 

Upper 

bound 

2.5m 5m 10m 

35 Tukey HSD 2.5-5 7.735 14.863 .862 -27.65 43.12 286.61 + 79.292 278.87 + 25.561 250.74 + 58.964 

  2.5-10 35.863* 14.419 .038 1.54 70.19 

  5-10 28.128 14.656 .139 -6.76 63.02 

43 Tukey HSD 2.5-5 -9.556 35.927 .962 -100.11 81.00 326.78 + 62.229 336.33 + 109.196 300.33 + 29.542 

  2.5-10 26.444 32.134 .693 -54.55 107.44 

  5-10 36.000 35.927 .584 -54.56 126.56 

55 Tukey HSD 2.5-5 -79.333 44.799 .224 -200.33 41.66 312.83 + 96.253 392.17 + 62.227 311.50 + 23.335 

  2.5-10 1.333 63.355 1.000 -169.78 172.45 

  5-10 80.667 63.355 .438 -90.45 251.78 

75 Dunnett T3 2.5-5 178.833 154.412 .648 -798.11 1155.78 586.33 + 267.321 407.50 + 9.574 387.00 + 80.449 

  2.5-10 199.333 158.476 .598 -701.26 1099.93 

  5-10 20.500 36.295 .917 -113.16 154.16 
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Table D10. Post hoc analysis of size of Roach among panel lengths for each mesh size 

Mesh 

size 

Statistical 

test 

Panel 

length 

(m) 

Mean 

Difference 

(I-J) 

Std. 

Error 

Sig. 95% Confidence 

Interval 

Mean + SD 

Lower 

bound 

Upper 

bound 

2.5m 5m 10m 

24 Tukey HSD 2.5-5 .481 7.098 .997 -16.43 17.39 216.88 + 30.131 216.39 + 29.747 209.83 + 25.379 

  2.5-10 7.047 7.335 .603 -10.43 24.53 

  5-10 6.566 7.282 .641 -10.79 23.92 

29 Tukey HSD 2.5-5 -2.258 4.229 .855 -12.37 7.86 259.95 + 16.682 262.21 + 15.086 263.40 + 13.539 

  2.5-10 -3.453 4.843 .757 -15.03 8.13 

  5-10 -1.195 4.158 .956 -11.14 8.75 

35 Dunnett T3 2.5-5 -7.494 7.124 .650 -25.37 10.38 268.14 + 18.136 275.64 + 24.490 244.62 + 36.899 

  2.5-10 23.527* 8.710 .030 1.81 45.25 

  5-10 31.021* 8.923 .003 8.90 53.14 
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Table D11. Post hoc analysis of size of Perch among panel lengths for each mesh size 

Mesh 

size 

Statistical 

test 

Panel 

length 

(m) 

Mean 

Difference 

(I-J) 

Std. 

Error 

Sig. 95% Confidence 

Interval 

Mean + SD 

Lower 

bound 

Upper 

bound 

2.5m 5m 10m 

24 Tukey HSD 2.5-5 4.330 7.946 .849 -14.58 23.24 198.72 + 15.740 194.39 + 39.797 199.36 + 27.088 

  2.5-10 -.641 6.106 .994 -15.17 13.89 

  5-10 -4.971 7.414 .781 -22.62 12.67 

29 Dunnett T3 2.5-5 -33.000 15.692 .138 -74.11 8.11 240.00 + 19.235 273.00 + 50.835 242.22 + 30.045 

  2.5-10 -2.222 12.727 .997 -36.80 32.35 

  5-10 30.778 16.878 .221 -12.84 74.40 

35 Tukey HSD 2.5-5 -16.571 13.785 .555 -52.50 19.36 279.29 + 43.262 295.86 + 19.861 242.14 + 52.954 

  2.5-10 37.143 23.114 .342 -28.07 102.36 

  5-10 53.714 21.376 .100 -10.16 117.59 

43 Tukey HSD 2.5-5 8.667 12.471 .774 -28.06 45.39 326.00 + 19.799 317.33 + 15.308 317.50 + 2.121 

  2.5-10 8.500 14.287 .827 -33.58 50.58 

  5-10 -.167 15.588 1.000 -46.08 45.74 
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