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Abstract 

In this study, the habitat choice of young fish (0+ and 1+) and the impact of three different 

treatments (treatments were: supplemented deadwood, shallow water zones and 

stocking), measured against unmanaged control treatments, on the abundance of young 

fish in gravel pit lakes was analysed. In total, 20 gravel pit lakes were involved in this 

study. Sampling took place before and after treatment implication and a BACI design for 

analysis was applied. Habitat choice and BACI design were investigated by comparing 

number per unit effort (NPUE) in different habitat types and in different treatment groups. 

Young fish in general showed a strong association with structured habitats such as 

submerged macrophytes, while some species, in particular perch and roach, were also 

found in open habitats more often than in reed habitats. This behaviour is discussed. 

Furthermore, no effect of the treatments stocking and supplemented deadwood was found 

on young fish in general, while roach was positively impacted by supplemented 

deadwood and rudd negatively by stocking. The creation of shallow water zones had 

almost significant positive effects on the abundance of young fish in gravel pit lakes and 

positive significant effects on rudd. Therefore, it is suggested that shallow water zones in 

gravel pit lakes pose a bottleneck in the abundance of young fish and managers of gravel 

pit lakes should consider in investing in the creation of such shallow water zones.  
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1. Introduction 

Lakes provide a wide range of ecosystem services to humans such as drinking water and 

fisheries (in a provisioning context) or recreational services such as swimming, boating, 

amenity, and recreational fisheries. In developed countries, utilizing lakes for recreation 

plays a significant role in human societies and a meta-analysis by Reynaud and 

Lanzanova (2017) has shown that recreational fisheries is the most frequent service 

utilized by society followed by amenity. In addition, recreational fisheries is often the 

dominant or even sole form of use of many freshwater fish populations (Arlinghaus, 

Tillner et al. 2015). In Germany for example, participation rates in recreational fishing 

are at around 5% of the total population, meaning there are millions of anglers in Germany 

alone. Those anglers are often organized in angling association and clubs and are 

managers and users of lakes at the same time. This means they are responsible for a wide 

range of aquatic ecosystems including rivers, natural and artificial lakes such as gravel 

pit lakes (Meyerhoff, Klefoth et al. 2019). 

In the recent century, gravel pit lakes emerged in high numbers as the result of intense 

anthropogenic activities such as the mining of sand, clay, gravel, or other natural 

resources (Saulnier-Talbot and Lavoie 2018, Søndergaard, Lauridsen et al. 2018). 

Therefore, gravel pit lakes are relatively new ecosystems of young age compared to 

natural lakes. Today, in many regions in central Europe, gravel pit lakes represent the 

largest proportion of the total lentic water bodies (Blanchette and Lund 2016, 

Søndergaard, Lauridsen et al. 2018, Nikolaus, Schafft et al. 2021). In the state of Lower 

Saxony, Germany, where this study took place, gravel pit lakes are by far the dominant 

form of water bodies with a share of 74% of the total lentic water body surface area 

(Nikolaus, Matern et al. 2020). 

Gravel pit lakes are usually characterized by steep slopes, sand dominated habitats, high 

average and maximum water depths and a simplified functionality and reduced structural 

complexity of the littoral zone compared to natural lakes (Emmrich, Schälicke et al. 2014, 

Blanchette and Lund 2016, Nikolaus, Matern et al. 2020). The littoral zone of a lake is 

defined as the nearshore habitat where photosynthetically active radiation penetrates to 

the lake bottom in sufficient quantities to support photosynthesis (Seekell, Cael et al. 

2021). The littoral zones of gravel pit lakes are therefore in contrast to the littoral zones 

of natural lakes. In natural lakes, the littoral forms a mosaic like pattern of multiple 
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microhabitats with varying depths and constellations of dead wood, emersed and 

submerged macrophytes, stones, substrates, and possibly also artificial structures, while 

the average and maximum depths are lower than in many gravel pit lakes. (Mehner, 

Diekmann et al. 2005, Emmrich, Schälicke et al. 2014). 

Structural complex and shallow habitats within the littoral zone have been identified to 

be of high importance for a lake ecosystem and for many terrestrial and aquatic organisms 

including fish and can co-determine the fish community composition and abundance in 

lakes (Fischer and Eckmann 1997, Pusey and Arthington 2003, Winfield 2004, Strayer 

and Findlay 2010, Lewin, Mehner et al. 2014, Matern, Klefoth et al. 2021) 

For fish in particular, the littoral zone has a wide range of functions and many lake fish 

species use the littoral at least once in their life cycle. Typical and the most prominent 

functions of the littoral zone utilized by fish are feeding and predation avoidance. For 

larvae and juvenile fish, highly structured and very shallow habitats are safer as open 

water habitats as predation success is generally reduced with increasing structural 

complexity (Warfe and Barmuta 2004). However, predators such as Northern pike (Esox 

lucius), largemouth bass (Micropterus salmoides) or perch (Perca fluviatilis) still utilize 

the same habitats because of the relatively high prey abundance and therefore increased 

encounter rates, what compensates for unsuccessful predation events. Also, fish seem to 

have preferred habitats along the littoral. A study by Lewin, Okun et al. (2004) on the 

littoral of lake Müggelsee, a shallow polymictic lake in Germany has shown that perch is 

most dominantly found in woody habitats during day as well as during night. Roach 

(Rutilus rutilus) preferred woody structured as well but was also found in reed. This 

shows that dead wood is among the most important structures for young fish. In contrast 

to macrophytes for example, dead wood is a permanent structure, which is also available 

for fish and invertebrates in winter month (Bowen, Kaushik et al. 1998, Maday 2020) and 

in comparison to reed belts, woody structures are more complex, being a three 

dimensional structure (Everett and Ruiz 1993, Lewin, Okun et al. 2004, Kovalenko, 

Thomaz et al. 2012, Czarnecka 2016).  Fausch (2011) has shown that fish often prefer 

overhead cover and the associated shade is assumed to be effective in avoiding visual 

predators, especially on bright days (Helfman 1981). In addition, many fish species utilize 

the littoral zone as a spawning ground, where suitable substrate is found, food abundance 

for the offspring is high and water temperatures more suitable (Winfield 2004). 
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The aforementioned functions of the littoral zone utilized by fish (feeding, predator 

avoidance, nursery, and spawning) follow different temporal patterns. Feeding and 

predator avoidance are usually on a diel or even shorter-term usage. Roach, for example, 

follows a horizontal diurnal migration pattern and seeks shelter during the day in highly 

structured habitats, while foraging for zooplankton in more open habitats at night as their 

foraging success in such areas is higher (Winfield 1986, Lewin, Okun et al. 2004, 

Winfield 2004, Emmrich, Schälicke et al. 2014).  

In addition, spawning migrations from or to the littoral follow rather a seasonal pattern in 

many fish species. Furthermore, ontogenetic shifts in perch for example are another 

temporal form of usage of the littoral zone (Wang and Eckmann 1994, Urho 1996, 

Winfield 2004). So, many fish species require and utilize the littoral zone and the 

associated structure or preferred structures permanently, regularly, or at least at one point 

in their life history. The habitat choice of fish can vary as it is influenced by habitat 

preference, natal experience, habitat availability, and the trade-off between costs and 

benefits of certain habitats such as foraging vs. predation avoidance for example. Fish 

therefore distribute differently across various habitats. (Jaenike and Holt 1991, Craig and 

Crowder 2000, Edelaar, Siepielski et al. 2008, Holt and Barfield 2008, Camacho and 

Hendry 2020). 

However, while previous studies have shown that environmental characteristics of a lake 

such as trophic state, morphology and turbidity have stronger effects on the fish 

community compared to characteristics of the littoral zone (Persson, Diehl et al. 1991, 

Jeppesen, Peder Jensen et al. 2000, Mehner, Diekmann et al. 2005, Lewin, Mehner et al. 

2014), a lack in available littoral habitats, habitat diversity, or habitat quality might have 

impacts on various fish species throughout or at certain points of their life history, what 

might pose a bottleneck in the overall abundance of a species or an entire fish community 

(Fischer and Eckmann 1997, Scheuerell and Schindler 2004, Ahrenstorff, Sass et al. 2008, 

Lewin, Mehner et al. 2014). In Northern pike for example, studies on the relationship 

between year class strength and habitat conditions could show that a strong limiting factor 

in recruitment is the availability of fry and juvenile habitat. Availability of spawning 

grounds for adult pike had less stronger effects on year class strength. (Casselman and 

Lewis 1996, Minns, Randall et al. 1996). This is commonly known as the nursery 

hypothesis and have been proved true in many fish species (Nagelkerken, Roberts et al. 

2002, Kraus and Secor 2005, Bertelli and Unsworth 2014). 
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So, in gravel pit lakes, where the littoral zone is often lacking in diversity, quality and 

availability in habitats compared to natural lakes, one can assume that this negatively 

impacts the abundance of fish through various mechanism such as the lack of fry and 

juvenile habitats, lack of spawning grounds, increased predation risk as a consequence of 

reduced cover or hiding opportunities and reduced food availability (Matern, Klefoth et 

al. 2021). Another factor that reduces the abundance of fish is fishing. Typically, and 

besides many more effects, fishing reduces the biomass of fish and changes the 

demographic structure of a stock by removing larger and older fish (Goñi 1998, Lewin, 

Arlinghaus et al. 2006, Radford, Hyder et al. 2018, Lewin, Weltersbach et al. 2019). 

In order to protect or enhance fish populations, managers of lake ecosystems have three 

main tools available. The first tool aims to regulate fishing mortality. Most commonly 

used here are minimum size limits, harvest slots, closed seasons (for example during 

spawning season) or gear restrictions (Cox and Walters 2002, Lester, Marshall et al. 2003, 

Lewin, Arlinghaus et al. 2006, Arlinghaus, Lorenzen et al. 2015). Secondly, there is 

stocking, which is the release of cultured or wild-captured fish into a different water body 

(Guillerault, Hühn et al. 2018). Various forms of stocking exist, but a most frequently 

used form of stocking, especially by angling clubs and associations aims to increase the 

abundance of fish in a certain area and in particular, to increase the abundance of desired 

fish species for anglers (Arlinghaus, Cyrus et al. 2015). In recent research, this type of 

stocking has been evaluated and it was found that in many cases stock enhancement 

within self-reproducing fish stocks is not successful, even considered risky depending on 

various factors and conditions surrounding such stocking events. Disease transmission, 

loss of biodiversity and loss of genetic integrity of native stocks, increased competition, 

density-depended effects, hybridization, replacement of native stocks or the total loss of 

all stocked fish are possible negative outcomes of stocking aiming at stock enhancement 

(Moyle 1986, Armstrong and Knapp 2004, Cowx and Gerdeaux 2004, Arlinghaus, Cyrus 

et al. 2015, Guillerault, Hühn et al. 2018). The abundance of fish in an aquatic ecosystem 

is bound to the carrying capacity (K) and attempts to enhance a stock above this natural 

border often fails (Hayes, Ferreri et al. 1996). As a third management tool, habitat 

enhancement or restoration has gained in interest in the past. As a result of anthropogenic 

activity, many aquatic ecosystems have been degraded with severe effects on (native) fish 

communities in many ways such as eutrophication, embankment, loss of connectivity, 

hydropower, introduction of invasive species, pollution and many more (Harrison and 
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Stiassny 1999, Costa, Duarte et al. 2021). Habitat management aims to provide suitable 

and required habitats for fish at different life stages and therefore has the potential to 

increase reproduction, recruitment, survival, growth, and overall abundance of a fish 

species (Pander, Mueller et al. 2017, Engstedt, Nilsson et al. 2018). Key for successful 

habitat management is the identification of current bottlenecks limiting a fish species 

within ecosystem as for example in pike, as previously mentioned, it is the fry and 

juvenile habitat rather than spawning habitat (Casselman and Lewis 1996, Minns, Randall 

et al. 1996). Besides this, the monitoring of such habitat enhancements is key to evaluate 

the effects of habitat enhancement measures to actually find out whether its successful or 

not (Bash and Ryan 2002, Lewin, Arlinghaus et al. 2006, Van Hoeck, Paxton et al. 2021) 

When providing structure for fish as a measure of habitat enhancement, the question 

arises, whether those structures only attracts fish to those structures, which might be 

mistaken for an increase in abundance, or if productivity and abundance of fish is actually 

increased as a consequence of the newly provided structure. This production vs. attraction 

debate has been researched in freshwater and marine ecosystems such as coral reefs as 

for example by Gilby, Olds et al. (2021). The attraction hypothesis describes that the fish 

start to colonize the newly provided habitat and increase productivity with the 

consequence that productivity in the old habitats is reduced and overall system 

productivity remains constant. So, it is rather a redistribution of total fish biomass without 

an increase in productivity. The productivity hypothesis describes that with increasing 

amount of new habitat, overall system productivity is increased as old habitats remain 

constant in their productivity and productivity is added to the system by the newly 

provided habitats (Wilson, Osenberg et al. 2001). Often, environmental characterises such 

as habitat limitation and distance to natural or old habitats, species-specific traits and 

exploitation rates determine which hypothesis proves to be valid (Bohnsack 1989). 

2. Hypothesis 

We hypothesize that adding structure into the littoral zone of structure poor lakes, fish 

species that are facing a bottleneck (e.g., lack of spawning or juvenile habitat, cover, 

foraging opportunities) are benefiting and therefore increase in abundance, including 

young fish abundance, over time (I). In addition, the type of newly provided habitat will 

have stronger effects on species that prefers this habitat generally as fish have species-

specific habitat preferences. So, perch and roach should benefit more strongly than other 
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species. (II). Furthermore, we hypothesize that stocking has no long-term effects on 

abundance of fish (III). Also, we hypothesize that young fish are found more dominantly 

in structural complex habitats such as macrophytes, reed and wooden structures (IV). 

3. Methods 

Study area, data collection and sampling 

This study was conducted within the framework of the “Baggersee Projekt” in the state 

of Lower Saxony, Germany. For this project, 20 gravel pit lakes were chosen and five 

different treatments were applied. Treatments were deadwood, deadwood and the creation 

of a shallow water area, stocking, control, and unmanaged control. Four lakes each were 

allocated to a treatment. The first treatment implication took place in 2017, where the 

deadwood bundles were placed into the lakes, the shallow water areas were created and 

the first stocking event took place. The second treatment implication was in 2020 and 

consisted only of the second stocking event. Stocking treatment consisted of the stocking 

of roach, pike, bream, pikeperch and tench. For the deadwood treatments, large deadwood 

bundles were distributed along the shoreline of the lake with around 30 percent coverage 

of the total shoreline. For the shallow water creation, excavators were used. 

 

All lakes were sampled during summer months (July to August) at daytime in 2017 

(before the first treatment implication), in 2018 and 2020 (in between the two treatment 

implications) and in 2021 (after the two treatment implications). So, in total four sampling 

events for all lakes took place. Sampling method was electro-fishing and was conducted 

from a boat (manoeuvred by punting) using a specific young fish electro-fishing gear 

setup consisting of an EFGI 650 battery powered electro fishing unit, a two-meter 

Picture 1 (left): Creation of the shallow water zone in one of the gravel pit lakes (here: Donner Kiesgrube 3) 

within the project and 2 (right): Example of a gravel pit lake (here: Linner See) with the distributed deadwood 

along the shoreline. 
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unnetted anode with 10cm in diameter and a hand-held net, which is specifically designed 

to catch smallest fish individuals and even fish larvae. The littoral zones of the lakes were 

sampled using random point abundance strategy (Copp 2010). Each random point was 

fished by placing the anode for around 10 seconds into the water and if fish showed 

positive galvanotaxis, they were collected with the hand net. In addition, some points 

were not fished according to the random point abundance protocol and only fished to 

capture fish that were observed visually. This was done mainly close around the 

deadwood bundles to fish those bundles with a higher effort or to catch fish that were 

observed visually in order to determine the species. Depths from 0.1 to 2 meters were 

sampled with a distance from the shore ranging from 0.1 to 10 meters. Information for 

each point sampled were collected and consisted of depth, distance to shore, substrate 

type, shore characteristics, structure type in the water column near the sampling point. In 

addition, the habitat surrounding each sampling point was classified according to 

mesohabitat groups. Caught fish per point fished were counted and species was 

determined. Fish were measured to the nearest mm. 

Data preparation 

Within this study, the young fish in gravel pit lakes were analysed in two different ways. 

First, the impact of the three different treatments (deadwood, deadwood and shallow 

water areas and stocking) on the abundance of young fish was analysed and measured 

against control treatment group. This before-after-control-impact (BACI) design is a 

commonly used tool in fish and fishery related research fields to assess the impact of 

treatments against control groups over time (Smith 2001). Here, we analysed the young 

fish abundance and changes in abundance over time for all young fish caught. For this 

analyses, all data from 2017 (before year) and 2018, 2020 and 2021 (after years) from all 

20 lakes were used. Only truly randomly fished points according to the random point 

abundance sampling protocol were used in the BACI analysis. Furthermore, only fish 

species with natural reproduction (all species besides common carp, pikeperch, eel) were 

included in the BACI analysis. 

In addition to the BACI analysis, a habitat choice analysis was performed for young fish 

in gravel pit lakes. In order to assess this, the gathered data about environmental 

conditions closely surrounding the randomly sampled points were used to classify each 

sampling point into a habitat group. Habitat groups were: “Open littoral”, “Reed”, 
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“Submerged Macrophytes, “Supplemented Deadwood”, “Mixed”, “Other” and “Natural 

Deadwood”. “Mixed” and “Other” were removed as they were not clearly determinable 

into a distinct habitat group. Similar to the BACI analysis, we assessed the habitat choice 

of young fish in general and for selected species such as perch, roach, rudd, pike, tench 

(Tinca tinca) and bream (Abramis brama). This analysis of habitat choice happened on 

two levels. First, all years (2017, 2018, 2020, 2021) and all 20 lakes were analysed, where 

the habitat category “Supplemented Deadwood” was summarized together with “Natural 

Deadwood” under a new category called “Wood”. This was done in order to make 

comparison between all habitats possible as supplemented deadwood was not present in 

all lakes and not in the years before the first treatment implication. Secondly, the habitat 

choice was assessed in only those eight lakes and years (2018, 2020, 2021), where 

supplemented deadwood was present. By doing so, large differences in data amount 

between habitats were avoided and comparison was more precise and accurate. For the 

habitat choice analysis, all fished points (including non-random points) were utilized. For 

the supplemented deadwood lake analysis, only a few species were analysed (perch, rudd, 

gibel carp and roach) due to low sample size for other species such as pike and tench. 

Their habitat distribution was therefore analysed in the firstly mentioned habitat analysis 

(across all sampled years and lakes) as the sample size here was larger for those species. 

For both analyses, fish larger than 100 mm in total length were removed with the 

exemption of pike, where for the habitat analysis the upper limit for total length was set 

to 200 mms as pike smaller than 100 mms in total length were very rarely observed. 

Statistical analysis was conducted using generalized linear mixed models (GLMM) with 

negative binominal distribution with log link function, which are known to handle random 

structures and non-normal data (Bolker, Brooks et al. 2009). For habitat analysis and 

species specific analysis therein, the depended variable was set to the NPUE (as fish per 

point), while explanatory variable were the different habitat types. Random intercept for 

“Lake” was added: 

1. Number of individuals per point (NPUE) ~ Habitat type + (1|Lake) 

Pairwise comparison of interactions (different habitat types) was conducted with 

estimated marginal means (emmeans package) and post-hoc Tukey (HSD) test were 

applied.  For BACI analysis, GLMM’s were utilized ,too, with negative binominal 

distribution and log link, whereas more explanatory variables were added such as 

managed, timepoint (before, after), stocking, supplemented deadwood, shallow water 
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area, a range of environmental covariables such as turbidity, total phosphorous, lake 

surface are, mean lake depth and macrophyte cover, interactions (before after: stocking, 

before after: supplemented deadwood, before after: shallow water) and the random 

intercepts “Lake”, “Year” and interaction “Lake: Year”. Zero inflation and overdispersion 

tests were performed with the DHARMa package. Mean catches and standard error per 

point fished in each treatment and timepoint (before and after) were modelled and 

predicted based on the GLMM model results and environmental variations was controlled 

for: 

1. Number of individuals per point (NPUE) ~ managed + BeforeAfter + Stocking + 

Deadwood + Shallow water area + turbidity + total phosphorous + lake surface 

area + mean lake depth + macrophyte cover + BeforeAfter:Stocking + 

BeforeAfter:Deadwood + BeforeAfter:Shallow water area + (1|Lake) + (1|Year) 

+ (1|Lake:Year) 
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6. Results 

Overview of sampling effort: Habitat Choice in general 

In total, 9984 sampling point were fished across all years (2017, 2018, 2020, 2021). 

However, habitat occurrence varied between lakes due to their natural variation in habitat 

distribution. Most dominantly, Open Littoral was found (N = 3870), followed by Reed 

(N = 2039), Natural Deadwood (N = 1306), Submerged Macrophytes (N = 1201) and 

Supplemented Deadwood (N = 644). Wood, which is the combination of Supplemented 

Deadwood and Natural Deadwood was among the most frequent habitats (N = 1954). The 

habitat categories that were not analysed (Mixed and Other) were found with Other (N = 

31) and Mixed (N = 893). Table 1 gives an overview of the sampling effort.  

Table 1: Summary of sampling effort (electro-fishing points) across all years sampled and across most 

dominant habitat types. Numbers display fished points in different habitat types and in the different years 

of sampling. 

HABITAT TYPE SAMPLING YEAR N N TOTAL 

 

 

OPEN LITTORAL 

2017 

2018 

2020 

2021 

1300 

904 

889 

777 

 

3870 

 

 

REED 

2017 

2018 

2020 

2021 

997 

374 

334 

334 

 

2039 

 

SUBMERGED MACROPHYTES 

 

2017 

2018 

2020 

2021 

569 

196 

211 

225 

 

1201 

 

SUPPLEMENTED DEADWOOD 

 

2017 

2018 

2020 

2021 

N.A. 

196 

302 

146 

 

644 

 

 

NATURAL DEADWOOD 

 

2017 

2018 

2020 

2021 

904 

124 

187 

91 

 

1306 

 

WOOD 

(COMINATION OF SUPPLEMENTED 

DEADWOOD AND NATURAL DEADWOOD) 

2017 

2018 

2020 

2021 

905 

323 

489 

237 

 

1954 

TOTAL   9984 
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In addition, a total of 10004 individual fish of 24 species were caught during sampling in 

all years. After filtering for only fish smaller than 100 mms (with the exemption of pike) 

and for relevant habitat types, a total of 8619 fish of 19 species remained. Most 

dominantly found species were Perch (N = 2318), Rudd (N = 1820) and Roach (N = 

1241), which makes up a share of 62,4 percent of overall catch. Figure 1 shows the 

relative catch composition across the four habitat types. Tench (N = 118), Gibel carp 

(Carassius gibelio, N = 147), Bream (N = 664), bleak (Alburnus alburnus, N = 418), 

blueband harlequin (Pseudoras parva, N = 134) and nine-spine stickleback (Pungitius 

pungitius, N = 464) were most dominant in the reaming share of 37,4 percent. The other 

11 species were only found in extremely low abundances (<50 individuals). In addition, 

some species were only found in some lakes such as blueband harlequin, which was found 

only in one lake. Other species were found across a wide range of lakes such as perch (in 

17 of 20 lakes), roach (in 13 of 20 lakes), tench (in 12 of 20 lakes), bream (in 11 of 20 

lakes) and rudd (in 10 of 20 lakes). Pike was found in 15 of 20 lakes (Table 2). Perch was 

found most dominant across all habitat types, while Rudd was most found in Reed. Roach 

distributed quite equally across different habitats, although found slightly more often in 

Wood. 

Figure 1: Relative catch composition of dominant species across habitats in all years sampled. The 

category "Wood" contains the habitat categories "Supplemented Deadwood" and "Natural Deadwood". 

Tench, Pike and Gibel carp were found mostly in Submerged Macrophytes while 

Stickleback (nine-spine) was mostly found in Open Littoral. Bream was overall rarely 

encountered and found mostly in Open Littoral and Submerged Macrophytes (Figure 1).   
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SPECIES TOTAL N CHO COL DON HOP BRE KOL LIN LOH MEI NEU PFU PLO SAA SCH STB STT WAH WEK WIE XEL 

PERCH 

 

2318 21 121 283 0 606 65 66 0 85 93 64 127 15 46 140 47 317 38 184 0 

BLUEBAND 

HARLEQUIN 

 

134 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 134 

BREAM 

 

664 2 179 0 55 0 0 3 0 21 12 0 52 7 0 45 16 0 0 272 0 

THREE-SPINE 

STICKLEBACK 

 

44 0 0 0 0 0 0 0 44 0 0 0 0 0 0 0 0 0 0 0 0 

GIBEL CARP 

 

147 0 0 0 0 146 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

GUDGEON 

 

2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 

WHITE  

BREAM 

 

7 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 4 0 

PIKE 

 

122 1 8 2 0 0 1 13 0 14 2 28 7 5 1 19 9 0 7 5 0 

RUFFE 

 

9 4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 4 0 

SUNBLEAK 

 

14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 

NINE-SPINE 

STICKLEBACK 

 

464 0 0 0 343 0 0 0 121 0 0 0 0 0 0 0 0 0 0 0 0 

ROACH 

 

1241 52 0 15 112 192 2 37 0 123 121 0 110 209 0 30 25 0 0 219 0 

RUDD 

 

1820 0 0 0 0 0 27 0 220 47 0 0 1 818 0 396 11 0 129 35 136 

TENCH 

 

118 0 20 2 0 0 0 10 0 0 7 4 40 0 2 4 3 0 1 8 17 

COMMON CARP 

 

30 0 0 0 0 0 0 0 0 0 26 0 0 0 0 0 0 3 0 0 1 

STONE LOACH 

 

47 47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BLEAK 

 

418 403 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 

Table 2: Overview of total catch (smaller than 100 mms total length) per species and lake for relevant habitat. Lake names are abbreviated (CHO = Chodhemster Kolk, COL = Collrunge, DON = 

Donner Kiesgrube 3, HOP = Hopels, BRE = Kiesteich Brelingen, KOL = Kolshorner Teich, LIN = Linner See, LOH = Lohmoor, MEI = Meitzer See, NEU = Neumanns Kuhle, PFU = Pfütze, PLO 

= Plockhorst, SAA = Saalsdorf, SCH = Schleptruper Baggersee, STB = Stedorfer Baggersee, WAH = Wahle, WEK = Weidekampsee, WIE = Wiesedermeer, XEL = Xella. 
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Bleak was encountered in only two lakes and was mostly present in Open Littoral, but in 

this lakes the amount of caught fish was relatively high (N = 418). Figure 2 shows the 

size distribution of selected fish species (tench, rudd, roach, pike, perch, and bream) from 

all sampling points from all years (2017, 2018, 2020, 2021). Rudd and bream and were 

caught in very similar size classes (mean size: rudd = 33,42 mm, bream = 36,80 mm). For 

roach, larger fish were caught (mean size = 45,76 mm). Tench and perch had the larger 

mean sizes (mean size: tench = 52,03mm, perch = 58,35 mm). For pike, the mean size 

was higher compared to other fish (mean size = 134,03 mm), but upper pike size limit for 

analysis was set to 200 mm total length (Figure 3). Most of the caught fish during 

Figure 2: Size distribution of selected fish species (tench, rudd, roach, pike, perch, and bream) from all 

sampled point in all years (2017, 2018, 2020, 2021). The dashed lines indicate the 100 millimetre (and 200 

millimetre for pike) threshold for data analysis within this study. 

Figure 3: Size distribution for pike from all sampled points in all years (2017, 2018, 2020, 2021). The 

dashed line indicates the 200 millimetre threshold for data analysis for habitat choice within in this study. 
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sampling were fish below 100 mm total length, exempt for pike (Figure 3). However, by 

setting the size threshold for pike to 200 mm total length, most of the fish were within 

this threshold.  

Figure 4 gives an overview of the number per unit effort (NPUE, as mean fish caught per 

point fished) across the four habitat types in all years (with “natural Deadwood” and 

“supplemented Deadwood” summarized as “Wood”). NPUE was highest in submerged 

macrophytes, relatively equal in wood and reed and lowest in open littoral. NPUE was 

significantly higher in submerged macrophytes compared to wood, reed and open littoral, 

while no significant differences were found between open littoral, wood and reed. For 

perch, NPUE was highest in submerged macrophytes, but lowest in reed and relatively 

equal in open littoral and wood. No significant differences in NPUE for perch between 

the habitats were found. Also, for roach, NPUE was highest in submerged macrophytes, 

but similar high in wood. Lowest NPUE for roach was observed in in reed. In open littoral, 

NPUE was half of the NPUE observed in submerged macrophytes and wood. NPUE for 

roach was significantly higher in open littoral compared to reed, while NPUE in 

submerged macrophytes was significantly higher compared to reed and open littoral. In 

wood, NPUE was also significantly higher than in reed. Rudd was observed most in reed, 

while being equally caught in open littoral and submerged macrophytes. Lowest NPUE 

for Rudd was observed in wood. NPUE for roach was significantly higher in reed 

compared to submerged macrophytes.

Figure 4: Overview of the NPUE (as mean fish per point) for young fish in all years (2017, 2018, 2020, 

2021) and summarized "Wood" category. Dashed line indicates Y-axis break at NPUE for better data 

visualisation due to outliers. Stars indicate significant differences in NPUE between habitats. 
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Figure 5: Overview of the NPUE (as mean fish per point) for selected species (tench, rudd, roach, pike perch and tench) in all years (2017, 2018, 2020, 

2021) and summarized "Wood" category. Dashed line indicates Y-axis break at NPUE for better data visualisation due to outliers. Stars indicate 

significant differences in NPUE between habitats. 
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and wood, while NPUE in submerged macrophytes was higher than in wood. NPUE in 

submerged macrophytes was significantly higher than in open littoral. Bream was 

observed most dominant in submerged macrophytes and reed, while lowest NPUE was 

found in wood. In open littoral, bream was observed more often than in wood, but less 

strong compared to reed and submerged macrophytes. NPUE in submerged macrophytes 

was significantly higher than in open littoral and wood, while NPUE in reed was 

significantly lower than in submerged macrophytes. Pike had the highest NPUE in 

submerged macrophytes and lowest in open littoral. Second highest NPUE was observed 

in reed, while NPUE in wood were half of the NPUE of submerged macrophytes. NPUE 

in open littoral was significantly lower compared to submerged macrophytes and reed. 

Tench NPUE was by far highest in submerged macrophytes, while lowest NPUE were 

observed in open littoral and wood. Intermediate NPUE for tench were found in reed. 

NPUE for tench was significantly higher in submerged macrophytes compared to reed, 

wood and open littoral (figure 5) Highest NPUE’s in general were found for perch and 

rudd, followed by roach, which is in line with the dominance in the catch composition of 

these species in the sampled lakes across all years of sampling (2017, 2018, 2020 and 

2021, see figure 1). For the remaining three species, NPUE was relatively low as the 

amount of catch for these species was low in general. Figure 6 gives an overview of the 

distribution of young fish across the depth. The majority of fish were caught in depth 

shallower than 100 cm, while with increasing depth, fish were less frequently 

encountered.  

Figure 6: Overview of the NPUE (as fish per point) across depth for young fish in all years (2017, 2018, 

2020, 2021)  
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Deadwood lakes 

For only the deadwood lakes (N = 8, DON, LIN, MEI, WEK, COL, BRE, KOL, SAA, 

see table 1 for reference), a total of 2415 points were fished (after removal of habitat types 

“mixed” and “other”) across the five classified habitats such as open littoral (N = 868), 

reed (N = 490), submerged macrophytes (N = 273), natural deadwood (N = 140) and 

supplemented deadwood (N = 644). A total of 2726 fish of seven different species were 

caught after filtering for fishes smaller than 100 mm total length with exemption of pike 

(<200mm). Most dominant species were perch (N = 984), rudd (N = 811), roach (N = 

565), bream (N = 211) and gibel carp (N = 92). Pike (N = 35) and tench (N = 27) were 

only rarely encountered in the supplemented deadwood lakes. Figure 7 gives an overview 

of the catch composition in the supplemented deadwood lakes in the years after treatment 

implication across the investigated habitat types. Perch was found most dominant across 

open littoral, submerged macrophytes, supplemented deadwood and natural deadwood. 

Rudd was mostly found in natural deadwood and in reed, where it was the dominant 

species. Rudd was only rarely encountered in submerged macrophytes. Pike was 

exclusively found in submerged macrophytes. Tench also was found mostly in submerged 

macrophytes and with low numbers in open littoral, reed, and supplemented deadwood. 

In natural deadwood, tench was not observed. Roach distributed quite equally across all 

habitat types, although being more present in supplemented deadwood. Gibel carp was 

strongly associated with submerged macrophytes, although also rarely encountered in 

open littoral and in both wooden habitats. Bream was not found in natural deadwood and 

submerged macrophytes and only rarely in open littoral, reed and supplemented 

Figure 7: Relative catch composition of dominant species across habitats in supplemented deadwood lakes 

and in the years after treatment implication (2018, 2020 and 2021).  
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deadwood. Figure 8 gives an overview of the number per unit effort (NPUE, as mean fish 

caught per point fished) across the five habitat types in the eight deadwood lakes in the 

years after treatment implication (2018, 2020 and 2021), where natural and supplemented 

deadwood were seen as separate categories. NPUE (fish per point) was highest in natural 

deadwood with strong outliers. This is the case as in one lake at one point (SAA = 

Saalsdorf) around 25 percent of the total roach catch was observed. Second highest NPUE 

was observed in reed, followed by submerged macrophytes. Lowest NPUE were found 

in supplemented deadwood and open littoral. However, no significant differences in 

NPUE were found between the five habitat categories. For perch, highest NPUE were 

observed in submerged macrophytes and lowest NPUE in reed. Intermediate NPUE’s for 

perch were observed in open littoral, supplemented deadwood and natural deadwood. No 

significant differences between the habitats were found for perch. 

For roach, by far the highest NPUE was found in natural deadwood. All other habitats 

had much lower NPUE with similar levels. Significant higher NPUE for roach were found 

in natural deadwood in contrast to supplemented deadwood and reed. For rudd, the 

highest NPUE was observed in reed. Lower NPUE were observed in open littoral and 

supplemented deadwood with similar level. Even lower NPUE was observed in natural 

deadwood and lowest NPUE was found in submerged macrophytes. NPUE was 

significantly higher in reed compared to submerged macrophytes. In addition, NPUE was 

significantly higher in open littoral than in submerged macrophytes, while NPUE in 

supplemented deadwood was significantly higher than in submerged macrophytes. 

Figure 8: Overview of the NPUE (as mean fish per point) for young fish in the eight supplemented 

deadwood lakes in the years after treatment implication (2018, 2020 and 2021). Stars indicate significant 

differences in NPUE between habitats. 
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Furthermore, NPUE was significantly lower in submerged macrophytes than in natural 

deadwood. For bream, by far the highest NPUE was observed in reed, while lowest NPUE 

was observed in submerged macrophytes. NPUE on similar levels was found in 

supplemented deadwood and open littoral, while NPUE in natural deadwood was found 

slightly higher than in submerged macrophytes, but lower than open littoral and 

supplemented deadwood. NPUE’s in reed, supplemented deadwood, natural deadwood 

and open littoral were significantly higher compared to submerged macrophytes (figure 

8). For the remaining species, habitat choice was not further analysed due to the lack of 

sample size across and because species did not distribute across many lakes. 
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Figure 9: Overview of the NPUE (as fish per point) for selected species (tench, rudd, roach, pike perch and tench) in the eight supplemented deadwood lakes in the years after treatment 

implication (2018, 2020, 2021). Dashed line indicates Y-axis break at NPUE for better data visualisation due to outliers. Stars indicate significant differences in NPUE between habitats. 
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BACI analysis 

In total, 8548 sampling point were fished across all years (2017, 2018, 2020, 2021) in the 

20 lakes involved in this study (table 3). A total of 7309 individuals of 11 species were 

caught during sampling. Most dominated fish species were perch (N = 2166), rudd (N = 

1953), roach (N = 1306), bream (N = 659), nine-spined stickleback (N = 471) and bleak 

(N = 407), which makes up a share of the total catch of more than 95 percent. The 5 

remaining species only accounted for 5 percent and were gibel carp (N = 143), pike (N = 

25), ruffe (N = 10), tench (N = 123) and stone loach (N = 46). Table 3 gives an overview 

of the sampling effort.  

Only few species were observed across a wide range of different treatment lakes such as 

perch, bream, pike, roach, rudd and tench. The remaining species either only occurred in 

some or only one treatment group and then, sometimes only in one lake such as nine 

spined stickleback (see table 4). 

 

TREATMENT SAMPLING YEAR N N TOTAL 

 

 

STOCKING 

2017 

2018 

2020 

2021 

779 

400 

400 

375 

 

1954 

 

 

DEADWOOD WITHSHALLOW WATER AREA 

2017 

2018 

2020 

2021 

524 

363 

400 

271 

 

1558 

 

 

DEADWOOD 

2017 

2018 

2020 

2021 

612 

373 

393 

320 

 

1698 

 

 

CONTROL 

 

2017 

2018 

2020 

2021 

597 

385 

404 

335 

 

1721 

 

 

UNMANAGED CONTROL 

 

2017 

2018 

2020 

2021 

582 

403 

346 

286 

 

1617 

TOTAL   8548 

Table 3: Summary of sampling effort (electro-fishing points) across all years sampled and across most 

treatment lakes. Numbers display fished points in different treatment lakes and in the different years of 

sampling 
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SPECIES TOTAL N STOCKING DEADWOOD AND 

SHALLOW WATER AREA 

DEADWOOD CONTROL UNMANAGED CONTROL 

 

PERCH 

 

 

2166 

 

406 

 

385 

 

640 

 

670 

 

65 

 

BREAM 

 

659 

 

392 

 

6 

 

131 

 

75 

 

55 

 

GIBEL CARP 

 

 

143 

 

0 

 

0 

 

142 

 

1 

 

0 

 

PIKE 

 

 

25 

 

3 

 

2 

 

1 

 

4 

 

15 

 

NINESPINED STICKLEBACK 

 

 

471 

 

0 

 

0 

 

0 

 

0 

 

471 

 

RUFFE 

 

 

10 

 

5 

 

0 

 

1 

 

4 

 

0 

 

ROACH 

 

 

1306 

 

502 

 

131 

 

345 

 

204 

 

124 

 

RUDD 

 

 

1953 

 

37 

 

115 

 

403 

 

634 

 

403 

 

TENCH 

 

 

123 

 

55 

 

8 

 

10 

 

25 

 

25 

 

STONE LOACH 

 

 

46 

 

0 

 

0 

 

0 

 

46 

 

0 

 

BLEAK 

 

 

407 

 

0 

 

0 

 

0 

 

403 

 

4 

 

TOTAL 

 

 

7309 

 

1400 

 

647 

 

2034 

 

2066 

 

1162 

Table 4: Overview of the species encountered in the different treatment groups. For each treatment, four lakes are pooled.  
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Figure 10 shows the mean CPUE (as mean fish per point) for the different treatments in 

the year before treatment implication (2017) and in the years after (2018, 2020 and 2021). 

There were no significant treatment effects for young fish CPUE found, although for the 

shallow water zone, increase in CPUE was almost significant (p=0.0574).  

In addition, the treatment deadwood also seems to have negatively impacted CPUE of 

young fish in general as seen in figure 10, although not significantly. 

Treatment effects for roach CPUE are shown in figure 11. We found a significant positive 

impact of the deadwood treatment on CPUE for roach (p=0.01), but model prediction was 

low (confidence interval: 2.21-21.09). 

Treatment effects for perch CPUE are shown in figure 12. There were no significant 

effects observed.  

Figure 10: Overview of mean NPUE per point with standard error in the three treatment groups before 

(2017) and after (2018, 2020 and 2021) treatment implication.  

Figure 11: Overview of mean CPUE with standard error per point in the three treatment groups before 

(2017) and after (2018, 2020 and 2021) treatment implication for roach. 
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Treatment effects for rudd CPUE are shown in figure 13. There was a significant 

negative effect of stocking (p=0.046) and a significant positive effect of shallow water 

zone on rudd CPUE (p=0.004).  

  

Figure 12: Overview of mean CPUE with standard error per point in the three treatment groups before 

(2017) and after (2018, 2020 and 2021) treatment implication for perch. 

 

Figure 13: Overview of mean CPUE with standard error per point in the three treatment groups before 

(2017) and after (2018, 2020 and 2021) treatment implication for rudd. 
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7. Discussion 

The habitat choice analysis of young fish in general in gravel pit lakes have revealed that 

young fish show a strong association with structural complex habitats, especially with 

submerged macrophytes. Reed and wooden habitats also showed higher abundances of 

young fish compared to open and non-structured habitats. This is in line with the finding 

of previous studies investigating the distribution of young fish during daytime (Lewin, 

Okun et al. 2004). Due to their small size, young fish have a higher risk of predation in 

general, but mortality rate in open water habitats is higher compared to structured habitats 

(Persson and Crowder 1998).  

So, submerged macrophytes offer not only offer a three-dimensional structure that can be 

utilized as cover to avoid predation, but also might function as an important food resource 

for young fish, especially during summer month, where macrophyte cover should be at 

its peak, depending on the depth structure of the lake (Diehl and Kornijów 1998, 

Jeppesen, Lauridsen et al. 1998, Wang, Fu et al. 2021). However, reed and wood also 

hosted higher abundances of young fish compared to open zones. As gravel pit lakes often 

show a high mean depth, suitable areas for submerged macrophytes to grow might be 

limited and therefore, overall submerged macrophytes cover is limited (Savino and Stein 

1989, Middelboe and Markager 1997), which explains distribution of young fish in the 

remaining structured habitats. However, deadwood is also known to be a favored habitat 

by fish due to its structural complexity, suitability as invertebrate substrate, and longevity 

compared to vegetated habitats (Bowen, Kaushik et al. 1998). Reed however is considered 

to be a less structural complex habitat compared to submerged macrophytes due to the 

lower plant volume, but still might be an important food resource for young fish and as 

submerged macrophyte habitat might be limited, reed may also function as cover (Lewin, 

Okun et al. 2004, Okun and Mehner 2005).  

In the supplemented deadwood lakes, abundances of young fish were higher in the 

structured habitats as well. However, there were differences between the supplemented 

and natural deadwood found as NPUE in natural deadwood was much higher compared 

to supplemented deadwood. As structural complexity of the two different wooden habitat 

was not assessed or measured, it is difficult to explain differences in abundance because 

of possible different structural complexities. However, it is well known that newly 

provided wooden structures in aquatic habitat have different colonization times by 
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invertebrates (O'Connor 1991, Lyon, Nicol et al. 2009). This might be a possible 

explanation for different abundances of fish, that in the newly provided deadwood, 

invertebrate communities and abundances are not as developed if compared to natural 

deadwood habitats that are older. Young fish were generally more frequently observed in 

areas with lower depth (<100 cm) which was also found in a wide range of studies about 

(young) fish distribution across the littoral zones of lakes (Lane, Portt et al. 1996, Brosse 

and Lek 2002, Pusey and Arthington 2003, Lewin, Okun et al. 2004, Winfield 2004, 

Prchalová, Kubečka et al. 2009, Lewin, Mehner et al. 2014)  

When looking at species specific habitat preferences of the observed species within this 

study, clear habitat preferences can be found. Perch distributed very equally across all 

different habitat types, including open littoral and was the most dominated fish species in 

most sampled lakes. This becomes clear as the trophic state of most of the sampled lakes 

are favorable for perch (Persson, Diehl et al. 1991, Matern, Klefoth et al. 2021). While 

many studies such as Lewin, Okun et al. (2004) have showed that small perch were more 

often found in structured habitats such as wood and reed during day, we observed this 

only partly within this study. Although perch was most dominantly found in submerged 

macrophytes and wood, abundances were lower in reed compared to open littoral (see 

figure 5 and 9). Perch is known to be an visual predator that depends on good light 

conditions (Ali, Ryder et al. 1977, Helfman 1979) and light conditions in open habitats 

might be better than in complex structures. In addition, experiments with perch have 

shown that predation success is reduced with increasing habitat complexity (Mattila 

1992). This partly explains why perch were found in open littoral. Another finding 

supporting this behavior of perch utilizing the riskier open littoral during day in our study 

is from Snickars, Sandström et al. (2004), where they found higher abundances of young 

perch in open habitats compared to vegetated habitats in the absence of predators, while 

by the presence of predators, perch were more frequently found in structured habitats. In 

addition, perch was the most dominant fish species within this study, which is in line with 

findings from studies that involved the same lakes (Maday 2020, Matern, Klefoth et al. 

2021) and from other studies on lakes with similar trophic levels such as Mehner, 

Diekmann et al. (2005) and dominance of perch also might partly explain distribution of 

young perch in open littoral zones. This is supported as larger piscivorous fish such as 

pike were only encountered rarely and larger and possibly, cannibalistic perch are not as 

frequent because of recreational fishing effort (Lewin, Arlinghaus et al. 2006, Lewin, 
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Weltersbach et al. 2019). However, a study by Bean and Winfield (1995) has shown that 

the presence of pike does not lead to a strong shift of perch towards more structured 

habitats, while the presence of a predator had significant impacts on the habitat choice of 

rudd and roach, who were by far more frequently found in structure while pike were 

present. This might be explained by the fact that pike preferably preys upon roach and 

rudd as higher attack rates were observed for this two species and handling time of perch 

was also higher compared to rudd and roach (Peirson, Cryer et al. 1985, Eklöv and 

Hamrin 1989, Bean and Winfield 1995). In addition, pike is known as a fish species 

strongly associated with structure, where it utilized cover to ambush its prey (Harvey 

2009). This is in line with the findings of this study, where pike was most dominantly 

encountered in reed and in submerged macrophytes. 

Roach, like perch, was also found most dominant in submerged macrophytes and wood, 

while in reed, lower NPUE was observed compared to open littoral. Roach is a much 

more efficient forager in open areas compared to perch and rudd (Winfield 1986, Diehl 

1988), which partly explains the open littoral observations of roach. For roach as well, 

the presence or absence of predators such as pike or larger perch might be the driver of 

this behavior of roach to seek shelter in this study. In addition, pike seems to be preferably 

preying upon rudd with higher success rates over 80 percent in comparison to roach, 

where attack rates and successful predation events (around 60 percent) are lower (Bean 

and Winfield 1995). This also partly explains why rudd was mostly found structured 

habitats such as reed, submerged macrophytes and wooden habitats because of predator 

avoidance strategy during daytime. Furthermore, rudd is known to be a morphologically 

adapted forager for surface areas of lakes. This however makes them extremely 

susceptible to predation (Peirson, Cryer et al. 1985, Bean and Winfield 1995) Therefore, 

avoidance of open areas during daytime might be part of the predator avoidance strategy 

of rudd. Maday (2020) found migratory pattern in rudd between structured habitats and 

open areas between day in nighttime. Therefore, abundances of rudd in reed might be 

reduced if sampling was conducted during night. However, reed was one of the most often 

sampled habitats and as rudd was only occurring in some lakes, it might be coincidence 

that in the lakes where rudd was dominant, other structures were not available in large 

quantities for rudd. Bream, like rudd and roach, was mostly encountered in structured 

habitats and we suggest the similar drivers of this behavior as for rudd and roach. 

However, the amount of bream catches was much lower compared to the other cyprinid 
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species like roach and rudd. This probably related to the low trophic levels of most of the 

sampled lakes (Matern, Klefoth et al. 2021). Bream is a species that requires much higher 

trophic levels compared to roach for example (Persson, Diehl et al. 1991). Tench and 

gibel carp were species almost exclusively found in submerged macrophytes and only 

rarely encountered, which might also be explained by trophic levels of the sampled lakes. 

However, both species show a strong association with dense vegetation and low light 

levels, which is found in dense submerged macrophyte fields (González, Maze et al. 2000, 

Gallardo, García et al. 2006). 

So, habitat choice of young fish seems to be a complex interaction or trade-off between 

foraging opportunities and predator avoidance, driven by habitat complexity and diurnal 

patterns. However, literature suggests that more drivers might be involved in the habitat 

choice such as avoidance of interspecific competition. A prominent and well-studied 

example is the competition between roach and perch. Experiments have shown that 

removals of roach for example lead to extreme increases in perch abundance involving a 

nutritional shift. Roach is a much more efficient forager of zooplankton and the removal 

of roach led to prolonged periods of perch feeding on zooplankton. Perch also expanded 

its habitat. (Persson 1986, Persson and Greenberg 1990). Also, in comparison with rudd, 

roach was the more efficient forager and showed higher growth rates than rudd. In co-

occurrence with rudd, roach probably outcompetes rudd with impact on the abundance of 

rudd,  and probably also impacting the habitat choice of the two species (Johansson 1987). 

When it comes to the results of the BACI analysis, no significant effects of the treatments 

deadwood and stocking were observed except for roach and rudd, where a significant 

positive effect of supplemented deadwood for roach and a significant negative effect of 

stocking on rudd were observed. It is well known that roach and rudd are in competition 

with each other and adding roach by stocking might negatively impact rudd abundance 

as roach is the superior competitor (Johansson 1987). Roach probably benefited from the 

newly provided deadwood habitat due to increased cover and therefore reduced predation 

pressure by piscivorous predators. 

However, there was no significant effect of deadwood on general young fish abundance, 

but a negative trend in CPUE observed. A possible explanation might be derived from 

the attraction vs. productivity debate, which deals with the impact of newly provided 

habitat and its contribution to either redistribution of fish without an increase in overall 
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productivity or an actual increasing effect on overall system productivity (Bohnsack 

1989, Wilson, Osenberg et al. 2001, Gilby, Olds et al. 2021). Bohnsack (1989) has shown 

that the attraction hypothesis is more profound in areas, where “old” habitat is already 

abundant, while production is more likely in areas isolated from those “old” structures. 

In the case of the Baggersee project, the deadwood bundles were provided in the littoral 

zone and often placed within reed belts. Having only limited distance between the old and 

newly provided habitat, the added structure might not necessarily change the overall area 

of a lake that is structured and therefore, structure/surface ratio of the lake remains the 

same. However, deadwood is seen as a more complex and long-term structure in 

comparison to reed and submerged macrophytes and known to serve as a refuge for fish 

(Vogele and Rainwater 1975, Bowen, Kaushik et al. 1998, Bozek 2016). However, perch 

is an efficient predator in structured habitat, and this might lead to an increase of predation 

events on prey fish seeking shelter in those wooden structures. Piscivorous fish often 

utilize the same structured habitats as their prey due to high prey abundance, which 

compensates for unsuccessful predation events (Eklöv and Hamrin 1989, Savino and 

Stein 1989, Heck and Crowder 1991, Warfe and Barmuta 2004, Okun and Mehner 2005). 

If fish abundances now accumulate in the deadwood habitat, predation pressure might 

also increase. This is commonly known as an ecological trap effect, where supposedly 

beneficial structures (or other favoured conditions such as temperature) lead to high 

mortalities (Marsac, Fonteneau et al. 2000, Mehdi, Lau et al. 2021). This ecological trap 

has the chance to counter any production increase derived from the newly provided 

habitat. In addition, Maday (2020) could show that the deadwood bundles are an 

important structure for large perch, which accumulate along these structures in particular 

in winter. This finding supports the hypothesis of the supplemented deadwood acting as 

an ecological trap for young fish.   

However, an almost significant positive effect of shallow water areas on the abundance 

of young fish and a significant positive effect on rudd was found within this study. This 

is hardly surprising, as shallow water habitats are only very rarely encountered in gravel 

pit lakes as their shores are characterised by steep slopes that reach high water depth 

quickly (Emmrich, Schälicke et al. 2014, Blanchette and Lund 2016, Nikolaus, Matern et 

al. 2020). Shallow water zones are known to be of importance as a nursery and juvenile 

habitat for fish as they warm up faster, protect from predation and sheer stress caused by 

waves for example (Fischer and Eckmann 1997, Paterson and Whitfield 2000, Fischer, 
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Roseman et al. 2018). Therefore, within gravel pit lakes, the limiting factor according to 

the nursery hypotheses might be the availability of shallow water areas (as nursery 

grounds) for young fish (Nagelkerken, Roberts et al. 2002, Kraus and Secor 2005, Bertelli 

and Unsworth 2014). 

We therefore suggest that a possible bottleneck in the abundance of young fish is derived 

from the limited amount of shallow water areas in gravel pit lakes.  It is recommended 

that managers of gravel pit lake should invest into the creation of such shallow water 

areas as a measurement of habitat enhancement to advance the abundance of young fish, 

what possibly will also lead to an increase in recruitment in some species. However, 

providing deadwood into gravel pit lakes is also a suitable measure for habitat 

enhancement as roach benefited from the newly provided habitat and additional positive 

effect of deadwood bundles might start to show after several years after implementation. 

Those possible long-term effects of deadwood bundles could not be shown within this 

study and further research with various configurations of supplemented deadwood other 

than in this study is needed.  
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