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Abstract 

Anglers use different colors in hopes of increasing the vulnerability of fishes to their lure. Colors 

which frequently are sold to anglers include fluorescent colors. Anecdotal evidence, especially 

within angler communities, suggest that the usage of fluorescent colors might increase the 

catch rate in dim light conditions or at high turbidities by increasing the conspicuousness of the 

lure. However, neither the fluorescent properties of these lure colors nor the effects they have 

on the catch rate have been scientifically assessed. Moreover, while successful catch and 

release management of fisheries depends on high survival rates of the released fish, the effect 

of these colors on the hooking depth in the fish's mouth or the probability of inflicting injuries 

upon the fish are still unresearched. A field study was conducted in three waterbodies 

assessing the catch-per-unit-effort (CPUE) and the probability of deep hooking or bleeding of 

two lure colors (one fluorescent, one non fluorescent) with equal reflective spectra, in relation 

to the light intensity above the water level, cloud cover, water depth, Secchi depth, daytime, 

lure size and position on a two-lure fishing rig. Further, to characterize the fluorescent lure 

colors fished by anglers 16 commercially available lures were analyzed regarding their 

fluorescent properties to discuss these in the light of their relevance in varying environmental 

conditions. In total about 400 fish were captured of which over 80 percent were European 

perch (Perca fluviatilis). About half of the fish were caught on the fluorescent color. Fluorescent 

lure color did not increase the perch CPUE in dim light conditions or at high turbidities 

compared to a non fluorescent color. In one study lake, a strong tendency was observed for 

the CPUEs of the two lure colors to differ in relation to water depth. The perch CPUE decreased 

stronger with increasing fishing depth for the non fluorescent color compared to the fluorescent 

color. Generally, the perch CPUE was related to fishing depth, light intensity, cloud cover, lure 

size and position on a fishing rig. The perch CPUE increased with increasing light intensity and 

cloud cover, while decreasing with increasing fishing depth. A smaller lure size and a bottom 

position on a fishing rig had a higher perch CPUE compared to a bigger lure size and the top 

position on the fishing rig. Lure color did not affect hooking depth or the probability of bleeding 

fish. Based on the results of the present field experiment there is no catch enhancing effect of 

fluorescent lure colors in perch angling in the observed water bodies. 
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Introduction 

Globally, around 220 million recreational fisher catch an estimated amount of 47 billion fish 

each year (Cooke and Cowx 2004). These people go fishing for a multitude of reasons, like 

socializing with other anglers or being out in nature, but catching fish still is a vital part of the 

activity (Johnston et al. 2010). However, a fish will only be caught if it is vulnerable to the gear 

used by the angler at a given point in time (Uusi-Heikkilä et al. 2008). The fish's vulnerability 

is driven by its internal state, the specific fishing gear used by the angler, the encounter rate 

of a fish with the gear and lastly the environment which acts upon all these factors (Lennox et 

al. 2017). 

Anglers spend a large amount of time and money on gear in the hopes of increasing the 

vulnerability of a targeted fish species (Kageyama 1999; Kelleher et al. 2012). Probably the 

most important gear component is the bait used for fishing which can range from natural baits 

to artificial lures. The latter come in a variety of shapes, sizes, and colors. Researchers have 

gathered various factors which influence the catchability, size selectivity and injuries inflicted 

upon the fish using fishing lures (Bartholomew and Bohnsack 2005; Lennox et al. 2017). The 

choice of the lure type can for example influence the catch rate and therefore the angling 

success (Arlinghaus et al. 2017). Soft rubber lures had a higher catch rate compared to hard 

metal spoons when fishing for northern pike (Esox lucius, Linnaeus 1758). Further, the hooking 

location of a lure in the fish mouth can be influenced by the lure type, with wobblers causing 

less harm for northern pike compared to soft plastic lures (Arlinghaus et al. 2008). Small lures 

have been found to decrease the mean length of captured fish and increase the amount of gill-

hooked and therefore injured fish (Arlinghaus et al. 2008; Lennox et al. 2017; Vainikka et al. 

2012; Wilde et al. 2003).  

Anecdotal evidence among anglers points to an overwhelming importance of lure color to affect 

catch outcomes (Beyer 2018; Brozowski 2018; Flukemaster 2018). Yet, the limited research 

on the catchability of different lure colors has produced conflicting outcomes. On the one hand, 

two studies found no effect of lure color on the catch per unit effort (CPUE) and hooking injuries 

for largemouth bass (Micropterus salmoides, Lacépède 1802) (Moraga et al. 2015; Wilde et al. 

2003). On the other hand, a recent citizen science study found influences of lure color in 

relation to turbidity changes in a lake (Nieman et al. 2020). White lures caught more walleye 

(Sander vitreus, Mitchill 1818) in clear water, yellow lures in sedimentary turbidity and black 

lures in algal blooms (Nieman et al. 2020). These environmentally driven differences in the 

catch rate were attributed to the differences in brightness and contrast of the lure colors 

(Nieman et al. 2020).  

Many anglers assume that the catchability of different lures and lure colors varies according to 

environmental states. Common speculations include the usage of black lure colors while 
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fishing during nighttime and using bright colors in turbid conditions (Beyer 2018; 

FishingWithBait 2021; Flukemaster 2018). It is for example assumed that black color will 

increase the contrast of the lure against the sky for predatory fish species that observe the lure 

from below (FishingWithBait 2021). This, as well as fishing bright colors in turbid water (Beyer 

2018), is believed to increase the conspicuousness of the lure when the light intensity 

underwater is low. Generally, the abiotic environment such as time of the day, light levels, 

temperature, wind speeds and the lunar cycle can affect catch rates (Kuparinen et al. 2010; 

Lennox et al. 2017). However, claims that deal with lure color influencing catch rates in 

combination with abiotic factors, have not been scientifically assessed, with Nieman et al. 2020 

being an exception. In particular, the usage of fluorescent colors, in angler communities 

labelled as “UV- lures”, is gaining attention among anglers.  

Fluorescence is the absorption of electromagnetic radiation of a specific wavelength (excitation 

wavelength) by a chemical fluorophore and the reemission of a less energetic wavelength 

(emission wavelength) (Marshall and Johnsen 2017). Therefore, the observed color of an 

excited pure fluorescent color is only produced by the reemitted wavelength. Due to the 

assumption that the excitation wavelengths of these lure colors lie within the ultra-violet 

radiation (UV, wavelength range: 100-380 nm), fluorescent lures are called “UV-lures” by some 

anglers and lure distributors (Beyer 2018; FoxRageTV 2018; Norff and Bente 2020). The full 

excitation wavelength range of fluorescent lures sold in stores have not been assessed to this 

date. Therefore, it is questionable whether these lure colors are really excited mainly by UV 

radiation or if there is a wider range of spectra that excite the fluorophores of fluorescent lures. 

Some anglers assume that fluorescing lure colors lead to a higher catch success compared to 

standard lure colors in turbid water, deeper water or in dim daylight conditions, caused by high 

percentages of cloud cover or during dusk or dawn (Beyer 2018; FoxRageTV 2018; 

Onthewater 2013). The higher catch rate is attributed to the increased conspicuousness of 

fluorescent lure colors in these conditions when compared with colors caused by reflection 

(Beyer 2018; FoxRageTV 2018; Onthewater 2013). Multiple studies indicate a predilection of 

fishes for conspicuous prey (Bakker et al. 1997; Curio 1976; Endler 1984). Therefore, if 

fluorescence could increase the conspicuousness it could in turn increase the vulnerability of 

a fish targeted by an angler (Curio 1976; Lennox et al. 2017). However, the reasoning for the 

conspicuousness of fluorescent colors in the angler community is doubtful. By some anglers 

(Norff and Bente 2020; Onthewater 2013) the high conspicuousness of fluorescent colors is 

wrongly attributed to an optical illusion, that tricks the observer into thinking that these colors 

glow even under natural conditions. A fluorescent color, that emits a wavelength spectrum 

around the optimum human spectral sensitivity, gets excited with a wavelength, that is close 

to the limit of the human spectral sensitivity. This makes the fluorescent color seemingly glow 
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for the human observer because the concentrated excitation wavelength causes a strong 

fluorescent emission of a highly favorable wavelength, that can be easily observed by the 

human eye, while the reflection of this excitation wavelength in the background is perceived 

as being dim, because it is well out of the optimum spectral sensitivity. Some anglers assume 

that this glow effect increases the conspicuousness of fluorescent lure colors (Beyer 2018; 

Norff and Bente 2020; Onthewater 2013). Yet, a natural environment is always illuminated by 

a wide spectrum of wavelengths (Cronin et al. 2014). The conditions for such an optical illusion 

with a concentrated excitation wavelength do not occur in nature. Additionally, different species 

have different spectral sensitivities (Cronin et al. 2014). Therefore, the success of this illusion 

is species specific. Some anglers also wrongly believe that fluorescent colors strictly reflect 

UV radiation which should increase their conspicuousness (Norff and Bente 2020; Onthewater 

2013; SpartanFishing 2020). This confuses multiple issues such as reflection with 

fluorescence, which does not reflect light and rather emits a wavelength of lower energy than 

the excitation radiation. Additionally, the excitation and emission wavelengths of fluorescent 

colors can be of any possible wavelength and are not strictly out of the UV spectrum. The 

emission spectra of fluorescent lure colors have not been assessed scientifically, therefore it 

is not possible to judge whether they emit UV radiation. 

There are, however, multiple more plausible reasons that could lead to an increased 

conspicuousness of fluorescent colors. The emitted radiation can make fluorescent objects 

appear brighter and conspicuous due to various reasons, including their isotropic emission and 

by absorbing common wavelengths at a specific depth and reemitting uncommon or absent 

wavelengths (Marshall and Johnsen 2017). This increased conspicuousness could lead to a 

higher catch rate. Yet, the effect of these frequently fished fluorescent colors on the catch rate 

under varying environmental conditions has not been studied to date. 

Fluorescent colors need an excitation wavelength to fluoresce. Therefore, it is not sufficient to 

know that fluorescent colors, when excited, have the ability to be conspicuous. It is further 

important to understand when and how specific excitation wavelengths are affected by the 

environment. UV, violet (wavelength range: 380-435 nm) and blue (wavelength range: 435-

500 nm) radiation are highly energetic and a large percentage of the surface radiation can 

reach very high water depths in an oligotroph waterbody (Fig. 1) (Dodds 2002). Yet, the light 

transmission of these spectra quickly diminishes if the amount of organic substances increases 

in turbid water (Dodds 2002). Therefore, colors that are excited by UV/blue radiation cannot 

be excited even at low depths in turbid waterbodies (Fig. 1). This would cause these colors to 

lose their fluorescence in many European marine and freshwater systems rather fast with 

increasing depth, because many Europeans regions experience a moderate to high 

eutrophication of their waterbodies (European-Commission 2021). In one exemplary ditch, 
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which is located close to the study site of this experiment, only 0.3 % of the blue light was 

transmitted through a water column of 1 m (Kühne et al. 2021). Consequently, lure colors with 

excitation wavelength maxima lower than the cyan spectrum (wavelength range: 500-520 nm), 

would only fluoresce in clear water or at very shallow depths. Lure colors excited by 

wavelengths above the cyan spectrum, like green (wavelength range: 520-565 nm), yellow 

(wavelength range: 565-590 nm) and red spectra (wavelength range: 590-625 nm), are excited 

by wavelengths that have a considerably lower attenuation caused by turbid water (Dodds 

2002). Therefore, given a high turbidity, green to red excited colors would fluoresce in deeper 

water compared to UV to cyan excited colors (Fig. 1). However, there are natural thresholds 

of turbidity at which all light wavelengths are diminished within less than a meter (Dodds 2002). 

Hence, reflection as well as fluorescence cannot affect the optical appearance of a lure in 

conditions where all light is absent.  

The strong light attenuation of small wavelengths in turbid water (Dodds 2002) further 

decreases the theoretical conspicuousness of fluorescent colors. An object that absorbs the 

dominant wavelengths at a specific depth and reemits an uncommon or absent wavelength via 

fluorescence appears conspicuous (Marshall and Johnsen 2017). In oligotrophic ecosystems 

this conspicuousness could be achieved if a fluorophore is excited at a specific depth and 

emits longer wavelengths which are absent at that depth. However, this effect is unlikely to be 

of importance in turbid ecosystems because the attenuation of short wavelengths is generally 

stronger than those of longer wavelengths under these conditions (Dodds 2002; Lythgoe 

1979). Because fluorescence cannot emit shorter wavelengths than the absorbed wavelength 

(Jameson 2014), the emitted wavelengths of an excited fluorophore in turbid water should not 

be conspicuous because of the stronger attenuation of shorter wavelengths (Dodds 2002; 

Marshall and Johnsen 2017). This indicates that fluorescence might only be conspicuous in 

oligotrophic waterbodies, which, at least in Europe, is uncommon for freshwater and marine 

systems  (European-Commission 2021).  

In addition to water depth and turbidity, the daytime as well as cloud cover could affect the 

conspicuousness of fluorescent lure colors. During dusk or dawn or at high cloud cover the 

proportion of wavelengths of the lower visible spectrum (≈380-500 nm) compared to the upper 

visible spectrum (≈500-740 nm) is higher than during noon or on bright days without clouds 

(Fig. 1) (Dring et al. 2001; Sandström 1999). Therefore, fluorescent lure colors that absorb 

small wavelengths and emit longer wavelengths could be conspicuous during dusk or dawn. 

However, increased conspicuousness might only apply if the fluorescence is visible to the fish, 

meaning that the required excitation wavelengths must be available at a given depth to emit 

fluorescence. Further, fluorescence is hardly visible if overshadowed by lowered contrast due 

to the reflection spectrum of the lure itself (Fig. 1). Contrast is defined as the difference in 



7 

 

luminance of different objects (Land and Nilsson 2012). According to the Weber-Fechner law 

if the total luminance is increased the contrast of two reflecting objects weakens because the 

visual system can only take up a certain number of photons at any given time (Hecht 1924). 

Because fluorescence itself is comparably inefficient at converting absorbed light (Marshall 

and Johnsen 2017), an object that both reflects light and is fluorescent might lose its 

detectability for an observer if the reflection intensity is high. The loss of the fluorescent signal 

should therefore be observed during noon when luminance levels generally are at their highest 

point (Fig. 1). In line with the Weber-Fechner law, the contrast between reflection and 

fluorescence however might become visible for the visual system of an organism if the total 

irradiance decreases, for example during dusk, dawn, or cloud cover (Fig. 1) (Hecht 1924; 

Land and Nilsson 2012). This could cause fluorescent lures to be especially conspicuous 

during low light periods. Colors produced by reflection lose their detectability for fishes with 

decreasing light intensity (Hansen et al. 2013; Vogel and Beauchamp 1999). Therefore, a non 

fluorescent lure color might have a decreased catch rate with a decreased light intensity 

underwater, while a fluorescent color could increase its catchability. Conclusively, it is likely 

that fluorescent coloration can increase the conspicuousness of a lure. Yet, environmental 

variables and the specific properties of the lure color fluorophore control when and if 

fluorescence is emitted and observed. 
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Figure 1. Schematical images that illustrate the light transmission of six wavelength spectra (violet: ultraviolet 

spectrum (UV, < 380 nm), blue: blue spectrum (380-500 nm), green: green spectrum (500-565 nm), yellow: yellow 

spectrum (565-590 nm), light red: red spectrum (590-740 nm), dark red: infrared spectrum (>740 nm)) through water  

in different environmental conditions and how this affects the fluorescence of a theoretical lure color that is excited 

by UV-blue radiation spectra. The end of a light spectrum in the waterbody indicates the point where the spectrum 

is fully absorbed. The width of a spectrum indicates its proportion of the total illumination spectrum. The wider a 

spectrum is, the higher is its proportion. The reflective spectrum of the lure is indicated by brown arrows while the 

fluorescence emission of the lure is indicated by green arrows. The length of the arrows indicates the intensity of 

the reflection/fluorescence. ① An oligotroph lake during noon. The UV and blue spectrum can easily penetrate the 

waterbody and excite the color. However, the reflection intensity is so high that it overshadows the fluorescence 

emission by lowering the contrast (Weber-Fechner law). The fluorescence cannot be observed by the perch. ②, 

③ An oligotrophic lake during dusk or dawn or with high percentages of cloud cover. The UV and blue spectrum 

can easily penetrate the waterbody and excite the color. Additionally, the proportion of UV and blue spectra of the 

overall illumination is high and the contrast between fluorescence and reflection is increased because of a lower 

light intensity. The fluorescence is visible for the perch and conspicuous. ④ A meso-eutrophic lake during noon. 

The excitation wavelengths of the color do not reach the lure in a given depth. The fluorescence is not visible for 

the perch. Picture of the perch: © DAFV / Eric Otten 

① ② 

③ ④ 
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The few studies on fluorescence in nature demonstrate that fluorescent structures indeed 

serve as prey attractants, especially when the surrounding radiation allows the excitation of 

the fluorophores. Marine fish were significantly more attracted by excited fluorescent tentacle 

tips of the carnivorous hydromedusa Olindias formosus (Goto 1903) in contrast to unexcited 

tentacles (Haddock and Dunn 2015). Additionally, there is evidence that visual predators favor 

fluorescing baitfish in an experimental setup (Hill et al. 2011). Research found that fluorescing 

color-morphs of zebra fish (Danio rerio, Hamilton 1822) were more likely to be preyed on by 

largemouth bass and eastern mosquitofish (Gambusia holbrooki, Girard 1859) than 'natural 

colored' morphs (Hill et al. 2011). All these studies imply that fluorescent fishing lures could 

have a positive effect on the catch rate of anglers. 

The study aimed to lay a baseline for the description of fluorescing lures sold to anglers and 

to understand the role such colors might play in the angling of European perch (Perca fluviatilis, 

Linnaeus 1758) as a model species. European perch are capable of seeing the wavelengths 

emitted by the fluorescence (470-550 nm) as well as the visible reflective spectrum (450-600 

nm) emitted by the fluorescent lure used in this experiment (Jokela‐Määttä et al. 2019). Further, 

it is a species which is often targeted by European anglers (Heermann et al. 2013; Wołos et 

al. 2014). Therefore, the European perch represented an appropriate study species for this 

experiment. 

This study had three major objectives. The first objective of this study was to test whether the 

CPUEs of two lure colors differing only regarding their ability to fluoresce, would be affected 

according to changes of environmental conditions which influence the underwater illumination 

and light attenuation. Due to its conspicuousness, it was hypothesized that the CPUE of a 

fluorescent lure would be higher compared to a non fluorescing lure color. Lure color was 

further hypothesized to interact with the time of the day, light intensity above the water surface, 

cloud cover and fishing depths to affect the CPUE. The CPUE of the fluorescent color was 

expected to increase with decreasing light intensities under water caused by early and late 

parts of the day, decreased light intensities above the water and increased cloud cover and 

fishing depth. The non fluorescent color was expected to decrease in dim conditions caused 

by these environmental factors. Because the UV excitation wavelengths of fluorescent lures 

assumed by anglers are highly attenuated in turbid water (Dodds 2002; Marshall and Johnsen 

2017), lure color should not affect the CPUE in combination with water turbidity. The second 

objective of this study was to provide insights into if, and when a fluorescent lure might increase 

the odds of deep hooking and bleeding incidents compared to a standard color. Lastly, 

fluorescent lure colors used by anglers were characterized, especially the lure color used in 

the experiment, regarding their fluorescent properties. Hereby, a discussion of the results of 

this study and their overall effectiveness in different environmental settings is made possible. 
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Further, this was done to test whether the excitation wavelengths for fluorescent lures are part 

of the ultra-violet spectrum, as advertised by some angling brands. 

 

 

 

Methods 

Study area 

Three different German waterbodies were sampled during the experiment. Firstly, the 

mesotrophic river section "Oberspree" (coordinates: 52.468, 13.499) in the eastern part of 

Berlin (Fig. 2) which is characterized by heavy anthropogenic alteration as well as a very slow 

flow velocity (less than 0.1 m s-1) (Weber and Wolter 2016). In the year this research was 

conducted the yearly mean for nitrate was 0.51 mg/L ± 0.25 mg/L (mean ± SD, n = 12) and the 

yearly mean for total phosphorus was 0.09 mg/L ± 0.04 mg/L (mean ± SD, n = 12, Data 

provided by the Senatsverwaltung für Umwelt, Verkehr und Klimaschutz Berlin (App. 1)). The 

population density around the river section is close to 3,900 inhabitants per km2 and it is 

frequently used by commercial vessel transport as well as sport boat drivers 

(Senatsverwaltung für Umwelt 2021; Weber and Wolter 2016).  

Two of the studied ecosystems are located in Brandenburg. Lake Kalksee (coordinates: 

52.459, 13.771, Fig. 2), a mesotrophic glacially formed lake with a water volume of 4.95 mil. 

m3 (surface area: 83.2 ha), has an average depth of around 5.8 m and is also used as a 

waterway for vessels and boats and for recreational purposes, such as swimming (Arp et al. 

2014; Nixdorf et al. 2004). Lastly, Lake Döllnsee (coordinates: 52.995, 13.582, Fig. 2) is a 

weakly eutrophic (total phosphorus at spring overturn of 38 µgL−1) natural research lake with 

a surface area of 25 ha and an average depth of 4.4 m (Monk and Arlinghaus 2018). It is closed 

to the public and therefore receives no fishing pressure from anglers, unlike the other two 

ecosystems (Monk and Arlinghaus 2018; Nixdorf et al. 2004; Weber and Wolter 2016). 
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Figure 2. Aerial photographs of the three study sites: (a) Kleiner Döllnsee, (b) River Oberspree, (c) Kalksee, and 

their location in Germany (Berlin, Brandenburg). All pictures are scaled and north-oriented. 

 

Fish sampling design 

The scientific method used to analyze the effect of lure color on the catch rate was angling 

with rod and reel. Angling took place from land as well as from boats. Kalksee was probed two 

times in May (19.05., 29.05.2021). The river section Oberspree was fished ten times in July 

and September (02.07., 04.07., 05.07., 06.07., 11.07., 24.07., 30.07., 20.09., 26.09., 

28.09.2021). Kleiner Döllnsee was fished thirteen times from May to October (27.05., 11.06., 

12.06., 13.06., 14.06., 15.06., 14.07., 15.07., 05.08., 06.08., 07.08., 16.09., 17.09.2021). 

The artificial lure used in the field experiment was a KEITECH® Easy Shiner 3'' (KEITECH 

INC., http://www.keitech.co.jp). The brand names for the lure colors are 'Motoroil' (fluorescent) 

and 'Red Crawdad' (non fluorescent). Throughout this analysis the lure used for the field 

experiment will be called 'Easy shiner' to ensure the distinction between the bait and the fifteen 

baits used for the UV-analysis. To compare both the fluorescent and non fluorescent lure color 

simultaneously, anglers used a two-lure fishing rig illustrated in figure 3. It was assumed that 

two lure colors offered simultaneously with this method had the same probability of catching a 
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fish for each cast. The Easy shiner lures offered with the rig were equipped with DECOY® 

offset-hooks Size 1. The weight of the lead sinkers attached to the rig was chosen by the 

anglers but ranged from 5-10 gram. Angler could further choose whether they want to fish a 

small lure size (5,4 cm) or a big lure size (7,2 cm) of the Easy shiner lure. However, both hooks 

of the rig had to be equipped with the same lure size to better control for the influence of lure 

size in the analysis. The rig was fished by casting it into the waterbody and then retrieving it 

back to the angler. Anglers were free to choose whether they want to further animate the lures 

via sporadic rod lifts or to let the lures rest on one place for short periods. 

Each sampling day was split up into three fishing periods to evaluate the effect of the time of 

the day on the catch rate. Firstly, the morning period, which started one hour before sunrise 

and ended two hours later. Secondly, the noon period, which started one hour before the sun 

was at its zenith and ended two hours later. Lastly, the evening period which started two hours 

before sunset and ended one hour after sunset. The time of sunrise and sunset was taken 

from the website "www.sonnenverlauf.de" and was matched to the study area. Fish that were 

caught outside of these three angling periods were excluded from analysis related to the time 

of the day. 

30-minute angling trials were conducted throughout the periods. To prevent any influence of 

the lure position on the rig, the starting position on the rig of each color was randomly assigned 

by a coin flip at the start of a fishing period for the first trial. Afterwards, anglers switched the 

position of the lures at the end of each trial. Anglers were allowed to change fishing spots 

continuously throughout the trials. To measure the effects of the lure color on the catch rate 

the CPUE was calculated for each trial. Because all trials had the same duration the trial CPUE 

was calculated as 'fish per 30 minutes'. Five environmental variables which generally affect 

the light intensity and availability underwater (cloud cover (%), depth (m), light intensity above 

the water level (lux), Secchi depth (m), the time of the day) were further averaged over the 

whole duration of the trial to measure the dependency of CPUE on these variables in 

connection with the lure color. Depth and cloud cover were averaged approximately by the 

anglers. The mean light intensity during a trial was calculated using a continuously logging light 

meter (30 measurements per trial, Extech® HD450). For logistic and mechanistic reasons, the 

Secchi depth was only measured in lake Döllnsee. Turbidity measurements were taken once 

on each sampling day.  

Whenever a fish was caught the total length (mm), species name, hooking location of the lure 

in the fish mouth (shallow hooking location: anywhere in the buccal cavity; deep hooking 

location: gills, gullet), presence of bleeding in the inner mouth area or out of the gills (present, 

absent), the lure color (fluorescent, non fluorescent) and position on the fishing rig (top, bottom) 

were recorded. Further, the approximated water depth at capture and the time of the day were 
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matched to the individual fish. Additionally, the cloud cover (%) at the time of the catch was 

visually estimated by the person who caught the fish. The illuminance (Lux) at the moment of 

the catch was matched to the specific fish via the light meter. 

 

 

Figure 3. Conceptual picture of the fishing rig used in the experiment. A steel wire is connected to the main line. 

Attached to this steel wire are two hooks for the lure 15cm apart from each other. The distance of the upper hook 

to the main line was 15cm. Further, a lead sinker was attached to the end of the rig 15cm apart from the lower hook. 

Reflection and fluorescence analysis 

Firstly, tests were conducted to analyze whether fluorescent lures offered to anglers are 

excited mainly by UV radiation. Therefore, the fluorescence excitement wavelength at which 

the emitted radiation intensity of the individual lure color is highest was identified for sixteen 

fluorescent lure colors (Fig. 5., Fig. 6). These excitation wavelengths demonstrate by which 

wavelengths the colors are mainly excited. Secondly, following the acquisition of this data, the 

mean of the sixteen wavelengths was calculated to see whether it was located within the UV 

spectrum. These fluorescence measurements were performed using a fluorescence 

spectrometer (PerkinElmer® FL 6500) spectrometer shining a monochromatic excitation 

wavelength on the lure which ranged from 320 to 749 nm in 5 nm intervals. Subsequent 

detection of the emitted wavelength ranged from 360 to 855 nm (5 nm intervals). 

To later discuss the fluorescent properties of the fluorescent Easy shiner used in the field 

experiment, the fluorescence signal of the lure was analyzed using the fluorescence 

spectrometer and a monochromatic excitation wavelength ranging from 220 to 800 nm. The 

detected emission wavelength ranged from 230 to 800 nm. Additionally, to ensure that the two 

Easy shiner lure colors differed only concerning their fluorescent properties the reflection 



14 

 

spectrum of both lure colors were measured via the fluorescence spectrometer. Different 

reflective spectra of lure colors can alter the CPUE (Nieman et al. 2020). Therefore, this step 

was necessary because a difference in the reflective spectra of the two lure colors could 

overshadow the effect of the fluorescence. Five lure copies of each color were tested for their 

reflective spectrum. The reflection intensities for the five lures of each color were identified by 

shining monochromatic light on the lures with the fluorescence spectrometer ranging from 360-

750 nm in 5 nm intervals and subsequent measurement of the intensity of the reflected 

wavelength. Hereafter, the reflection intensity means of the five lures for each color were 

calculated for each emission wavelength and then visually compared. 

 

Data analysis 

Four individual models were computed. For all models only perches were included. Model 1 

measured the influence of the underwater illuminance affecting environmental variables 

(except the turbidity) on the trial catch rate of the two lure colors for all waterbodies. A 

generalized linear mixed model (GLMM) with the waterbody as the random variable was used 

to predict the trial CPUE for model 1. To account for a possible zero inflation or overdispersion 

in the model, a comparison of the Bayesian information criterion (BIC) for four models (Poisson 

distributed GLMM, zero-inflated GLMM, negative binominal GLMM, zero-inflated negative 

binominal GLMM) was conducted. All model were computed using the R package 'glmmTMB' 

(Brooks et al. 2017). The model with the lowest BIC was chosen to fit the data most accurately, 

which in this chase was achieved by the negative binominal GLMM (App. 2). Thereafter, the 

model fit was visually assessed by plotting a Q-Q plot and a plot of the residuals against the 

predicted values for the chosen model. These plots were computed with the R package 

'DHARMa' (Hartig 2017). All model fit plots of the four models can be found in the appendix 

(App. 3). Only models which visually seemed to fit the data were used for further analysis. 

Model 1 included the environmental variables (except turbidity), as well as the lure color, lure 

size and position of the lure on the rig with the interactions between lure color and all other 

variables to predict the CPUE. All continuous covariates were z-score standardized for better 

interpretation of the coefficients. To test whether the main effects and the interaction terms of 

the model influenced the CPUE a Type II Wald chisquare test from the R package 'car' (Fox 

and Weisberg 2019) was used. Main effects and interactions that were not significant were 

subsequently removed from the model. Afterwards, a new model was build containing only 

significant variables and interactions to conduct further analysis. Interactions of continuous and 

categorical predictor variables were assessed post-hoc by comparing the slopes of the 

elements of a categorical group with the R-package 'emmeans' (Russell 2017). If an interaction 

term of two categorical variables was significant, post-hoc 'mvt'-adjusted pairwise comparisons 
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of estimated marginal means were performed with the R package 'emmeans' (Russell 2017) 

to compare the groups.  

To measure the effect of the turbidity in combination with lure color, Model 2 was a lake specific 

model for lake Döllnsee because the Secchi depth was measured only in this waterbody. Other 

than that, it measured the same variables which were included in model 1 to predict the CPUE. 

However, to measure the influence of turbidity on the CPUE, the Secchi depth as well as an 

interaction term between Secchi depth and lure color were added to the model. No random 

effect was included. Four generalized linear models (GLM) were therefore created (Poisson 

distributed GLM, zero-inflated GLM, negative binominal GLM, zero-inflated negative binominal 

GLM). The analysis of model 2 equaled the analysis of model 1. The negative binominal GLM 

had the lowest BIC (App. 2). 

Model 3 and 4 measured the effect of color, lure size and position on the rig in combination 

with the environmental variables, except turbidity, on the hooking location (shallow, deep, 

Model 3) and presence of bleeding (present, absent, Model 4) in the individual perch mouth in 

all waterbodies. All fish that were hooked on the external part of the mouth or on other locations 

on the body other than the mouth were excluded from the analysis. The two model were 

conducted by fitting a generalized logistic regression model with hooking location or presence 

of bleeding as the dependent variable for each fish caught. Thereby, it was possible to estimate 

how the odds of the two outcomes for each of the independent variables were influenced by 

the predictors. All continuous covariates were z-score standardized again. To compute the 

model the R package 'lme4' (Bates et al. 2014) was used. Predictor variables and interactions 

that did not significantly affect the odds of the presence of bleeding or hooking location with a 

Wald-test were removed from the specific model. Subsequently, a new model was build 

containing only the significant variables and interactions of the Wald-test to conduct further 

analysis. The model fit assessment of Model 3 and 4 equaled that of Model 1 and 2. 

Additionally, the goodness of fit was tested using a Hosmer-Lemeshow test from the R-

package 'ResourceSelection' (Lele and Keim 2006). 

All statistical analyses were performed in RStudio Version 2021.09.1.372 (RStudioTeam 2021) 

at a type-1 error probability α of 0.05. 

 

Results 

Fish sampling analysis 

A total number of 396 fish were caught in 501 half hour trials by seven different anglers. Four 

species were caught (European perch (N= 331), European catfish (Silurus glanis, Linnaeus 

1758, N= 1), Northern pike (N= 58), round goby (Neogobius melanostomus, Pallas 1814, N= 

4). Out of these 331 perch caught, 145 (≈ 44 %) perch were caught on the fluorescent color 
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and 186 (≈ 56 %) on the non fluorescent color. Lure color did not affect the CPUE (Tab. 1). 

The fluorescent lure color had a lower catch rate (0.29 ± 0.67 fish/30 min (mean ± SD)) than 

the non fluorescent color (0.36 ± 0.75 fish/30 min, Fig. 4). Daytime did not affect the CPUE 

(Tab. 1). Catch rates were highest during midday (0.39 ± 0.81 fish/30 min (mean ± SD)) and 

lower during dusk (0.34 ± 0.73 fish/30 min) and dawn (0.27 ± 0.59 fish/30 min, Fig. 4). The 

CPUE for all waterbodies was affected by the light intensity at surface level, the percentage of 

the sky covered in clouds, lure size and the position on the rig (Tab. 1). An increase in light 

intensity and cloud cover significantly increased the CPUE (Fig. 4). The CPUE was negatively 

related to the water depth (Fig. 4). The smaller lure had a higher catch rate (0.42 ± 0.81 fish/30 

min) than the big lure (0.14 ± 0.36 fish/30 min, Fig. 4). Lures that had the bottom position on 

the rig had a higher CPUE (0.4 ± 0.77 fish/30 min) than the lures on the top (0.27 ± 0.64 fish/30 

min, Fig. 4). Additionally, lure color did not affect the CPUE in combination with any of the other 

environmental predictor variables (Tab. 1). Both colors had their highest CPUE during midday 

(fluorescent: 0.35 ± 0.75 fish/30 min, non fluorescent: 0.42 ± 0.87 fish/30 min, Fig. 5). The 

fluorescent lure color had a lower catch rate during dawn (0.24 ± 0.56 fish/30 min) and dusk 

(0.31 ± 0.69 fish/30 min) than the non fluorescent in the corresponding daytime (dawn: 0.31 ± 

0.63 fish/30 min, dusk: 0.37 ± 0.77 fish/30 min, Fig. 5). An increasing light intensity affected 

the CPUE of both colors positively (Fig. 5). However, the non fluorescent color had a steeper 

positive slope (β: 0.43, lower CL: 0.14, upper CL: 0.72) compared to the fluorescent color (β: 

0.21, lower CL: -0.11, upper CL: 0.53, Fig. 5). Increasing cloud cover affected the CPUE of 

both lures positively (Fig. 5). Yet again, the non fluorescent lure color CPUE (β: 0.32, lower 

CL: 0.1, upper CL: 0.54) was affected slightly more positively than the fluorescent color by 

increasing cloud cover (β: 0.16, lower CL: -0.07, upper CL: 0.39, Fig. 5). The CPUE of both 

colors was negatively affected by increasing water depth (Fig. 5). The CPUE of the fluorescent 

color (β: -0.17, lower CL: -0.39, upper CL: 0.05) was less negatively influenced by an increased 

water depth compared to the non fluorescent color (β: -0.28, lower CL: -0.49, upper CL: -0.07, 

Fig. 5). Both colors had their highest CPUE when fishing with smaller lures (fluorescent: 0.38 

± 0.76 fish/30 min, non fluorescent: 0.46 ± 0.86 fish/30 min, Fig. 5). Bigger lures decreased 

the CPUE for both lure colors (fluorescent: 0.13 ± 0.36 fish/30 min, non fluorescent: 0.15 ± 

0.37 fish/30 min, Fig. 5). The lower position on the fishing rig increased the CPUE (fluorescent: 

0.36 ± 0.72 fish/30 min, non fluorescent: 0.43 ± 0.82 fish/30 min) for both colors when 

compared to the upper position (fluorescent: 0.24 ± 0.61 fish/30 min, non fluorescent: 0.29 ± 

0.67 fish/30 min, Fig. 5). 
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Figure 4. Boxplots (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) that show how the catch-per-

unit-effort (CPUE, fish / 30 min, y-axis) is affected by two lure colors ①, daytime ②, lure size ⑥ and lure position 

on a fishing rig ⑦ (x-axis). Additionally, negative binominal generalized linear regressions with confidence intervals 

between the CPUE (fish / 30 min, y-axis) and light intensity (Lux) ③, cloud cover (%) ④ and fishing depth (m) ⑤ 

** ** 

** ** 

** 
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(x-axis) are shown to visualize the dependence of the CPUE on these variables. The y-axis is log (x+1) – 

transformed. Individual points of all plots are scattered along the x – and y- axis. Significant differences between 

groups (boxplots) and significant linear relationships are highlighted with *-signs (* = p<0.05, ** = p<0.01, *** = 

p<0.001). 

 

Figure 5. Boxplots (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) that show how the catch-per-

unit-effort (CPUE, fish / 30 min, y-axis) is affected by the interaction between two lure colors (fluorescent lure: dark 
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grey, non fluorescent lure: light grey) and daytime ①, lure size ⑤ and lure position on a fishing rig ⑥ (x-axis). 

Additionally, negative binominal generalized linear regressions with confidence intervals are displayed which show 

the interaction effect between lure color and light intensity (Lux) ②, cloud cover (%) ③ and fishing depth (m) ④ 

(x-axis) on the CPUE (fish / 30 min, y-axis). The y-axis of all plots is log (x+1) - transformed. Individual points of all 

plots are scattered along the x – and y- axis. Significant differences between groups (boxplots) and significant linear 

relationships are highlighted with *-signs (* = p<0.05, ** = p<0.01, *** = p<0.001). 

Table 1. Model 1: Wald-test outcome showing if a predictor variable affected the number of European perch caught 

per 30 minutes in all waterbodies, as estimated through a negative binominal generalized linear mixed model (upper 

table). The outcome of the Wald-test for the predictor variables includes the χ²-statisitic, the degrees of freedom 

and the p-value. The lower table visualizes the effects of the predictor variables, that had a significant p-value in 

the Wald-test table, on the perch CPUE for all waterbodies. Values are shown for the exponentialized coefficients 

(Incidence Rate Ratios), confidence intervals and p-values. Significant values are highlighted in bold characters. 

 

 

The lake specific model for Kleiner Döllnsee showed equal dependencies of the CPUE on the 

main predictor variables compared to the model 1 (Tab. 1 and 2). However, water depth was 

not affecting the CPUE in the final model. The addition of the Secchi depth proved to be not 

significant as a main effect nor did the interaction term with lure color affect the CPUE (Tab. 2, 

Fig. 6). However, the direction of the slopes of the linear relationship between the CPUE and 

the Secchi depth differed (Fig. 6). The fluorescent lure color was affected positively with 

Zero inflated negative binominal GLMM χ²-statisitic Degrees of freedom p-value
Wald-test results

Fixed effects / interactions

color 1.917 1 0.166

daytime 3.716 2 0.156

light intensity 9.052 1 < 0.01

cloud cover 9.002 1 < 0.01

depth 7.013 1 < 0.01

lure size 29.507 1 < 0.001

lure position 12.811 1 < 0.001

color : daytime 1.140 2 0.566

color : light intensity 0.927 1 0.336

color : cloud cover 0.992 1 0.319

color : depth 0.625 1 0.429

color : lure size 0.161 1 0.688

color : lure position 0.078 1 0.78

Zero inflated negative binominal GLMM Incidence rate ratios Confidence intervals p-value
Effect table of significant variables

Fixed effects / interactions

Intercept 0.23 0.13 - 0.41 < 0.001

light intensity 1.20 1.06 - 1.36 < 0.01

cloud cover 1.24 1.08 - 1.43 < 0.01

depth 0.77 0.66 - 0.91 < 0.01

lure size [small] 2.61 1.82 - 3.75 < 0.001

lure position [top] 0.65 0.50 - 0.84 < 0.01
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increasing Secchi depth (β: 0.17, lower CL: -0.11, upper CL: 0.44), while the non fluorescent 

color slightly decreased its CPUE with increasing Secchi depth (β: -0.01, lower CL: -0.25, upper 

CL: 0.23, Fig. 6). In contrast to model 1, an interaction trend between lure color and water 

depth was observed to affect the CPUE in Kleiner Döllnsee (Tab. 2). The CPUE slope of the 

fluorescent color, while also being weakly negatively affected by depth (β: -0.07, lower CL: -

0.38, upper CL: 0.23), differed significantly from the negative relationship of CPUE and water 

depth of the non fluorescent color (β: -0.43, lower CL: -0.71, upper CL: -0.152, Fig. 6).  

 

  

Figure 6. ① Negative binominal generalized linear regression with confidence interval showing the relation 

between the catch-per-unit-effort (CPUE, fish / 30 min fish / 30 min, y-axis) and the Secchi depth (m, x-axis) for 

Kleiner Döllnsee. ② Negative binominal generalized linear regression between the CPUE (fish / 30 min, y-axis) 

and Secchi depth (m, x-axis) and ③ the water depth at capture (m, x-axis) for the individual lure colors (fluorescent 

(fluo), non fluorescent (non fluo)) for Kleiner Döllnsee. The y- axis is log (x+1) - transformed. Individual points of all 

plots are scattered along the x – and y- axis. Significant linear relationships (left graph) and significant differences 

between colors (right graph) are highlighted with *-signs (* = p<0.05, ** = p<0.01, *** = p<0.001). 

Table 2. Model 2: Wald-test outcome showing if a predictor variable affected the number of European perch caught 

per 30 minutes in Kleiner Döllnsee, as estimated through a negative binominal generalized linear model (upper 

table). The outcome of the Wald-test for the predictor variables includes the χ²-statisitic, the degrees of freedom 
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and the p-value. The lower table visualizes the effects of the predictor variables, that had a significant effect on the 

CPUE in the Wald-test table. Values are shown for the exponentialized coefficients (Incidence Rate Ratios), 

confidence intervals and p-values. Significant values are highlighted in bold characters. 

 

 

A total of 11 perch (≈4 %), out of the 290 perch that were hooked in the mouth, were hooked 

deeply. 5 perch (≈4 %), out of 139 perch that attacked the non fluorescent lure color, were 

hooked deeply. The fluorescent lure color caught 6 (≈3 %) deeply hooked perch out of a total 

of 179 perch. Lure color did not affect the probability of catching a deeply hooked perch (Tab. 

3). Neither did any interaction of color with any of the environmental variables affect the 

probability of catching a deep hooked perch (Tab. 3). Daytime, light intensity, cloud cover, 

water depth and lure size and position on the fishing rig did not affect the probability of catching 

a deeply hooked perch (Tab. 3).  

Table 3. Model 3: Wald-test outcome showing if a predictor variable affected the odds of hooking European perch 

in different locations in the mouth (shallow, deep) as estimated through a logistic regression model (upper table). 

The outcome of the Wald-test for the predictor variables includes the χ²-statisitic, the degrees of freedom and the 

p-value. The lower table visualizes the effects of the predictor variables, that had a significant effect on the hooking 

Negative binominal GLM χ²-statisitic Degrees of freedom p-value
Wald-test results

Fixed effects / interactions

color 1.712 1 0.191

daytime 4.222 2 0.121

light intensity 5.693 1 < 0.05

cloud cover 8.259 1 < 0.01

depth 5.94 1 < 0.05

Secchi depth 0.53 1 0.463

lure size 22.997 1 < 0.001

lure position 15.807 1 < 0.001

color : daytime 2.071 2 0.355

color : light intensity 0.195 1 0.659

color : cloud cover 0.308 1 0.579

color : depth 4.994 1 < 0.05

color : Secchi depth 0.943 1 0.332

color : lure size 0.008 1 0.928

color : lure position 0.14 1 0.699

Negative binominal GLM Incidence rate ratios Confidence intervals p-value
Effect table of significant variables

Fixed effects / interactions

Intercept 0.12 0.07 - 0.21 < 0.001

lure color [non fluo] 1.31 0.94 - 1.82 0.108

light intensity 1.19 1.01 - 1.40 < 0.05

cloud cover 1.29 1.08 - 1.54 < 0.01

depth 0.93 0.69 - 1.26 0.628

lure size [small] 2.20 1.46 - 3.31 < 0.001

lure position [top] 0.56 0.40 - 0.78 < 0.01

color [non fluo] * depth 0.70 0.47 - 1.05 0.087
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depth in the Wald-test outcome. Values are shown for the odds ratios, confidence intervals and p-values. Significant 

values are highlighted in bold characters. 

 

 

A total of 10 (≈3 %) of the perch (total number perch: 341) were found bleeding after the catch. 

The non fluorescent lure color caught 3 perch (≈2 %, total number perch non fluorescent lure: 

186) that were observed bleeding after the catch, while 7 perch (≈5 %, total number perch 

fluorescent lure: 145) were caught bleeding on the fluorescent lure color.  

None of the main effects and interactions significantly influenced the odds of the presence of 

bleeding after the capture (Tab. 4).  

 

Table 4. Model 4: Wald-test outcome showing if a predictor variable affected the odds of the presence of bleeding 

(yes, no) for angled European perch as estimated through a logistic regression model (upper table). The outcome 

of the Wald-test for the predictor variables includes the χ²-statisitic, the degrees of freedom and the p-value. The 

lower table visualizes the effects of the predictor variables, that had a significant effect on the presence of bleeding 

Mixed effects logistic regression χ²-statisitic Degrees of freedom p-value
Wald-test results

Fixed effects / interactions

color 0.397 1 0.528

daytime 4.824 2 0.09

light intensity 4.022 1 < 0.05

cloud cover 2.213 1 0.137

depth 2.194 1 0.139

lure size 4.146 1 < 0.05

lure position 0.433 1 0.511

color : daytime 2.543 2 0.28

color : light intensity 0.004 1 0.951

color : cloud cover 0.217 1 0.642

color : depth 2.854 1 0.091

color : lure size 0.001 1 0.986

color : lure position 1.152 1 0.283

Mixed effects logistic regression Odds ratios Confidence intervals p-value
Effect table of significant variables

Fixed effects / interactions

Intercept 0.02 0.01 - 0.23 < 0.01

light intensity 1.20 0.46 - 1.81 0.797

lure size [small] 1.21 0.21 - 7.33 0.833
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in the Wald-test outcome. Values are shown for the odds ratios, confidence intervals and p-values. Significant 

values are highlighted in bold characters. 

 

 

Fluorescence and reflection analysis 

The mean excitation wavelength at which the highest fluorescence light intensity was recorded 

for the fifteen fluorescent lure colors (Fig. 8) plus the fluorescent Easy shiner (Fig. 9) was 

489.38 nm ± 62.98 nm (mean ± SD, n = 16, Fig. 7). Therefore, the lure colors are in average 

mainly excited by visible blue light. The excitation wavelength spectra of the fifteen lures 

ranged from around 300 to 600 nm, though the spectra highly differed between lure colors (Fig. 

8 & 9). The fluorescence emission wavelength spectrum also varied highly among lure colors. 

The visible light spectrum (≈400-740 nm) was almost wholly covered by the fluorescence 

emission wavelengths, whereby one lure also emitting light in the UV spectrum (Bass 

Assassin® (Color: "Panhandle Moon"), Fig. 8). 

 

Mixed effects logistic regression χ²-statisitic Degrees of freedom p-value
Wald-test results

Fixed effects / interactions

color 0.118 1 0.731

daytime 1.92 2 0.383

light intensity 0.002 1 0.961

cloud cover 0.549 1 0.459

depth 0.227 1 0.634

lure size 0.44 1 0.507

lure position 0.188 1 0.664

color : daytime 2.687 2 0.261

color : light intensity 4.785 1 < 0.05

color : cloud cover 0.255 1 0.614

color : depth 2.742 1 0.098

color : lure size 0.001 1 0.99

color : lure position 0.243 1 0.622

Mixed effects logistic regression Odds ratios Confidence intervals p-value
Effect table of significant variables

Fixed effects / interactions

Intercept 0.03 0.01 - 0.12 < 0.001

lure color [non fluo] 0.48 0.08 - 2.91 0.426

light intensity 0.27 0.04 - 1.99 0.197

lure color [non fluo] * light intensity 4.89 0.53 - 44.79 0.160
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Figure 7. Boxplot (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) of the excitation wavelength 

(nm) at which the emission intensity was the highest (y-axis) of 15 fluorescent lures. The points resemble individual 

lures and are colored according to the specific wavelength an average human eye would perceive. The x-axis 

includes an additional color scale that shows the perceived color at each wavelength. Wavelengths that lie beyond 

the human visible spectrum are colored in black. 
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Figure 8. Relative light intensity for each 5 nm of emission wavelength (y-axis) at every 5 nm of excitation 

wavelength (x-axis) of fifteen fluorescent lures. All emission wavelengths which were 10 nm lower than the excitation 

wavelength were removed from the plots because they cannot represent fluorescence. Further, reflectance 

emissions are not shown in these plots. Pictures of the baits are included for each individual plot. Starting from the 

top left to bottom right the brand names and colors are: Bass Assassin® (Color: "Panhandle Moon"), Bass 

Assassin® (Color: "Pumpkin / Chartreuse Belly"), Frenzy® (Color: "Unknown"), Illex® (Color: "Chartreuse P"), 

Keitech® (Color: "Delta Craw"), Lucky Craft® (Color: "Chartreuse Shad"), Lunkercity® (Color: "Bubblegum Shad"), 

Maria® (Color: "CBOM"), Meps® (Color: "Chartreuse Dot"), Keitech® (Color: "Lee La Bubblegum"), Reins® (Color: 

"Natural Shell"), Reins® (Color: "Chika Chika Orange"), Reins® (Color: "Red Berry"), Westin® (Color: "Fire Perch"), 

Westin® (Color: "Fireflake") 
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The excitation wavelength for the highest fluorescence emission light intensity of one 

exemplary fluorescing 'Easy shiner' lure was achieved at 445 nm (blue spectrum, Fig. 9). 

Generally, the fluorophores of the fluorescing 'Easy shiner' lure were excited by a wide range 

of wavelengths starting in the UV spectrum and ending in the cyan light spectrum (Fig. 9).  

The emission spectrum of the lure ranged from the cyan light spectrum to a comparably weak 

emission in the orange spectrum (Fig. 9). However, the highest relative emission light intensity 

was achieved at an emission wavelength of 505 nm (cyan spectrum, Fig. 9). 

 

 

 

Figure 9. Left picture: Relative light intensity for each 5 nm of emission wavelength (y-axis) at every 5 nm of 

excitation wavelength (x-axis) for one exemplary fluorescent Easy shiner lure used in the experiment. Right picture: 

Relative emission light intensity (y-axis) for every 5 nm of emission wavelength (x-axis) of the same fluorescent 

Easy shiner at the excitation wavelength with the highest emission intensity (445 nm). Individual points of both 

graphs are colored according to the specific wavelength an average human eye would perceive. The x-axis includes 

an additional color scale that shows the perceived color at each wavelength. Wavelengths that lie beyond the human 

visible spectrum are colored in black. All emission wavelengths which were 10 nm lower than the excitation 

wavelength were removed for both plots because they cannot represent fluorescence. Further, reflectance 

emissions are not shown in these graphs. 

 

The fluorescent 'Easy shiner' as well as the non fluorescent 'Easy shiner' showed highest 

reflection intensities in the red spectrum (635 – 700 nm) and similarly increased their intensity 

starting around 600 nm (Fig. 10). The relative light intensity variance of the fluorescent lure 

was higher compared to the non fluorescent lure, especially in the orange to red spectrum (Fig. 

10). Generally, the reflection curves of the two lure colors were accepted to be similar enough 

to be compared for this study via visual inspection. For an organism that can distinguish the 
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fluorescing radiation from the reflection, the excited fluorescence signal should outweigh the 

small differences of the two reflection spectra. 

 

 

Figure 10. Relative light intensity [nm] (y-axis) at every 5 nm of reflection wavelength (x-axis) of the fluorescent 

'Easy shiner' (left picture) and the non fluorescent 'Easy shiner' (right picture). The points represent the mean 

relative light intensity of five lures and therefore shaded standard deviation errors are added to the plot. The points 

are colored according to the specific wavelength an average human eye would perceive. The x-axis includes an 

additional color scale that shows the perceived color at each wavelength. Wavelengths that lie beyond the human 

visible spectrum are colored in black. 

 

Discussion 

This study aimed to analyze the effect of fluorescent lure color on the catch rate in conjunction 

with several environmental factors (daytime, light intensity above the water level, cloud cover, 

water depth and turbidity). In opposition to the first hypothesis, the fluorescent lure color did 

not increase the CPUE when compared to a non fluorescent lure color. Both lure color CPUEs 

were affected equally by the different environmental factors. Only in one specific lake mean 

water depth during the fishing trial showed a trend to affect the catch rate of both lure colors 

differently. The non fluorescent lure was more negatively affected by water depth compared to 

the fluorescent lure. Further, lure color did not affect the probability of a fish being deeply 

hooked or bleeding. Unlike assumed by some anglers, the 16 fluorescent colors studied in this 

experiment were not excited mainly by UV radiation but by blue radiation. 

Contrary to the hypothesis proposed, this experiment found no effect of the lure color on the 

catch rate. These findings align with earlier research, that conducted studies on largemouth 

bass (Moraga et al. 2015; Wilde et al. 2003) and spotted mackerel (Pneumatophorus 

tapeinocephalus, Bleeker 1854) (Hsieh et al. 2001). Said research found no evidence that lure 
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color influences the catch rates of the targeted species. Studies exist, however, which provide 

findings suggesting that differing lure colors have an effect on the CPUE (Ateşşahin and Cİlbiz 

2019; Nieman et al. 2020). Having said that, it is important to state that this study differs from 

all these papers as it has not measured the effect of colors acquired by reflection. Instead, this 

research was focused on two colors that had almost equal reflective spectra, but rather differ 

in their ability to fluoresce. Therefore, this study does not answer the contradictory question 

whether different colors generated by reflection change the vulnerability of a fish. Rather, the 

findings presented uniquely provide the first evidence that fluorescent lure colors might not 

affect the vulnerability of fish to be captured by hook. Fluorescent color even slightly decreased 

the catch rate. Contradictory to the results of this study, earlier research found fluorescent prey 

to be favored by largemouth bass (Hill et al. 2011). This leaves room for possible speculation 

as to why the CPUE was not affected by the color. Because the tentacle tips of a predatory 

hydromedusa attracted more fish when excitation wavelengths were present compared to the 

wavelengths being absent (Goto 1993), it is possible that the fluorescent color used in this 

experiment simply lacked the excitation wavelengths. However, the attenuation of the 

excitation wavelengths of the fluorescent lure color in the research waterbodies was not 

examined. Therefore, it is uncertain if the fluorescence was not excited because the organic 

particles in the waterbodies filtered out most of the excitation wavelengths within a matter of 

centimeters below the surface, which is possible in freshwater systems (Dodds 2002; Kühne 

et al. 2021). This highlights the importance of measuring the light attenuation of the excitation 

wavelengths in future studies conducted on fluorescent colors. It is, however, also possible 

that the fluorescent color used in this experiment simply does not increase the catch rate 

because the fluorescent colors do not increase the vulnerability of a perch to attack the lure. 

Oppositely to the assumptions of some anglers (Beyer 2018; Norff and Bente 2020; 

Onthewater 2013) and the hypotheses proposed by this study, only one of the environmental 

variables seemed to affect the catch outcome of the two lures in any way. Mean water depth 

during the fishing trial showed a strong trend to affect the CPUE of the two colors differently. 

The fluorescent lure color was less negatively influenced by increasing water depth. This 

difference is not in line with predictions of this study and the assumptions of some anglers 

(Beyer 2018; Norff and Bente 2020; Onthewater 2013), that hypothesize that a fluorescent lure 

color would increase the catch rate with greater depth. However, it might be an indicator that 

in specific water bodies fluorescence could affect catch rates of perch according to water 

depth. In this experiment the CPUE of both colors was negatively affected by increasing water 

depth. This might imply that using fluorescent lure colors could weaken the generally negative 

effect of fishing depth on the perch catch rate. This study did not analyze depth greater than 6 

meters. Due to the steeper slope of the fluorescent lure regression, it is theoretically possible 
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that the CPUE of this fluorescent color becomes higher at depths greater than 6 meters 

compared to the fluorescent color. Because fluorescent colors can emit uncommon 

wavelengths for a given water depth by absorbing common wavelengths (Marshall and 

Johnsen 2017), it might be possible that fluorescent color might only start to be conspicuous 

at a specific depth at which the emission wavelength is no longer naturally available. It is 

advised for future studies to include a broader fishing depth range. 

As mentioned above, it is possible that the excitation wavelengths were highly attenuated and 

therefore almost no environmental variable could have had the option to have an effect. The 

fluorescent Easy shiner was mainly excited by blue radiation. This has important implications 

for the fluorescence of the color in the studied waterbodies. Blue light especially has a low 

transmission in mesotrophic to eutrophic ecosystems (Dodds 2002). Less than 10 % of the 

initial intensity at the surface reach a depth of 2 meters (Dodds 2002). Therefore, the excitation 

wavelength of the lure color used in this experiment might have only been available in small 

quantities even at shallow water depths because all the studied waterbodies were at least 

mesotrophic. Neither daytime, light intensity above the water level and cloud cover can affect 

the catch rate of a fluorescent lure if the excitation wavelength is absorbed and therefore 

absent to excite the color underwater. Many European freshwater ecosystems are 

eutrophicated (European-Commission 2021) and the results found in this study might be 

applicable to these waterbodies for lure colors that are excited by blue radiation. However, the 

findings of this study might not be applicable to every fluorescent color and every ecosystem. 

It is important to state that the 16 fluorescent lure colors analyzed had a broad excitation 

spectrum. They were excited by UV radiation only in one case. This finding highly emphasizes 

to rename or rebrand the name of these lure colors given to them by some anglers (UV lure 

colors) (Beyer 2018; Norff and Bente 2020; Onthewater 2013). While the average lure 

analyzed in this study was also excited by blue radiation, many lures were excited by green 

radiation. This increases their likelihood to fluoresce in meso – eutrophic ecosystems because 

green has the highest transmission in these conditions. Green radiation can be available with 

10 % of the intensity at the water surface at a water depth deeper than 4 m in eutrophic 

ecosystems (Dodds 2002). Often algae communities are also absorbing red radiation (Dodds 

2002). Therefore, a fluorescent color that is excited by green radiation and emits red radiation 

could be conspicuous in meso – eutrophic conditions where red radiation is absorbed quickly. 

In oligotroph ecosystems however, blue light has the highest transmission (Dodds 2002). 

These conditions allow all lure colors analyzed to have the possibility to fluoresce even in 

deeper water because at 6 meters of water depth blue and green radiation are still available in 

intensities equal to those at the surface level (Dodds 2002). It is very likely that the fluorescent 

lure used in this experiment due to its blue light excitation did not fluoresce in the sample areas. 
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Many of the lures analyzed were also excited by blue light. Therefore, it is concluded that the 

results of this study can be expected in most other European water bodies and for most lures. 

However, oligotrophic water bodies and when fishing fluorescent colors in turbid conditions 

that are excited by green wavelengths fluorescent colors could be conspicuous and therefore 

increase their catch success. 

In total, lure color was a variable that was unable to predict any variance within our catch rate 

data. However, the CPUE was affected by other variables, such as light intensity above the 

water surface. Light intensity and availability is predicted to be of high importance for the 

vulnerability of fishes to be caught by anglers (Lennox et al. 2017). Yet, the study presented is 

the first of its kind to show that light intensity measured above the water level has a positive 

effect on the CPUE of European perch. European perch are visual predators which decrease 

food uptake during night time (Schleuter and Eckmann 2006). Therefore, the findings of this 

study highlight this behavior of perch by demonstrating that the vulnerability of being caught 

decreases linearly with decreasing light intensity. 

Seemingly contrary to the light intensity findings, increasing percentages of cloud cover 

affected the CPUE positively. A higher percentage of cloud cover should decrease the light 

intensity at water level. Therefore, clouds or the weather associated with them seem to have 

an effect on their own, independent of the light intensity. Generally, the research on cloud 

cover effects on fish is conflicting. A study conducted on black crappie (Pomoxis 

nigromaculatus, Lesueur 1829) found that cloud cover did not affect the movement of the fish 

(Guy et al. 1992). Another experiment on Atlantic salmon (Salmo salar, Linnaeus, 1758) was 

able to provide evidence that the foraging activity is negatively related to the cloud cover 

(Girard et al. 2003). Oppositely to these studies, observational data on northern pike suggests 

that pike forage more actively on cloudy days compared to bright and sunny days (Casselman 

1978). While the first two studies on cloud cover contradict the findings of this experiment, it is 

not obvious whether the different results are due to species specific differences or other 

reasons. Because this study is not possible to disentangle these effects, it is in the hands of 

future studies to specifically measure the effects of cloud cover on fish behavior. 

The smaller lure size had a higher catch rate than bigger lure size in this experiment. It is 

known that the lure size affects the length of the fish caught, due to gape size limitations 

(Arlinghaus et al. 2008; Lennox et al. 2017). However, the findings of this study also indicate 

an increase of the CPUE when fishing with smaller lures. One other study on trolling for 

different salmonids with big and small lures found a seasonal influence of lure size on the 

CPUE (Orsi 1987) while another study on largemouth bass found no relation of lure size and 

CPUE (Wilde et al. 2003). While the research on lure size is conflicting, two explanations fit 

the findings of this study well. Firstly, when choosing a small lure an angler can catch more 
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fish from the population, because a small lure does not cause any gape limitation, which is an 

important size dependent factor for perch (Byström et al. 2012), while still not excluding bigger 

fish from attacking the lure. Secondly, the size structure of fish populations is often skewed 

towards smaller fish, which also holds true for European perch (Claridge et al. 1986; 

Magnhagen 2006). Therefore, fishing big lures should decrease the CPUE because the more 

abundant size classes are excluded via gape size limitations which in turn decreases the 

encounter rate of fish able to swallow the lure (Lennox et al. 2017).  

Lures that had the bottom position on the fishing rig had a higher CPUE compared to lures 

fished on the top of the rig. Therefore, it is evident that the method used is biased in a way that 

one position catches more fish than the other. This study preemptively adjusted for the 

possibility that the position had an effect. Therefore, the results are not affected by this variable. 

Because the lures are fished falling from the surface to the bottom, it is logical that European 

perch would spot the bottom lure first, which in turn might explain this bias. 

The hooking depth of European perch was not affected by the lure color. This aligns with 

another study, that found no effect of color on the hooking depth (Moraga et al. 2015). The 

same holds true for the effect of lure color on the odds of catching a bleeding perch in this 

study. There is some evidence that the decisions made by anglers can affect the probability of 

catching a bleeding fish (Arlinghaus et al. 2008; Stålhammar et al. 2014). However, the choice 

of fluorescent lure color is likely not one of these decisions according to the findings of this 

study. However, due to a low event rate the statistical power of this study was insufficient to 

ensure the accuracy of these findings. The share of deep hooked and bleeding fish in this 

experiment was comparably low compared to other studies (Alós et al. 2009; Arlinghaus et al. 

2008; Lennox et al. 2015). Highly experienced anglers cause a lower mortality of released fish, 

which is influenced by the amount of harm done to the fish (Arlinghaus et al. 2008; Stunz and 

McKee 2006). Therefore, one possible explanation for these low probabilities is the high 

average skill of the anglers (mean experience score of all anglers: 11 ± 2.5 mean ± SD, lowest 

possible score: 3, highest possible score: 15)) that caught the perch. Additionally, the choice 

of the hook and rig could have caused the low amount of bleeding fish, because these 

mechanical choices can affect the probability of catching bleeding fish (Aalbers et al. 2004; 

Bursell and Arlinghaus 2018; Ostrand et al. 2005). Future studies analyzing the probability of 

catching bleeding fish should aim for a very high sample size to ensure enough deep hooking 

and bleeding instances.  

Fluorescent lure color did not increase the catch rate, nor was its CPUE differently affected 

compared to a non fluorescent lure color by environmental variables such as daytime, light 

intensity, cloud cover, water depth and turbidity. Shining concentrated excitation wavelengths 

on fluorescing lure colors causes them to seemingly glow for the human eye. This might explain 
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why some anglers have the opinion that these colors should increase the conspicuousness for 

their target species (Norff and Bente 2020; Onthewater 2013). However, this is just an illusion 

caused by the human eye which can often detect the emitted wavelengths better than the 

excitation wavelengths (Ludvigh and McCarthy 1938). Further, the light spectrum never 

consists out of concentrated excitation wavelengths in natural conditions. Yet, this study 

theoretically shows that fluorescent lure colors, which should not be called UV colors, have the 

possibility to be conspicuous in waterbodies that allow the excitation wavelengths of the colors 

to penetrate deep enough to excite the fluorophores of the color. But this study also shows 

that the catch rate of these lure colors for European perch is not superior compared to standard 

colors. However, the conspicuousness of fluorescent colors depends on the characteristics of 

the color in combination with the environmental water conditions. Future studies should 

examine other fluorescent colors in a wider range of waterbodies to underline these 

predictions. The findings presented in this study on the hooking depth and presence of 

bleeding might indicate that the usage of fluorescent colors or colors in general, must not be 

part of angling management plans because such critical hooking locations are not affected by 

the choice of lure color (Moraga et al. 2015). However, to ensure this prediction, additional 

studies on the odds of injuries and deep hooking need to be conducted. 
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Appendix 

 

 

 

Appendix 1. Boxplots (median, box: 25 and 75 percentile, whisker: 10 and 90 percentile) of the dissolved nitrate 

[mg/L] and total phosphorus [mg/L] values for the river Spree near "Baumschulenwegbrücke". Individual points 

represent one measurement per month starting from January 2021 and ending in December 2021. The 

measurements were provided by the "Senatsverwaltung für Umwelt, Verkehr und Klimaschutz Berlin". 

 
Appendix 2. Table that shows the degrees of freedom (df) and the Bayesian information criterion (BIC) for the two 

model analyzed in this study for four distribution types the individual model was fitted with. 

 

 

 

 

↓Model / Distribution → Poisson 
Zero-inflated 

Poisson 

Negative 

binominal 

Zero inflated 

negative 

binominal 

Model 1 (df, BIC) 15, 1368.37 16, 1359.4 17, 1354.54 16, 1347.75 

Model 2 (df, BIC) 17, 949.18 18, 941.44 19, 939.28 18, 932.73 
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Appendix 3. Q-Q plots (left plot of the plot pairs) and a plots of the residuals against the predicted values (right plot 

of the plot pairs) for the four models (including all predictor variables) of this study (Model 1: top left, Model 2: top 

right, Model 3: bottom left, Model 4: bottom right). For all models p-values for the KS-test, Dispersion test and Outlier 

test are shown.  

 

 

 

 

 

 

 

 

 

 

  


