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1. Abstract 

Accurate fish community assessment is of vital importance to freshwater resource 

management. This study aims to identify biases in survey methods used to describe 

fish communities with special emphasis on electro fishing and angling in the littoral 

zone of two freshwater systems located in northwestern Germany: lake Müggelsee 

and the river Spree. 

Distinct littoral habitats of lakes are known to harbor unique fish communities. Not for 

all of these habitats the associated fish communities have been investigated. Fishes 

were caught to characterize different habitats based on species composition, fish 

diversity, fish density, mean length, biomass per unit effort (BPUE) and condition. 

Submerged macrophyte beds, reed belts and unstructured sand, were sampled by 

point-abundance electrofishing and species composition, diversity and density 

differed among the habitat types. Reed belts showed higher species and fish 

densities than submerged macrophytes and sand. Findings thus indicate that fish 

assemblages differ based on the habitat. 

Every sampling gear available to assess fish assemblages has its own biases. To 

find differences in sampling efficiency, catch per unit effort (CPUE), BPUE, length 

and fish diversity were compared for 2 types of electrofishing gear: an 8KW anodic 

hand net and a 13KW strip anode. The two gear types differed when comparing fish 

diversity, and length frequencies and thus are suggested to produce different 

outcomes in fish community assessments. 

To identify whether sampler characteristics and angling gear had an effect on the 

catch outcome anglers of different experience levels varied hook size, bait size, bait 

type and the amount of ground bait. Expert anglers showed to be more efficient in 

terms of catch rate while inexperienced anglers incurred more bleeding fish. Bait size 

had no impact on catch outcome while the use of ground bait increases the catch 

rates. The results suggest that sampler characteristic and gear affect the outcome of 

angling-based surveys. 

In total the results of this study can be valuable directives for future studies on which 

parameters to consider when assessing fish communities. This advancement in the 

scientific methodology will help to increase the accuracy of fish assessments and 

ultimately facilitate the preservation of fish communities through more effective 

management. 
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2. Introduction 

Although it is founded upon decades of research, the current knowledge on the fish 

fauna of freshwater ecosystems, and on the techniques used to exploit and examine 

them, remains limited. As the value of this biocoenosis for society is steadily 

increasing with rising human population numbers (Helfman 2008), more research is 

needed to extend our comprehension and generate the insight needed for its 

management and preservation. This study will explore five subtopics belonging to 

three categories: fish habitat use, fish sampling gear and recreational fishing. The 

answers provided by this research should help to further understand freshwater 

ecosystems, their scientific assessment methods and the cultural use associated with 

them. 

Littoral zones of lakes can be seen as a landscape consisting of a mosaic of various 

habitats. These habitat types can be distinguished in regards to their fish composition 

as well as their fish communities (Urban, O’Neill et al. 1987, Ferrell and Bell 1991, 

Chick and Mcivor 1994, Urban 2006). Generally, fish production, abundance and 

species richness are positively related to physical habitat complexity (Ferrell and Bell 

1991, Randall, Minns et al. 1996, Lewin, Okun et al. 2004).  Lake Müggelsee (Fig. 

1.1), the target of this study, comprises a number of differing littoral habitats. 

Characterizing structures are reed belts, submerged macrophyte beds as well as 

sandy zones without any visual complexity (Lewin, Okun et al. 2004, Okun and 

Mehner 2005). Earlier studies found that reed belts are an important habitat for fish 

but the distinction between them and other littoral habitat types has yet to be studied 

in depth (Okun and Mehner 2005). Therefore, this study aims to identify differences 

in fish composition, diversity and abundances in these three habitat types. 

The offered structure and habitat diversity of littoral zones is utilized by a variety of 

fishes in at least one part of their life cycle. Especially small fish and juveniles of 

larger species use shallow, vegetated areas as protection against predation 

(Christensen and Persson 1993, Rossier, Castella et al. 1996). Smaller size classes 

of roach (Rutilus rutilus) and perch (Perca fluviatilis), which dominate the littoral areas 

of lake Müggelsee, are found in vegetated areas, whereas bigger size classes are 

found more often in open water (Rossier, Castella et al. 1996, Lewin, Okun et al. 

2004). Reed and submerged macrophytes differ in regard to their plant volume 

infested and complexity. On the one hand reed theoretically offers less protection 

against predation compared to submerged macrophytes because it provides less 
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underwater structure (Savino and Stein 1982, Okun and Mehner 2005). On the other 

hand, foraging success in reed might increase in planktivorous fish species since the 

refuge effect for zooplankton decreases with lower plant volume infested (Schriver, 

Bogestrand et al. 1995). Open sand habitats offer no protection for forage fish and 

their prey. Especially bigger fish which experience less predation risk as well as 

hungry fish use riskier habitats with less cover if higher densities of food items are 

available (Werner, Gilliam et al. 1983, Godin and Crossman 1994, Rossier, Castella 

et al. 1996). Therefore, this study measured abundances, mean length, biomass and 

condition of fishes (special focus on roach and perch) caught in the three habitats 

with varying structure to compare the relevance of reed for fish in the littoral zone of 

lakes. 

In order to assess fish communities in different habitats, researchers are confronted 

with the question, which sampling gear will give the best representation of the fish 

community with the lowest bias possible. Bias in sampling gear in general is related 

to the catchability of a species, the efficiency of a gear to catch a species or a certain 

number of individuals, the selectivity of a gear for a certain size or certain species, 

and the catch-per-unit-effort (CPUE) (Porrt et al. 2006). 

The choice of sampling gear and techniques for assessing fish communities is 

relatively large and ranges from seining, gillnetting, snorkeling, fyke netting, longline 

fishing, angling, fish traps to electrofishing (Mueller et al. 2017). There are various 

papers available that are comparing different gears and their ability to assess species 

richness, diversity and size distribution of fish communities in lentic and lotic 

ecosystems (Mueller et al. 2017; Ruetz et al. 2007; Jurajda et al. 2009; Mehner et al. 

2005). Most of those papers conclude, that one sampling gear or method is often not 

giving a full representation of the fish community. Rather, two different sampling 

methods applied at the same habitat often reveal complementary information about 

the fish community. However, electrofishing in most cases is one of the most 

effective methods among others, when sampling shallower and more structured 

habitats (Bohlin et al. 1989). As with every gear, technical details of electrofishing 

gear can vary such as power, anode design, voltage and current which can have 

effects on catchability, efficiency, selectivity and CPUE (Bohlin et al. 1989). Within 

this study, two different electrofishing gears, a handheld anode 8KW and a boat 

mounted strip anode 13KW were compared for their performance to assess the 
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littoral fish community in two different habitats types, reed and sand/wood of lake 

Müggelsee. 

Scientific assessment can also be performed by fishing with a rod. However, this 

method creates biases like, only sampling the hungry and/or large fish (Lennox, Alós 

et al. 2017). Recreational angling itself presents a major impact factor on fish 

communities of both, freshwater and marine environments. However, in most 

freshwater environments of western countries angling has become the main form of 

natural fish stock exploitation and is therefore a constant matter of scientific research 

to assess accurate and sustainable management models (Arlinghaus & Cooke, 2009; 

Cooke et al., 2018)). Angling technique, individual angler experience as well as 

applied angling gear have proven to be factors of significant influence on 

effectiveness of recreational angling, species selectivity and welfare of released fish 

(Alós et al., 2008; Elliot & Beamesderfer, 1990; Grixti et al., 2007). Further insight on 

emphasis of these factors are therefore desirable and have the potential to crucially 

contribute the development on progressive legislative guidelines to sustainable catch 

and harvesting of wild fish stocks (Cook & Suski, 2005). While artificial lures are the 

prominent bait type when angling for piscivorous fish, natural baits are widely 

deployed for catching non-predatory fish by usage of techniques like pole and ground 

fishing. Often these techniques are characterized by usage of relatively small baits 

and hooks and a therefore low selectivity for fish size and species (Payer et al., 1989; 

Pauley & Thomas, 1993). Studies point out an increase of selectivity by larger bait for 

fish of higher size classes, and therefore a possible preservation of non-legal smaller 

specimen in piscivorous fish (Arlinghaus et al., 2018), however data for non-

piscivorous freshwater species is scare. Angler experience is considered a factor of 

crucial impact on fish welfare parameters, such as bleeding and deep hooking 

generally considered as indicator for reduced survival capability of possibly released 

fish (Alós, 2018; Cooke et al., 2001; Meka, 2004). Trough earlier recognition of 

hooking and shorter out of water handling time experienced, anglers are therefore 

often associated with shallower hooking, while angling efficiency simultaneously 

increases (Heermann et al. 2013). The following approach in experimental pole 

fishing therefore focuses on the impact of angler experience and bait size on catch 

rate, size of fish caught and parameters associated with fish welfare in the river 

Spree (Fig. 1.1). 
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Besides angler experience, the use of ground bait has proven to be a reliable 

predictor of increased catch rates in coarse fishing - a fact that is well known in the 

fishing community. Most fishing methods used to target cyprinid fishes are passive 

techniques where the encounter between fish and bait is ultimately determined by the 

movement of fishes. Ground bait allures fishes through the leaching of chemical cues 

that trigger their olfactory sense and therefore increases the probability of fish 

encountering the bait (Niesar et al., 2004; Løkkeborg et al., 1989). However, the 

addition of large quantities of nutrient-rich organic material can disturb the balance 

between production and respiration in lake ecosystems and lead to local anoxia in 

the sediment, associated with a shift in species composition of benthic invertebrates 

(Cryer & Edwards, 1986). Moreover, when uneaten ground bait is broken down, 

limiting macronutrients like phosphorus become available and enhance algal growth 

(Stumm, 2004). Therefore, it is important to evaluate the effects of ground bait in 

detail. A survey-based study from Poland found that catches of roach and bream 

(Abramis brama) were maximized at around 2 kg ground bait per angling day (Wolos 

et al., 1991). The authors calculated that despite the addition of ground bait at such 

levels, anglers were removing phosphorus from the water bodies when the catch was 

taken into account. In this study we conducted a field experiment to determine the 

interplay between ground bait and angling experience on catches and evaluated the 

environmental effect.  

Hook size and bait type are two important factors that anglers choose and adjust in 

order to influence the outcome of their fishing effort. A possible motive for such 

actions is maximizing the number of fish caught. Indeed, selectivity studies on 

commercial long-line fisheries (Erzini, Gonçalves et al. 1996, Halliday 2002) and 

recreational angling (Alós, Cerdà et al. 2008) have shown that small hooks can 

increase the catch rates. Using different bait types is also associated with differences 

in catch rates in commercial long-line fisheries (Løkkeborg and Bjordal 1992, 

Broadhurst and Hazin 2001, Woll, Boje et al. 2001) and recreational angling (Lowry, 

Steffe et al. 2006, Alós, Arlinghaus et al. 2009). These differences are likely due to 

differences in the foraging behavior of fish (Løkkeborg, Bjordal et al. 2011), but could 

also be associated with species specific feeding stimulants (Carr and Derby 1986) 

such as chemical cues (Carr, Netherton et al. 1996). In recreational fisheries both 

hook size and bait type have been shown to affect the probability of deep-hooking 

(Muoneke and Childress 1994, Alós, Palmer et al. 2008, Arlinghaus, Klefoth et al. 
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2008, Rapp, Cooke et al. 2008, Alós, Arlinghaus et al. 2009),  the size composition 

(Cooke, Barthel et al. 2005, Alós, Cerdà et al. 2008, Alós, Arlinghaus et al. 2009) and 

the species composition of the catch (Alós, Palmer et al. 2008, Alós, Arlinghaus et al. 

2009). Thus, by choosing a suitable combination, anglers can increase the probability 

of a positive catch outcome in terms of species identity and fish size as well as 

reduce the likelihood of catching threatened fish species, undersized fish and 

reducing deep-hooking related fish mortality. 

  

Figure 1.1: Overview of the 2 main locations of sampling areas. Angling experiments were conducted in the 
western area (River Spree) while electrofishing was conducted in the eastern area (Lake Müggelsee). 
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3. Subtopic 1: The impact of habitat type on fish community composition, 
abundance length and condition in the littoral of a shallow lake (Müggelsee) 

Hypotheses 

1. Earlier studies showed distinctive segregation between different littoral habitats 

when comparing fish communities (Ferrell and Bell 1991, Chick and Mcivor 1994, 

Randall, Minns et al. 1996). Reed, submerged macrophytes and sand differed in 

regards to their plant species and structure. Therefore, it was hypothesized that the 

three habitats could be distinguished regarding their fish community and composition, 

species diversity and richness. Since submerged macrophytes were visually the most 

complex structure it was hypothesized that fish abundances of different species, 

diversity and species richness would be highest in this habitat type. Oppositely, the 

sand habitat had no structure and was thought to have the lowest fish abundance, 

diversity and species richness. Reed was thought to serve as an intermediate habitat 

since it offered structure but not as much as submerged macrophytes. 

2. Since the provided structure of submerged macrophytes and reed offers protection 

against predation it was hypothesized that smaller fish would be found in these 

habitat types (Werner, Gilliam et al. 1983, Randall, Minns et al. 1996). Oppositely, 

bare sand habitats with no structure should be optimal foraging grounds for larger 

fish (Rossier, Castella et al. 1996). Therefore, the biomass and the mean length of 

the fish caught in unstructured habitat types should be higher when compared to 

structured habitats. These claims should hold true for roach and perch as well when 

observed individually. 

3. Roach and perch are susceptible to predation and use macrophytes as a source of 

protection (Christensen and Persson 1993, Rossier, Castella et al. 1996). Yet, 

hunting planktonic prey in unstructured habitats yields higher foraging return rates, 

especially for roaches (Winfield 1986, Schriver, Bogestrand et al. 1995). Therefore, 

fishes with a lower physical condition should theoretically be found out of the cover of 

structured habitat or in habitats with less structure more often. Thus, it was 

hypothesized that the condition of perch and roach caught in the sand and reed 

habitats would be lower compared to the submerged macrophyte habitats.  
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3.1. Methods 

 

Study site 

The study was conducted on Lake Müggelsee, a 7.3 km2 large and on average 4.9 m 

deep lake (max. 8.0 m) which was formed around 20 thousand years ago due to 

glacial erosion (Driescher, Behrendt et al. 1993). Mean annual nutrient load from 

1979 to 2014 was 134 ± 6.9 µg l-1 total phosphorus and 1.64 ± 0.07 mg l-1 total 

nitrogen. Since 2004, the longest stratification event was 20 days (mean 6 hours) so 

the lake is considered to be unstratified (Shatwell and Köhler 2019). Located in 

southeast Berlin (Germany), the eutrophic lake has an average temperature of 

11.6 °C (Recknagel, Adrian et al. 2016). The river Spree flows through the lake with a 

theoretical retention time of 42 ± 13 days. Its current main uses are municipal water 

supply, recreation as well as private and commercial fishing. The shorelines are 

characterised by reed belts, unvegetated sandy areas and submerged macrophytes. 

The fish species most commonly found are perch, roach, bream, ruffe 

(Gymnocephalus cernuus), bleak (Alburnus alburnus), pike (Esox lucius), pikeperch 

(Sander lucioperca) and european eel (Anguilla anguilla). The used terminology 

follows Kottelat and Freyhof (2007). 

 

Habitat types 

On the northern shore of the lake (Fig. 4.1), three habitat types were sampled. 

Habitat type 1 was characterized by densely grown submerged macrophytes. 

Floating leaf plants were not present. The habitat building species were Najas marina 

L., Ceratophyllum demersum L. and Potamogeton pectinatus L. Habitat type 2 was 

characterized by reed belts that were composed out of Phragmites sp. and Typha sp. 

Only the fringe zones between reed and open water were sampled. The third habitat 

consisted out of sandy substrate without any structure or macrophytes. 

 

Sampling 

On the day of sampling the water temperature, pH, conductivity, oxygen level and 

oxygen saturation were measured by using a water quality multiparameter (YSI 

Incorporated, Yellow Springs, USA; App. 11.1). One-day random point sampling was 

conducted during daytime in late august. Fish were collected via electrofishing from a 

boat which was manoeuvred by oars. The hand operated electrofishing unit (8 kW) 
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will be described in more details in the method part of subtopic 2. One vertical sweep 

for 20 sampling points which visually represented one of the described habitats were 

performed for all three habitat types. Immobilised fish were collected with two nets 

simultaneously. All fish caught were identified to species, weighed (wet weight, to the 

nearest 1 g) and measured (to the nearest 1 mm).  

Water depth at each sampling point was visually estimated. 

 

Data analysis 

Missing or incorrect weight values for roach and perch were recalculated for 

individuals with known total length by using the species length-weight regression of 

all fishes caught during the five experiments. The following formulae were used to 

calculate the values: 

 

log 𝑊𝑝𝑒𝑟𝑐ℎ =  −5.172 + 3.113 ∗ log 𝑇𝐿𝑝𝑒𝑟𝑐ℎ 

 

log 𝑊𝑟𝑜𝑎𝑐ℎ =  −5.267 + 3.14 ∗ log 𝑇𝐿𝑟𝑜𝑎𝑐ℎ 

 

with W being the total weight and TL being the total length of the individual species. 

 

The α-diversity was measured by species richness per individual point (species 

density) and Shannon-Wiener Index per point to compare the species evenness 

among habitat types (Shannon 1948).  

Physical condition was only calculated for perch and roach since they were the only 

species found in sufficient quantities to perform statistical analysis. The relative 

condition factor was calculated as follows: 

 

𝐾𝑛 =  
𝑊𝑜

𝑊𝐸
 

 

where WO is the observed weight and WE the expected weight calculated from the 

length-weight regression for the individual fish (Le Cren 1951). 

For the Shannon-Wiener Index, total length and relative condition factor the mean of 

all fishes caught on the individual sampling point was calculated and incorporated 
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into a new table which was used for further analysis. Additionally, the sum of weights 

of all individuals was added to the table for each sampling point.  

One-way ANOVAs with habitat as a treatment factor were used to test for differences 

among all habitat types for all variables. ANOVA testing was assumed to be reliable 

even if the residuals were distributed non normally (Blanca, Alarcón et al. 2017).  

Furthermore, Levene-tests were used to check for homoscedasticity of the data (App. 

11.2.). Post-hoc tests were then used to pairwise compare the individual habitats 

among each other. Depending on the output of the Levene-test either Tukey-HSD 

tests (equal variances) or Dunnet-T3 tests (unequal variances) were used. 

Significance was assumed at an α-level of 5 % for all statistical tests. 

Depth was excluded as a covariate from all linear models since it was perfectly 

confounded with the habitat type (Fig. 3.1).  

Linear models were statistically analyzed with SPSS Version 26.0.0.0 (SPSS Inc., 

Chicago, IL, USA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.1 Boxplots (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) of the depth (m) for the 
three different habitat types. Significant differences between habitat types are highlighted with   *-signs (* = 
p<0.05, ** = p<0.01, *** = p<0.001). Post-hoc testing was performed using a Dunnet T3 test. 

 

Non-metric multidimensional scaling (NMDS): 

NMDS was used to investigate whether the species composition differed among 

habitats. Beforehand, the NPUE data was transformed using the Hellinger distance 
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measure to relativize the influence of abundances (Rao 1995). Furthermore, sample 

points exclusively containing zero values were removed from the data matrix.  

The NMDS was executed with the transformed data using the bray distance measure 

and nine starting dimensions (Legendre and Gallagher 2001). Afterwards, 

PermANOVA's were used to create a model with the NPUE matrix as the dependent 

variable and the habitat type as the independent variable. The model ran using the 

bray distance measure and 5,000 permutations. Post-hoc comparison was performed 

by splitting the data into paired habitat types and running the PermANOVA for the 

three resulting subsets individually. 

Statistical analysis of the NMDS was performed using RStudio Version 1.1.463 and 

the add on package vegan (Oksanen, Blanchet et al. 2019). 

All plots were created using RStudio and the package ggplot2 (Wickham 2016). 
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3.2. Results 

A total of 206 individual fish and 10 different species were caught. Roach and perch 

dominated the overall fish assemblage and made a contribution of 85 % to the total 

catch. The highest number of species was caught in the reed habitats (nspecies= 8) 

and the lowest number in the submerged macrophytes (nspecies= 3; Fig. 3.2).  

 

 
Figure 3.2 100 % stacked barplot showing the species composition of three littoral habitat types. The total catch 
number (n) of each habitat is written above each bar. Species caught were bream (Abramis brama), european 
eel, gibel carp (Carassius gibelio), three-spined stickleback (Gasterosteus aculeatus), white bream (Blicca 
bjoerkna), ruffe, spined loach (Cobitis taenia), rudd (Scardinius erythrophthalmus), roach and perch. 

 

There was no significant difference found when generally comparing the three 

habitats in regard to captured fish species composition. However, there was a strong 

trend in the data. Furthermore, post-hoc testing revealed a significant difference 

between fish compositions in the reed and the submerged macrophytes habitat type. 

There was no difference in captured fish composition found between reed and sand, 

as well as submerged macrophytes and sand (Tab. 3.1). 

The different habitats are heavily overlapping when looking at the species 

composition on the two NMDS axes, yet the habitats reed and sand seem to scatter 

more (Fig. 3.3). 
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Figure 3.3 Non-metric multidimensional scaling ordination of the relative fish abundance in three littoral habitats. 

 

Comparison of the species richness in each habitat type showed no differences (Tab. 

3.1). Values ranged from 1 to 4 species per point. Highest mean values could be 

observed in the reed habitat (meanreed = 2.06 species/point). But there were no 

significant differences when comparing the individual habitats with each other (Fig. 

3.4).  

 

The species evenness differed significantly among the different habitats (Tab. 3.1). 

The Shannon-Wiener index was significantly higher in the reed habitat compared to 

the submerged macrophytes habitat (Fig. 3.4). Additionally, there was a strong trend 

showing that the species evenness was almost significantly higher in the reed habitat 

compared to the sand habitat (Dunnet T3: p=0.06). Fish biodiversity did not seem to 

differ between the sand and submerged macrophytes habitat type. 
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Figure 3.4 Boxplots (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) of the species density 
(species/point) for the three littoral habitat types (left graph) and the Shannon-Wiener indices for the different 
habitat types (right graph). Significant differences between habitat types are highlighted with *-signs (* = p<0.05, 
** = p<0.01, *** = p<0.001). Post-hoc testing was performed using a Tukey-HSD test (left graph) and a Dunnet T3 

test (right graph). 

 
Table 3.1 Degrees of freedom (df1, df2), F-statistic (F) and p-values resulting from the PermANOVA and ANOVA 

output for the different response variables. Significant p-values are highlighted. 

Response variable df1 df2 F p-values 

PermANOVA results:     

Relative abundance (All habitats) 2 33 2.069 0.092 

Relative abundance (Reed - 
Macrophytes) 

1 29 4.488 0.011 

Relative abundance (Reed - Sand) 1 21 0.398 0.747 

Relative abundance (Macrophytes - 
Sand) 

1 16 0.868 0.403 

ANOVA results:     

Species richness [species/point] 2 33 2.605 0.089 

Shannon-Wiener-Index 2 33 4.175 0.024 

NPUE: All species [#/point] 2 57 12.328 < 0.001 

NPUE: Roach [#/point] 2 57 9.135 < 0.001 

NPUE: Perch [#/point] 2 57 6.179 0.004 

Length: All species [mm] 2 33 0.589 0.561 

Length: Roach [mm] 2 17 1.909 0.179 

Length: Perch [mm] 2 25 0.203 0.818 

BPUE: All species [g/point] 2 57 1.858 0.165 

BPUE: Roach [g/point] 2 57 4.861 0.011 

BPUE: Perch [g/point] 2 57 3.705 0.031 

Condition factor: Roach 2 17 0.076 0.927 

Condition factor: Perch 2 25 4,933 0.016 

 



18 
 

The habitat type had a strong effect on the fish number per unit effort for all species, 

as well as perch and roach numbers (Tab. 3.1). Numbers were in all cases 

significantly higher in the reed habitat compared to the sand habitat. Further, the reed 

habitat had a higher NPUE than the submerged macrophytes habitat in the case of 

all combined species and for roach. Points identified as sand habitat differed in no 

instances from the submerged macrophytes habitat type (Fig 3.5). 

 

The mean total length of all species, perch and roach was not influenced by the 

habitat type (Tab 3.1). Additionally, there was no significant difference between the 

individual habitat types concerning the mean total length (Tab. 3.2). 

 

Table 3.2 P-values calculated by Tukey HSD post hoc tests resulting from the specific mean length interactions. 

Interaction – mean length per point 
Tukey HSD  

p-values 

All species:  

Submerged macrophytes - Reed 0.603 

Submerged macrophytes - Sand 0.681 

Reed - Sand 0.982 

Roach:  

Submerged macrophytes - Reed 0.694 

Submerged macrophytes - Sand 0.155 

Reed - Sand 0326 

Perch:  

Submerged macrophytes - Reed 0.968 

Submerged macrophytes - Sand 0.888 

Reed - Sand 0.802 

 

 

The biomass per unit effort was not influenced by the habitat type when comparing all 

combined species. However, for perch and roach individually the BPUE was strongly 

influenced by the habitat type (Tab. 3.1). But post-hoc testing only revealed that the 

summed biomass of perches caught in the reed habitat was significantly higher 

compared to the sand habitat type. All other BPUEs did not differ among the different 

paired habitat types (Fig. 3.5). 
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Figure 3.5 Boxplots (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) of the fish number per unit 
effort (#/point; NPUE) for the three littoral habitat types (left graphs) for all species (top), perch (middle) and roach 
(bottom). Further, the biomass per unit effort (g/point; BPUE) for the different habitat types (right graphs) is 
displayed for all species (top), perch (middle) and roach (bottom). Significant differences between habitat types 
are highlighted with *-signs (* = p<0.05, ** = p<0.01, *** = p<0.001). Post-hoc testing was performed using a 

Dunnet T3 test (all graphs). 

 

The habitat type had a significant effect on the relative condition factor of perch (Tab. 

3.1). Perch found in the submerged macrophytes habitat seemed to have a higher 

relative condition factor than perch in the sand habitat. Yet, these findings have to be 

interpreted with caution because the sample size of the sand habitat for perch was 

n=3 (Fig. 3.6).  
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Roach condition factor did not differ among habitats (Tab. 3.1). Furthermore, there 

was no significant difference found when comparing the individual habitat types with 

each other (Fig. 3.6). 

 

 
Figure 3.6 Boxplots (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) of the relative condition 
factor for perch (left graph) and roach (right graph) in the three littoral habitat types. Significant differences 
between habitat types are highlighted with *-signs (* = p<0.05, ** = p<0.01, *** = p<0.001). Post-hoc testing was 
performed using a Tukey-HSD test (both graphs). 

 

3.3. Discussion 

To describe the littoral zones of lakes an understanding of the different habitat 

patches it comprises is necessary (Turner 1989). Information on how communities of 

different animals vary between distinct habitat types can help to classify the value 

they have for those species (Schlosser 1995, Grober-Dunsmore, Frazer et al. 2008). 

Our study is in line with earlier research which found that fish species composition 

differs among distinct macrophytes types (Chick and Mcivor 1994). Submerged 

macrophyte habitats and emergent reed habitats generally had a different fish 

composition. Even though both habitat types were dominated by roach and perch, 

the fish community of reed was not only more diverse but also had higher 

abundances of all species combined as well as roach individually. Consequently, on 

the day of sampling reed and submerged macrophytes could be seen as two distinct 

habitats based on their fish community. 

An exception of the observed pattern that fish densities were higher in reed 

compared to submerged macrophyte habitats were perch. They occurred in equal 

densities in these two habitats. A plausible explanation for this observation might be 

the ability of perch to retain hunting success even in densely structured habitats 

(Winfield 1986). Roaches which struggle with food uptake in dense vegetation were 

found in higher numbers in reed compared to submerged macrophytes. The uptake 
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of zooplankton in the dense cover of submerged macrophytes might be unsuitable for 

roach (Winfield 1986).  

Okun and Mehner (2005) suggested that reed is favorized by forage fish in lake 

Müggelsee since it acts as a source of protection because reed stems offers a stiff 

vertical structure which prevents the predation of avian predators. This assumption 

corresponds with the discovery that perch densities were lower in unstructured sandy 

areas compared to reed habitats. However, this study shows that submerged 

macrophytes, which according to literature are a source of protection, generally had 

lower fish abundances during daytime (Chick and McIvor 1997). Consequently, the 

segregation between reed belts and submerged macrophytes and the preference of 

roach for reed belts might arise from forage advantages for planktivorous fish species 

(Winfield 1986, Schriver, Bogestrand et al. 1995). 

Other studies found that the higher the cover of macrophytes is the higher the 

species richness and fish densities are (Randall, Minns et al. 1996). Emergent 

macrophytes examined in this study visually covered less water volume compared to 

submerged macrophytes. Surprisingly, there were no differences in species density 

observed. Still, higher fish diversities and abundances were found in reed compared 

to submerged macrophyte habitats. This could yet again mean that a higher number 

of species populate reed belts for other reasons than macrophyte cover or 

complexity. 

Contrary to our hypothesis the unstructured sand habitat could not be segregated 

from the reed habitats when looking at the fish community. This finding also differs 

from results of previous literature analyses, because most authors emphasize strong 

differences in fish composition when comparing unvegetated and vegetated areas 

(Ferrell and Bell 1991, Randall, Minns et al. 1996). Yet, the trend that reed habitats 

and sand habitats differed regarding their fish composition indicates a possible one-

day distinction of these two habitats. This is also emphasized by the higher 

abundances of all fish species as well as perch and roach in reed compared to sandy 

habitats. Earlier research found similar results during daytime (Okun and Mehner 

2005). Accordingly, a longer duration of this study could have demonstrated a more 

pronounced segregation of the two habitats in regard to the fish composition.  

Most surprisingly, sand habitats and submerged macrophytes seem to attract a 

similar fish assemblage with equally low abundances. Conversely, other studies 

found the exact opposite (Ferrell and Bell 1991, Randall, Minns et al. 1996). 
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Therefore, these habitats might be less populated daytime areas for the littoral fish 

community for the studied lake. Consequently, the findings presented are indicators 

that reed belts in lake Müggelsee provide an even more important littoral structure for 

a higher number of fish species than submerged macrophytes. To further validate 

this statement studies in other lakes on the fish community in reed belts and 

submerged macrophytes need to be conducted.  

Length and biomass differences among fish communities of different habitats were 

often discovered in prior studies (Ferrell and Bell 1991, Rossier, Castella et al. 1996, 

Hyndes, Kendrick et al. 2003). However, the mean length and biomasses of the 

different species in the littoral of lake Müggelsee seem to be unrelated to the habitat 

type on the day of examination. These findings do not correspond with the proposed 

hypotheses and indicate that fish length and biomass per point are not affected by 

the habitat type. Only perch biomass was higher in reed compared to the sand 

habitats. However, these results might just resemble the higher densities found in 

reed. Since this study only targeted the littoral of the lake the bigger fish size classes 

might predominantly occur in other zones. This is supported by an earlier long term 

study that also targeted the littoral of lake Müggelsee and found that 96 % of the fish 

caught by point abundance sampling were 0+ and 1+ roach and perch (Lewin, Okun 

et al. 2004).  Alternatively, these outcomes might have been influenced by the very 

low water turbidity during the study and the gear type used. Previous studies 

indicated that fish may detect boats approaching them and flee if they have no 

structure surrounding them. Additionally, large fish are more likely to escape the 

electric field of electro fishing gear (Chick, Coyne et al. 1999, Bayley and Austen 

2002). Further, this behavior is amplified if the waterbody has a low turbidity (Bohlin, 

Hamrin et al. 1989). This sampling bias could have also affected the fish density data 

of the sand habitats. Therefore, the biases associated with electrofishing are 

examined and discussed in subtopic 2. 

Contrary to the hypotheses, the condition of perch and roach did not vary among the 

habitats. This could mean that food is equally distributed throughout the littoral zone. 

However, this is highly unlikely since earlier studies found that unstructured zones of 

lake Müggelsee had a three times higher zooplankton biomass than reed belts or 

woody structures. These organisms are the preferred food sources of the size 

classes of especially roach but also perch found in this study (Winfield 1986, Lewin, 

Okun et al. 2004). Therefore, it is far more likely that fishes migrate into feeding areas 
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when conditions are suitable. Consequently, fish in all littoral areas would have the 

same condition. This assumption is supported by earlier research which showed that 

fish in lake Müggelsee have a diel pattern concerning their habitat use. During 

daytime fish were found in the littoral structure and during night fish were found more 

frequently in open water. Further, the study found a high diet overlap between fish 

from different habitats (Okun and Mehner 2005). If perch and roach leave the 

structured habitats to use the unstructured littoral zones during night to feed the 

observed pattern of equal conditions might be explained by this migration. 

Ultimately, the results indicate that reed belts, submerged macrophyte beds and 

unstructured littoral habitats do not differ regarding fish length, biomass and physical 

condition of roach and perch. Future research may further make use of these findings 

in order to define alternative parameters to characterize these habitat types based on 

their fish community.  

As one of the only fish community-based study trying to characterize reed belts by 

comparing them to other littoral habitats this research added valuable insights. Yet, 

the limitations need to be taken into account. Since this study looked at a small time 

frame, it is critical to continue research on this topic throughout the year. This is 

because variations in littoral fish communities of temperate zones in different 

seasons have been observed (Lewin, Okun et al. 2004, Okun and Mehner 2005). 

Therefore, the findings presented are very likely to change continuously throughout 

the year. 

Additionally, earlier research has shown significant diel differences in the fish 

community in littoral habitats of lake Müggelsee (Okun and Mehner 2005). Therefore, 

it is important to take into account that the research findings are not representative 

for the nighttime habitat use of fish, as sampling was conducted during daytime only. 

Furthermore, other studies found that the very densely vegetated back ends of reed 

belts were not colonized by fish. Oppositely, the fringe zones between reed and open 

water had the highest abundances and diversity of fishes (Nemeth, Wolfram et al. 

2003). This study only took samples from the fringe zones between reed and open 

water. Consequently, the results and assumptions proposed in this study might only 

be applicable to these parts of reed belts.  

Obviously, the gear type used could have caused bias in the data, since only one 

type of fishing gear was used for this study (Bayley and Austen 2002). Possible, 

alternations in the outcome of this study due to the use of different gear types are 
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described in detail in the subtopic 2 of this joint research. When it comes to 

equipment, it is further important to note that the scale which was used for weighing 

was not sensible enough to really pick up weight differences for small fish. Therefore, 

the physical condition data should be reassessed in later studies to confirm the 

results. 

Lastly, it is important to state that NPUE data for all species is heavily influenced by 

the domination of roach and perch in most habitats. Therefore, the analysis for all 

species combined has to be interpreted with caution and should be completed in later 

research with data specifically targeting other species. 

Despite the above listed shortcomings and limitations of this research, the findings 

still nonetheless contribute to an overall understanding of the different habitat 

patches which build lentic littoral zones. Fish communities of lake Müggelsee showed 

significant differences in reed, submerged macrophytes and sandy areas. Highest 

fish abundance and diversity were found in reed structure. Therefore, especially the 

key role of reed belts for the littoral fish community becomes evident. This knowledge 

plays a crucial role, as decision-makers can better understand the role of reed for 

healthy fish stocks. Submerged macrophytes and unstructured habitats both seem to 

be equally less attractive for fish of the same size classes and conditions especially 

when compared to reed. With the exception of perch, this highlights that submerged 

macrophytes may not always play an important role for the fish fauna in the littoral of 

lakes. Unstructured habitats were, as similarly suggested by previous literature 

findings, defined by low fish abundances and diversity (Ferrell and Bell 1991, Lewin, 

Okun et al. 2004). Hence, this research clarifies that especially during daytime these 

habitats may be less valuable habitats for the fish community. 

In summary, the results show that the fish assemblage of the study site differs 

throughout its littoral zone. To avoid sampling biases, future studies have to take into 

account that the littoral underwater landscape of lake Müggelsee is a mosaic 

consisting out of different habitats, each characterized by its very own fish 

community.  
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4. Subtopic 2: Impact of electrofishing gear type on fish abundance, 
community composition, length, and condition in the littoral of a shallow lake 

Hypothesis 

When aiming at estimating a fish community for abundance and species richness, 

fish biologist and fisheries management have a wide range of sampling gear 

available. This range includes beach seining, fyke nets, visual observations, angling, 

fish traps, gill nets, longline fishing, and electrofishing. Since its introduction in the 

1950’s, electrofishing is widely used by institutions and fish biologists involved in 

freshwater fish research besides traditional sampling methods (Bohlin, Hamrin et al. 

1989). As with all sampling gear, there are also problems occurring with 

electrofishing gear such as selectivity for size (Jackson and Noble 1995, McInerny 

and Cross 1996). However, Burkhardt and Gutreuter (1995) found, that with 

increasing power output, the catch per unit effort (CPUE) increases. Therefore, it is 

hypothesized that when comparing two electrofishing gears with different power as 

performed in this study (8 kW vs. 13 kW), fish abundance will be greater with the 

more powerful gear. Furthermore, it has been suggested by Specziár, Takács et al. 

(2012) that the reaction of fish in the electric field varies between species and size 

groups, based on this it is hypothesized that with more power (13 kW), larger fish will 

be caught. With regards to species diversity, Specziár, Takács et al. (2012) and 

Vaux, Whittier et al. (2000) found higher diversity in the sampled fish using lower 

power. This leads to the hypothesis, that in this study, a greater fish diversity will be 

caught with the handheld anode 8 kW gear.  

4.1. Methods and Material 

Sampling site 

This study was conducted at lake Müggelsee. For detailed information regarding this 

lake, please refer to subtopic 1, section 3.1 “sampling site”. 

Data Collection 

In September 2020, two types of electrofishing gear were used to perform random-

stratified sampling of fish communities in the littoral zones with a depth of less than 

1.5 meters. Two habitat types, reed and sand/wood were sampled during daytime in 
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this experiment. A total of 3 replicates for each combination of gear and habitat, 

representing a sample. This resulted in a total sampling of 12 transects (Figure 4.1). 

Transects had an average length of 150 meters and were fished for 10 min average. 

No transect was fished twice during this experiment. The fish community was 

assessed in terms of median length, length frequency distribution, CPUE as NPUE 

and WPUE, species richness, fish diversity, evenness, and similarity. Water 

parameters (temperature, pH, conductivity µS/cm, oxygen saturation and 

concentration mg/l) were measured before sampling took place using a water quality 

multimeter (YSI Inc. Yellow Springs, USA). All individuals were identified and 

measured for weight (wet weight, nearest gram) and length (nearest mm) on shore 

and released afterwards.  

 

Figure 4.1: Map (1:50000) of lake Müggelsee with all 12 transects points. Transects in green represent the 
sampled reed habitats. Brown represents the sampled sand/wood habitats. R1, R2, R3, SW1, SW2 and SW3 
were sampled with the 8 kW gear. R13, R14, R15, SW12, SW13 and SW 14 were sampled with the 13 kW gear. 

The first electrofishing gear was an FEG 8000 (efko-Gmbh, Germany, 8 kW, 150-

300/300-600 Volt DC) with an anodic hand net (4-4.5 m long, 40 cm diameter, 6mm 

mesh size) and a copper cathode (length 5 m). During sampling with this gear, the 

boat was moved by punting close to shore while the anode operator continuously 

fished. The amount of dips, whereas one dip was considered to place the anode for 

about 15 seconds into water or fish showed positive galvanotaxis, was counted for 

N 
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this gear. While operating this gear, the anode holder did not change, while the 

person netting the fish changed every three transects.  

The second gear used was an FEG 13000 (efko-Gmbh, Germany,13 KW, 150-

300/300-600 Volt DC) with a fixed boat mounted strip anode. Here, the boat was the 

cathode. While fishing with this gear, the anode was constantly operated and 

therefore it was not possible to count the amount of dips. All fish that showed positive 

galvanotaxis were caught with a hand net. As there was no direct operator required 

for the anode of this gear, two persons were constantly using hand nets to catch fish. 

During the sampling with this gear, one hand net operator fished all six transects, 

while the second net operator changed every tree transects. For both gears, the time 

fished was measured and the distance fished was recorded using a GPS device. 

Both gears were operated by a team of three persons.  

Data Analysis 

Median values of fish sizes were tested for significant differences with a two-factor 

(gears and habitats) PERMANOVA (Permutational Multivariate Analysis Of Variance) 

based on Euclidean distances (Anderson 2001, McArdle & Anderson 2001, Anderson 

et al 2008). Total length frequency distribution was compared between fishing gears 

with non-parametric Kolmogorov–Smirnov test, as well as the length frequency 

distribution of perch and roach collected with different gears. Catch per unit effort 

(CPUE) for each electrofishing gear type and habitat was determined as number per 

unit effort (NPUE, number of fish/ 50m) or weight per unit effort (WPUE, total mass of 

fish/m), both were analysed with a two-factor PERMANOVA based on Bray-Curtis 

similarity. All PERMANOVA tests were conducted using PRIMER v6 & PERMANOVA 

(Clarke & Gorke, 2006). The Shannon’s diversity index, evenness, Bray-Curtis index, 

k-dominance curves and MDS were carried out using the statistic software PRIMER 

v6. The significance level for all tests was p <0,05. The Condition factor for perch and 

roach was calculated using a species-specific length-weight regression based on all 

individuals caught during all five experiments within this paper. The following formula 

was used to calculate the condition values: 

logWperch= −5.172+3.113∗logTLperch 

  

logWroach= −5.267+3.14∗logTLroach 
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4.2. Results 

A total of 11 species were caught during sampling with both gears in the two habitats. 

While the 8 kW gear caught 11 species in total, the 13 KW gear only caught 8 

species. The 8 kW gear detected 9 species in each habitat sampled, while the 13 kW 

gear found 7 species in reed and only 4 species in sand/wood (Figure 4.4). Three 

species, tench (Tinca tinca), pikeperch and prucian carp (Carassius gibelio) were 

found only with the 8 kW electrofishing gear. Pikeperch was only present in sand-

wood, but tench and prucian carp were only found in reed. There was no species 

caught by the 13 kW gear exclusively (Table 4.2). 

Furthermore, a total of 1215 fish were caught with a strong dominance of perch with 

an overall share of 41,6 percent; and roach with a share of 44,9 percent of total fish 

caught. Higher abundances of eel and rudd (Scardinius erythrophthalmus) were 

collected using the 8 kW gear, while in contrast spined loach (Cobitis taenia) was 

caught more frequently by the 13 KW gear (Figure 4.3). For bream, prucian carp, 

pikeperch, ruffe (Gymnocephalus cernuus) and tench less than 10 individuals were 

caught during this study. 

Table 4.1 Total abundances of fish species according to gear and habitat. 

Gear  8 kW 13 kW 

Common Species 

Name 
Scientific Name Reed Sand/Wood Reed Sand/Wood 

Bleak 
Alburnus 

alburnus 
5 4 2 0 

Bream Abramis brama 0 2 4 0 

Eel Anguilla anguilla 15 30 0 4 

Prucian carp Carassius gibelio 1 0 0 0 

Perch Perca fluviatilis 209 160 48 89 

Pikeperch 
Sander 

lucioperca 
0 4 0 0 

Roach Rutilus rutilus 199 125 195 27 

Rudd 
Scardinius 

erythrophthalmus 
46 9 2 0 

Ruffe 
Gymnocephalus 

cernuus 
1 1 1 0 

Spined Loach Cobitis taenia 4 6 3 16 

Tench Tinca tinca 3 0 0 0 
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Figure 4.2 Relative abundance for species caught with 8 kW (blue bars) and 13 kW (orange bars). 

 

Figure 4.3 Mean (min, max) number of species found by gear and habitat (n=3). 

No significant differences (Table 4.2) were found for the median length of the fishes 

captured with the 8 kW (89,0±31,8mm) and 13 kW (90,67±34,5mm). Nevertheless, 
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the Kolmogorov–Smirnov test showed a statistical difference of total length frequency 

distributions (Figure 4.4) for the two electrofishing gears (p<0,01;KS=0,212). The 13 

kW gear had higher frequencies in the 100-200mm size range, while the 8 kW gear 

caught fish larger than 200mm more frequent. 

Table 4.2 Results of the two-factor PERMANOVA (main factors and interaction) of the median length of all fishes 
collected using the 8 kW and 13 kW electrofishing gears in reed and sand-wood habitats. 

Factors Test significance 

Gears 0,4888 

Habitats 0,321 

Gear*Habitats 0,07 

 

 

Figure 4.4 Length–frequency distribution of all fish captured with the 8K electrofishing gear (blue bars) and 13 kW 
(orange bars). 

The Kolmogorov-Smirnov test to compare the length frequency distribution of Perch 

caught with the two gears, was not significant (p=0,93; KS=0,053) (Figure 4.5). 

However, the length frequency distribution of roach (Figure 4.6), one of the more 

abundant species, was different between gears (p<0,01; KS=0,306), with higher 

frequency of fishes in smaller length-groups collected using the 8 kW gear and 

frequency decreasing with size increase; in contrast, using the 13 kW gear, the 

frequency distribution of length was higher in the 165 mm length-group. 
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Figure 4.5 Length–frequency distribution of Perch captured with the 8 kW electrofishing gear (blue bars) and 13 
kW (orange bars).  

 

Figure 4.6 Length–frequency distribution of Roach captured with the 8 kW electrofishing gear (blue bars) and 13 
kW (orange bars).  

The condition factor of perch and roach was around 1, indicating no difference in the 

condition (Table 4.3). 

Table 4.3 Mean condition of perch and roach depending on habitat (reed and sand/wood) and gear type (8 kW 

and 13 kW). 

Species Total Reed Sand-Wood 8 kW 13 kW 

Perch 1,04 1,04 1,04 1,05 1,04 

Roach 1,02 1,03 0,99 1,00 1,02 

 

All in all, the Shannon’s diversity index (Table 4.4) and the k-dominance curves 

(Figure 4.7) showed higher diversity with the 8 kW electrofishing gear. With regard to 

the habitat, for both gears the Shannon’s diversity was higher on Sand-Wood habitat. 

The evenness was highest on Sand-Wood habitat using the 13 kW electrofishing 

gear and the lowest with the same gear on reed. As reflected also in the k-dominance 

curve, in the latter, the assemblage is highly dominated (Figure 4.7). 
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Table 4.4 Species richness, abundance, Shannon Diversity Index and evenness for the two habitats (reed and 

sand/wood) depending on the gear type (8 kW and 13 kW) 

Electrofishing gear Habitat Species richness Total individuals J’ H’ 

8 KW 
Reed 9 483 0,5478 1,204 

Sand-Wood 9 341 0,5713 1,255 

13 KW 
Reed 7 255 0,3776 0,7347 

Sand-Wood 4 136 0,6881 0,954 

 

 

 

Figure 4.7 k-Dominance curves for samples of fish assemblages collected by gear and habitat. Each curve is 
based on abundances of samples. Three replicates were collected using all the combinations of gears and 

habitats. 

The Bray-Curtis similarity index based on abundances (Table 4.5 and Figure 4.8) 

between the two gear types was 62,79%. Moreover, the highest similarity was found 

between the fish assemblage from reed and sand-wood sampled with the 8 kW gear. 

While the lower similarity was found with the 13 kW gear on sand-wood with respect 

to all the other fish assemblages.  

Table 4.5 Bray-Curtis similarity index based on abundances of fish assemblages collected using two different 

gears in two different habitats. 

 Reed 8 kW Sand-Wood 8 kW Reed 13 kW Sand-Wood 13 kW 

Reed 8 kW     

Sand-Wood 8 kW 80,814    

Reed 13 kW 69,944 72,054   

Sand-Wood 13 kW 54,942 61,746 56,461  
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Figure 4.8 Non-metric multidimensional scaling (NMDS) plot based on variation in estimated fish community 
diversity (Bray–Curtis distance; B‐diversity) for the different gears and habitats. Reed 8 kW; Sand/Wood 8 kW; 

Reed 13 kW; Sand/Wood 13 kW. 

The CPUE expressed as total number of fish per 50 meter (NPUE) using the 8 kW 

gear (24,23±14,85) and 13 KW gear (9,32±7,25) was not statistically different for 

main factors or interaction (Table 4.6) In terms of CPUE according to total weight per 

meter (WPUE) collected with the 8 kW (24,23±14,857g/m) and 13 kW 

(9,32±7,25g/m) fishing gear, no significant differences were detected (Table 4.7) 

Table 4.6 Results of the two-factor PERMANOVA (main factors and interaction) of the CPUE (number of fish per 
50 meter) of all fishes collected using the 8 kW and 13 kW electrofishing gears in reed and sand-wood habitats. 

Factors Test significance 

Gears 0,2693 

Habitats 0,439 

Gear*Habitats 0,687 
 

Table 4.7 Results of the two-factor PERMANOVA (main factors and interaction) of the WPUE using the 8 kW and 
13 kW electrofishing gears in reed and sand-wood habitats. 

Factors Test significance 

Gears 0,2606 

Habitats 0,358 

Gear*Habitats 0,358 

 

Water parameters measured were: Conductivity 855 µS/cm, 19.5°C, 7.85g O2/l, 85% 

O2 saturation, pH 7,3. 

 



34 
 

4.3. Discussion 

 

Electrofishing is considered one of the most efficient methods to obtain diversity 

information in littoral zones of lakes(Menezes, Borchsenius et al. 2013). The choice 

of the sampling gear can influence estimates of fish community structure. Among 

several factors, the technical characteristics of the sampling protocol can influence 

the electrofishing efficiency, in terms of catch-per-unit-effort, assemblage composition 

and size assessment (Temple and Pearsons 2007). In addition, other aspects of the 

equipment, such as electrode size and array, influence the electric field and thus 

fishing efficiency (Portt, Coker et al. 2006).  

 

Previous assessments of the fish assemblage of the Lake Müggelsee reported the 

presence of 20 fish species as a result of a long-term monitoring using multiple gears 

(Mehner 2018). In the present study, only 11 (55%, with 8 kW gear) or 9 (45%, 13 kW 

gear) of these species were caught, with the higher species richness obtained with 

the 8 kW gear for both habitats. The species richness using the 8 KW gear, is similar 

to the reported during the electrofishing samplings conducted in 2016 and 2018 

(Mehner 2018). But, if considered together, those samplings collected 13 species. 

Considering the fish species composition, two species not reported by Mehner (2018) 

using electrofishing, pikeperch and prucian carp were collected during this sampling. 

In contrast, Mehner (2018) found pike, stickleback (Gasterosteus aculeatus), asp and 

gudgeon (Gobio gobio) and none of these species were caught during this study. 

 

Also, in the electrofishing events conducted in 2016 and 2018 by Mehner (2018) 

perch and roach were the most dominant species found. This is in line with the 

results of this study. However, in 2016, perch and roach were caught at similar 

numbers (43,8% perch; 45,39% roach) while in 2018, perch catches made up 72,8% 

of total fish caught. Roach only accounted for 23,3%. Within this study, the 

distribution of perch and roach was more similar to the reported in 2016.  

 

This might be evidence for the co-occurrence of roach and perch in similar numbers 

in lakes with small size and moderate depth according to Radke and Eckmann (2001) 

and Haertel, Baade et al. (2002). Although lake Müggelsee is not a small lake with an 

area of 770 ha., the lack of depth (average depth 4.9m) might prevent perch 
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dominance that is usually found in deep and large lakes with high productivity. Radke 

and Eckmann (2001) found perch dominance only in the deepest and largest 

mesotrophic lakes, while roach dominance was observed only in shallow and small 

mesotrophic lakes. As lake Müggelsee does not clearly host one of those 

characteristics (either deep and large or shallow and small), a clear dominance of 

roach or perch might not occur in this lake. 

 

The similarities regarding species richness between the electrofishing samples 

conducted by Mehner (2018) and the 8 kW-sampling in this study are probably found 

due to similar gear types were used (anodic hand net, EFG 4000, 8 kW, 65-520V in 

Mehner 2018). Therefore, it can be assumed that similar gear types reveal similar 

results regarding the fish community of littoral habitats of a lake regardless of slight 

variations in sampling strategy. 

 

According to Bohlin, Hamrin et al. (1989), fish in shallow and structured habitats as 

sampled in this study, tend to remain immobile and show no flight reaction even if 

boats carrying a noisy generator are approaching them. Flight reaction is only 

occurring when fish get in contact with the repelling zone of the anodic field. 

Therefore, it is of vital importance that the anode is placed as directly as possible into 

the habitat. This was accomplished more successfully using the 8 kW gear with the 

handheld anode and accordingly, the fish community is estimated closer to reality. 

The flexible use of handheld anodes in habitats with complex structures such as reed 

belts seems to be advantageous compared to a strip anode mounted on a boat (13 

kW). Wolter and Schomaker (2010) used the same 13 kW strip anode gear 

exclusively for sampling the main channel of the river Oder that has a far less 

complex structure than the habitats sampled during this study, while for the more 

structured shoreline, they used a handheld anode similar to the 8 kW gear setup 

used during this study. 

 

So, the efficiency of electrofishing gears used in this study was depending on the 

structural complexity of the habitat sampled. Habitats with complex structure are 

more accessible with a handheld anode. However, in order to verify this finding, it is 

suggested to repeat this experiment in a less structured habitat with the same gear 

setup to reveal possible opposite results as in the present study. 
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According to the results obtained, the 8 kW-electrofishing gear was more efficient 

with respect to species richness and diversity of the fish assemblage, while CPUE 

and WPUE were not significantly different. These results support the original 

hypothesis of higher diversity using 8 kW. Although, the 8 kW gear was more efficient 

to assess the fish assemblage in littoral zones of the Lake Müggelsee compared to 

the 13 kW, the use of another type of sampling gear in combination with 

electrofishing might be helpful to obtain a better assessment of the fish assemblage 

(Ruetz III, Uzarski et al. 2007, Porreca, Pederson et al. 2013). Additional 

consideration should be taken regarding the fact that low catchabilities of 

electrofishing alone could be compensated by lower cost while covering large areas, 

making the overall operation more efficient (Bayley and Austen 2002). 

 

The capture efficiency of electrofishing gears can also vary according to different fish 

sizes (Temple and Pearsons 2007). According to Bohlin, Hamrin et al. (1989), 

Anderson (1995), Portt, Coker et al. (2006) by grouping the fish based on size and 

calculating separate estimations for each group, the size-bias can be avoided, 

because a more accurately equal capture efficiency of individual fish is assumed. 

When the length frequency distributions of all species caught by gear were 

compared, no difference was detected for median length, while a significant 

difference was found between the length frequency distributions of fishes using 

different gears. In this study, both gears collected the highest frequency at 50-100mm 

length-group. However, size classes ranging from 100-200mm were caught more 

often with the 13 kW gear. But still, size classes larger than 200mm were more often 

caught with the 8 kW gear and therefore is in contrast with the hypothesis, larger 

fishes are collected more often with 13 kW. The 13 kW electrofishing gear only 

caught larger individuals of roach more frequent. 

 

In general, the occurrence of higher length groups was low regardless the gear used, 

even if 8 kW showed a wider range of size selectivity. One of the reasons for the 

lower frequencies of larger length-groups obtained with both gears may be related 

with their greater escapement frequencies, due to faster swimming speed (Bayley 

and Austen 2002). The composition of the crew performing the electrofishing may 

play a role in sampling efficacy, due to the fact that electrofishing is an active fishing 
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method and its effectiveness is affected for the skills and experience of the operator 

(Specziár, Takács et al. 2012). Depending on the experience level, larger fish may be 

collected more frequently, creating another size-bias related by the person taking the 

samples (Beaumont 2016). For that reason, as recommended by Heidinger, Helms et 

al. (1983) with respect to the change of electrofishing equipment during a monitoring 

program; for future monitoring efforts it is fundamental to consider the relative 

efficiencies when altering any aspect of the sampling as equipment type or in this 

particular case also the crew conducting the sampling. 

 

Furthermore, in this study it was found that no benefits are gained regarding 

information about fish communities in littoral habitats when using two types of 

electrofishing gear as there was no species caught exclusively with the 13 kW gear. 

This is in contrast with studies that compared two different sampling gears in littoral 

habitats. Ruetz III, Uzarski et al. (2007) compared fyke nets with electrofishing in 

littoral zones at Muskeon lake and found, that five species were detected only by fyke 

netting, although fyke netting caught much less individuals. Therefore, the combined 

use of two sampling gears gives a better representation of the fish community. In 

addition to using two sampling gears, its suggested by Mueller et al. (2017) to sample 

at different times (day, night, dusk and dawn) in order to receive a more 

comprehensive fish community assessment as some species show different 

behaviour depending on time such as pikeperch. By doing so, more insight might be 

gained about the efficiency of the electrofishing gears used in this study to assess 

littoral fish communities. 

  



38 
 

5. Subtopic 3: Impact of angler experience and bait size for fish catches 
and catch performance 

Objectives 

The following study part is an experimental pole fishing approach with special 

attention to angler experience and bait size and their impact as factors on catch 

efficiency, selectivity, and fish welfare. We therefore hypothesize: 

1. Experienced Anglers are more efficient and therefore have higher catch rates and 

biomass per unit effort than anglers classified as lower experience levels. 

2. An increase in bait size is directly linked to a higher selectivity and as a result fish 

caught with bigger bait type show higher total lengths and weight. 

3. Higher level in angling experience leads to shallower hooked fish and lower 

percentage of abundant bleeding in fish caught. 

 

5.1. Material and Methods 

 

Sampling site  

The experimental Angling was conducted on September 02. 2029 in channelled 

section of river Spree in southeast Berlin. Total river width was 150 – 155 m, shipping 

traffic was moderate. Fishing grounds were located on terrain of a local fishing club 

(Fig. 5.1, pink area), individual fishing spots were located on shore with similar 

distances. Fishing was performed in the hours between 9:00 PM and 6:00 AM. 

Weather conditions were clouded with occasional light perception; maximum 

temperature was 18 °C. The sparse vegetation consisted of yellow water lily Nuphar 

lutea (L.), arrowhead Sagittaria sagittifolia (L.) and Eurasian watermilfoil 

Myriophyllum spicatum (L.). 
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Figure 5.1: Sampling site with two distinct sampling areas for overall three pole fishing experiments. The eastern 
sampling area, used for subtopic 3 and 5, was located on the premises of a local fishing club (pink area; 
52°28'35.9"N 13°29'52.5"E), while the western sampling area, used for subtopic 4, was located in the Plänterwald 
forest (purple area).  
 

Sampling gear 

All Anglers were equipped with a standardized set of fishing gear and tackle. General 

gear consisted of a simple five-meter pole rod, rod holder, hook releaser and 

gummed scoop net for landing. Rigs were individually assembled by each Angler 

from standardized components including main fishing line (mono, nylon Ø=0.14 mm), 

adjustable floats (cap. 3g), appropriately balanced sinkers (lead, 3pcs) and pre-

assembled circle hook (#14) integrated leader line (mono, nylon, Ø=0.12mm, 

l=0.7m). Overall rig length equated to rod line, replacement tackle for rig 

assemblance was supplied in adequate amount throughout full sampling process. 

Each Angler was further equipped with similar amounts of ground bait (3kg, particle 

feed, Balzer tench/perch), individually appliable throughout the complete sampling 

period. For both bait configurations (small/big) living maggots (Calliphora sp.) were 

used, while single maggot was defined as small bait type and double maggot was the 

equivalent to big bait type. 
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Categorization of angler experience levels and hooking parameters 

Before sampling individual experience levels were determined by an angling skill 

questionnaire. All anglers answered the given four section survey based on individual 

experience judgment (Monk and Arlinghaus 2017). Questions related to own angling 

experience in comparison to other anglers in general and further specific angling 

techniques (Table 5.1). Rating scale consisted of five response points and 

accompanying verbal anchors (Table 5.1). Based on the questionnaire an angling 

experience score was calculated for each individual angler via sum of answer related 

points. Based on scores anglers were classified as beginner (4-8), average (9-11) or 

expert (12-10) experience levels. 

Table 5.1 Illustration of Angling Skill Questionnaire for experience level classification similar to survey used in 

Monk & Arlinghaus (2017), explanatory modifications marked in bold.  

 

 

 

 

 

 

 

Hooking depth in fish landed was classified into three categories. Hooking depth was 

considered shallow if the hook protruded from the fish mouth, deep if the hook did not 

protrude and was located within the pharynx of the fish ,including buccal and 

opercular cavity, and as very deep if the hook was located behind the pharynx 

(Payer, Pierce et al. 1989, Arlinghaus, Klefoth et al. 2008). An example for deep 

hooking is any event where the hook is located within the esophagus or stomach of 

the fish. Bleeding was categorized as a binary “yes/no” variable based on whether 

visible blood was detected on the fish body or mouth after dehooking (Cooke, Suski 

et al. 2003).  

Sampling procedure 

The Angling experiment was conducted with an overall size of twelve Anglers. 

Experienced and inexperienced Anglers were randomly assigned to each other 

forming six pairs. Possession of a general German fishery license was therefore used 

How would you judge your angling skill in relation to other anglers?  

  Beginner  Less good 
than average  

Equally 
good as 
average  

Somewhat 
better than 
average  

Angling 
expert  

Assigned value  1  2  3  4  5  

In relation to recreational angling in 
general  

□  □  X  □  □  

In relation to recreational angling for 
piscivorous fish  

□  X  □  □  □  

In relation to recreational angling for 
non-piscivorous fish  

□  □  □  X  □  

In relation to recreational angling with a 
pole (rod without a reel)  

□  □  □  □  X  

Hypothetical score of participant X  14  

Categorization  Expert angler  
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as general criteria for first experience assessment, while further evaluation of 

individual angling experience level for data analysis was conducted as described 

above. Each Angler pair was randomly assigned to an individual spot, spot as well as 

team composition was fixed throughout complete sampling process. Angling was 

performed by each team in seven succeeding sessions of 45 minutes each. Bait size 

was randomly defined for first Angling session and thereafter switched 

chronologically each session. After landing all fish were identified, dehooked, 

measured and weighted. Length [mm] and weight [g] was recorded by each Angler 

as well as hooking depth and abundance of bleeding, as described in section above. 

 

Data analysis 

Catch data was analyzed regarding influence of bait size and Angler experience 

levels. A general univariate linear model was conducted to identify significant 

variance differences regarding various numeric variables with Angler experience and 

Bait size as fixed variables. Tukey post hoc test was subsequently conducted for 

homogenous variances in each model to identify differences among Angler 

experience groups. Numeric variables for linear modelling included CPUE [catches 

0.5h-1 angler-1], BPUE [g 0.5h-1 angler-1], mean length [mm] and mean weight [g] of 

fish. For further specifications linear modelling was conducted as above for all fish 

species separate with a total abundance of >5 individuals. All linear models were 

applied with bait size, Angler experience and their interaction as factors with 

significance levels of p < 0.05. In cases of no significant interaction effects, refitted 

models with bait type and Angler experience as sole main effects were calculated. 

Differences in distribution of hooking depth and bleeding among Angler experience 

levels, bait size and fish species were analyzed by Chi-square test. All statistical 

analyses were conducted using SPSS version 26.0 for Windows. 

 

5.2. Results 

All twelve Anglers caught a total number of 176 fish in seven angling sessions á 45 

minutes. Four different fish species were caught in total, while roach (R. rutilus) and 

ground gobi (N. melanostomus) turned out to be the most frequent species with 127 

(72%) and 43 (24%) respective individuals caught. Further perch (P. fluviatilis) and 

rudd (S. erytrophtalmus) where present with five (perch) and one (rudd) specimen 

(Table 5.4). Individuals caught per round varied from zero to eight, fish size ranged 
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from maximum 288 mm and 254 g (R. rutilus) to minimum 55 mm and 1 g (N. 

melanostomus). Average length of all fish caught was 157.7 ± 45.9 mm ± s.d. while 

average weight was 55.2 ± 41.0 g ± s.d.. For the two most common species the 

average size recorded was 179.3 ± 26.9 mm ± s.d. and 68.65 ± 38.4 g ± s.d. for R. 

rutilus and an average length of 90.6 ± 22.0 mm ± s.d. with 12.8 ± 10.3 g ± s.d. 

average weight for N. melanostomus. The average catch per unite effort for the 

whole experiment was 1.4 ± 1.4 fish 0.5h-1 angler-1 ± s.d. per Angler, average 

biomass per unit effort was 77.1 ± 102.8 g 0.5h-1 angler-1 ± s.d.. Mean CPUE for R. 

rutilus and N. melanostomus were 1.00 ± 1.3 fish 0.5h-1 angler-1 ± s.d. and 0.3 ± 0.7 

fish 0.5h-1angler-1 ± s.d., while BPUE for both species were 69.2 ± 103.7 g 0.5h-

1angler-1 ± s.d. and 3.7 ± 8.8 g 0.5h-1angler-1 ± s.d.. 

 

Angler experience as factor 

Experienced Anglers reached highest values for total fish caught, CPUE, BPUE, fish 

length and weight (Table 5.2), while beginner experience group has second highest 

values in all variables with an exception for CPUE and BPUE regarding N. 

melanostomus (Table 5.2), otherwise Anglers with average experience level show 

lowest values. Further the species composition of fish caught did significantly differ 

among experience levels (χ2 (6, N = 176) = 13.00, p = 0.045).  Angler experience 

level as factor had significant impacts on a variety of variables such as CPUE, BPUE, 

length and weight of fish caught (Table 5.2). CPUE of all fish species pooled was 

significantly higher (Tukey HSD: p = 0.012) in the angler group classified as experts 

(2.1 fish 0.5h-1 angler-1) compared to values determined for the two remaining groups 

(Table 5.2; Fig. 5.2). The same effect was observed for overall fish species BPUE, 

where the expert anglers average biomass (132.1 g 0.5h-1 angler-1) exceeds values 

for beginner and average anglers (Table 5.3, Fig. 5.2) with high significance (Tukey 

HSD: p = 0.001). Angler experience further has proven to have a significant impact 

on length and weight of fish caught in the pole fishing experiment (Table 5.2; Table 

5.3). Fish caught by average group are significantly lower in length compared to fish 

caught by beginner (Tukey HSD: p = 0.028) and expert group (Tukey HSD: p = 

0.013), while average fish length among respective groups show no significant 

differences (Tukey HSD: p = 0.99). Mean fish weight is as well significantly 

influenced by angler experience level (Table 5.3, Fig. 5.2). Expert Angler therefore 
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catch fish with a significant higher mean weight compared to beginner and average 

anglers (Tukey HSD: p = 0.013). 

 

Table 5.2 Catch summary of pole fishing Angling experiment in river Spree by Angler experience level. 
Participants were equally distributed over experience categories with four Anglers per level. Given are results for 
all fish species pooled and the two most common species with individuals caught > 5. Total length (TL), weight, 

catch per unit effort (CPUE) and biomass per unit effort (BPUE) are presented as average ± standard deviation. 

Angler 

experience 

level 

Species Total 

catches 

TL ± s.d. [mm] Weight ± s.d. 

[g] 

CPUE ± s.d. 

[fish 0.5h-1 angler-1] 

BPUE ± s.d. [g 

0.5h-1 angler-1] 

 Species pooled 48 163.4 ± 38.4 55.6 ± 30.5 1.1 ± 1.4 63.6 ± 73.7 

Beginner R. rutilius 40 175.3 ± 24.4 61.7 ± 27.7 1.0 ± 1.3 58.8 ± 75.0 

 N. melanostomus 7 91.9 ± 26.0 16.9 ± 12.9 0.2 ± 0.6 1.6 ± 4.8 

 Species pooled 38 138.1 ± 47.3 39.3 ± 28.8 0.9 ± 1.0 35.5 ± 39.6 

Average R. rutilius 20 170.1 ± 15.2 53.80 ± 18.1 0.5 ± 0.7 25.6 ± 39.0 

 N. melanostomus 15 85.9 ± 25.8 11.2 ± 10.9 0.4 ± 0.8 3.1 ± 7.9 

 Species pooled 90 157.7 ± 45.9 61.7 ± 48.2 2.1 ± 1.5 132.1 ± 142.8 

Expert R. rutilius 67 184.4 ± 30.1 77.22 ± 45.8 1.6 ± 1.7 123.2 ± 144.2 

 N. melanostomus 21 93.6 ± 22.1 12.57 ± 10.3 0.5 ± 0.8 6.3 ± 11.9 

 

 

When considering variables respective the two most common fish species R. rutilus 

and N. melanostomus, general impact of angler experience level on CPUE, BPUE, 

fish length and weight is less distinct, however clearly influences variance of several 

variables significantly (Table 5.3).  Catch per unit effort of R. rutilus is therefore 

significantly impacted by angler experience level, with expert angler have a 

significant higher rate than average angler group (Tukey HSD: p = 0.005), yet no 

significant differences could be observed to CPUE of beginner level anglers (Fig. 

5.2). Similar effect was evident when observing BPUE of R. rutilus influenced by 

experience level (Table 5.3), however species specific BPUE of expert Anglers was 

significantly higher than both residual groups (Tukey HSD: p = 0.038/0.001) (Fig. 

5.2). Further R. rutilus caught by experienced Anglers differed significant in average 

weight to specimen caught by average anglers (Tukey HSD: p = 0.041), while no 

significant difference to mean weight of fish caught by beginner anglers could be 

observed. Further Angler experience level had no significant impact on average 

length of R. rutilus (Table 5.2, Table 5.3). Specific variables for N. melanostomus are 

not impacted by Angler experience level as presented in Table 5.3. 

  



44 
 

Table 5.3 Results of general linear univariate model for influence of Angler experience and bait size on variation 
of CPUE [catches 0.5h-1 angler-1], BPUE [g 0.5h-1 angler-1], Total length [mm] and weight [g] of all species pooled, 
and species with > 5 individuals present (R. rutilus & N. melanostomus). No significant interaction effect of Angler 
experience and bait size was observed and therefore only results of fitted models with interaction effects removed 
are presented. Significant factors (p < 0.05) are indicated in bold. 

Species Variable R2 

(Adjusted) 

df F p 

 CPUE (overall model) 0.124 3 4.925 0.003 

 Angler experience  2 7.195 0.001 

 Bait size  1 0.506 0.479 

All species pooled BPUE (overall model) 0.130 3 5.128 0.003 

 Angler experience  2 7.551 0.001 

 Bait size  1 0.352 0.555 

 Fish length (overall model) 0.035 3 3.095 0.028 

 Angler experience  2 4.487 0.013 

 Bait size  1 0.100 0.752 

 Fish weight (overall model) 0.029 3 2.739 0.045 

 Angler experience  2 4.107 0.018 

 Bait size  1 0.10 0.919 

 CPUE (overall model) 0.126 3 3.842 0.013 

 Angler experience  2 5.352 0.007 

 Bait size  1 0.859 0.357 

R. rutilus BPUE (overall model) 0.128 3 5.072 0.003 

 Angler experience  2 7.389 0.001 

 Bait size  1 0.506 0.479 

 Total length (overall modell) 0.030 3 2.305 0.080 

 Angler experience  2 2.499 0.086 

 Bait size  1 1.120 0.292 

 Fish weight (overall model) 0.039 3 2.719 0.047 

 Angler experience  2 3.722 0.027 

 Bait size  1 0.205 0.652 

 CPUE (overall model) 0.036 3 0.993 0.400 

 Angler experience  2 0.764 0.250 

 Bait size  1 0.046 0.772 

N. melanostomus BPUE (overall model) 0.020 3 1.563 0.205 

 Angler experience  2 2.173 0.121 

 Bait size  1 0.477 0.492 

 Total length (overall modell) 0.033 3 0.551 0.651 

 Angler experience  2 0.312 0.734 

 Bait size  1 0.582 0.450 

 Fish weight (overall model) 0.035 3 0.531 0.664 

 Angler experience  2 0.672 0.516 

 Bait size  1 0.177 0.676 
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Figure 5.2.: A: Catch per unite effort (fish caught 0.5h-1 angler-1  + s.d.) and B: Biomass per unit effort (g 0.5h-1 

angler-1  + s.d.) by angler experience level for all fish species pooled and individuals of R. rutilus and N. 

melanostomus Each experience level group consisted of four Anglers. CPUE and BPUE with no or same letter 

are not significantly different according to Tukey HSD (p < 0.05) 

 

Bait size as factor 

Bigger bait (double maggot) caught a higher number of overall fish (92) (Table 5.4), 

as well as R. rutilus (71), while a higher number of N. melanostomus (24) where 

caught by small bait size (single maggot). In the very contrast to angler experience, 

bait size did not prove to have any significant impacts on CPUE, BPUE, mean length 

and weight of overall fish, as well on specimen of the most common species (Table 

5.3). As noted in Table 5.3, no interaction effect of bait size an experience level could 

be observed during statistical analysis. No evidence for an influence of bait size on 

fish total length could be found as illustrated in Figure 5.3. 

 

Table 5.4 Fish species by bait size. Given are all fish species caught by pole fishing experiment with two varying 
bait sizes. Single maggot represents small, double maggot big bait size. Total length (TL) and weight are 
presented as average ± standard deviation. 

 

 Single maggot Double maggots 

 Total 

catches 

TL ± s.d. 

[mm] 

weight ± s.d. 

[g] 

Total catches TL ± s.d. [mm] weight ± s.d. 

[g] 

Species pooled 84 155.7 ± 51.1 55.0 ± 35.1 92 159.5 ± 40.9 55.3 ± 35.1 

R. rutilus 56 182.9 ± 29.1 71.8 ± 46.0 71 176.4 ± 24.9 66.1 ± 31.3 

N. melanostomus 24 87.5 ± 23.7 12.08 ± 11.1 19 94.5 ± 19.7 13.7 ± 9.3 

P. fluviatilis 3 183.7 ± 19.1 72.0 ± 22.7 2 179.5 ± 13.4 67.0 ± 24.0 

S. erythrophtalmus 1 185.0 94.0 - - - 
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Figure 5.3.: Box plots of average fish length by bait size for all fish species pooled, R. rutilus and N. 

melanostomus. Horizontal bar indicates median, X represents mean length, boxes indicate 25 and 75  percentile 

and whiskers show minimum and maximum length. Dots represent single outliers. No significant differences 

between fish average length and bait size where observed according to Tukey HSD (p < 0.05). 

 

Hooking depth and bleeding 

Of a total number of 176 fish caught, hooking depth of a bulk was classified as 

shallow (124), 48 individuals were hooked deep, while a small number of four fish 

swallowed the hook and was therefore classified as deeply hooked. The percentage 

of deeper hooked fish depends with a high significance on fish species (χ2 (6, N = 

170) = 32.9, p < 0.001) (Fig. 5.4 C), while angler experience and bait size represent 

minor influences without significant impact (Fig. 5.4 A;B). No deep or very deep 

hooking was observed in individuals of N. melanostomus. Percentage of shallow 

hooked fish was lowest in the group of experienced anglers (63%), however 

simultaneously same experience group showed lowest percentages of very deep 

hooked fish (1%), while percentage of deep hooking was highest (36%) in the 

respective group. Percentages of hooking depth are similar in beginner and average 
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level anglers with respective 77% and 79% of fishes hooked shallow, while 19% and 

18% are hooked deep (Fig. 5.4).  

 

 

Figure 5.4.: Percentual values of hooking depth (A; B; C) and abundance of bleeding (D; E; F) by angler 

experience level (A; D), bait size (B; E) and fish species (C; F). Note that only data for fish species with individuals 

caught > 5 are given. N represents sample size for both bars of same groups (e.g. beginner). Chi square test 

statistic for significant differences of hooking depth and abundance of bleeding distribution among groups are 

given above. 

 

Bleeding could be observed in 30 fish caught; however abundance of bleeding was 

significantly influenced by angler experience a fish species (Fig. 5.4). Especially the 

impact of angler experience appears to be highly significant ((χ2 (2, N = 176) = 

36.218, p < 0.001).  Only 3% of all fish handled by expert level anglers showed 

visible bleeding, while in 44% of fish caught by beginners bleeding could be 

observed. Percentages of bleeding fish are further significantly different among fish 

species (Fig. 5.4). Bait size showed no influence on abundance of bleeding after 



48 
 

landing neither did hooking depth significantly influence the abundance of bleeding 

((χ2 (2, N = 176) = 2.252, p = 0.324) 

 

5.3. Discussion  

 

The impact of experience and bait type on angler performance 

Number of fish caught as well as catch efficiency was generally lower compared to 

two studies conducted by Smith (2002) and Czarkowski & Kapusta (2019). Both 

studies share a similar approach on simple pole fishing with small bait, however, 

catch rates clearly exceed rates of the present experiment, while fish sizes are on a 

more comparable level in the second study. Czarkowski & Kapusta (2019) report a 

mean CPUE of 40.1 fish h-1 angler-1 in a polish lowland lake in contrast mean CPUE 

of the present pole fishing was explicitly lower with 2.8 fish h-1 angler-1. Further fish 

diversity was notably higher in the mentioned study. This mirrors the contrast in fish 

abundance and community composition of the two sampled waters, a lowland lake 

(Czarkowski and Kapusta 2019) and a channeled urban waterway. Fish abundance 

happens to be significantly lower due to less habitat complexity in canalized streams 

like the Spree river (Smokorowski and Pratt 2007, Weber and Wolter 2017), while 

fish show varying moving patterns throughout the day (Baade and Fredrich 1998). 

Species composition, consisting mainly of typical modest native species like R. 

rutilus, P. fluviatilis (Wolter and Vilcinskas 1997, Wolter and Vilcinskas 1997, 

Radinger and Wolter 2015) and the invasive N. melanostomus (Moran and Simon 

2013), further supports the assumption of low fish abundance trough abiotic factors 

as reason for comparably low overall catch rates. Significant differences in catch 

efficiency among angler experience level, with special emphasis on the angler group 

classified as expert however strongly supports the first hypothesis. While Czarkowski 

& Kapusta (2019) has found no significant difference in experience on catch rates, 

Heermann, Emmrich et al. (2013) reports a clear relation of increased CPUE and 

higher angler experience. Monk and Arlinghaus (2017) further directly link higher 

catch efficiency to higher skill in fishing techniques. This supports the present 

observation and suggests a crucial importance of angling skill on fishing grounds 

characterized by challenging conditions like monotonous shoreline and low fish 

abundance such as the channeled river Spree.  
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On the other hand no significant effect of bait size on the total length of fish was 

observed. Moreover did angler experience as well influence the mean size and 

weight of fish caught, however this instance is mainly due to higher numbers of R. 

rutilus caught by experienced anglers. Specimen of this species have shown to be 

generally larger in scale compared to the smaller individuals of N. melanostomus 

(Figure 5.3). While most approaches on impact on bait size concentrate on artificial 

lure (Payer, Pierce et al. 1989, Wilde, Pope et al. 2003) ,Arlinghaus, Klefoth et al. 

(2008) found evidence for size selectivity of natural bait size in northern pike, 

however they did not explicitly test varying natural bait sizes. Present studies on 

selectivity of natural bait moreover concentrate on a combination of hook type, size 

and bait type (Smith 2002, Grixti, Conron et al. 2007, Alós, Arlinghaus et al. 2009, 

Czarkowski and Kapusta 2019). A sole increase in bait size, while bait type and hook 

size are unmodified, does therefore not affect selectivity in float fishing with small 

natural bait on non-piscivorous fish.  

 

The present results supplied a first assessment on the overall fish community of the 

fished river section. Fish species composition assessed by angling resembles the 

species community according to dominance of species with certain feeding 

strategies, analyzed trough long term monitoring by Wolter, Minow et al. (2000) and 

electro fishing by Weber and Wolter (2017), with few eurytopic species like R. rutilus 

in high numbers and overall percentages. The abundance of P. fluviatilis in the 

present samples however did not match observations in the mentioned studies and 

was clearly lower. Further simple pole fishing could not provide a full spectrum of 

native fish species. However angling presents an alternative to approximate fish 

abundance and density of certain species. Gutowsky, Brownscombe et al. (2011) 

highlight angling as efficient sampling method for density assessment of N. 

melanostomus, a species difficult to target with conventional sampling methods, due 

to their hidden life style in complex habitats and low mobility (Johnson, Allen et al. 

2005, Gutowsky, Brownscombe et al. 2011, Moran and Simon 2013). Various 

catches of N. melanostomus with a TL > 50 mm (described as typical catch size in 

Gutowsky, Brownscombe et al. (2011)) fully support this observation. The exact 

species composition, as well as size of fish caught was however significantly 

influenced by the angler experience level. This indicates a possible bias in 

recreational angling as sampling method by means of individual skill. The present 
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approach however was exclusively conducted on a single day on summer outside 

typical activity phases of most fish in this season (Baade and Fredrich 1998). A 

further approach on a larger scale including varying angling times and days 

throughout the year could therefore help to strengthen  assumptions made in the 

present experiment and concretize possibilities and limits of recreational pole fishing 

as precise sampling method for fish community composition and density.  

 

Implications for fish welfare 

As catch and lease is prohibited by local legislation on the sampled river section, the 

present approach concentrated on hooking location and abundance of bleeding as 

parameters for fish welfare determination (Arlinghaus, Klefoth et al. 2008, Alós, 

Arlinghaus et al. 2009) Both parameters have throughout several experimental 

approaches shown to accurately assess fish mortality after releasing, which is 

especially crucial for non-legally caught small fish (Payer, Pierce et al. 1989, 

Muoneke and Childress 1994). The third hypothesis can only be partly confirmed. 

Hooking depth was in the first place impacted by fish species, with most deeper 

hooking locations occurred in specimen of R. rutilus (Fig. 5.4.). The absence of 

deeper hooking in N. melanostomus therefore can be directly linked to species 

aggressive behavior when attacking bait from the ground and morphological features 

of the stomatal region (Rakauskas, Bacevičius et al. 2008, Hempel and Thiel 2013, 

Moran and Simon 2013). While bites of N. melanostomus were notable instantly, 

even for unexperienced anglers, bites of R. rutilus were therefore more restrained 

and less detectable, leading to more deeper hooking events. Due to higher deep 

hooking events in more experienced angler groups are reported in Czarkowski and 

Kapusta (2019) and Cooke, Philipp et al. (2001), the present results might moreover 

originate in higher percentage of R. rutilus caught by expert anglers.  

 

Bleeding after dehooking in fish is regularly associated with tissue injuries of vital 

organs trough complicated dehooking processes in deeply hooked fish (Cooke, 

Philipp et al. 2001, Cooke, Suski et al. 2003, Aalbers, Stutzer et al. 2004, Arlinghaus, 

Klefoth et al. 2008, Arlinghaus and Cooke 2009). Surprisingly no statistical evidence 

for a correlation of hooking depth and bleeding was found, contradicting observations 

by the mentioned studies on hooking location and fish welfare. In contrast the impact 

of angler experience level on the abundance of bleeding is highly significant. Meka 
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(2004) reports a correlation of handling by less experienced anglers and abundance 

of bleeding in rainbow trout (Oncorhynchus mykiss). Anglers with low experience 

levels can therefore cause bleeding incidents by tissue damage in the dehooking 

process. An assumption strongly supported by the present results, especially when 

considering the dehooking tool supplied within the standardized fishing gear. The 

usage of the mentioned tool happens to be contra intuitive and has a steep learning 

curve associated with reliable and quick dehooking. These observations are 

underlined by exceptional high percentages of bleeding in the angler group classified 

as beginners, consisting of several first-time anglers. Bleeding was further slightly 

significantly impacted by fish species with a higher percentage of bleeding incidents 

in R. rutilus. The reason therefore might as well be angler experience. R. rutilus is 

trough its higher body shape (compared to more cylindrical N. melanostomus) more 

challenging for beginner anglers to handle, which vice versa additionally complicates 

dehooking. These findings highlight the importance for angler education and justify 

legislative requirements for fishing license application in Germany. Educational 

measures on dehooking can therefore present an important tool in recreational 

fisheries for prevention of mortality in non-legal fish or responsible catch and release 

practices (Cooke, Schreer et al. 2002, Arlinghaus, Cooke et al. 2007).  
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6. Subtopic 4: Impact of ground bait among and angler experience on catch 
outcomes: relevance for nutrient balances 

We hypothesized that catch rates would increase with increasing amount of ground 

bait but that this effect would be most pronounced in experienced anglers. Our 

second objective was to test for the relationship between angler experience and 

ground bait on the length of the fish caught. We hypothesized that experienced 

anglers catch larger fish and that size increases with increasing amount of ground 

bait. Our third objective was to test for the relationship between angler experience 

and ground bait on the species richness of the catch. We hypothesized that with 

increasing angler experience and use of ground bait the number of species in the 

catch increased. Our fourth objective was to test for the effects of angler experience 

and ground bait on the hooking depth. We hypothesized that fish caught by 

beginners are hooked deeper than those caught by experienced anglers and that 

hooking depth generally declines with increasing amount of ground bait used. As a 

fifth objective we investigated the relationship between nutrients introduced to the 

watershed in the form of ground bait and nutrients removed in the form of fished 

caught to see how and in what direction ground baiting affects the trophic status of 

the watershed. 

6.1. Methods 

 

Data collection 

The experiment was conducted on the 03.09.2020 at river Spree in Berlin Treptow-

Köpenick. The weather was dominated by sunshine at about 22°C maximum 

temperature. The area selected for fishing is located opposite of fishing club 

Wilhelmina, adjacent to forest Plänterwald. A detailed map of the study site, 

information on the randomised formation of teams and the angling gear used can be 

found in the “Materials and Methods” section of subtopic 3. Fishing started around 9 

a.m. after a general introduction regarding the methods and schedule of the day and 

was finished around 5 p.m. All anglers fished hook size #14 with 2 maggots 

throughout the day. Each team conducted 6 fishing sessions of 1 h during each of 

which the amount of ground bait was varied (0, 0.5, 1.0, 1.5, 2.0, 3.0 kg), the exact 

sequence was randomised between the teams to control for a possible time effect. 

Teams were given free choice of fishing spots with the restriction that each spot 
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could only be fished once so that no ground bait remains from previous angling 

sessions could influence catch rates. A minimum distance of 10 meters should be 

kept to each spot that already had been subject to fishing by another group and was 

therefore contaminated with ground bait. Used spots were marked after they had 

been used by a team to make identification of pristine spots possible. After each 1 h 

session a new spot was chosen. It was agreed that the respective total amount of 

ground bait per session was to be used during the first 30 minutes to ensure that fish 

were given sufficient time to sense the ground bait within the one hour of fishing. Due 

to misconception, one group was fishing with the respective amounts of ground bait 

per person instead of per group. While both anglers of this group fished several 

meters apart from each other, it could still cause a potential bias in the data. Another 

group failed to conduct the last fishing session (2 kg ground bait) for time reasons. 

All catch data described in “Materials and Methods” of subtopic 3 were collected, 

additionally the respective amount of ground bait used per session was noted. Only 

particularly large fish were additionally weighted to collect data for the length-mass 

regression. 
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Length-weight regression 

Species specific length-mass regressions were applied to calculate weight based on 

the total length for missing weight values as described in the “Statistical analysis” 

section of subtopic 1. For the calculation of corresponding regression parameters all 

angling data collected for the subtopics 3 - 5 of this study were used. Data for roach 

and bream were complemented by a sample generated from the same catchment in 

previous years by the research group of Robert Arlinghaus. 

 

  

Objectives 1 - 4: Effects of angler experience and ground bait on catch rates, 

size, species richness and hooking depth  

IBM SPSS statistics version 26.0 was used for statistical analysis. For comparison of 

catches at different amounts of ground bait the data were aggregated by session. To 

assess differences in skill between anglers we used a three-level experience 

category which was based on self-assessments. Details are described in the 

“Materials and Methods” section of subtopic 3.  

To test for interaction effects between experience level and ground bait as well their 

individual effects on metric dependant variables (CPUE, BPUE, mean length and 

species diversity) a univariate regression model (ANCOVA) was applied. Experience 

level was used as a fixed factor and the amount of ground bait as a metric covariate. 

If there was no significant interaction effect, we tested both predictor variables 

without interaction to improve our model, using the same method. A Levene-test was 

used to check for homoscedasticity in the residuals. If there was heteroscedasticity 

Species a b 

Roach 1.9315 * 10-5 2.8987 

Bleak 1.13475* 10-4 2.4638 

Perch 7.73571* 10-6 3.0701 

Round Goby 5.24687* 10-6 3.2154 

Rudd 5.85733* 10-6 3.1215 

Bream 6.97108* 10-6 3.0445 

 

Table 6.1 Regression parameters for species specific length weight regressions. The corresponding length-

mass relationship is described by the model 𝑾 = 𝒂 ∗ 𝑻𝑳𝒃 
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(Levene-test p < 0.1) a Bonferroni-test was applied for post-hoc analysis, otherwise a 

LSD-test was used. Similarly, for comparison between catch outcomes (CPUE and 

BPUE) in sessions with and without ground bait, a 2-level category was created with 

one level being 0 kg and the other level being 0.5 – 3 kg ground bait. A univariate 

model was then applied with both, the newly formed category “ground bait yes/no” 

and the experience level as fixed factors.  

For bleeding as a dependant variable a binary logistic regression was used with 

experience level as a covariate. A backwards selection was then applied to 

determine the best fitting model. The data on hooking depth (categorical with the 

levels 1, 2 and 3) was treated as ordinal data and an ordinal regression analysis was 

applied accordingly. Hooking depth was used as the dependant variable, ground bait 

as a covariate and experience as a factor.  

 

Objective 5 - Nutrient balance 

Data on the chemical composition of ordinary ground bait from Niesar et al. (2004) 

were used to estimate phosphorus inputs through ground bait application. The data 

refer to a random sample composed of 6 different types of commercially available 

ground bait mixtures and breadcrumbs. We assumed the figures to be representative 

for the ground bait used in this experiment (94.0% dry matter, 0.28% phosphorus 

thereof). Accordingly, we calculated  

𝑃ℎ𝑜𝑠𝑝ℎ𝑜𝑟𝑢𝑠𝑖𝑛 = 𝐺𝐵 (𝑔) ∗ 0.94 ∗ 0.0028 

To estimate phosphorus outputs in the form of fishes captured the mean biomass 

caught at different amounts of ground bait was calculated. To translate biomass into 

total phosphorus we used data on the body composition of roach (24.9% dry matter, 

0.92% phosphorus thereof) from Schreckenbach et al. (2001). 

𝑃ℎ𝑜𝑟𝑝ℎ𝑜𝑟𝑢𝑠𝑜𝑢𝑡 = Biomass (g) ∗ 0.249 ∗ 0.0092 

The net-balance at different amounts of ground bait was the corresponding difference 

between Phosphorusin and Phorphorusout. Additionally we considered the theoretical 

net-balance of nutrients after a 6 h fishing day by multiplying the mean biomasses 

times six while ground bait was held constant. The calculation was made under the 

theoretical assumption of constant catch rates when no further ground bait was 

applied but fishing sessions were extended to 6 hours.  

  



56 
 

6.2. Results 

Descriptive information 

On the sampling day a total of 327 individual fish were captured, consisting of 8 

different species. Roaches accounted for over 70% of all catches (n=235), followed 

by perches (n=40). The remaining catch was constituted of bleaks, round gobies, 

breams, rudds, white bream (Blicca bjoerkna) and sunfish (Centrarchus macropterus) 

(n=22, 19, 5, 4, 1 and 1, respectively). Total length was 192.2 ± 26.7 mm for roach 

and 159.4 ± 8.6 for perch (mean ± SD).  

 

 
 

 

 

  

Roach
72,0%

Perch
12,2%

Bleak
6,7%

Round Goby
5,8%

Bream
1,5%

Rudd
1,2%

Sunfish
0,3%

White bream
0,3%

Figure 6.1 Pie chart representing the total species composition caught on the third sampling day (n=327 fishes).  
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Figure 6.2 Stacked bar chart displaying species composition captured by each group of self-reported experience 
on the sampling day. Expert anglers caught 6 different species; average, 7 and beginners 5. 
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All three anglers of different self-reported skill levels were equally represented (n=4 

for each experience level) but almost half of all fish were captured by the expert 

group while beginners captured just under one fifth of the total fishes.  

 

 

The total number of 1 h sessions conducted on the sampling day was 70. In 10 of 

these no fish were captured at all. Highest catches were achieved in fishing sessions 

with 1.0 kg ground bait when the CPUE was 3.5 ± 2.9 fish·0.5h-1 (mean ± SD, n=12). 

When no ground bait was used the mean CPUE was only 0.7 ± 1.1 fish·0.5h-1 

(mean ± SD, n=12). When all fishing sessions with ground bait (0.5 - 3 kg) were 

collectively considered the CPUE was 2.7± 2.4 fish·0.5h-1 (mean ± SD, n=58).  

 

Objective 1 - Effect between angler experience and ground bait on catch rates  

There was no significant interaction effect between experience level and ground bait, 

indicating that an increase in catch rates related to ground bait was independent of 

the experience level. When tested without interaction effect, angler experience and 

the amount of ground bait were both increasing the CPUE and BPUE. However, clear 

significance at 95% confidence limits could only be shown for the experience effect  

(for experienced anglers the CPUE was increased by more than 1.8 when compared 

to beginner), while ground bait showed a borderline significant trend when 

considered as a metric covariate (table 6.3). When all sessions with ground bait were 

grouped and tested against the sessions with no ground bait, however, the 

differences were significant for both CPUE and BPUE (table 6.3).  

 

 

Figure 6.3 Pie chart displaying the distribution of the total catch (n=327) by self-reported experience groups. 
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Objective 2 - Effect between angler experience and ground bait on fish length 

A significant interaction effect was found between self-reported angling skill and 

ground bait on mean length of fishes, indicating that angler experience and ground 

bait together are predictors for the length of fish captured while their main effects 

Figure 6.4 Box- and scatterplots of catch per unit effort (CPUE) and biomass per unit effort (BPUE) by self- 
reported experience levels (Upper row), by amount of ground bait used (Middle row) and by comparison of 
ground bait (0.5 - 3.0 kg) versus no ground bait (0 kg) (Lower row). Thick bars inside the boxes represent the 
median, lower and upper box limits the 25th and 75th percentile. Whikers display the 1.5 times interquartile 
range. Significance bars between experience groups in the upper row refer to Bonferroni post-hoc comparison. 
For parameter estimates see table 6.2. 
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were non-significant (table 6.3). Anglers of average skill captured larger and heavier 

fish when using higher amounts of ground bait. By contrast, this effect was reversed 

for beginners. When data were split up by the two most frequently caught species 

(roach and perch), a significant interaction effect was only found for the mean length 

and mean weight of perches but not for the mean length and mean weight of roaches 

(n=28 and 50 sessions with capture of perch and roach, respectively). The interaction 

effect found in data for perch captures suggested that expert anglers caught on 

average smaller perches when increasing ground bait while beginners found an 

increase in perch size. 
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Objective 3 - Species richness 

When testing the mean number of species captured per 1 h session by each self-

reported experience group, no interaction effect was found between angler 

experience and ground bait. Ground bait had no significant effect on the number of 

species captured per session while there was a borderline significant trend for self-

reported skill (table 6.3). Expert anglers caught on average 0.6 more species per 

session when compared to their peers with average skill. 

Figure 6.5 Scatter plots with regression lines displaying the mean length and mean weight of fishes captured per 
1 h session at different amounts of ground bait. Colours represent angler experience levels based on self-
reports. The upper graphs refer to all fishes captured, the middle and lower graphs display mean length by 
species (roach and perch, respectively). Interaction effects between ground bait and experience on mean length 
and mean weight of roaches were not significant. For parameter estimates see table 6.2. 
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Objective 4 - Effect between angler experience and ground bait on hooking 

depth 

There was a significant interaction effect between ground bait and self-reported 

experience on the hooking depth. Anglers with average skill were hooking shallow 

more frequently when increasing ground bait. This trend was opposite for expert 

anglers. 

Figure 6.6 Mean number of species caught per 1 h session by self-reported angler experience level. Sessions 
with zero catches were excluded. Bars represent standard errors. P-value: Bonferroni comparison. For parameter 

estimates see table 6.2. 

Figure 6.7 Stacked bar charts represent the levels of hooking depth found on the catch at different amounts of 
ground bait (low = 0 - 0.5 kg, medium = 1.0 - 1.5 kg, high = 2.0 - 3.0 kg) for each level of self-reported experience. 
For parameter estimates see table 6.2. 
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Additional findings 

 

Angler experience related to bleeding 

There was no significant interaction effect found between any of the self-reported 

experience groups and ground bait on bleeding. However, when testing the individual 

effects, experience turned out to have a significant effect on the likelihood of bleeding 

in fish. Only 4.4% (n=7) of fishes caught by experienced anglers were bleeding while 

the figures for beginners and average anglers were at 24.6% (n=16) and 25.9% 

(n=27), respectively.  

 

Figure 6.8 Percentage of bleeding fish from total fish captured for each self-reported experience group. 
For parameter estimates see table 6.2. 
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Dependent variable Parameter Beta-coefficient SE 

CPUE Intercept 2.57 0.59  
Beginner -1.86 0.66  
Average -1.01 0.66  
Expert # 0 

 
 

GB 0.54 0.28 

CPUE Intercept 3.616 0.469 
 Beginner -1.865 0.469 
 Average -1.017 0.469 
 Expert # 0  
 GB no -1.948 -2.763 
 GB yes # 0  

BPUE Intercept 503.69 116.09  
Beginner -380.18 134.69  
Average -296.87 126.89  
Expert # 0 

 
 

GB 118.49 56.90 

BPUE Intercept 328.19 42.68 
 Beginner -206.74 59.07 
 Average -130.92 59.07 
 Expert # 0  
 GB no -154.43 64.197 
 GB yes # 0  

Mean length   Intercept 185.83 10.71  
Beginner*GB -9.96 10.12  
Average*GB 15.40 9.23  
Expert*GB # 0 

 

Mean weight Intercept 93.52 13.90  
Beginner*GB -4.93 13.14  
Average*GB 25.26 11.98  
Expert*GB # 0 

 

Mean length roach Intercept 203.29 9.31 
 Beginner -2.04 10.72 
 Average 3.06 10.21 
 Expert # 0  
 GB -5.90 4.75 

Mean weight roach Intercept 108.52 15.61 
 Beginner -5.84 17.96 
 Average 2.05 17.11 
 Expert # 0  
 GB -11.59 7.96 

Mean length perch Intercept 188.54 15.88 
 Beginner*GB 48.34 19.61 
 Average*GB 51.08 14.22 
 Expert*GB # 0  

Mean weight perch Intercept 68.08 16.35 
 Beginner*GB 29.75 20.19 
 Average*GB 51.48 14.64 
 Expert*GB # 0  

Species richness Intercept 1.92 0.24 
 Beginner -0.42 0.28 
 Average -0.63 0.26 
 Expert # 0  

Hooking depth Beginner*GB 185.83 10.71 
 Average*GB -9.96 10.12 
 Expert*GB  15.40 9.23 
 GB # 0  

Bleeding Intercept -3.07 0.39 
 Beginner 1.95 0.48 
 Average 2.02 0.45 
 Expert # 0  
    

 

Table 6. 2 Parameter estimates for regression models. Models including the interaction term are only presented for 
significant interactions. Reference levels are indicated by a hashtag. GB: ground bait (6-levels). GB no and GB yes 
refer to the 2-level category 
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With interaction effect Without interaction effect 

Dependant variable Predictor variables df F/Wald p-value df F p-value 

CPUE Full model a,b 5 2.968 0.018 3 3.948 0.012 

  Angler Experience 2 0.393 0.677 2 3.929 0.024  
GB 1 3.863 0.054 1 3.847 0.054  
Angler Experience x GB 2 1.423 0.248 

   

CPUE Full model c,d 5 3.232 0.012 3 5.355 0.002 

 Angler Experience 2 1.575 0.215 2 4.150 0.020 

 GB (yes/no) 1 7.449 0.008 1 7.634 0.007 

 Angler Experience x GB (yes/no) 2 0.234 0.792    

BPUE Full model e,f 5 3.917 0.004 3 5.135 0.003  
Angler Experience 2 1.498 0.231 2 6.050 0.004  
GB 1 3.208 0.078 1 3.141 0.081  
Angler Experience x GB 2 1.885 0.160 

   

BPUE Full model g,h 5 3.840 0.004 3 6.173 0.001 

 Angler Experience 2 2.142 0.126 2 6.292 0.000 

 GB (yes/no) 1 5.683 0.020 1 5.786 0.019 

 Angler Experience x GB (yes/no) 2 0.486 0.618    

Species diversity Full model i,j 5 2.303 0.057 3 2.326 0.085  
Angler Experience 2 4.725 0.013 2 2.907 0.063  
GB 1 1.409 0.240 1 1.232 0.272  
Angler Experience x GB 2 2.129 0.129 

   

Mean length Full model k 5 1.475 0.213 
   

 
Angler Experience 2 2.375 0.103 

   

 
GB 1 0.108 0.744 

   

 
Angler Experience x GB 2 3.421 0.040 

   

Mean weight Full model l 5 1.532 0.195 
   

 
Angler Experience 2 2.646 0.080 

   

 
GB 1 0.004 0.949 

   

 
Angler Experience x GB 2 3.439 0.039 

   

Mean length perch Full model m 5 4.509 0.006 
   

 
Angler Experience 2 0.944 0.404 

   

 
GB 1 0.002 0.964 

   

 
Angler Experience x GB 2 7.236 0.004 

   

Mean weigth perch Full model n 5 4.261 0.007 
   

 
Angler Experience 2 0.278 0.760 

   

 
GB 1 1.167 0.292 

   

 
Angler Experience x GB 2 6.207 0.007 

   

Mean length roach Full model o,p 5 0.535 0.748 3 0,526 0,666  
Angler Experience 2 0.257 0.775 2 0,101 0,905  
GB 1 1.250 0.270 1 1,547 0,220  
Angler Experience x GB 2 0.564 0.573 

   

Mean weigth roach Full model q,r 5 0.670 0.648 3 0,726 0,542  
Angler Experience 2 0.409 0.667 2 0,089 0,915  
GB 1 1.617 0.210 1 2,124 0,152  
Angler Experience x GB 2 0.605 0.551 

   

Adjusted R-square a:0.125 b:0.114 c:0.139 d:0.159 e:0.174  f:0.152 g:0.171 h:0.184 i:0.099 j:0.063 k:0.039 

l:0.043 m:0.394 n:0.376 o:-0.05 p:-0.03 q:-0.035 r:-0.030 

 

Table 6. 3 Models for numeric dependant variables. When there was no significant interaction effect (p>0.05), the 
model was tested again for main effects of individual predictor variables only. Lower case letters indicate the adjusted 
R-square of the full models. GB: ground bait (6-levels); GB (yes/no): ground bait (2 levels). 
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Objective 5 - Nutrient balances 

For all fishing sessions with ground bait in use there was a net input of phosphorus. 

Even at low amounts of ground bait the catch could not entirely compensate for the 

phosphorus introduced by ground bait application and net introduction was almost 

linearly increasing with ground bait. Under the assumption of constant catch rates 

over a 6 h fishing day without increasing the quantity of ground bait, theoretical P-net 

balances were lowest at 0.5 and 1.0 kg of ground bait. In the latter cases, theoretical 

net-P removal was even higher than at no ground bait. 

 

Dependant variable Predictor variables df Chi2 / Wald p-value 

Bleeding (Variables  Full model 2 30.746 0.000 

in the equation Beginner 1 16.399 0.000  
Average 1 20.522 0.000 

  Expert (base) 2 22.101 0.000 

  Intercept 1 63.108 0.000 

(Variables not in GB 1 0.127 0.722 

the equation) Beginner*GB 1 0.081 0.776  
Average*GB 1 0.533 0.465  
Expert * GB (base) 2 0.615 0.735 

Hooking depth Beginner*GB 1 1.471 0.225  
Average*GB 1 6.944 0.008  
Expert*GB 1 0.197 0.657 

  GB 0   
 

  Beginner 1 1.362 0.243 

  Average 1 6.164 0.013 

  Expert 0     

 

Table 6. 4 Model for binary and ordinal dependant variables. Figures for bleeding refer to the final step of the 

backwards selection. GB: ground bait. 

Figure 6.9 Left: Net-balance of phosphorus (P) at different amounts of ground bait. Figures display the difference 
between P input by ground bait use and P removal by mean fish biomass captured at respective amounts of ground 
bait. Right: Theoretical P net-balance of a 6 h fishing day under the assumption of consistent catch frequency 6 
hours following ground bait application: Theoretical P net-balance = P (ground bait) - P (fish biomass*6)). 
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6.3. Discussion 

 

Effect between angler experience and ground bait on catch rates 

 

Our field experiment demonstrated that catch rates increased with both, skill and 

ground bait, but that there was no interaction effect between them. The self-reported 

experience was a reliable predictor of catch outcomes and coincided with our 

expectations. This finding corresponds with the results of subtopic 3 and also 

matches with the findings of a field experiment assessing the influence of self-

reported skill in perch anglers (Monk and Arlinghaus 2017). The positive influence of 

ground bait on catch rates similarly matched our expectations, however, the trend 

was less pronounced and outcomes were more variable with even zero catches at 

high levels of ground bait during several 1 h sessions. A possible explanation for the 

high variation may be found in movement preferences of fish. The spatial distribution 

of natural food sources exploited by many cyprinid fishes is inhomogeneous (Beattie 

1982). In order to maximize feeding success many cyprinids therefore continuously 

monitor their environment for rewarding patches and intensify feeding once profitable 

sites are detected (Lammens and Hoogenboezem 1991). A whole lake experiment in 

which ground bait was regularly added to fixed feeding sites revealed that cyprinid 

fishes habituated to this profitable source and consequently significantly reduced 

their home range (Mehner, Rapp et al. 2019). It seems reasonable that fish may 

therefore also be able to memorize areas unsuitable for feeding and scan them less 

frequently. If ground bait is applied to such area it may remain unnoticed for some 

time, which could explain why ground baiting showed seemingly no effect in several 

fishing sites. When ground bait was applied to a suitable site, however, catch rates 

were increasing drastically, possibly because fishes intensified feeding in response to 

the lucrative food source. Moreover does the visual cue of feeding fish attract other 

fish to a feeding site, an effect known as area-copying that has been observed in 

other cyprinid fishes under laboratory conditions (Pitcher and House 1987) and 

possibly contributed to an amplification of feeding activity on the fishing site, hence 

further increasing catch rates. It seems most plausible that the inconsistencies in 

catch rates at different amounts of ground bait were site-dependent since (1) anglers 

were given free choice of new fishing spots and (2) fishing spots were characterized 

by different depths and macro-habitats, reflecting differences in fish-density and 

species composition as shown in sub-projects 1 and 2 of this study. This should not 



67 
 

have greatly influenced catch-differences between anglers of different experience 

levels because novice and experienced anglers were always paired. It is likely, 

however, that the site effect was a more influential determinant of fishing success 

than ground bait. Nonetheless do the results of the present study impressively 

demonstrate that ground bait can increase fishing success in coarse angling under 

certain conditions even at a single application within a short amount of time. 

It may be worth mentioning that a clear trend in catch rates could not be detected 

between different amounts of ground bait used, partly owed to the high variability in 

the data. A Polish study investigating the effect of ground bait on catch rates found 

that effectiveness was maximized at around 2 kg ground bait and decreased beyond 

(Wolos, Teodorowicz et al. 1992). The authors speculated the consequent decrease 

at higher quantities potentially was connected to locally deteriorating environmental 

conditions as a response of oxidative processes occurring in uneaten ground bait as 

previously described by Cryer and Edwards (1987). Since we did not investigate the 

long-term effect of regular ground baiting but the immediate response of fishes to a 

novel food source, a theoretical upper effective bait limit only seems plausible under 

consideration of a satiation effect and a subsequent decrease in feeding activity. We 

found no indication of such an effect reflected in the catch rates, however, it is 

questionable whether satiation could be observed within the short time frame of 1 h 

fishing sessions. The lack of a clear increase in catches with ground bait amounts 

exceeding 1 kg, however, indicates that maximum efficiency may be already reached 

at this point and further addition has no enhancing effect. Since German anglers 

fishing with ground bait use on average 0.152 kg per fishing hour (Arlinghaus 2004) it 

seems likely that the efficiency is already strong at relatively low quantities. We 

therefore suggest usage of smaller dose classes in follow up experiments. Moreover 

could a closer view on the temporal development of catch rates upon ground bait 

addition to a novel spot deepen the insights gained in this study and extended fishing 

sessions are therefore recommended in future studies. 

 

Effect between angler experience and ground bait on fish length 

Interaction effects between ground bait and experience on the total length of fishes 

were observed in the overall catch comprising all species and in perch, not so 

however in roach. While there are indications that cyprinid fishes of larger size 

classes are more competitive and may displace smaller individuals from prime 
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feeding sites (Magurran and Pitcher 1987), there is no obvious explanation for the 

observed interaction effect since gear was standardized and anglers were always 

paired. The visualization of data points for perch, however, suggest that the sample 

size was insufficiently large to reliably detect clear trends. The lack of an interaction 

effect in roach data, which constituted the major portion of fishes from our sample, 

points to the significant results when incorporating other species as likely to be 

spurious. 

 

Effect of angler experience and ground bait on species richness 

According to ground bait composition, different species can be attracted to the fishing 

area, whether catching the attention of individuals in the water column or in the 

substrate. Although our findings could not stablish a significant relationship between 

angler experience and ground bait on species richness, neither as interacting effect 

between them nor as individual effects, there is evidence that cyprinids, and other 

omnivorous species, concentrate around feeding spots where ground bait was used 

and are attracted rapidly by olfaction and gustation from amino acids and other food 

attractants present in ground baits and also by social learning (Bajer, Lim et al. 2010, 

Mehner, Rapp et al. 2019). Hence, we assume that the different amounts of ground 

bait used in this project had an important repercussion on our final outcome of 

species richness, but the absence of catches in some selected fishing areas, even 

when high levels of ground bait were used, may have influenced on not quite 

significant relation found within out data. Despite the fact that angling groups were 

formed by skilled and not skilled anglers, there were some areas where catches were 

poor and not productive, denotating that other variables that were not considered in 

this study, like seasonality, angling pressure, habitat type and contamination,  may 

have influenced the results. 

Species like tench, carp (Cyprinus carpio), and rudd tend to preferentially ingest 

ground bait that contains sweet food (Mehner, Rapp et al. 2019), which was one of 

the ingredients of the bait used in this experiment apart from fish meal, corn, wheat 

and oatmeal. Common cyprinid species have differing preferences for certain types 

of angling bait (Specziár, Tölg et al. 1997), thus we can explain the presence of other 

cyprinid species like roach, white bream, bream, bleak, and rudd in our total catch, 

although in minor percentages.  
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Perch was also caught in a considerable quantity during the experiment and this 

could be explained by the use of two living maggots in every session, since this is a 

predatory species it responds better to live bait rather than inert bait; the same 

reason could explain the presence of round gobies in the catch.       

In general, part of our findings show that expert and average anglers capture 

relatively more species than beginners; although when looking at number of species 

per 1 hour-session, beginner and expert anglers were relatively more successful, yet 

a great difference was not observed. This indicates not only how the experience can 

positively affect the catch but also how fast the learning curve of beginner anglers 

increased in the second day of angling. As mentioned before, the relation between 

experience and species richness was not significant and it may be explained by the 

low frequency found in four species that were represented only by one or two 

individuals. This suggests that probably with a larger sample size and additional 

angling sessions a more trustworthy model could be stablished. It must also be 

mentioned that one group of anglers could not finish the last fishing session, which 

could have also influenced these results.    

We could not find enough evidence to validate our hypothesis that suggested with 

increasing angler experience and use of ground bait the number of species in the 

catch increased. Therefore, we suggest testing the effect of this variables in a larger 

sample size together with uniform data would improve the results and it would be 

important to consider other variables. 

 

Effect of angler experience and ground bait on hooking depth 

When analyzing our data, an interaction effect was found, which was mainly 

observed in average anglers. In this study, experience plays an important role when it 

comes to detect the first signals of a bite to avoid losing a fish and the effectiveness 

of ground bait usage. At the same time, the cases of very deep hooking were very 

low within this group. On the contrary, beginner anglers presented the greater 

frequency of very deep hooking cases, primarily at low and high amounts of ground 

bait. This situation could be explained by their own novice condition. Since smaller 

hooks, like the ones used in this project, tended to be less injurious to fish than larger 

hooks (Rapp, Cooke et al. 2008) because of their tendency to hook shallow, we 

understand why when looking at all angler categories, most of the fishes caught were 

hooked shallow, at all amounts of ground bait applied. The reason why we found 
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deep and very deep hooking in moderate frequencies may be justified by the use of 

J-shaped hooks in all fishing sessions, which according to other studies has shown 

more probability of hooking deep than, for example, circle hooks (Beckwith and Rand 

2005, Rapp, Cooke et al. 2008) and are more likely to lodge in soft tissue deep in the 

throat (Beckwith and Rand 2005). In addition, there was no bleeding in most of the 

deep hooking cases. This may either be explained by the ability of expert anglers to 

unhook a fish with less harm, or bleeding was more difficult to detect when fish had 

swallowed the hook deeply and therefore the reported data may not necessarily 

represent true bleeding. 

Therefore, we found evidence to confirm our hypothesis that fish caught by beginners 

are hooked deeper than those caught by experts and the effect of ground bait on it. 

Finally, this report showed important and similar results as other studies, where 

experience was a variable to assess hook deepness. We, therefore, recommend for 

additional studies to link hook deepness with mortality and survival rates of fish when 

catch-and-release techniques are applied, since is a common situation in recreational 

angling. Results obtained from projects to come would be a great basis for 

management agencies to encourage anglers the best ways to promote a more 

sustainable recreational activity.  

 

Nutrient balance 

During this experiment the amount of phosphorus (P) removed from the water body 

by means of fish captured could not outweigh the amount of P added by ground bait 

application at any given quantity of ground bait used during this experiment. The 

nearly linear increase of net-P addition to the water body along with increasing 

quantity of ground bait can easily be explained by the low fishing effort of 1 h. While 

ground bait was applied in quantities typically used by middle European coarse 

anglers per fishing day, the corresponding fishing duration did not reflect realistic 

fishing effort (Wolos, Teodorowicz et al. 1992, Arlinghaus 2004) The mean angling 

duration of recreational fishermen in Germany corresponds to roughly 6 hours per 

fishing day (Arlinghaus 2004). To assess the P balance in a more realistic scenario 

we extrapolated our catch data to a theoretical 6 h angling day while assuming that 

catch rates obtained within the first hour following ground bait application would stay 

constant for 5 more hours with no additional ground baiting. Under this simplified 

model the P removal was highest at 0.5 - 1.0 kg ground bait, indicating that the 
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positive effect on catch rates obtained through moderate amounts of ground bait may 

increase net P removal when compared to fishing with no ground bait. This 

observation is in line with a model from Klefoth, Emmrich et al. (2006) which 

suggests that usage of ground bait in quantities up to 2 kg per day may enhance the 

P-removal capacity of anglers and therefore counteract eutrophication. However, 

there is not enough evidence in our data to support this because the minimalistic 

approach of extrapolation is debatable. Moreover, is the mentioned model based on 

the idea of an upper effective bait limit that holds true for fishing spots that are 

subject to frequent baiting but may be not applicable in regard to sporadic application 

of ground bait as discussed previously. Further research is therefore required to 

determine effects of ground bait at smaller scales to ultimately develop a more fine-

tuned model, taking into account the fishing time to optimize catch rates and 

phosphorus removal while minimizing the risk of excessive baiting which is 

undesirable from an ecological point of view as well as from the fishermen’s 

perspective.  
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7. Subgroup 5: Impact of angling experience, hook size and bait type on 
catch outcomes 

Hypotheses 

 

The following 12 hypotheses, furthermore abbreviated H1-12, were proposed prior to 

the conduction of the experiment:  

H1: The use of different hook sizes leads to the catchment of different fish species. 

H2: The use of different bait types leads to the catchment of different fish species. 

H3: The use of bigger hooks leads to the catchment of bigger fish within species. 

H4: The choice of bait type influences the size of the fish within species.  

H5: The use of bigger hooks leads to the catchment of less fish per unit effort. 

H6: The use of smaller hooks leads to fish being hooked more deeply. 

H7: More experienced anglers catch different fish species. 

H8: More experienced anglers catch more fish per unit effort. 

H9: More experienced anglers hook fish more shallow.  

H10: More experienced anglers have less Bleeding fish events. 

H11: The effect of experience on the number of fish caught per unit effort is less 

strong if maggots are used as bait type compared to corn. 

H12: The effect of experience on the number of fish caught per unit effort is stronger 

if larger hooks are used than using small hooks. 

 

7.1. Methods 

 

Study site 

 

A description of the study site can be found in the “Material and Methods” part of 

subtopic 3. The eastern sampling area was used in this experiment. 

 

Angling gear  

 

A description of the angling gear can be found in the “Material and Methods” part of 

subtopic 3. Additionally to the described preassembled leaders (hook size 14), 

preassembled leaders with hooks of the size 10 (nylon, Ø=0.12mm, l=0.7m) were 

used  and carabiner swivels were added to the end of the rod line to allow anglers to 

quickly switch between hook sizes. 

 

Pole Fishing 

 

7 experienced and 5 unexperienced anglers were allocated randomly into 6 teams of 

two by rolling a dice. To do this one experienced angler was grouped with the 

unexperienced anglers and each participant in the two resulting groups of 6 was 

assigned a number between 1 and 6. The dice was rolled to select one member of 

each group that would then form a team. This way 5 teams consisting of one 
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experienced and one unexperienced angler and a single team consisting of two 

experienced anglers were formed. Anglers were provided with 3kg ground bait 

(particle feed, Balzer tench/perch) and pole fishing gear. They were given two types 

of bait, live maggots Calliphora sp. and canned corn Zea mays (L.), and 

preassembled leaders of both hook sizes. The 6 teams were assigned their first 

sample site by rolling a dice. The participants were allowed to move from this initial 

sample site and choose any other location within the study site that was not already 

occupied by another participant. The two members of a team were allowed to do so 

irrespective of each other. 

Fishing was conducted in 12 30-minute intervals per person. Before the start of each 

interval anglers had to decide the bait type and hook size randomly by flipping a coin. 

To bait their hooks, they were instructed to use either two maggots or a single kernel 

of corn. The anglers were allowed to start their fishing upon starting a 30-minute 

timer on their mobile phones or clocks and were instructed to stop fishing as soon as 

the timers alarm indicated the end of the interval. Using the gear, they were provided 

with, participants were able to fish over a shore distance between 0-8 m and up to a 

water depth of 2,5 m. Caught fish were dehooked, stunned using a priest and killed 

by severing the main blood vessels by using a knife.  

 

Data Collection 

 

A description of the data collection process can be found in the “Material and 

Methods” part of subtopic 3. For this experiment hook size, bait type and hour of 

fishing was the only meta data that the participants were asked to record.  

 

Categorization of Angling Experience  

 

A description of the categorization of angling experience can be found in the 

“Material and Methods” part of subtopic 3. 

 

Categorization of hooking depth and bleeding events 

 

A description of the categorization of hooking depth and bleeding events can be 

found in the “Material and Methods” part of subtopic 3. 

 

Data Processing 

 

The catch data from the data protocol sheets was processed and edited with the 

software Excel (version 2019). Using the data of each fish caught as a single entry a 

data set termed “Raw Data” was compiled. For fish without a recorded weight a 

weight was calculated from the length data using a Length-Weight Regression. A 

description of the Length-Weight Regression can be found in the “Material and 

Methods” part of subtopic 4. For each participant the score from the angling skill 

questionnaire and the categorization of experience level based on both the 
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questionnaire (beginners, average, expert) and whether or not the participant owns a 

fishing license (novice, experienced) was also included in the data set as meta data. 

 

A second data set consisting of data aggregated per 30-minute angling period 

termed “Aggregated Data” was compiled using the “Raw Data” data set. For this the 

following variables were calculated per 30-minute angling period for each single fish 

species and pooled irrespective of fish species: NPUE (number per unit effort, unit = 

30 minutes), BPUE (biomass in g per unit effort, unit = 30 minutes), total mean length 

in mm. 

 

Statistical Analysis 

 

The statistical analysis was done using the software SPSS (version 26). Chi-squared 

test also known as “χ2 test” was used to detect a possible effect of hook size or bait 

type on the species composition. A binomial logistic regression was performed to 

explore the effect of hook size on hooking depth. For this analysis, the hooking depth 

“very deep” and “deep” were pooled together. 

 

A univariate linear model was used to test if there was a significant difference for the 

interaction of bait type and hook size as well as for only bait type or hook size in 

relation to either mean length, NPUE or BPUE for all fishes, and only roaches as 

dependent variable. The quantitative scale of the experience level was added as 

covariate. If there was no significant difference for the interaction of bait type and 

hook size, the test was performed again without the interaction. The T-test for 

independent samples was used to test if there was a significant difference between 

hook size 10 and 14 in relation to either mean length, NPUE or BPUE of round goby 

(Neogobius melanostomus) Because there hadn´t been any catches of round goby 

with corn as bait, for these statistical tests only angling intervals with two maggots as 

bait were considered.  

 

To test whether experience level shows any significant effect on catch outcome by 

means of species composition, NPUE, hooking depth or occurrence of bleeding chi-

square tests were performed. To test whether an interaction effect exists between the 

experience level and the bait type or the hook size on the NPUE a univariate general 

linear model was used 

 

7.2. Results 

On the third angling day, in 144 intervals of 30 minutes angling the anglers caught 

143 fishes with lengths from 56mm to 285mm, divided into 75 roaches, 66 round 

gobys and 2 perches. From these 143 fishes, 35 fishes where caught in 61 intervals 

on corn as bait and 108 fishes in 83 intervals on 2 maggots as bait. Divided by hook 

size, 75 fishes were caught in 70 intervals on a hook of size 14 and 68 fishes were 

caught in 74 intervals on a hook with the size 10. 
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Figure 7.1 
Relation of hook size 10 and 14 to species caught in percentage, total N=143. 

The species composition changed with hook size (Fig. 7.1). With a hook of size 10 

roaches represented two-thirds of the catch while round gobies were one-third of the 

catch. No single perch was caught with the hook of size 10. The composition of the 

caught fish with a hook of size 14 changed slightly from the one caught with the 

bigger hook. The amount of round gobies surpassed the number of roaches. Perch 

contributed the least since only two perches were caught. We found a significant 

effect of hook size on species caught, χ2(2, N=143) = 10,744, p=0,005. 

 

 
Figure 7.2 Relation of hook size 10 and 14 to species caught in percentage, total N=143. 

The two bait types attracted different species (Fig. 7.2). Therefore, the species 

composition of fish caught with corn was entirely contributed by roaches. With 

maggots as bait more round gobies than roaches were caught, and a very small part 

of the composition was also contributed by perch with two fish of this species. We 

found a significant effect of bait type on species caught with χ2(2, N=143) = 11,168, 

p=0,004. 
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Table 7.1: p-Value, degrees of freedom, F and Adjusted R² value of the Univariate Linear model test for BPUE, NPUE and mean length for all 
fishes and roaches. The interaction of hook size and bait type, hook size and bait type were tested. If there was no significant interaction of bait 
type and hook size, the test was performed again without the interaction. 

Dependent variable Predictors Test with interaction Test without interaction 

    p-Value df F Adjusted R² p-Value df F Adjusted R² 

BPUE in g/30min Hook size 0.494 1 0.470   0.528 1 0.401   

  Bait type  0.293 1 1.116   0.276 1 1.194   

  Hook size * bait type 0.708 1 0.141         

  Full model 0.694 4 0.558 -0.013 0.553 3 0.701 -0.006 

BPUE roach in g/30min Hook size 0.385 1 0.759   0.393 1 0.733   

  Bait type  0.107 1 2.628   0.102 1 2.710   

  Hook size * bait type 0.857 1 0.032         

  Full model 0.393 4 1.032 0.001 0.253 3 1.374 0.008 

NPUE in #/30 min Hook size 0.965 1 0.002   0.926 1 0.009   

  Bait type  0.002 1 10.424   0.002 1 10.107   

  Hook size * bait type 0.422 1 0.649         

  Full model 0.013 4 3.287 0.060 0.007 3 4.177 0.062 

NPUE roach in #/30min Hook size 0.306 1 1.055   0.305 1 1.059   

  Bait type  0.718 1 0.131   0.711 1 0.138   

  Hook size * bait type 0.922 1 0.010         

  Full model 0.841 4 0.354 -0.018 0.702 3 0.472 -0.011 

Mean length in mm Hook size 0.916 1 0.011   0.652 1 0.205   

  Bait type  <0.001 1 46.838   <0.001 1 45.660   

  Hook size * bait type 0.281 1 1.183         

  Full model <0.001 4 12.444 0.402 <0.001 3 16.153 0.401 

Mean length roach in mm Hook size 0.618 1 0.253           

  Bait type  <0.001 1 29.651         

  Hook size * bait type 0.045 1 4.285         

  Full model 0.000 4 7.783 0.392         
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Table 7.2: p-Value, degrees of freedom and t value of the Independent sampled T-Test for BPUE, NPUE and 
mean length for round goby. The differences between the hook sizes 14 and 10 were tested. Only intervals with 

maggots were considered because there were no goby catches on corn. 

Dependent variable p-Value df t 

BPUE in g 0.411 81 0.827 

NPUE 0.324 81 0.992 

Mean length in mm 0.240 26 -1.202 

 

Figure 7.3: NPUE 

of all fish, roach and round goby for the different hook sizes. *For the goby only intervals with maggots were 

considered because there were no goby catches on corn. 

 

 
Figure 7.4: Mean length of all fish, roach and round goby for the different hook sizes. 

The BPUE, NPUE and mean length of all species pooled and also of only roaches 

and only round goby had no significant differences for fishing with the different hook 

sizes 14 and 10 (Table 7.1 and 7.2, Fig. 7.3, 7.4 and 7.5).  
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Figure 7.5: BPUE of all fish, roaches and round goby for the different hook sizes. *For the goby only intervals with 
maggots were considered because there were no goby catches on corn. 

 
Figure 7.6: Mean length of roaches for the different bait types and hook sizes. The interaction of bait type and 
hook size has a significance with a p-Value of 0.045 (Table 1). 

For the mean length of the roaches there was a significance of the interaction of bait 

type and hook size with a p-Value of 0.045 (Table 7.1 and Fig. 7.6). The mean length 

of the catches of roaches was significantly higher by using corn then by using 2 

maggots as bait (P-Value = < 0.001, Table 7.1 and Fig. 7.6). At 210mm length, a 

change of the bait with the most catches could be seen. Most Roaches shorter than 

210mm were caught with a pair of maggots as bait (29 with a pair of maggots as bait 

against 4 with corn as bait), whereas most roaches longer than 210mm where caught 

with corn (29 with corn against 9 with a pair of maggots) (Fig. 7.7). 
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Figure 7.7: Length of the roaches for the different bait types. 
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Figure 7.8: Mean length of all fish for the different bait types. 

 

 
Figure 7.9: NPUE of all fish and roaches for the different bait types and hook sizes. 
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For all fishes, the mean length was significantly higher by a p-Value of smaller than 

0.001 for corn as bait in comparison to two maggots as bait (Table 7.1 and Fig. 7.8). 

 

 
Figure 7.10: BPUE of all fish and roaches for the different bait types and hook sizes. 

 

The NPUE of all fishes was significantly higher with a p-Value of 0.002 for two 

maggots as bait in comparison to corn as bait (Table 7.1 and Fig. 7.9). Regarding the 

different bait types, no significant differences were found in respect of BPUE and 

NPUE of roaches and BPUE of all fishes (Table 7.1 and Fig. 7.9 and 7.10). 

 
Table 7.3: The Wald-value or χ2, degrees of freedom (df) and p-value of a binary logistic regression analyzing 
hook size, bait type, and an interaction of both on the hooking depth in all species caught. 

  Wald/χ2 df p-value 

Modell 4.549 1 0.033 

Constant 1.381 1 0.24 

Hook size 2.627 1 0.105 

Bait type 4.665 1 0.031 

Hook size * bait type 1.582 1 0.208 

 

We found a significant effect of bait type on hooking depth with p=0,031 within all 

species. The other tested variables were not significant (Table 7.3). We did a 

separate analysis for roach data which were attracted by both bait types since round 

gobies and perches were only attracted by maggots (Table 7.4). In this analysis no 

variable had a significant effect on the hooking depth.  
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Table 7.4: The Wald-value or χ2, degrees of freedom and p-value of a binary logistic regression analysing hook 

size, bait type and an interaction of both on the hooking depth in roaches. 

  Wald/χ2 df p-value 

Modell 3.107 1 0.078 

Constant 0.2 1 0.655 

Hook size 2.968 1 0.085 

Bait type 0.004 1 0.948 

Hook size * bait type 0.003 1 0.954 

 

 
Figure 7.11: The percentage of caught fishes in relation to hook size with light blue indicating a deep hook and 
blue indicating a shallow hook. Single bars for perch were left out due to low sample size (N=2). 

The majority of round gobies were hooked shallow (Fig 7.11). Within all species and 

especially roach we found a trend that the bigger hook is getting hooked deeper 

more often than the hook of size 14. 
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Figure 7.12: Stacked bar chart displaying the species composition of the catch from anglers with different levels of 
experience. Average and expert anglers caught 3 different species, beginners 2. 

The species composition of the catch was different between the three groups of 

anglers with different experience levels (beginner, average, expert) (Fig. 7.12). 

Anglers of average experience caught most fish irrespective of species and most 

roach with a percentage of 48% of total roach catch. Roach constituted the main 

component of the catch for beginners and anglers of average experience while 

expert anglers caught relatively more round goby. Perch only constituted a minor 

component of the catch of average and expert anglers, which each caught 1 fish of 

this species. The relation between experience level and fish species was not 

significant (χ2 (4, N =143) = 6,04, p = 0,20). 

 

 

The NPUE was different between the three experience levels and anglers of average 

experience had the highest mean NPUE (Fig. 7.13). However the NPUE of anglers in 

Figure 7.13: Box plot displaying the mean NPUE from anglers with different levels of experience. Error bars 

indicate Standard Deviation. 
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all three groups is greatly variable as indicated by the standard deviation exceeding 

the mean values across all experience levels (σbeginner= 1,06, σaverage= 1,41 σexpert= 

1,61). The relation between experience level and NPUE was not significant (χ2 (12, 

N =144) = 18,36, p = 0,11). 

 

 
Figure 7.14: Stacked bar chart displaying the percentage of the catch from anglers with different levels of 
experience that was hooked at different depths. 

Figure 7.15: Stacked bar chart displaying the percentage of the catch from anglers with different levels of 
experience that either showed bleeding or not. 
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There were no big differences in hooking depth between the three experience levels 

(Fig. 7.14). Anglers of average and expert experience had a higher share of very 

deep hooking events. Beginners did not report any incident with very deep hooking of 

which there were only 5 in total. The relation between experience level and hooking 

depth was not significant (χ2 (4, N =143) =2.77, p = .60). 

 

Anglers of all experience levels incurred incidents of bleeding fish (Fig. 7.15). More 

events were documented for anglers with less experience with beginners having the 

highest percentage and expert anglers the lowest. The relation between experience 

level and the occurrence of bleeding was not significant (χ2 (2, N =143) =3,83, p = 

0,15). 

 
Table 7.5: p-Value, degrees of freedom, F and Adjusted R² value of 4 univariate general linear models 
investigating the interaction effects between angler experience and  bait type and hook size respectively on 
number per unit effort (NPUE unit = fish/30 min) in coarse fishing with a pole. Models were calculated for the total 
NPUE and the NPUE of roach. 

Dependent variable Predictors p-Value df F Adjusted R² 

NPUE in #/30 min Hook size 0.945 1 0.010   

  Bait type  0.003 1 9.385   

  Experience 0.100 2 2.344   

  Experience * bait type 0.404 2 0.910   

  Full model 0.009 6 2.991 0.077 

NPUE roach in #/30 min Hook size 0.339 1 0.920   

  Bait type  0.586 1 0.297   

  Experience 0.141 2 1.987   

  Experience * bait type 0.996 2 0.004   

  Full model 0.945 6 0.905 -0.004 

NPUE in #/30 min Hook size 0.892 1 0.019   

  Bait type  0.002 1 9.603   

  Experience 0.071 2 2.700   

  Experience * hook size 0.551 2 0.599   

  Full model 0.011 6 2.874 0.073 

NPUE roach in #/30 min Hook size 0.333 1 0.942   

  Bait type  0.632 1 0.230   

  Experience 0.147 2 1.945   

  Experience * hook size 0.463 2 0.774   

  Full model 0.333 6 0.942 0.007 

 

All univariate general linear models investigating the interaction effects between 

angler experience and bait type and hook size respectively on number per unit effort 

(NPUE unit = fish/30 min) were significant and showed a statistically significant effect 

of bait type on NPUE. Using the NPUE for roach as an alternative response variable 

did not yield significant models and no effect of bait type was detected. No significant 

interaction effects were detected in any of the models. 
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Figure 7.16: Box plot displaying the mean NPUE from anglers with different levels of experience using different 
bait types. Error bars indicate standard error. Significance of bait type according to general linear model 

(R²=0,077, 𝒅𝒇𝒎𝒐𝒅𝒆𝒍=6, 𝑭𝒎𝒐𝒅𝒆𝒍=2.991, 𝒑𝒎𝒐𝒅𝒆𝒍= 0,009, 𝒅𝒇𝒃𝒂𝒊𝒕 𝒕𝒚𝒑𝒆=1, 𝑭𝒃𝒂𝒊𝒕 𝒕𝒚𝒑𝒆=9.385). 

Anglers of average experience had the highest mean NPUE irrespective of what bait 

type or hook size they used (Fig. 7.16). The mean NPUE of anglers using maggots 

as bait type exceeded that of anglers using corn across the different levels of 

experience. The mean NPUE of anglers using different hook sizes showed no big 

differences across the different levels of experience except for beginners which had a 

higher NPUE using the smaller hook size 14 (Fig. 7.17). The standard deviation on 

the NPUE is exceeding the mean values across the combinations of different 

experience levels with bait type and hook size respectively, with two exceptions, 

anglers of average experience using maggots as bait (σ=1,37) and anglers of 

average experience using hook size 10 (σ=1,31). 
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Figure 7.17: Box plot displaying the mean NPUE from anglers with different levels of experience using different 
hook sizes. Error bars indicate standard error. 

 

7.3. Discussion 

Studies have shown that hook size can influence the species composition of the 

catch in longline commercial fisheries (Gonçalves and Erzini 1998, Løkkeborg, 

Siikavuopio et al. 2014). In this study a significant effect of hook size on species 

composition was found in pole based coarse fishing. The significant effect between 

hook size and species composition observed is however not very informative 

because of the low number of species caught in total (Fig. 7.1), two of which were 

exclusively caught with maggots (Fig. 7.2). The significant effect observed might be 

driven by the strong bait type effect and the low sample size effect rather than 

representing an actual effect of hook size. Furthermore, the species caught showed 

little variation in sizes. Studies investigating the effects of hook size on size selectivity 

in both commercial fishing and angling have shown that species which have a lower 

mean size are more likely to get caught with smaller hooks, and that, as a 

consequence, a change in species composition can be observed (Gonçalves and 

Erzini 1998, Cerdà, Alós et al. 2010). It has been discussed that the level of size 

difference between different hooks will have a great impact on whether effects on 

catch outcome can be observed. The hooks used in our study only had a small size 
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difference. Investigating the effect of hook size in that case probably requires a high 

sample size, as the expected effects are rather small. In this study the sample size 

was low (n=143) compared to other studies sample sizes of n=410 (Smith 2002) or 

n=3551 (Alós, Arlinghaus et al. 2009).The fishes caught in this study were generally 

of small size and there was little variation in gait size, which is known to be an 

important factor regarding the effect of hook size on species composition (Cerdà, 

Alós et al. 2010). The trend that more round goby and less roach were caught with a 

hook of size 14 than with 10 (Fig. 7.1) could be explored in future studies with a 

higher sample size, only using one bait type and should maybe include a 

measurement of the gait size from caught fishes. 

Over evolutionary timescales fish have adapted to fill a huge variety of ecological 

niches by exploiting different feed resources. Of the three different species caught in 

this study, roach is the only species belonging to the family of Cyprinidae. This family 

has many members which feed on plant material and invertebrates, like the roach, 

but also includes exceptions like the asp, Leuciscus aspius (L.) which are piscivore in 

their adult stage (Kottelat and Freyhof 2007). The described feeding behavior of the 

roach is likely the reason why roach in our study were the only species caught using 

corn (Fig. 7.2), but not exclusively. The number of roaches caught with both bait 

types is actually similar and imply that roach generally did not prefer a specific bait 

type. In comparison to that round goby and perch feed on small fish, invertebrates 

and no plant products (Kottelat and Freyhof 2007). Both were exclusively caught with 

maggots. It thus seems that corn could be as a suitable specific bait to catch roach 

and that maggots could be used as an allrounder bait with which the catch will likely 

have a more diverse species composition. Our results matched other studies where 

the species composition of the catch changed with bait type (Smith 2002). The mean 

length of all fish caught with corn as bait is significantly higher than with a pair of 

maggots. A reason for that is corn only attracted roaches, which were larger in size 

than round goby which constituted the main component of the catch using maggots.  

A very interesting finding is, that there is a significant species-specific effect of bait 

type on the mean length of roach. This confirms our hypothesis 4, which says that the 

choice of the bait type might influence the mean size of caught fish of a certain 

species. Bigger roaches seem to prefer corn, while smaller roaches seem to prefer 

maggots. A possible reason for that is a change in diet preferences that can be 

observed in roaches during growth. Roaches change from zooplankton as dominant 
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food to zoobenthos, plants and detritus (Horppila 1994, Horppila 1999, Hjelm and 

Persson 2001). This change seems to occur at different sizes for different 

populations (Hjelm, Weerd et al. 2011). The observed mean length when roaches in 

this study changed the preference of bait from maggots to corn was around 210 mm. 

This is similar to the length from a population of roaches from Lake Oyeren, Norway 

performs its diet change (Brabrand 1985). The differences in bait size between single 

cernels of corn and a pair of maggots have not been measured but based on 

observation it is assumed that the cernels of corn were on average bigger than pairs 

of maggots. The observation that with corn as bait the bigger roaches were caught 

could be explained by their bigger gait size which might allow to swallow a potentially 

bigger bait. Another significant difference was found for the NPUE (all species 

pooled) of corn compared with that of a pair of maggots which can be explained by 

the already discussed effect of bait type on species composition. The non-significant 

difference of the NPUE of roaches for different baits could be explained with roaches 

being omnivorous, and both baits representing a nutritious food item for them (Michel 

and Oberdorff 1995). No significant differences could be found in the BPUE for the 

different bait types.  

The observed significant interaction effect between hook size and bait type for the 

mean length of roaches has not been found in the literature. A theory for this effect is 

based on the properties of maggots as a live natural bait. Movement has been shown 

to be a stimulus that elicit feeding behavior in several fish species including roaches 

(Scott 1987, Utne-Palm 2000, Løkkeborg, Siikavuopio et al. 2014). This movement 

stimulus might reduce the time that roaches use to inspect the bait. This could 

potentially be part of the explanation why hook size has no strong effect on the mean 

length of roach for a pair of maggots as bait. Corn as an inanimate food object might 

be inspected more carefully and hooks of a bigger size might be less conspicuous 

and cause the fish to avoid the bait more often. Especially bigger roaches that might 

have already been caught on this bait, as the release of caught fish is likely being 

practiced to a certain degree although illegal, are assumed to inspect their bait more 

carefully. Such a learning effect has been shown for the common carp, another 

cyprinid species  (Klefoth, Pieterek et al. 2013).  It is also possible that the interaction 

effect between hook size and bait type is a spurious result, because of the small 

sample size and the weak significance observed. 
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For the two different hook sizes 14 and 10, no significant differences were found for 

NPUE, BPUE and mean length. Therefore, with the data of this subtopic, the 

hypotheses H3 and H5 could not be confirmed. A former study showed that there is a 

correlation between hook size and mean length and also fewer fish were caught with 

increasing hook size (Alós, Cerdà et al. 2008). The low sample size may be the 

reason why these effects were not found in this study and also the small size 

difference of the two hooks used. 

Hooking depth is strongly related to mortality as shown in numerous studies (Orsi, 

Wertheimer et al. 1993, Alós, Cerdà et al. 2008) since the anterior part of the mouth 

of a fish has a lot less blood vessels than posterior part, the esophagus and the 

internal organs and severe damage to these results often in death of the fish. As 

shown in previous works the hook size has an influence on the hooking depth and on 

the hooking mortality (Cooke, Barthel et al. 2005, Alós, Cerdà et al. 2008). No 

significant effect of hook size on hooking depth was found. This analysis has falsified 

the hypothesis that smaller hooks are associated with deep hooking. Therefore, this 

result does not match that of the studies mentioned before which found an effect of 

hook size on hooking depth. A reason for that could be the small sample size. A trend 

within the caught roaches is that bait is swallowed deeper when a hook of size 10 

was used. This trend could be explored in a future study to determine if this is an 

actual species-specific effect. 

The influence of angling experience of catch outcome has only been researched to a 

small extent. Some studies have shown that experience has an positive effect on 

catch rates and size (Heermann, Emmrich et al. 2013, Monk and Arlinghaus 2017), 

while one study has questioned, but not ruled out, the effect of angling experience on 

the catch and attributed overserved differences in catch distribution to stochastic 

processes (Seekell 2011). Other studies investigating angling experience have 

mostly focused on implications for fish welfare and in that context often focused on 

hooking depth as an important factor (Dunmall, Cooke et al. 2001, Meka 2004). A 

study investigating a catch and release recreational fishery for largemouth bass 

Micropterus dolomieu (Lacepède 1802) found that experienced anglers hook fish 

deeper (Dunmall, Cooke et al. 2001) and discussed differing angling techniques in 

that context. As hooking depth has a clear effect on hooking related mortality 

(Muoneke and Childress 1994) this could imply that fisheries management could 

benefit from reviewing the techniques employed by experienced anglers in order to 
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prevent mortality if fish are released after the catch. It is important to note however 

that in the study mentioned no effect on mortality was found irrespective of hooking 

depth and experience, clearly indicating that there might be important differences 

between species and different recreational fisheries. A study investigating a catch 

and release recreational fishery for rainbow trout Oncorhynchus mykiss (Walbaum 

1792) found that novice anglers injure more fish and that their handling time is 

longer, however no effect of experience on hooking depth was but demonstrated, 

(Meka 2004). As handling time has also been shown to have a significant effect on 

fish mortality it seems to be a reasonable conclusion that any study investigating the 

effect of angling experience on fish mortality in the future should consider both 

hooking depth and handling time, and their interactions. In fact a study focusing on a 

recreational fishery for tiger muskellunge, a hybrid between northern pike Esox 

Lucius (L) and muskellunge E. masquinongy (Mitchill 1824), has found that novice 

anglers might hesitate to remove hooks, which prolongs the handling time (Newman 

and Storck 1986). Probably the hesitation is due to fear of injury, attributed to the 

sharp teeth of those fish (Dunmall, Cooke et al. 2001). It is very likely that hooking 

depth is also a factor in those events as there is only a small risk associated with 

dehooking fish with such a dental morphology if they are hooked shallow. The 

interaction effects of experience, hooking depth and handling time on hooking injury 

and mortality in such a fishery would be a very interesting subject for further studies. 

It is important to note that these studies investigated exclusively recreational fisheries 

on carnivorous game fish using rod and reel and mostly focused on comparing 

novice and experienced anglers without differentiation between levels of experience 

within experienced anglers. 

This study focused on investigating a different kind of recreational fishery, pole based 

coarse fishing, aimed at the so-called coarse fish which are not traditionally regarded 

as desirable game or food fish. In this study differences in the catch outcome 

between the anglers of different experience level by means of species composition, 

NPUE, hooking depth, occurrence of bleeding was observed. However, experience 

level shows no significant effect on catch outcome by means of those measures. 

Also, no significant interaction effects between angler experience and bait type and 

hook size respectively on number per unit effort were observed. This could indicate 

that experience has no or little effect on catch outcome in pole based coarse fishing 
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under the conditions of the study or that we were not able to detect it due to 

limitations in the study design. 

There are also some confounding factors in the study. The angling experience index 

must not necessarily reflect actual angling experience in pole fishing as the 

participants were asked to rate themselves in types of angling different from pole 

fishing and could be rated as expert anglers even when having no pole fishing 

experience at all. Participants might also have under or overrate the experience 

levels of other anglers or themselves and thus be classified to a certain level of 

experience erroneous, which might have a strong impact on the results in this study it 

encompassed only 12 anglers. Additionally, general experience in pole fishing might 

not translate into success in the type of pole fishing investigated in this study as there 

are different kinds of pole fishing that might require different skill sets and associated 

learning processes. Furthermore, the participants did already finish two days of pole 

fishing and thus unexperienced anglers were able to gain experience prior to the 

experiment that is not reflected in the experience level assigned to them based on 

the angling skill questionnaire. There is the possibility that the differences between 

levels of experience observed were driven by other uncontrolled confounding factors. 

Location is known to have a strong effect on fishing outcome and in the experiment 

not all participants did change locations, although being permitted to do so, and 

those that did, did not do so often (personal observation). Locations at which fish 

were caught often were commonly occupied by the same anglers over the whole 

experiment (personal observation) and thus their catch might be overrepresented in 

the study. 

To allow for a better investigation into the topic and to be able to better isolate effects 

of experience study design should be adjusted. The effect of location within the 

sampling site needs to be controlled in a different way and to better judge experience 

levels, the angling questionnaire could be adjusted to focus on pole fishing 

experience and include quantitative measures like the following question: How many 

hours in total have you spend pole fishing in your life? Most importantly a higher 

number of anglers of all experience levels should be used and the number of fishing 

intervals should be increased. In conclusion our findings, and the lack of significant 

experience effects detected, contrast the discussed literature and show that whether 

angling experience impacts catch outcome might strongly depend on the type of 

fishing investigated and whether it can be identified strongly on the study design. 
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8.  Conclusions and Implications 

In order to make sustainable decisions in the management of freshwater resources, 

fish communities need to be assessed with methods that guarantee high accuracy. 

Prevailing fish community assessment methods are quite diverse and include simple 

observation-based approaches like snorkelling and scuba diving as well as highly 

sophisticated technocentric approaches like eDNA metabarcoding and unmanned 

surface vehicles equipped with hydroacoustic sensors. The choice of the right 

method and its successful employment is critical to know the biases that might be 

associated with them. The results of this study on the influence of the habitat and 

gear type on electrofishing outcomes and the influence of gear configuration and 

sampler characteristics on pole based coarse fishing, will make it possible to re-

evaluate these types of fish-based sampling methods. A better understanding of the 

limitations and strengths associated with each will facilitate their successful future 

employment in science.  

When asking if the habitat type has an impact on the outcome of fish community-

based surveys the question should be if any of the habitats which form the study site 

differ in regard to their fish assemblage. In the case of the littoral zone of lake 

Müggelsee this was definitely the case since reed belts, submerged macrophyte 

beds and unstructured areas showed distinct differences regarding their fish 

community. A fish-based observation that would have only targeted a zone which 

consisted out of submerged macrophytes would have underestimated the overall fish 

density as well as the roach density in the whole littoral of the study site. Therefore, it 

is extremely important to characterize and quantify the differences in fish 

assemblages in distinct habitats before performing a survey. If previous studies on 

fish-based habitat differences are not possible the researcher should sample as 

many habitats as possible throughout the survey to even out the effect of the habitat. 

This is of course only important if the research question is proposed to answer 

questions regarding the entirety of the littoral zone. Accordingly, if the knowledge on 

the habitat characteristics is sufficient or all habitats are included a scientist can apply 

methods specifically working around the biases that are associated with them.  

However, the choice of sampling method and sampling gear is to be made carefully. 

This study showed that a modification of the chosen sampling gear can cause minor 

biases when examining fish populations. Even if electrofishing itself is described as a 

very effective way of analysing fish populations this study still found some differences 
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in the two types of electrofishing gear. When applying this sampling method in field 

studies in the littoral of a lake, the results suggest that an anodic hand net 

outcompetes the high-power strip anodes due to the more flexible use in structured 

habitats such as reed belts and sand/wood. Fish in structured habitats tend to stay 

immobile and show no flight reaction from approaching boats. Therefore, it is of vital 

importance to place the anode as close to the fish as possible. This was achieved 

more successfully with the anodic hand net. Consequently, for sampling structured 

littoral habitats, the use of lower-powered anodic hand nets is recommended. 

Furthermore, the results of this study have implications for different strategies of 

electrofishing.  The results of subtopic 1 imply that transect-based random stratified 

sampling surveys need to consider calculating the habitat type distribution throughout 

the littoral zone. The percentage covered by different habitat types can vary and as 

stated before also the fish assemblage can be related to the habitat type. Therefore, 

a fish-based survey might especially underestimate fish density data if the 

experiment covers high amounts of a habitat which is generally characterized by low 

fish abundances and in total makes up a small percentage of the littoral. By 

relativizing the fish density data based on the area covered by the individual habitat 

the researcher can recalculate the data and actually get an accurate picture of the 

whole fish population. 

Ultimately, this study suggests that when collecting fish-related data in littoral zones 

of lakes with the aim to answer holistic questions it is not only important to include as 

many distinct habitats as possible but to also choose the right gear to catch the most 

fish present in these areas at the time of sampling. 

When it comes to angling as a scientific assessment method this study indicates that 

pole fishing is able to detect a number of different fish species, some of which are 

difficult to detect using conventional sampling techniques. It is concluded that angling 

can be a suitable approach to assess the general species composition, as the results 

are in line with previous literature based on the most abundant species. However, the 

method is not suitable to assess the overall fish community as species specific 

differences in catchability and abundance combined with the rather low catch per unit 

effort make it unable to detect rare species efficiently. Experience, the amount of 

ground bait and the bait type used have been shown to affect catch per unit effort in 

our study, while bait type and experience have also been shown to affect species 

composition and fish length. These factors have to be considered when choosing the 
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pole fishing gear configuration and the samplers for a pole fishing-based fish 

community assessment and when interpreting anglers catch data to infer fish 

community structure. Ideally data regarding the fishing gear used and the experience 

of anglers should be collected together with catch data as it might be of crucial 

importance to analyse the latter. Hook size and bait size have not affected catch 

outcome in our study however they should still considered as potentially impactful 

factors in the context of fish community assessment if there are big differences 

between the hooks and baits used.  

Generally, in order to get representative samples of a fish population this study 

suggest that the researcher has to take into consideration both the habitat, the gear 

type and sampler characteristics. 

Additionally, this study did not only gather insights into fish assessment methods. It 

further generated results that have direct implications regarding the conservation and 

maintenance of freshwater resources. This study combines various impacts of habitat 

influences on fish communities and recreational fishing practises that fill existing 

knowledge gaps.    

When it comes to lake enhancement, all three habitat types observed in this study 

may be of value for the littoral fish assemblage. However, reed belts seem to be of 

particular importance for the fish community of lake Müggelsee. This habitat type 

showed really high fish densities compared to the other two habitats. From a 

decision-makers point of view it would make sense to especially restore reed belts in 

the often-degraded littoral zone of lake Müggelsee. Contrary to the predictions, 

submerged macrophytes might be of low importance for the fish community since 

they yielded low fish densities and also a very low species diversity. Yet, these 

findings have to be validated by future research. Unstructured sandy habitats did not 

particularly have a low species diversity and in fact were the only habitat which was 

populated by the spined loach, which is a highly protected species (FFH-Anh. II). 

However, the total fish densities were really low. Consequently, the value of 

unvegetated fine particles is questionable since it provides habitats for endangered 

burrowing species but does not attract high numbers of individuals during daytime. 

The results suggest that enhancement measures in lake Müggelsee should focus on 

providing a variety of habitats that fit the needs of the individual fish species. 

However, to get the highest abundances of fishes the restoration and maintenance of 

reed belts could be a promising solution. 
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Furthermore, not only the habitat research contributed to knowledge on how to 

maintain anthropogenically influenced freshwater ecosystem. It was shown that the 

net phosphorus balance increased linearly with the amount of ground bait being used 

and that a fishing effort of 1 hour might be too low for P compensation in a lowland 

river pole based recreational fishery. This insight could be used to educate anglers 

on how to catch fish with an efficient use of ground bait and prevent ground bait 

related eutrophication.  

Finally, also the ethics of recreational fishing play a key role in the results of this 

study because they provide knowledge on how angling experience and equipment 

can prevent major fish damage. This is important when releasing undersized or 

protected fish species, since damaged fish are more likely to die after the catch 

event. While hooking depth depended mostly on the individual species, the 

percentage of bleeding fish was heavily impacted by the angler experience. 

Additionally, hooking depth had no further influence on bleeding incidents. Therefore, 

a link between the percentage of bleeding fish and dehooking by unexperienced 

anglers is assumed. These findings underline the importance of angling education for 

fish welfare and suggest experience as an important factor for sustainable catch and 

release practices.  

This study is the first in investigating the differences of fish communities between the 

two littoral lake habitats reed and submerged macrophytes, the differences in relative 

catch performance between two types of electrofishing gear (different power, different 

configuration), the effects of experience on catch outcome in coarse fishing and 

immediate effects of different amounts of ground bait on catch outcome in coarse 

fishing. There is a clear necessity to scrutinize the findings generated in those studies 

within this report that can be regarded as pilot experiments. Further, these studies 

should be repeated with a bigger sample size. A big contribution of this work to the 

field of aquatic sciences could be providing valuable directions for further research 

projects including a point of reference to what sample size might have a good 

predictive power, what confounding factors might need to be controlled and what 

methodology to use. The insight derived from those future studies will foster the 

employment of electro fishing and pole based coarse fishing as powerful sampling 

methods to assess fish communities and ultimately help to optimize management 

and preservation of the freshwaters system biocoenosis.  
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11. Appendix 

Appendix 11.1. Output of the different water parameters produced by the YSI Incorporated water quality 

multiparameter. 

Water parameter Output 

Water temperature 21.1 °C 

pH 8.0 

Conductivity 851 µS/cm 

Oxygen content 8.3 mg/l 

Oxygen saturation 92.3 % 

 

 
Appendix 11.2. Levene statistics, degrees of freedom (df1, df2) and p-values resulting from the Levene-test 

output for the different response variables. Significant p-values are highlighted. 

Response variable 
Levene-
statistic 

df1 df2 p-values 

Species richness [species/point] 1.384 2 33 0.265 

Shannon-Wiener-Index 5.063 2 33 0.012 

NPUE: All species [#/point] 15.609 2 57 < 0.001 

NPUE: Roach [#/point] 18.665 2 57 < 0.001 

NPUE: Perch [#/point] 13.950 2 57 < 0.001 

Length: All species [mm] 1.209 2 33 0.311 

Length: Roach [mm] 1.981 2 17 0.169 

Length: Perch [mm] 1.174 2 25 0.326 

BPUE: All species [g/point] 4.792 2 57 0.012 

BPUE: Roach [g/point] 12.276 2 57 < 0.001 

BPUE: Perch [g/point] 8.727 2 57 < 0.001 

Condition factor: Roach 1.143 2 17 0.342 

Condition factor: Perch 1.234 2 25 0.308 

 


