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Summary 
In the northern hemisphere, pike (Esox lucius L.) is one of the most important 

recreational fishery resources, and regulatory or voluntary catch-and-release angling is 

common. Only little information is available about the potential sublethal impacts of 

catch-and-release on pike. The present study addressed this issue by quantifying the 

behavioural and physiological responses of pike to angler-induced direct (catch-and-

release event) and indirect (e.g., boating, angling-activity related disturbance of 

habitat) disturbances, thereby testing basic ecological predator-prey theory and 

providing insights for management. The main hypothesis of the present work was that 

pike reduce activity in response to angler-induced disturbances that should be 

perceived by individual pike as being similar to natural predation risks. During a 

seven month tracking period, long-term behavioural alterations in a catch-and-release 

fishery and short-term behavioural changes post release were monitored in a small (25 

ha) lake in north-eastern Germany, where N = 20 radio-tagged pike were monitored 

for behaviour and habitat choice once a week for 24 h. Additionally, the link between 

short-term behavioural changes to the degree of physiological disruption was tested in 

a large (787 ha) lake in eastern Ontario, Canada, where angled pike (N = 52) were 

stressed in four air exposure treatments (and one left-lure treatment with 0 s air 

exposure) and blood sampled thereafter. After release, the behaviour was monitored 

for short-term (1 h) and mid-term (3 days) periods and the link between physiological 

indicators (e.g., blood lactate levels) and behavioural change was assessed. 

 Angler-induced predation risk through disturbance stimuli such as boating and 

continuous catch-and-release angling caused long-term behavioural alterations of 

pike. Pike altered their habitat choice with increasing predation risk (increasing 

angling intensity), preferring reed as refuge. In response to catch-and-release angling, 

pike also reduced their distance to the shore and the size of their individual residence 

area. Movement rates per day as indicator of pike activity decreased with increasing 

fishing intensity supporting the main hypothesis of the present work. In the short term 

directly after capture, minimum displacement per hour and distance to shore were 

significantly lower compared to the situation prior to the capture event, but these 

impacts disappeared within a week post capture suggesting that pike resumed their 

normal behavioural patterns. Blood lactate levels as indicative of exhaustion and 

anaerobic metabolism rose significantly in all air exposure treatments compared to 

control fish, and the intensity of physiological disturbances after capture caused by 

playing, different degrees of air-exposure, and a left lure influenced the degree of 
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behavioural alterations post release. Pike exposed to air for 300 s after capture showed 

significantly higher inactivity in the first hour post released compared to all other 

treatments. However, behavioural alterations after exhaustion through catch-air 

exposure-and release vanished after one day suggesting quick recovery. In conclusion, 

anglers in a catch-and-release context can indeed act as a predation threat and thereby 

sublethally affect behaviour and habitat choice of pike. This adds a new dimension to 

the well-known lethal impacts associated with pike angling, which, from a 

conservation perspective, calls for minimization of potentially stressful activities such 

as boating or air exposure. There remains the potential that sublethal alterations might 

impact on the individual fitness by, for example, influencing somatic growth or 

reproductive output post release. The present study could not answer this important 

question, which is left for further research.          
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1. Introduction 

Predator-prey interactions are crucial in shaping population dynamics, biodiversity and 

the life-history of many animal taxa including fish in various ecosystems (e.g. Paine, 

1966; Taylor, 1984; Werner, 1992). Virtually all animals can, depending on their life 

stage and the ecological environment, be predators and prey. Often, the same 

behavioural decisions that render an animal an efficient predator increase the risk of 

predation by another predator (Abrams, 1984; Biro et al., 2006). This can lead to a 

trade-off decision faced by the individual animal, trading off for example the benefits 

of energy intake and the costs of mortality or injury due to predation. These 

behavioural trade-offs have been repeatedly studied and observed in many vertebrates 

including fish (i.e. Werner et al., 1983; Godin & Smith, 1988; Lima & Dill, 1990).  

Most studies on predator-prey relationships and trade-off decision making have 

analyzed the behavioural response of a prey regarding habitat choice and activity 

(Houston et al., 1993; Lind & Cresswell, 2005). For example, Werner & Hall (1988) 

showed that small bluegill (Lepomis macrochirus Rafinesque) modified their habitat 

use and activity in the presence of their predator, the largemouth bass [Micropterus 

salmoides (Lacepède)]. Decreasing feeding activity and shifts to less profitable (in 

terms of prey), but safer habitats have also been documented for piscivorous perch 

(Perca fluviatilis L.) in interaction with juvenile perch and roach [Rutilus rutilus (L.)] 

(Persson & Eklöv, 1995) and age-0 rainbow trout [Oncorhynchus mykiss (Walbaum)] 

in the presence of adult trout predators (Biro et al., 2003a). Comparable results were 

also reported e.g. for creek chubs (Semotilus atromaculatus Mitchill), redbelly dace 

(Phoxinus eos Cope), finescale dace (Phoxinus neogaeus Cope), brassy minnows 

(Hybognathus hankinsoni Hubbs), sticklebacks (Gasterosteus aculeatus L.) and 

guppies (Poecilia reticulate Peters) in response to predation risk by various aquatic 

predators (Giles & Huntingford, 1984; Gilliam & Fraser, 1987; Godin & Smith, 1988; 

He & Kitchell, 1990). Avoiding predators and encountering prey must also have 

conflicting demands on forager behaviour (Pitcher et al., 1988; Pettersson & 

Brönmark, 1993), because actively searching and highly mobile foragers have to 

expose themselves to other predators in the process of searching, encountering and 

attacking prey (Huey & Pianka, 1981). If foragers decide to be more stationary in 

response to an existing predation risk, speed, searching activity and time active are 

typically reduced and decline (Lima & Dill, 1990; Werner, 1992). Death is the ultimate 

outcome of predation which reduces lifetime reproductive success to zero for the 

individual. However, trade-off decisions in response to predation risk can also reduce 
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fitness and lifetime reproductive success without necessarily experiencing death. For 

example, a shift of a prey into less profitable habitat can reduce food intake, growth 

and energy availability, which might have an impact on fitness (Werner & Gilliam, 

1984; Werner, 1992). Hence, the behavioural outcome of predation risk must be a 

decision to compromise the rate of resource acquisition or other activities to reduce the 

probability of death, while maximising fitness (Abrams, 1983; Lima, 1998). The wide 

range of examples from many taxa that exhibit marked behavioural responses to 

predation risk suggest that adaptive anti-predation behaviour is an important 

mechanism in predator-prey interactions, with the ultimate goal to exhibit a behaviour 

that avoids death, but maximizes fitness of the individual (Werner et al., 1983; 

Mittelbach, 1986; Houston et al., 1993; Winkelman & Aho, 1993; Mirza & Chivers, 

2000; Biro et al., 2003 a; 2003 b; Biro et al., 2004). 

Trade-off decision making under the risk of predation has been usually shown 

for the preferred prey of an aquatic top-predator. Little attention has been devoted to 

the trade-off decision making of the aquatic top-predator itself in response to terrestrial 

predators such as fish-eating birds. Habitat choice and activity of aquatic top-predatory 

fish species can be influenced by inter- and intraspecific predation risk, due to 

predation by birds and mammals or cannibalism (Derby & Lovvorn, 1997; Nilsson, 

2006). Bird species such as cormorants (Phalacrocarax spp.) and pelicans (Pelecanus 

spp.) are known to forage on fish and on adult top-predatory fish such as trout, thereby 

influencing the habitat choice of the aquatic top predators (Derby & Lovvorn, 1997; 

Biro et al., 2004). Mammals such as otters are also effective fish predators with 

potential prey sizes larger than 70 cm (Carss et al., 1990; Dolloff, 1993; TaastrØm & 

Jacobsen, 1999), hence potentially influencing habitat choice and activity of aquatic 

top-predatory fish as well. In addition, intraspecific predation risk might occur in 

foraging populations characterized by cannibalism (Smith & Reay, 1991; Crowley & 

Hopper, 1994). Especially in size-structured populations, where an individual`s risk of 

cannibalism may depend on the relation between its own and the potential cannibal`s 

size, some foragers are constrained to minimize encounters with potentially dangerous 

conspecifics (Persson et al., 1996; Nilsson, 2006). According to this reasoning, the 

conflicting demands on predator avoidance and foraging and their impact on 

movement and habitat choice might differ among differently sized individuals in size-

structured populations, as long as there are no further species predating on all sizes of 

the top-predator. 
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In the northern hemisphere, pike (Esox lucius L.) are abundant in most lakes 

and slow rivers. Especially in industrialized countries, this species is also one of the 

most important recreational fishery resources (Crossman, 1996; Arlinghaus & Mehner, 

2004). Pike are highly vulnerable to angling (Weithman & Anderson, 1978; Paukert et 

al., 2001) and in Germany pike is among the most popular target sought by 

recreational anglers (Arlinghaus, 2004). Here, the common minimum length of pike 

usually is above 450 mm exposing undersized fish to a mandatory catch-and-release 

fishery and legal size fish to a consumptive fishery with some possibility to voluntary 

catch-and-release. Hence, anglers constitute a human predator for pike populations, 

where small fish might be released after capture, whereas capture by anglers might end 

lethally for larger pike if removed for domestic consumption. In contrast to pike-

angler-interactions, ecological studies showed that pike of a body length over 540 mm 

are more free to move (Grimm, 1981; Grimm & Klinge, 1996) and might therefore be 

relatively little affected by the risk of cannibalism. Additionally, the size of prey that 

predatory fish can consume is directly related to predator length and gape (Mittelbach 

& Persson, 1998). As a consequence, the human top-predator “angler” constitutes a 

new form of predation risk on pike size-classes where the natural predation risk, 

mainly caused by cannibalism (Nilsson, 2006), usually decreases: in angler-exploited 

pike populations, almost all size classes experience the predation risk by the human 

predator. The only exception might be very small sizes (< 200 mm) that are typically 

not vulnerable to the angling gear (Pierce et al. 1995). Hence, humans in combination 

with some birds and mammals that might also forage on large fish species such as pike 

must be considered the top-predator in most ecosystems in industrialized countries.  

           Exploitation of freshwater fisheries by angling can have pervasive impacts on 

populations through changes in abundance, size-structure and life-history traits 

(Paukert & Willis, 2001; Cooke & Cowx, 2006; Lewin et al., 2006). As mentioned 

above, interactions between anglers and the targeted fish can be thought of as predator-

prey interactions in which the behaviour of both the predator (angler) and the prey (the 

predatory fish) affects the qualitative and quantitative outcomes of the interaction 

(Johnson & Carpenter, 1994; Post et al., 2002). Angling effort is mainly influenced by 

the catch rate determining angler satisfaction (Arlinghaus, 2006).  The resulting 

angler-fish interaction can be characterized by the selective behaviour of the predator, 

the efficiency of the predator, and the numerical response of the predator to the 

abundance of the prey (Carpenter et al., 1994; Johnson & Carpenter, 1994; Post et al., 

2002). Anglers can play a key role in the dynamics of angled fish populations through 
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both harvest and catch-and-release mortality, in which large fish are more likely to be 

caught than small fish (Coble, 1988; Isbell & Rawson, 1989; Post et al., 2003).  In 

addition, the exploited population can be affected without necessarily experiencing 

high levels of mortality, e.g. through a behavioural response to catch-and-release 

fishing and the associated predation risk origination from the angler. For example, a 

lightly exploited population can be considered fully exploited after only a short period 

of time and effort due to learning or other mechanisms by which the exploited  stock 

adapts its behaviour and its catchability to the angler-induced predation threat which 

can reduce the catch rates of anglers (van Poorten & Post, 2005; Askey et al., 2006).  

Catch-and-release fishery takes place on populations with varying degrees of 

exploitation, where lightly exploited populations are different from fully or 

overexploited ones in the interaction between angler and fish (van Poorten & Post, 

2005). However, catch-and-release fisheries are diverse from harvest fisheries as in a 

catch-and-release fishery populations consist of both naïve and previously captured 

individuals. Besides seasonal fluctuations in CPUE (Lux & Smith, 1960), the fishery 

itself may cause the often observed decline in catchability and catch rate within a 

fishing season (Cox 2000). A drop in CPUE after the beginning of the season is often 

documented and shown to be stronger than explained through catch-and-release 

mortality or harvest (Bennett, 1951; Mraz & Threinen, 1957). Additionally, individual 

variability in survival and capture probability among apparently similar fish is known 

(Hackney & Linkous, 1978; Pledger et al., 2003; van Poorten & Post, 2005; Askey et 

al., 2006). Cox & Walters (2002) theoretically approached that fish populations consist 

of two pools of individuals, those which are vulnerable to angling and those which are 

not, due to spatial distribution in unfishable areas. Cox (2000) hypothesized, that 

individuals caught and released are afterwards unavailable to be caught because of a 

behavioural shift after release. Van Poorten & Post (2005) formulated the research 

question whether the fishery dynamics of unexploited or lightly exploited populations 

differ fundamentally from those of fully exploited systems and found a similarity of 

lightly and fully exploited populations after one month of angling, combined with a 

strong decrease of the CPUE (79 %) in the previous lightly exploited population. 

Furthermore, they could explain between 0.0 to 20.6 % of the decreasing CPUE by 

behavioural changes after capture. Askey et al. (2006) concluded that there are 

different components explaining the decrease in CPUE within the fishing season in 

rainbow trout, as they found heterogeneity among individuals, environmental factors 

and learned hook avoidance. Acquired hook-avoidance of individual fish, angled with 
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artificial or natural baits is also shown for pike (Beukema, 1970a), where the 

catchability to spinners significantly decreased after a capture event and the natural 

bait remained constant on both fished and unfished individuals. The potential for 

learning and hook-avoidance is also known for largemouth bass (Anderson & Heman, 

1969; Hackney & Linkous, 1978), carp (Beukema, 1970b) and trout (Young & Hayes, 

2004). However, some studies could not find learning ability of fish due to angling 

(Tsuboi & Morita, 2004; Schill et al., 1986).  

In Germany, most legal sized pike are removed for consumption (Arlinghaus & 

Mehner, 2004). However, sublegal fish are required to be released unharmed 

(Arlinghaus et al., 2007) and “catch-and-release only” regulations are practiced world 

wide, except Germany. Besides regulatory catch-and-release fishing, many anglers 

practice voluntary catch-and-release pike angling, particularly in jurisdictions such as 

the United States or Canada where pike are not considered to have high culinary value. 

For example, catch-and-release rates in seven Minnesota lakes ranged between 42 and 

87 % of the pike captured per year (Pierce et al., 1995). It is likely that at least at some 

localities catch-and-release of pike is very common. Regardless of whether its 

voluntary or mandatory, catch-and-release angling of at least a fraction of the catch, 

can offer a solution for pike overfishing, but may itself induce either lethal (Munoeke 

& Childress, 1994) or sublethal impacts (Cooke et al., 2002a) on the released fish. 

Hooking mortality has been studied to some extend in pike (Weithman & Anderson, 

1978; Burkholder, 1992; DuBois et al., 1994). However, sublethal impacts potentially 

impairing long-term growth and fitness (Cooke et al., 2002a) have received limited 

attention. Sublethal impacts of catch-and-release may include a combination of injury, 

physiological disruptions and behavioural alterations post release (Cooke et al., 

2002a). Angling-induced stress is probably one of the most severe forms of exercise 

for fish during normal environmental conditions (Wood, 1991), which result in various 

changes in metabolic parameters such as blood and muscle lactate and glucose, ATP 

and phosphocreatine (PCr) (Kieffer et al., 1995). Physiological disturbance associated 

with angling often takes 8-12 h to fully recover in many freshwater fish species 

(Kieffer, 2000). Specific for pike, Schwalme & Mackay (1985b) reported elevated 

glucose levels 96 h post angling, suggesting that pike might take longer to recover 

from angling-induced stress when compared to other species. This physiological 

reaction may alter the behaviour of the fish post release (Cooke et al., 2002a), but no 

studies are available to confirm this in a pike catch-and-release context. Pike might 

show behavioural reactions in response to catch-and-release because of the metabolic 
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need to recover from exhaustion. However, as anglers are the top-predator in many 

ecosystems and catch-and-release does involve that fish survive the capture and 

probably learn from this experience (van Poorten & Post, 2005), pike might also alter 

behaviour in response to this new form of angler-induced predation risk.  

In addition, pike might modify behaviour not only after experiencing a catch-

and-release event, but also respond to angler presence indirectly. Angling is 

irreversibly bound to the presence of humans within aquatic ecosystems and usually 

anglers are not able to avoid disturbance stimuli through boating, walking, wading or 

others. From the perspective of the aquatic individual, these nonlethal disturbance 

stimuli caused by humans are analogous to predation risk (Frid & Dill, 2002). Animals 

including fish have evolved anti-predatory responses to generalized threatening 

stimuli, such as loud noises and rapidly approaching objects and might react on those 

stimuli, even when the specific source is new to their evolutionary history (Frid & Dill, 

2002). The notion works because responses to both predation risk (Lima & Dill, 1990; 

Lima 1998) and to disturbance stimuli divert time and energy from other fitness 

enhancing activities such as feeding, parental care, or mating displays (Frid & Dill, 

2002). In general, response to disturbance effects are shown for fleeing reactions, 

vigilance and habitat shifts (Frid & Dill, 2002). Habitat choice and related trade-off 

decisions under predation risk caused by disturbance might have different results. Gill 

et al. (2001) assumed that animals, which do not shift habitat when exposed to 

disturbance stimuli might have no suitable alternative habitats and will remain at 

disturbed sites where the increased energetic costs of anti-predator behaviour reduces 

effective habitat quality. On the other hand, long-term intense disturbance stimuli 

might also cause habitat shifts at the costs of reduced access to resources or animal 

might access resources in habitats which were previously affected by disturbance 

stimuli, once the latter are removed (Gill et al., 1996). Finally, habitat shifts due to 

human-induced disturbances will not occur, if alternative habitats are too distant or of 

very low quality (Gill et al., 2001). Irrespective of the final decision of individual pike, 

behavioural alterations under increasing disturbance stimuli can be expected. 

          It has previously been shown that predation risk in aquatic ecosystems might 

have different consequences on the behaviour of fish and that a resulting decrease in 

foraging activity of pike in response to angler presence can lead to adaptive changes in 

habitat choice and movement rates. The objective of the present study was to evaluate 

behavioural and physiological changes of pike in response to angler-induced sublethal 

impacts. It was assumed that anglers (humans) constitute a predation risk on pike in a 
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total catch-and-release fishery and that behavioural alterations are greater in response 

to greater risks of predation following Sih (1980). Hence, previous capture should 

influence the behaviour of pike more than disturbance through boating activity and 

angler presence alone. Radio-tracking provides a useful technique for studying the 

behaviour of unrestrained fish populations in the wild (White & Garrot, 1990), 

especially in regard to habitat choice and movement, and was therefore used to test the 

general research question introduced above. In total, four different hypotheses were 

tested. 

 

Hypothesis 1  

Compared to an unfished state, in an angler-disturbed situation pike will modify their 

habitat choice and choose habitats that provide more refuge. 

 

Hypothesis 2  

Under continued angler-induced predation risk, pike reduce their swimming activity in 

response to both, capture event and level of angler disturbance as measured by angling 

effort.  

 

Hypothesis 3  

Movement and habitat choice of pike is modified post catch-and-release, but is 

reversible in the short term after full recovery. 

 

Hypothesis 4 

Behavioural changes in pike post release are related to the degree of physiological 

disruption, which is influenced by the degree of air exposure before release.  

 

Hypotheses 1 + 2 were both tested at Lake Kleiner Döllnsee (Germany; May – 

November, 2005) and Hypothesis 3 was tested at Lake Kleiner Döllnsee and Lake 

Opinicon (Canada May, 2006). Hypothesis 4 was only tested in Canada (Lake 

Opinicon) 
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2. STUDY AREA 
The main study was conducted at Lake Kleiner Döllnsee, a 25 ha dimictic, 

mesotrophic to slightly eutrophic lake (P-concentration at spring overturn 30 μg L-1) 

80 km northeast of Berlin (N 52° 59` 32.1``, E 13° 34` 46.5``). The lake has a glacial 

origin and is situated within a large nature conservation area (Biospährenreservat 

Schorfheide-Chorin). The degree of macrophyte coverage and structural complexity 

varies during the summer months and dense reed belts are characteristic for this lake 

(Table 1). The lake is inhabited by 13 species of fish (Table 1), three more types of 

fish than were reported by Eckmann (1995) who did not record the presence of carp  

(Cyprinus carpio L.), crucian carp (Carassius carassius (L.)) and European catfish 

(Silurus glanis L.).  

          The Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Berlin, is the 

leaseholder of the fishing rights since 1991. Prior to this, the lake and the area around 

were used by the military since approximately 1930, and therefore only a few persons 

had gained access to the lake in recent history. Inflow and outflow of the lake, the 

“Döllnfließ”, dried out in 1995 and therefore the lake is not connected to any other 

neighbouring lakes. Compared to 1992, the lake has experienced some nutrient input 

as is evidenced by an increase in the P-content at spring overturn from 21 μg L-1 

(Eckmann, 1995) to 30 μg L-1 today (own data, 2005). Lake Kleiner Döllnsee is 

moderately exploited by illegal hook and line fishing, whereas public fishing is 

prohibited. Experimental fishing, especially on pike, occurred by fyke net experiments 

in 1991 and 1992 (Anwand & Helms, 1995).  

          Additional investigations were conducted at Lake Opinicon (Queens Biological 

Station) in eastern Ontario, Canada  (N 44° 33`56.0``, W 76° 19`23.6``). Compared to 

Lake Kleiner Döllnsee, this lake is large (787 ha) and mesotrophic (mean P-

concentration 16 μg L-1, measured biweekly from May, 2005 to April, 2006) and 

submerged macrophytes are very abundant in all parts of the lake except in a 

homogenous central basin (Keast et al., 1978) (Table 2). The fish community is 

characterised by abundant populations of several predatory fish. On lower trophy 

levels, small cyprinid species are abundant (Keast et al., 1978) (Table 2). Like Lake 

Kleiner Döllnsee, the pike population is natural and slightly exploited. Recreational 

fishing in Lake Opinicon is allowed, but public fishing pressure seems to be moderate 

for pike. There is no size limit for pike in Lake Opinicon, however, a six fish bag limit 

and a seasonal closure between mid November and mid May apply.  
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          Both lakes contain self-sustaining populations of pike without active stocking 

programs. Experiments at Lake Kleiner Döllnsee took place from April, 2005 to 

November, 2005 and experiments at Lake Opinicon were conducted in May, 2006. 

 

Table 1: General limnological characteristics of Lake Kleiner Döllnsee, Germany. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total area 

Extension submerged macrophytes 

Reed extension 

 

25 ha 

6.8 ha    < 4.5 m depth 

3.6 ha     0-2 m depth 

Maximum depth 

Mean depth                                                          

Shoreline 

 

7.8 m 

4.1 m 

2,190 m 

Secchi depth 2.15 – 4.4 m 

 

Fish species  

Pike                                                                                 Esox lucius L. 

Bream                                                                      Abramis brama (L.) 

Perch                                                                        Perca fluviatilis L. 

Roach                                                                        Rutilus rutilus (L.) 

Rudd                                                  Scardinius erythrophthalmus (L.) 

Crucian carp                                                     Carassius carassius (L.) 

Carp                                                                         Cyprinus carpio L. 

European catfish                                                          Silurus glanis L. 

Eel                                                                        Anguilla anguilla (L.)  

Bleak                                                                  Alburnus alburnus (L.) 

Ruffe                                                         Gymnocephalus cernuus (L.) 

Tench                                                                             Tinca tinca (L.) 

White bream                                                           Blicca bjoerkna (L.) 

 

Extinct species 

White fish                                                            Coregonus albula (L.) 
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Table 2: General limnological characteristics of Lake Opinicon, Canada. 

 

Total area 

 

Extension submerged macrophytes 

                    787 ha 

 

                    Very abundant 

Reed extension 

 

                    Rare 

Maximum depth                     11 m 

Mean depth                     4.5 m 

Shoreline 

 

                    61,645 m 

Fish species   

Pike Esox lucius L.

Largemouth bass Micropterus salmoides (Lacepede)

Smallmouth bass Micropterus dolomieu Lacepede

Rockbass Ambloplites rupestris (Rafinesque)

Bluegill Lepomis macrochirus Rafinesque

Pumpkinseed Lepomis gibbosus (L.)

Blackchin shiner 

Bluntnose minnow 

Black crappie 

Yellow perch 

Log perch 

Banded killifish 

Notropis heterodon (Cope) 

Pimephales notatus (Rafinesque) 

Pomoxis nigromaculatus (Lesueur)

Perca flavescens (Mitchill)

Percina caprodes (Rafinesque) 

Fundulus diaphanus diaphanous 

Lesueur
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3. MATERIALS & METHODS  
3.1 Experimental setup for testing the hypotheses 1 – 3 (Lake Kleiner Döllnsee) 

The primary research objective at Lake Kleiner Döllnsee was to observe the 

behavioural adaptation of pike to intensive angling-caused disturbance. The study was 

designed to investigate the behaviour from a long-term perspective over a period of 

seven month (hypotheses 1 + 2). Additionally, the short term behaviour of pike after a 

capture event was analyzed (hypothesis 3). For generating a treatment group (N = 10 

radio-tagged pike) and a control group (N = 10 radio-tagged pike), the lake was 

divided into two similarly sized parts. One of these areas was a disturbed part where 

angling occurred (May, 26 – October), while the other area was undisturbed with 

angling only occurring in September and October. The division was constituted by an 

imaginary line marked by buoys in the pelagic, and close to the shoreline, by one fyke 

net bracket in eastern direction and a dead tree in western direction of the lake, i.e. no 

nets or other devices were installed to physically separate the lake sides. Thus, pike 

and other fish were free in their habitat choice (Fig. 1).The undisturbed side was only 

accessed by boat while tracking. On the disturbed side, anglers established a fishing 

intensity of >1900 h until the end of August. Throughout September and part of 

October both sides of the lake were fished with the same intensity at the same time. 

From May, 18 until the end of November, 2005 the radio-tagged pike were tracked 

weekly for 24 h on each tracking event. The idea was to contrast the behaviour and the 

habitat choice of pike in response to the different level of fishing intensity and 

disturbance. Hence, behaviour and habitat choice was contrasted between N = 10 

disturbed and N = 10 undisturbed fish. 

 

Figure 1: Experimental setup at Lake Kleiner Döllnsee 
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3.2 Pike sampling (Lake Kleiner Döllnsee) 

Before angling commenced, pike were captured on six different electro-fishing events 

between April, 21 and May, 04 2005 for transmitter implantation and abundance 

estimation. Additionally, electro-fishing took place on September, 20 and September, 

29. A further electro-fishing event took place on April, 12 2006 to recapture tagged 

pike and to check for site fidelity of fin-clipped pike (see below). A battery-powered 

DC electro-fishing unit (Type EFGI 4000, 4 KW, Brettschneider Spezialelektronik, 

Chemnitz, Germany, 40 cm diameter ring anode) was used to catch pike within the 

reed and above submerged macrophytes in the littoral zone of the lake. Stunned fish 

were captured with a separate landing net and held in a cooler until tagging or 

transmitter implantation. A single fishing event ended after the complete shoreline was 

surrounded once. Every caught pike was measured to the nearest mm, weighed to the 

nearest g and a scale sample (7-10 scales per fish) was taken dorsal of the lateral line. 

Other than pike used for telemetry, every fish above 250 mm total length (TL) was 

tagged with individually numbered VI Alpha tags (Yellow fluorescent background 1.5 

x 3.5 mm, Northwest Marine Technology, Inc. Washington, USA). Tags were 

implanted in adipose eyelid tissue posterior to the eye as described by Kincaid and 

Calkins (1992). Additionally, every fish was fin-clipped (fish from the disturbed side: 

right pelvic fin and fish from the undisturbed side: left pelvic fin). Double marking 

allowed tag loss of VI Alpha tags to be estimated (49 % of recaptured pike). After 

tagging and data collection, fish were released close to their capture point on their 

original side of the lake.  

          In addition, six fyke nets were used to catch pike between April, 11 and May, 18 

2005 whereas fyke net no.1 started at April, 11 and the others were assembled at April, 

14, 15, 20, 22 and 25. The height and length of all fyke nets was approximately 2.5 m 

(height) and 20 m (length), only one fyke net was 4.5 m (height). Fyke nets consisted 

of eight wooden fyke net brackets, a ten meter long leader net (2.5 m height), made of 

12 mm stretch mesh netting, attached to the brackets. Four 1.5 m wide hoops out of 

steel, surrounded by 8 mm stretch mesh netting, followed the leader net. The net ended 

in a bag with a 200 mm wide opening at the end, which was tied shut while the net was 

fished. Each fyke net was set in shallow water perpendicular in front of the reed stands 

such that the net mouth was covered by at least 1 m of water when possible.  

          The nets were lifted every second day and pike inside were handled comparable 

to those caught by electro-fishing. All fyke nets were removed at May, 18 and used 

again from September, 20 until October, 1 at the same positions. 
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3. 3 Surgical implantation (Lake Kleiner Döllnsee) 

Radio transmitters were implanted into the body cavity of 20 pike with a mean total 

length of 577 mm (range, 450-755 mm) and a mean weight of 1402 g (range, 580-3394 

g, table 3). Holohil SB-2 transmitters were used for pike. They were 20 mm in length, 

with a diameter of 9 mm, a weight of 5.2 g in air, battery life of 10 month and 

frequencies ranging from 150.023 to 150.431 MHz. Relative transmitter weight was    

≤ 0.8 % of pike`s body mass and hence well below the recommendation of the 2 % 

rule (Jepsen et al., 2002). Pike were anaesthetised using a 100 mg L-1 solution of MS 

222 until fish lost equilibrium and opercular rate became slow and irregular. The 

transmitters with external antennae were implanted into the body cavity through a 20-

30 mm incision 30 mm behind the base of the left pectoral fin as outlined in Fredrich 

et al. (2003). A lateral body wall exit site was made for the transmitter antenna 

between the ventral and anal fin using a 150 mm long needle. The incision was closed 

by three individual stitches 10 mm apart. The duration of the operation ranged between 

120 and 180 s and recovery time was between 180 and 300 s. After tagging the fish 

were measured to the nearest mm (TL) and weighed to the nearest g. An external sex 

determination was conducted following Casselman (1974), and concluded that 90 % of 

the pike were females. Water temperature at the time of tagging was 11 °C measured 

in a water depth of 1.8 m. After tagging the recovered fish were released close to their 

individual capture point. Data collection started after a two week post operation 

recovery period, which according to Adams et al. (1998) can be considered as an 

acceptable recovery period after tagging. The tagging method used has been found to 

have no or very little adverse long-term effect on the growth and survival of pike 

(Jepsen & Aarestrup, 1999). 

          If a fish died due to catch-and-release mortality, or any other reason, the 

transmitter was retrieved by scuba diving and implanted into a new fish. New 

individuals used for radio-tagging were caught by angling and surgical transmitter 

implantation was done as outlined above. Additional radio-tagging was conducted with 

a total of 4 pike (Table 3).  

 

3. 4 Pike angling (Lake Kleiner Döllnsee) 

Pike were angled between the tracking dates to induce a high level of angling-related 

disturbance and to estimate the relative number of individuals that are vulnerable to 

angling. Usually angling was done six days a week with a minimum of three anglers. 

On the disturbed side angling took place between May, 26 and September, 17 and on 
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the undisturbed side from September, 1 to September, 17. During September when 

both sides were fished, every part of the lake was fished simultaneously with the same 

fishing method (active fishing like spinning and trolling, passive fishing with organic 

baits) and the same amount of rods. A limited number of simultaneous fishing days 

took place in October. 

          The gear and angling methods used were intended to reflect common tactics 

used by pike anglers. Rods and reels were freely chosen by the anglers whereas anglers 

were allocated to use a variety of methods and lures throughout their fishing day. 

Common gears were rods with 30-60 g casting weight and 6-10 lbs multifilament or 

monofilament test line. A variety of commonly used artificial lures were fished with a 

minimum of one treble hook attached. Some jigs were fished with a single hook, some 

shads and wobblers with up to three treble hooks, depending on the size of the lure, 

were also used. The main artificial lures used were spinner, spoon, wobbler, soft 

plastic shad/jig and streamer. The sizes of the lures were within a common range but 

because of the medium sized pike population, anglers usually chose lure with a length 

between 50 mm and 250 mm. Additionally, organic bait used was comprised of dead 

fish of the species roach, perch, bream, rudd and bleak. On average the size of the dead 

bait was between 120 and 220 mm TL. All bait fish were caught in Lake Kleiner 

Döllnsee by rod and reel using maggots, worms and sweet corn. Every lure and bait 

was connected to a steel leader of appropriate strength and length. The leader was 

connected to the line by a swivel. When using organic bait a small float combined with 

an egg shaped lead sinker (5 g) held the dead fish in a water depth chosen by the 

angler. The bait was equipped with two treble hooks; one in the dorsal region and one 

in the pectoral region. Each angler was instructed to strike (i.e., set the hook) 

immediately after a bite was detected, in order to avoid artificially increasing the depth 

to which pike swallowing the natural bait when hooked. Sometimes dead baits were 

fished actively with a so called “Drachkovitch” system. When a pike was deeply 

hooked, the angler left the lure/bait inside the mouth of the fish and held it in a cooler 

until one of the researchers helped to cut the hook with a wire cutter to avoid 

unhooking injuries or injuries caused by the unhooking procedure using pliers. For 

landing the fish a knotless landing net was used, and during unhooking the fish were 

laid on a wet unhooking mat to avoid mucus abrasion.  
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Table 3: Individual radio-tagged pike with tagging date, length (mm), weight (g) and 

date of capture by angling. Nc = not caught. The last four fish are additionally tagged 

specimen after mortality of a previously tagged pike. 

ID Tagging date Length (mm) Weight (g) Date of capture
150023 April, 21 560 1104 May, 26. 
150052 

 
April, 21 522 845 Jun., 01 

Jun., 11 
Aug., 09 

150073 April, 21 511 912 Jul., 20 
Aug., 28 

150092 April, 21 523 901 Oct., 12 
150110 April, 21 493 768 Sept., 18 
150130 April, 21 738 2679 Nc. 
150162 Sept., 08 552 1105 Nc. 
150181 April, 26 630 1555 Sept., 19 
150199 April, 27 630 1674 Aug., 28 

Sept., 08 
150219 April, 28 578 1343 Jun., 16 

Jun., 22 
Jul., 07 

150238 April, 28 735 2370 Sept., 11 
150258 April, 28 593 1470 Jun., 02 

Jun., 18 
150282 Sept., 09 582 1091 Sept., 20 
150300 April, 28 730 2600 Nc. 
150322 April, 28 475 910 Aug., 17 
150341 April, 28 543 1064 Sept., 10 

Oct., 26 
150372 April, 28 515 976 Aug., 17 

Sept., 08 
150391 April, 28 488 816 Nc. 
150412 April, 28 462 640 Nc. 
150431 April, 28 450 580 Sept., 28 

150199 / 2 Sept., 08 602 1400 Sept., 15 
150219 / 2 Jul., 07 682 2020 Jun., 06 

Jul., 07 
Sept., 07 

150258 / 2 Sept., 02 773 2680 Nc. 
150322 / 2 Sept., 09 681 1760 Sept., 19 
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          Fishing took place both selectively or unselectively for radio tagged pike. 

During unselective fishing tagged pike were captured by chance. For selectively 

fishing of radio-tagged pike, the fish was located and a surface marker was placed 

beside the located position. The boat was anchored about ten m away and the bait was 

then placed beside the buoy by casting either artificial lures or organic bait. The bulk 

of fishing effort was executed by four persons; one professor, two students and one 

technician, whereas all of them can be called experienced anglers. Additionally, a 

number of “external” anglers were recruited for fishing, consisting of known students 

and members of local fishing groups. Every angler was introduced before fishing 

started and while fishing each angler had to keep an angling diary about fishing 

methods, time fished and record fish specific data. The fish specific data were only 

sampled by the two students or the professor and whenever an external angler caught a 

fish, he or she gave a call to one of the primary researchers who assisted in data 

collection. Usually, time between the catch of a pike and the release of it was less than 

five minutes while the fish was being held in a cooler during this time. Sampling and 

tagging was conducted via the same procedure as was described for pike caught by 

electro-fishing. For a small amount of pike PIT (Passive Integrated Transponder) tags, 

injected into the back muscle, were used instead of VI Alpha tags. If a pike had already 

been caught before, the researchers tried to read the number of the individual tag for 

identification. In many cases the tag was not readable due to strong pigmentation or a 

tag loss. If so, a new tag was implanted and recorded. Following this procedure the fish 

was measured and weighed in the same way as described before.  

          To classify the different fishing methods (trolling, spinning, passive bait 

fishing), the fished water volume was determined. To estimate the water volume in 

which the lure / bait was visible for fish, for every fishing method the casting and 

trolling distance per hour was determined. For trolling the distance driven by boat per 

unit time (typically 1 h) was measured with a GPS unit (Garmin, etrex summit, UTM 

coordinates). For spinning and passive bait fishing, the number of casts per hour were 

measured, and the casting distances were ascertained with the help of markers on the 

fishing line. For trolling, the distance driven was measured three times with three 

different anglers. Spinning distances were measured five times for one hour each, and 

included data from three different anglers. Passive bait fishing was measured three 

times, including data from two different anglers. Following Harper & Blake (1991), it 

was assumed that pike would be able to detect and attack the lure / bait from a distance 
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of 500 mm. The water volume fished was thus calculated as the volume of a cylinder 

of a radius of 500 mm. 

 

3.5 Age determination and back-calculation of growth (Lake Kleiner Döllnsee) 

Age determination and growth back-calculation were used to analyze the age structure 

of pike in Lake Kleiner Döllnsee, and to analyze the growth rate of fish within the 

experimental time. From every newly caught pike a minimum of six scales were 

scraped off the fish from an area just above the lateral line and about midway along the 

body length. Scales were put into a small envelope, labelled with the individual tag 

number and analysed in the laboratory. The scales were soaked in a solution of water 

and dish liquid and cleaned individually with a rag. After cleaning scales were 

mounted dry between two glasses of microscope slides. A microfiche Mini-Cat III4 

(size magnification of 23.93 times the original scale size) was used to determine scale 

circuli from the centre following anterior along the scale. Three different scales were 

used to determine the age per fish. Determination ended if reading of all three scales 

resulted in an identical age. In cases where this was not possible, additional scales 

were taken into consideration. 

          For growth back-calculation, the heightened scale on the microfiche was drawn 

on a piece of paper and the distance between every consecutive annuli and total scale 

length was measured with a ruler (mm). With these data and the known magnification, 

the equation known as Fraser-Lee equation (reviewed by Francis, 1990) was used to 

calculate the length of each fish at age i.   
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Where Li is the calculated length at age i, Lc is the length of the fish at capture, Sc is 

the diameter or radius of the scale at capture and Si is the scale measurement at annulus 

i. The c referred to is the intercept in the rectilinear body-scale regression: 

 

bScL +=  
 

Back calculation of length-at-age was conducted for every caught specimen older than 

one year. 

 



                                                  3. MATERIALS & METHODS                                      18

3.6 Pike abundance estimation (Lake Kleiner Döllnsee) 

Abundance estimates were undertaken to calculate the spring stock abundance of the 

pike population in Lake Kleiner Döllnsee and to determine the abundance of fish 

above the legal size limit (≥450 mm) at the beginning of the angling season. Both were 

used to detect the relative proportion of the legally sized stock caught by angling 

during the experimental time. 

          The methods for abundance estimates in Lake Kleiner Döllnsee described here 

are adapted from those outlined in Ricker (1975; pp. 75).  

          One calculation, based on electro-fishing data, of the total stock abundance was 

made in spring. An adjusted Petersen estimate single census (Ricker, 1975), modified 

by Chapman, was used to compute the total population size: 

          

1
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where M is the number of fished marked, C is the catch or sample taken for census and 

R is the number of recaptured marks in the sample. The sample variance can be 

calculated by obtaining approximate confidence coefficients of 0.95 for R from charts 

or tables. In this case, Pearson`s formula for large values of R given in Appendix II in 

Ricker (1975) was used: 

0.1960.192.1 +±+ RR  

 
          In addition to the Petersen stock abundance estimate, a Schnabel multiple-census 

population estimate adjusted by Chapman (Ricker, 1975) was used to calculate the 

total stock abundance, and also to calculate the abundance of pike above the legal 

limit. Schnabel multiple-census estimates were based on every fishing event within the 

experimental time, regardless of the fishing method (electro-fishing, fyke netting, 

angling). Ricker (1975) suggested to combine several fishing methods in the Schnabel 

multiple-census approach to account for the selective nature of specific methods. To 

eliminate recruitment into the marked and legally sized population throughout the 

seasons, the experimental time was divided into seven comparable time periods of 

equivalent length (one time period was defined as one month). All time periods were 

between 23 and 31 days long. The Fraser-Lee length back-calculation was used to 

estimate the mean growth of pike that were about 450 mm in spring during the 
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ongoing season. This growth rate was used to define the length increment for fish of 

450 mm (TL) or above within each time period. For example, in the first time period 

(May), mean growth rate of pike of 450 mm was 13.3 mm. Hence, in the second period 

(June) only fish larger than 450 + 13.3 mm had been legally sized in spring and were 

therefore considered in the calculation of the Schnabel estimate of legally sized fish in 

spring. Fish smaller than this size were considered recruitment into the legally sized 

population. The modified Schnabel formula is: 
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where N is the estimate of the total or the legally sized population abundance, Ct is the 

number of fish captured at time (t), Mt is the number of fish marked at time (t) and R is 

the total number of recaptures over the course of the experiment. Each time (t) refers to 

one of the seven sampling periods and for the total abundance estimate (t) represents 

every fishing event. In the latter case recruitment refers to age 0 fish born in 2005, 

which were easily distinguished from the 1+ population based on the length 

distribution. Confidence limits were calculated using the same equation shown for the 

Petersen estimate above.  

          To determine how many specimen of the legally sized population in spring were 

caught by angling until October, the same length increment per time period as used for 

the abundance estimate was considered.  

          Some of the fish were caught by electro-fishing, fin clipped and individually 

tagged in spring. If these fish were caught again by angling, this event was classified 

as “first capture by angling” and included into the calculation of the angling 

vulnerability of the legal sized population. However, due to the high rate of tag-loss, 

outlined above, it was unclear for some fish if they had first been caught by angling or 

electro-fishing, resulting in a range of caught individuals. 
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3.7 Habitat mapping (Lake Kleiner Döllnsee) 

A detailed map of the available habitats in Lake Kleiner Döllnsee was created to relate 

the habitats chosen by pike to the available habitats. In a first step the most 

parsimonious habitat features were screened by boat and the following areas were 

identified: emerged and submerged macrophytes and a macrophyte-free pelagic area. 

All habitats without macrophytes were classified as pelagic habitats, which was typical 

at water depths > 4 m. Following this the submerged macrophytes were classified into 

four classes to account for the impact of macrophyte cover on the habitat choice of 

pike. The first three categories were: 0 – 5 %, 6 – 75 % and 76 - 100 % cover per unit 

area (MPC). The fourth category was defined as “macrophyte field” (MP field), due to 

some patches where the macrophyte coverage was extremely dense (100 % coverage) 

and more than one meter in height. Emerged macrophytes were treated as an additional 

habitat category.  

          Scuba diving along transects was applied to assess the occurrence of the 

different habitat types. 28 transects were randomly selected covering the entire 

shoreline. Each transect was surveyed orthogonally to the shoreline until the end of the 

vegetated area. Each transition zone between different habitat categories was marked 

with buoys. The buoys positions were recorded by GPS from a boat and later imported 

into Arc View 3.2. Habitat area polygons were created by interpolation and assigned to 

one of the six categories mentioned above. Diving took place on July, 23 - 24 2005 to 

allow for full expression of the biomass of macrophytes (Bain & Stevenson, 1999; Fig. 

2).         
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         A detailed map of the depth contour in Lake Kleiner Döllnsee was created with 

the help of an echo-sounder (EY-60 portable, 7° x 7° transducer, 120 kHz frequency, 

split beam technique, Simrad, Norway) connected to a notebook and a GPS unit. 12 

transects with an equal distance between each other were driven along the lake from 

north to south and vice versa, covering most of the water surface. An additional 

transect was driven along the dense reed belts, because transects usually stopped 5 – 

10 m away from the reed. Every second one data point, consisting of the time, position 

and depth was created and saved on the notebook. Software package Sonar5_Pro was 

used to process the data points. Depth contour lines were defined to be ≤ 2 m in the 

shallowest areas of the lake (littoral) and stepwise more with intervals of 0.5 m. 

Interpolation of the data was done using ArcInfo. Created depth contour lines were 

adjusted by hand to attain smooth lines. Depth polygons were created out of the 

contour lines using ArcView 3.2 (Fig. 3).  

 

Figure 2: Map of the available habitat in Lake Kleiner Döllnsee based on the data 

sampled by scuba diving on July, 23 - 24 2005. 
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Figure 3: Depth contour lines of Lake Kleiner Döllnsee with a maximium depth of 7.8 
m.  

 

3.8 Tracking (Lake Kleiner Döllnsee) 

Radio tracking was performed manually from an electro-powered boat using a 

handheld receiver (Lotek SRX_400 Telemetry Receiver, Ontario, Canada) and a three 

element Yagi antenna. Visual observations revealed that pike could be approached by 

the boat to approximately 2 m in distance in shallow water before eliciting a flee 

response. In deeper water the boat could basically be moved to right above a pike 

without eliciting a flee reaction. Once a fish was located, the position was taken by a 

GPS unit referenced by a Trimble Navigation station (GPS Pathfinder Community 

Base Station System (PFCBS)) installed nearby the lake shore at the research station. 

A tracking precision of ± 6 m radius was determined by analyzing the position 

scattering of two dead fish over two weeks. It was assumed that tracking error would 

constitute a systematic error. Tracking precision increased with the water depth of the 

fish and decreased with increasing wind conditions. Moreover, sunny days allowed 

greater precision due to an improved satellite tracking of the GPS unit.  

          Each fish was tracked once a week for 24 hours, with a 3 hour interval between 

consecutive trackings. Each fish was tracked once during an interval. This procedure 

resulted in eight positions per fish per tracking day. If less than six positions were 
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recorded of a fish, its data were excluded from further analyses. The first tracking day 

assigned to each month was selected at random. After a start day was selected, fish 

were tracked every 7th day. Tracking took place from May, 18 to November, 30 2005.  

 

3.9 Comparison of the lake sides (disturbed / undisturbed; Lake Kleiner Döllnsee) 

To test for the long-term impacts of angler disturbance on habitat choice and 

movement of pike (hypotheses 1+2), it was assumed that both sides of the lake 

(disturbed and undisturbed) would be comparable in biological and habitat features to 

allow for legitimate comparisons between the treatment and the control group. This 

assumption was tested on the basis of the area size, the habitat availability, the total 

length of radio-tagged pike and the prey fish abundance. To test for site fidelity as the 

prerequisite that control fish did not experience exposure to the angling lure until 

August, a relocation experiment was conducted in which pike were translocated after 

capture and their return to their residence area was monitored. Additionally, the 

frequency of tracking locations of a particular group of fish (e.g., disturbed fish) 

occurring in the other lake side (e.g., on the undisturbed side) was assessed and 

compared. To exclude the possibility of pike from the disturbed and undisturbed side 

overlapping in space and time, electro-fishing data from April, 2006 were analyzed in 

which side-specific captures could be distinguished to determine whether pike had 

changed the side of the lake. 

          The evaluation of the prey fish abundance was done by establishing a monthly 

routine of gill net fishing from May to November, 2005, resulting in seven fishing 

events. After the first fishing day in May, the time frame between the current and the 

following fishing event was chosen to be 4 or 5 weeks. To represent common size 

structures of prey fish, usually consumed by pike in the size range of the radio-tagged 

population (max. 70 mm body depth for pike of the mean length (577 mm) according 

to Nilsson & Brönmark (2000), comparable to 187 mm (TL) for roach whereas smaller 

prey sizes and shallow bodied species are preferred (Magnhagen & Heibo, 2001)), six 

panels of four gillnets, each with 8, 12, 16 and 20 mm mesh size (knot to knot; mean 

length of nets 13.1 m; range 9.0 – 20.0 m, mean height of nets 1.9 m; range 1.3 – 3.0 

m) were randomly set at the bottom of the lake simultaneously in the sublitoral zone (3 

panels disturbed side, 3 panels undisturbed side; 5-15 m from the reed stands at a 

maximum of 3 m depth) and three panels were set in the pelagic zone (60 – 100 m 

from the reed stands at a minimum of 6 m depth. In the pelagic each panel was set 2 m 

deeper than the former, beginning on the water surface). Each month nets were set 
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once during the day (midday) and once during the following night for two hours. All 

fish were determined by species, measured to the nearest mm (TL) and weight to the 

nearest g. The number per unit effort (NPUE per m² net 2 h-1) of each panel was 

calculated resulting in a sample size of N = 3 per month, habitat (littoral, pelagic areas) 

and lake side. 

           For the relocation experiment, a subset (N = 9; N = 5 disturbed pike, N = 4 

undisturbed pike) of the total population of radio-tagged pike was recaptured by 

angling and displaced from their residence area to determine if and how fast they 

would return. For the point of release after capture, the opposite site of the lake was 

chosen. Mean distance ± SE between capture site and point of release was 447 ± 35.9 

m (range 326 – 584 m). Following this the fish were tracked irregularly with a 

maximum time frame of three hours between two consecutive tracking points. 

Tracking of relocated pike took place during daylight only. A fish was classified as 

“back at the original site”, once it entered the former residence area. If a fish swam 

back during the night, time of return was stopped at dawn the following day, after the 

return was recorded.  

          An electro-fishing event, five month after the experimental time, in April, 2006 

was used to determine the site fidelity of not radio-tagged pike. All fish, first captured 

on the undisturbed side in September or October, 2005, were recognizable fin-clipped, 

regardless of the fishing method used. Then, electro-fishing in 2006 was conducted 

separately for both sides of the lake taking the capture side of individual fish into 

account 

 

3.10 Experimental setup for testing the hypotheses 3 - 4 (Lake Opinicon)      

Hypothesis three and four were both tested with the experiments on Lake Opinicon. To 

link the behaviour of pike, after being angled, with their physiological status, 5 

treatment groups and one control group were created (N = 77 in total, Fig. 4). The 

treatment groups consisted of an air exposure treatment (0, 60, 180 and 300 s). Air 

exposure values were chosen following DuBois et al. (1994) who found a mean 

handling time of angled pike between 10 s and 210 s (mean 79 s). Hence, chosen air 

exposure values reflected common air exposure durations of pike in a catch-and-

release fishery. In addition, a “left lure” (shad) treatment was established which 

consisted of pike that were left a shad with one single and one treble hook in the lower 

jaw with no additional air exposure. This was done because of the lack of studies 

looking at the fate and behaviour of pike with a lure left in their mouth, which can 
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happen if the line breaks while a fish is played. All fish were blood sampled prior to 

release to check for lactate and glucose values after exhaustion and air exposure 

through angling and the behaviour was monitored for at least one hour after capture 

(Fig. 4). All fish were released at the same point within a defined observation area 

(Fig. 5). The idea of this experiment was to look at short-term behaviour of pike post 

release and to link their behaviour to the physiological status prior to release. 

 

3.11 Pike angling (Lake Opinicon) 

Angling for pike took place between May, 3 and May, 19 2006 with free gear and lure 

choice. Landing time was standardized to 60 s and if necessary the fish was played in 

front of the boat until reaching the 60 s time limit. For landing the fish a knotless 

landing net was used and for unhooking, the fish was laid into a cooler, filled with 

fresh lake surface water. Unhooking was done under water within the cooler to avoid 

air exposure during this procedure. If the fish were deeply hooked, the hook was cut 

with a wire cutter to avoid hooking and unhooking injuries by the lure or injuries 

caused by the unhooking procedure.  

 

3.12 External transmitter attachment (Lake Opinicon) 

For external transmitter attachment, pike were placed ventral side down on a V-shaped 

wet sponge pad where they were measured for total length. A wet cloth covered the 

head and caudal peduncle region of the fish while an assistant held the fish in place for 

transmitter attachment. A neoprene backing plate was placed on two 22 gauge 

hypodermic needles mounted on 3 ml syringes and was pushed through the dorsal back 

musculature, ventral to the junction of the dorsal fin. From the opposite side, the 

transmitter attachment wires (surgical stainless steel, 20 gauge) that had already been 

threaded through the transmitter (Model PD-2 transmitters, Holohil Systems Inc., 

Ontario, Canada; weight in air = 3.7 g, 25 x 13 x 6 mm, battery life 6 months, 120 mm 

antenna wire) were inserted into the lumen of the needles. The wires were pulled out 

on the opposite side of the fish, and when the needles were removed, the neoprene 

backing plate was left in place to protect the body of the fish. The wires were twisted 

carefully and trimmed (compare Cooke, 2003). 
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Figure 4: Experimental setup at Lake Opinicon, Canada.  

 

Figure 5: Depth map of Lake Opinicon and the defined observation area. All fish were 

released within this area (2.73 ha) at a defined point close to the shoreline and close to 

the field station. 
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3.13 Treatment and blood sampling (Lake Opinicon) 

After tagging the randomly determined air exposure or lure treatment was subjected to 

the angled pike by holding the fish just above the cooler allowing for free operculum 

action. An additional person stopped the time of air exposure. If the treatment was 

“lure”, the fish was ventrally placed down on the wet sponge and the shad was 

anchored in the lower jaw. First the single hook was punctured from inside through the 

lower jaw and then the triple hook was placed in the middle of the jaw using pliers.  

          After treating the fish a blood sample was taken by using vacutainer syringes (38 

mm, 21 gauge). One person held the head of the fish, gently covering the eyes and 

keeping the head down on the wet sponge. Using one hand, the vacutainer syringe was 

aligned with the caudal haemal arch and plunged into the caudal vessel. The vacutainer 

(3 ml) was then activated, usually resulting in the immediate collection of blood. If 

blood did not immediately begin to enter the vacutainer, a new pre-rigged vacutainer 

and syringe was used. If the blood was not drawn within 30 s, the fish was excluded. 

After blood sampling, the fish was placed into the cooler again and one person started 

to steer the boat to the release point close to the field station. The other person shook 

the blood and dripped one drop on a lactate meter (Lactate Pro Portable Blood Lactate 

Analyzer, LT-1710, Fact Canada, Cariboo, Canada) and a glucose meter (Accu Check 

Compact Plus, My Pharmacy, Exeter, UK) to analyze for physiological parameters. 

Blood analysis was completed within 60 s.  

 

3.14 First hour movement (Lake Opinicon) 

After a standardized time of ten minutes post blood sampling, the fish were released at 

the defined point within the observation area next to the field station. Before the fish 

were released, a J-type hook size eight and monofilament nylon line (2.5 m long, 4 lb 

test line) was used to attach a small oval coloured Styrofoam float to the soft tissue 

portion posterior origin of the dorsal fin (comparable to Cooke & Philipp (2004)). For 

1 hour following release, detailed notes on the behaviour of the fish were recorded. 

Stopwatches and maps were used to estimate the minutes until first movement post 

release, rates of movement and distance travelled during that period. Additionally, the 

duration within that hour that the fish was stationary was recorded. After 60 minutes, 

the float and the hook were removed by a slight strike by hand or with the aid of a 

spoon entangled in the line. 
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3.15 Tracking (Lake Opinicon) 

Radio tracking post release was performed manually from the shoreline and from a 

combustion engine powered boat using a handheld receiver (Lotek SRX_400 

Telemetry Receiver, Ontario, Canada) and a three element Yagi antenna. Tracking 

from the shoreline was performed in the morning, at midday and in the evening to 

check if the released pike were still within the observation area. The receiver was 

configured to the highest sensitivity and the frequency of every released fish was 

checked. If a signal was received it was assumed that the fish was still within the 

observation area and the movement was defined as zero. 

          The possible furthest distance to receive a signal from the transmitters was 

determined by attaching a transmitter to a boat and steering straight away in a straight 

line. The ascertained distance covered the borderline of the observation area which was 

estimated to be 2.73 ha (Fig. 5). 

          Each fish was tracked once a day by boat for the first three days after release. 

Once a fish was located, its position was taken by a GPS with a precision of about 5-10 

m, depending on the weather and the position of the satellites.  

 

3.16 Data analysis and statistics (hypotheses 1 – 4)       

Various statistical analyses were conducted to test the different hypothesis. For the 

case of simplicity, statistical analyses are described relative to the hypothesis. If not 

declared different, all statistical analysis were conducted with the SPSS software 

package, version 11.5, at a type-1-error probability of α  = 0.05. The presentation of 

the results is always based on the mean values ± SE, if not otherwise indicated. 

          In addition to the tests of the hypotheses, descriptive results are presented at the 

outset of the relevant results section where non parametric Mann-Whitney-U tests 

were used to compare the angling effort and the CPUE between the disturbed and the 

undisturbed side in September. The CPUE on the disturbed side of the lake between 

the month was compared using ANOVA and due to a deviation from homogeneity of 

variances (Levene`s test), a Dunnett-T3 post hoc test was used to test for between 

factor differences. 

 

3.16.1 Influence of catch-and-release angling on the habitat use of pike  

           (Hypothesis 1)  

The first task in analyzing the raw telemetry data was to determine if northern pike 

were distributed in a non-random fashion in Lake Kleiner Döllnsee. To this end 
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distribution of the fish locations was compared to an equal number of random 

locations placed in the same basin, following Rogers & White (2007). The metric used 

as a test statistic was the variance of the distances from each random point to the 

nearest fish location. If fish locations would be randomly distributed, then the 

distances between fish locations and random locations should be low variable. If not, 

fish locations would be highly clustered and distances from each random point would 

be highly variable, depending on whether they were close to the cluster or not. The 

variance of these distances was iterated 10000 times to generate a mean variance 

estimate, used as a test statistic. For generating the distribution of this test statistic the 

fish locations were replaced with an equal number of randomly placed “pseudo 

locations”. This process was iterated 10000 times to generate a distribution for the 

expected mean variance statistic under the null hypothesis of random distribution. 

Finally the actual mean variance statistic generated from the fish location data could be 

compared to this distribution to determine the appropriate p-value. This calculation 

was done using Fishtel 1.4 (Rogers & White, 2007).  

          The total number of contacts made with each specimen by tracking varied (93-

261 locations) because of some very active fish, which partly could not be detected, 

and because of mortality of some tagged fish. To create comparable results, 5 % of all 

fish locations were randomly chosen and used as fish locations in the statistic 

explained above. To test for non-random distribution on the different sides of the lake 

(disturbed, undisturbed), 200 locations for each group (disturbed, undisturbed) were 

randomly chosen. 

          To evaluate the habitat use of pike in Lake Kleiner Döllnsee, fish location maps 

were overlaid on the coverage map of vegetation. With this method the use and 

availability of the different habitat types could be determined. To examine if fish used 

the available habitat in a similar fashion, a log-likelihood test statistic was used on an 

individual based level following the procedures and analytic steps outlined by Manly 

et al. (1993): 
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and uij is the amount of habitat type i used by fish j, ui+ is the amount of type i habitat 

used by all fish, u+j is the total amount of habitat units used by fish j and u++ is the 

total number of habitat units used by all fish. 
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 A maximum likelihood chi-square analysis was used to examine if selection of 

individual habitat occurred:  
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          If a selection for individual habitat was found, selection ratios w and their 

associated Bonferroni adjusted 95% confidence intervals were calculated to determine 

which types of habitat pike selected. Selection was indicated with values greater than 

one, while avoidance of a habitat was demonstrated with ratios less than one. The 

selection ratio for the population as a whole (represented by the radio-tagged fish) was 

estimated by: 
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In order to generate confidence intervals of these selection ratios the standard error was 

calculated as: 
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The Bonferroni intervals around each selection ratio were constructed at the 

( )Iα−1100  % level, where I is the number of intervals being constructed (one for 

each habitat type), such that 

                                        ( )iwsezw Ii ˆˆ 2α±  

 

where Iz 2α  is the z-score corresponding to an upper tail probability of I2α . 

All variables regarding to habitat choice were calculated using Fishtel 1.4 (Rogers & 

White, 2007). 

Habitat selection was estimated using the following three data sets 

1) All pike locations of the tagged population (May-November) 

2) All pike locations from the disturbed side (May-November) 

3) All pike locations from the undisturbed side (May-November) 
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          Furthermore, habitat choice of pike in Lake Kleiner Döllnsee was described as 

the closest distance to shore (DTS). Mean values of DTS per day were calculated for 

each individual fish. The mean values of DTS per day were computed by dividing the 

sum of the distances from every tracking point per tracking day of a given fish to the 

shoreline by the number of tracking points of the individual fish. The shoreline was 

defined as the boundary of emerged macrophytes and open water because tracking 

within the reed belt was not possible and therefore the exact DTS of fish within 

emerged macrophytes was not known. DTS values of all tracking points were 

calculated using Fishtel 1.4 (Rogers & White, 2007).  

          For every month (May - November) mean distance to shore values of the fish 

from the disturbed side were compared to those from the undisturbed side using non 

parametric Mann-Whitney-U-Tests. The same test was used to compare the mean DTS 

between the disturbed and undisturbed pike at every single tracking date in May, 

considering not normally distributed data according to Kolmogorov-Smirnov tests (p < 

0.05 in all cases in all analysis regarding to DTS) and heterogeneity of variance 

according to Levene`s test (p < 0.05 in all cases).  

          To calculate the residence area of individual fish, area estimation procedures on 

all observations of each fish in total and within each month were applied (May - 

November). Area estimation and delineation based on kernel estimations were 

performed using Arc View GIS 3.2 with the extension Animal Movement (Hooge & 

Eichenlaub, 1997). KUD (Kernel Utilization Distribution) probabilities of 50 % and 95 

% were calculated and used for further statistics. Residence area size (KUD 50 % and 

KUD 95 %) of disturbed fish were compared to those of the undisturbed fish using 

ANOVA relative to the whole study period and for individual month (KUD 95 %).  

 

3.16.2 Influence of catch-and-release angling on movement rate of pike  

           (Hypothesis 2) 

The behavioural response of pike in a catch-and-release fishery in terms of movement 

was analyzed by transferring individual locations sampled during the experimental 

time into movement (activity) estimates. It was assumed that analyses across all 

individuals would reflect the average reaction of the population regarding angler-

induced disturbances. 

          At the population level movement patterns concerning the whole experimental 

time or single periods of it were evaluated using minimum displacement per day 

(MDPD). To evaluate diurnal differences in movement, minimum displacement per 
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hour (MDPH) was used. Both variables were utilized as an indicator of behavioural 

activity. The MDPD was defined as the sum of the straight line distances (m) between 

consecutive locations of the same fish, resulting in one value per fish per tracking day. 

MDPH was defined as the straight line distance (m) between consecutive locations for 

the same fish, divided by the time elapsed (h) between locating the fish, resulting in 

seven net movements. Movement within diel periods was calculated with dawn, day, 

dusk and night comprising the nautic hours of these four periods during the tracking 

day. Values of MDPH based on two locations in different diel periods were dedicated 

to the diel period in which the second position resided. For every tracking day a mean 

value per individual fish per daytime was created. MDPD and MDPH values were 

defined as missing value if a fish was tracked less than six times during a 24 h period. 

          MDPD and MDPH values represent a minimum estimate of movement as fish 

rarely move along straight lines. Values were transformed by the natural logarithm as 

ln (x+1) to stabilize increasing variance with increasing values of movement. Due to 

repeated measures and an unbalanced data set, mixed model analyses of variance was 

used for analysis of the MDPD and the MDPH (compare Zar, 1996). 

 

ijklmnnmlkjiijklmny εγβββββ +Ζ+Χ+Χ+Χ+Χ+Χ= ΙΙΙΙΙΙ 121 , 

 

 

where ijklmny  is the movement of pike, )( mi−β  are the coefficients for the fixed 

effects, )21( −Χ are the fixed effects generated from a factor, )( ΙΙΙ−ΙΧ are the fixed 

effects generated from a covariate, nγ  is the coefficient for the random effect, 1Ζ is 

the random effect and ijklmnε is the level I error, where )²,(~ restijklmn σε ΟΝ . 

          All relevant variables were tested in all possible combinations and the model 

described above was adjusted to the number and kind of variables used. To isolate 

significant effects, Akaike`s Information Criterion (AIC) model selection was used 

since it provides an objective means for the selection of the best approximating model 

for inference, and allows to rank other candidate models. Explanatory variables 

included in the statistical analysis were: “water temperature”, “fish length”, 

“cumulative fishing intensity”, “number of captures” and “not caught”. Water 

temperature was described as the mean water temperature of the tracking day at a 
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water depth of 1.8 m. Fish length was the total length of individual fish measured to 

the nearest millimetre at the time of tagging. Cumulative fishing intensity was the 

cumulative number of hours fished until the beginning of the tracking day, which was 

obviously zero until September for the undisturbed fish. Number of captures was the 

cumulative number of captures of each individual pike at the beginning of the tracking 

day. Not caught was a dichotomous variable describing whether the fish was caught 

between the last and the current tracking date or not (maximal time frame for this 

variable was 10 days). Water temperature, fish length and cumulative fishing intensity 

were metric variables and were used as covariates in the model. The individual fish 

were used as a random effect, all others were defined fixed (compare Bennington & 

Thayne, 1994). The explained variance of the model which fitted MDPD(LN) best was 

created with the quotient of the variance of the predicted values and the original 

values. 

          Mixed model analyses were also used to compare the MDPD of all pike between 

the months and to compare monthly differences within the two groups of fish 

(disturbed, undisturbed). Additionally, the same test was used to compare the MDPD 

between disturbed and undisturbed pike per month, and to analyze the influence of 

water temperature on MDPD per lake side. In case of multiple comparisons, a post hoc 

Bonferroni adjustment was used to test for between factor differences. Differences in 

MDPD between the disturbed and undisturbed fish per tracking date in May were 

compared using t-tests. To check for diurnal differences in MDPH, mixed model 

analysis were used with the same formula that was used for the MDPD. For every 

month mean MDPH values per single daytime were compared between the two fish-

groups.  

          Both MDPD and MDPH were tested for normal distribution and homogeneity of 

variance prior to every analysis using Kolmogorov-Smirnov and Levene`s tests, 

indicating normal distribution and homogeneity of variance. 

          In addition to movement estimates of pike, their propensity to be captured can 

also be an indication of a change in behaviour in response to angling (Bennett, 1951; 

Mraz & Threinen, 1957; Cox, 2000). A measure to assess this is the catch per unit 

angling effort (CPUE in # per h) (Carpenter et al., 1994; Johnson & Carpenter; 1994; 

Post et al., 2002). Moreover, it can be assumed that activity is related to feeding (Lima 

& Dill, 1990; Koed et al., 2000). In turn, greater activity would indicate greater 

vulnerability to the angling gear reflected by higher CPUE values. To assess the 

development of CPUE in response to angling pressure, non-parametric Spearman 
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correlations were used to determine the effect of the cumulative fishing effort 1 - 4 

days before the current fishing day on the CPUE. Correlations were conducted for the 

disturbed side from May, 26 to August, 31. In September the CPUE of the disturbed 

and previously undisturbed fish was compared using Mann-Whitney-U-Test to analyze 

for differences in the catchability of pike relative to the degree of previous disturbance, 

as suggestive of possible learning in pike (compare van Poorten & Post, 2005). 

 

3.16.3 Comparison of the lake sides (disturbed / undisturbed) 

Descriptive analyses were used to compare the area size and the habitat availability of 

the two lake sides. For both areas, the proportion of structured habitat was calculated. 

Additional habitat comparisons were carried out for the different degrees of 

macrophyte coverage. Comparisons of the total length of radio-tagged pike between 

both groups were conducted using t-test.  

          For the relocation experiment, non parametric Spearman correlations were used 

to analyze the impact of the distance from the capture point to the release point, the 

water temperature and the length of the fish on the time needed to return.  

          For the demonstration of individual site fidelity, based on the tracking data, the 

relative proportion of locations of every single fish on the opposite side of the lake was 

calculated. Non parametric Mann-Whitney-U test was used to compare these data 

between the two groups. One fish from the disturbed side was excluded from this 

analysis as its residence area was found to be 67 % on the undisturbed side, next to the 

borderline. 

          The distribution of the recaptured and fin-clipped pike in April, 2006 on the 

opposite side to where they had been captured could not be compared to the expected 

distribution using Chi²-test as the sample size was to small and therefore descriptive 

analysis were used.  

          Data collected by gill-netting were used to compare the NPUE at day and during 

night between the three different areas of the lake. No temporal autocorrelation 

between the different fishing events on both sides of the lake and in the pelagic was 

found. Due to not normally distributed data, Kruskal-Wallis-tests were used to 

compare the NPUE between all groups (disturbed, undisturbed, pelagic) and at 

different times of the day (day, night). The mean length of the three most abundant 

species was compared between both lake sides using t-tests. Additionally, the caught 

prey fish were divided into continuous size classes of 20 millimetres, starting with a 

total fish length of 20 mm. The relative number of fish caught per size class was 
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compared between the disturbed and the undisturbed side of the lake using Chi²-test. 

The same test was used to compare the number of caught fish per size class within the 

three most abundant species. Size class categories with less than five fish on one of the 

lake sides were not considered in the statistical analyses.  

  

3.16.4 Influence of capture events on temporary pike behaviour (Hypothesis 3)  

To investigate the short-term behavioural response of pike after a catch-and-release 

event in Lake Kleiner Döllnsee, data one tracking before and one and two trackings 

after a capture event were used to analyse the habitat choice and movement pattern 

post release. It was assumed that analyses across all individual specimens would 

reflect the average reaction of the hooked population, whereas analyses at the 

individual level would provide a more accurate picture of the reaction of single pike to 

catch-and-release. 

          Methods and statistics used to answer this question in regard to the habitat 

choice were similar to those described for hypothesis 1. Data were analysed for general 

habitat selection. Following this, selection ratios for pike one track prior and one and 

two tracks post the capture event were created. In contrast to the analysis of hypothesis 

1, the habitat categories 0 – 5 % MPC and 6 – 75 % MPC were assembled because no 

data points were found above macrophyte coverages of 0- 5 %. The assembled 

category was called 0 – 75 % MPC. Mean DTS of all fish prior and after the capture 

event were compared using paired t-tests. Although the data were partly not normally 

distributed, according to Kolmogorov-Smirnov-tests (p < 0.05 in some cases), 

homogeneity of variances was found using Levene`s test (p > 0.05 in all cases) and 

therefore paired t-tests were used as these test is relatively robust against deviations of 

the normality assumption (Zar, 1996). Wilcoxon signed rank tests were used for the 

comparisons of the mean DTS for each individual fish one tracking before and one and 

two trackings after a capture event due not normally distributed data and heterogeneity 

of variances indicated by Kolmogorov-Smirnov- and Levene`s tests (p < 0.05 in all 

cases). These procedures resulted in multiple comparisons and therefore p-values were 

Bonferroni-Holm corrected according to procedures outlined by Holm (1979).  

          Movement data were analysed using the mean MDPH of all individual fish prior 

to and after an angling event using paired t-tests. This was done using pairwise 

comparisons one tracking before and one and two tracks after a capture event. 

Moreover, each individual behaviour, before and after the capture event, was 

compared by paired t-tests to account for the nature of dependent samples. Because 
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this procedure resulted in multiple comparisons, p-values were Bonferroni-Holm 

adjusted. MDPH values were tested for normal distribution and homogeneity of 

variance using Kolmogorov-Smirnov and Levene`s tests, indicating normally 

distributed data and homogeneity of variance. 

 

3.16.5 Influence of air exposure on pike behaviour (Hypotheses 3 - 4) 

Movement of pike in Lake Opinicon was expressed as the minimum displacement per 

½ day (defined as 12 h) (MDPD2) and was calculated for every individual fish for 

each of the first three days after release. Movement was defined to be zero as long as 

the fish did not leave the observation area. Within the first hour of observation 

movement was expressed as the total observed movement (m) within those 60 min, as 

the relative time (min) resting / moving (%), and as time until the first movement as an 

indicator of resting or e.g. hyperactivity (i.e. Thorstad et al., 2004).  

          ANOVA was used to analyze the impact of the treatment on measured blood- 

lactate and glucose values. The influence of the treatment on the percentage of the time 

resting within the first hour observation, the time to first movement, total movement 

within the first hour, the MDPD2 at day one, two and three post release and the 

distance to the release area on the first three days after release was also analyzed using 

ANOVAs. In all cases of behavioural analysis (all analysis except the blood- lactate 

and glucose values), the treatment group “0 s” was used as the control group, as the 

influence of air exposure duration was analyzed in regard to movement pattern. In all 

tests all dependent variables per treatment group were analysed for normal distribution 

using Kolmogorov-Smirnoff-tests and for homogeneity of variances using Levene`s 

tests. In case of deviation from homogeneity of variances, a Dunnet-T3-post-hoc test 

was used; otherwise a Tuckey post-hoc test was applied. 
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4. Results  

4.1 Angling intensity and success 

A total of N = 248 pike were caught by angling (109 recaptures, 44 %) from May to 

November on both sides of the lake. Initial hooking mortality was 3.2 % (N = 8 pike 

died immediately after capture) at Lake Kleiner Döllnsee (0 % at Lake Opinicon). 

From May 26 until August 31 when only the disturbed side was fished, 168 pike were 

caught (69 recaptures, 41 %). In September a total number of 17 pike were caught on 

the disturbed side (8 recaptures, 47 %) and 63 pike were caught on the undisturbed 

side (15 recaptures, 24 %). After September a few angling events occurred on both 

sides of the lake, resulting in 23 captures (17 recaptures, 74 %). 

          Total fishing effort until September 17 was 2243 hours. On the disturbed side 

fishing intensity was 1968 hours until the end of August and 122 hours in September. 

On the undisturbed side fishing effort was 152 hours in September. Average CPUE 

(mean daily CPUE) by angling over the whole study period was 0.18 (± 0.02) pike h-1. 

There was no significant difference between the fishing effort on the disturbed and the 

undisturbed side in September (Mann-Whitney-U-Test, p = 0.657). CPUE on the 

disturbed side until August, 31 was 0.11 (± 0.01) pike h-1 (Fig. 6) and in September 

CPUE was 0.23 (± 0.06) pike h-1 (Fig. 7). On the undisturbed side anglers reached a 

CPUE of 0.48 (± 0.07) pike h-1 in September (Fig. 7). Although a significant difference 

was found on the disturbed side between the months (May – August) in daily CPUE 

(ANOVA, F = 2.743, df = 3, p = 0.049), Dunnett-T3 post hoc tests revealed no 

statistical difference (Fig. 6). However, the daily CPUE in September was significantly 

higher on the undisturbed side in comparison to the disturbed side (Mann-Whitney-U-

Test, p = 0.011; Fig. 7). 
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Figure 6: Mean daily fishing effort ± SE (h) and mean daily CPUE ± SE (pike h-1) per 

month from May to August. 

 

Figure 7: Mean daily fishing effort ± SE (h) and mean daily CPUE ± SE (pike h-1) on 

the disturbed and the undisturbed side of the lake in September. Both sides were fished 

simultaneously from September 1 until September 17. There was no significant 

difference in the daily fishing effort (h) between the lake sides. 
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          Three different angling methods were used during the experimental time: 

Trolling, spinning and passive bait fishing. The total intensity fished by trolling were 

670.1 h, spinning was done for 934.6 hours and passive bait fishing was accomplished 

for a total of 642.2 hours. The calculation of the water volume fished by different 

angling methods revealed that one hour trolling was comparable to a fished water 

volume of 2125 m³ h-1, spinning is comparable to 1350 m³ h-1 and passive bait fishing 

is comparable to a water volume of 79 m³ h-1 assuming that a pike recognizes the lure / 

bait within a distance of 0.5 m (Harper & Blake, 1991) and that these 0.5 m is the 

radius of a cylinder (Fig. 8). The fishing intensity, created by different methods over 

the experimental time resulted in a fished water volume of 2,748,556 m³. With 25.1 ha 

and a mean depth of 4.1 m, Lake Kleiner Döllnsee has a volume of 1,029,100 m³. 

Angling was not possible within the dense reed stands and therefore angling activity 

was reduced to a maximum of 21.47 ha or 880,270 m³. Considering that the main 

fishing intensity was accomplished on the disturbed side and not within the reed 

stands, an amount of 2,544,667 m³ was fished on an area of 11.34 ha or 464,940 m³. 

Every cubic metre on the disturbed side of the lake was then fished with a mean of 

5.47 times from May 26 until September 17. On the undisturbed side a water volume 

of 203,889 m³ was fished in September, responding to a mean fishing intensity of 0.49 

times per cubic metre. 

 

Figure 8: The distance ± SE (m) and water volume ± SE (m³) fished per hour with 

different kinds of angling methods. It was assumed that a pike is able to recognize the 

lure / bait within a distance of 0.5 m. 
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4.2 Pike abundance and exploitation rate 

Abundance estimation in spring (Petersen method modified by Chapman) revealed a 

total population of 544 pike (Confidence Intervals 194 - 1088) in Lake Kleiner 

Döllnsee. Modified Schnabel abundance estimation over the whole experimental time 

revealed the total abundance of pike of 589 individuals (95 % Confidence Intervals 

498 - 706). The number of legal sized individuals (≥ 450 mm) in the beginning of the 

fishing season in spring was calculated as 91 (95 % Confidence Intervals 73 - 116) 

(Modified Schnabel). During experimental angling, a total of 178 - 192 individual pike 

were caught (recaptures are not included), equivalent to 25 - 36 % (178) or 27 - 39 % 

(192), respectively of the whole population. 

          Out of the legal sized population at the beginning of the year 54 individuals were 

caught by angling corresponding to 47 % - 74 % of the total abundance. 

          The age distribution of the population showed that pike in Lake Kleiner 

Döllnsee were up to ten years old, whereby fish older than eight years were only 

caught by angling. The relative abundance per age class indicates decreasing 

abundance with increasing age (Table 4).  

 

Table 4: Relative abundance and mean length ± SE (mm) of pike per year class. Scale 

reading was used to determine the age of pike in Lake Kleiner Döllnsee. Fish for 

relative year class abundance determination (%) were sampled by electro-fishing and 

fyke netting between April 7 and May 4. The relative abundance (N) is based on the 

total abundance estimation (Modified Schnabel). 

Age Mean length 

at age 

(mm)  

SE Number  

Found 

Relative 

abundance 

% 

Relative 

abundance 

N 

1 187 ± 7.2 35 28.0 139 – 198 

2 320 ± 6.3 33 26.4 131 – 186 

3 372 ± 11.2 24 19.2 96 – 136 

4 452 ± 18.7 9 7.2 36 – 51 

5 507 ± 15.4 10 8.0 40 – 56 

6 579 ± 16.4 6 4.8 24 – 34 

7 689 ± 24.3 5 4.0 20 – 28 

8 720 ± 19.0 3 2.4 12 - 17 
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4.3 Influence of catch & release angling on the habitat use of pike  

      (Hypothesis 1)       

The distribution of radio-tagged pike in Lake Kleiner Döllnsee was not random (N = 

256 (5 % of all tracking points), 10000 iterations, mean variance 280.56, p < 0.001) 

and fish locations were highly clustered (Fig. 9, 10). Both, fish from the disturbed side 

(N = 200, 10000 iterations, mean variance 1420.60, p < 0.001) and the undisturbed 

side (N = 200, 10000 iterations, mean variance 1241.43, p < 0.001) were non-

randomly distributed. 

 
 

Figure 9: Distribution of all taken locations of northern pike in Lake Kleiner Döllnsee 

from May 18 – November 30. Locations are based on 20 pike radio-tagged in April 

and four individuals additionally tagged after subsequent mortality. 
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Figure 10: The variance in distances from 256 (200 points side specific) random 

points placed on the lake to the closest pike location was used to generate a mean 

variance estimate given by the bars. Increased variances indicate more clustering or 

increasingly non-random distributions. P-values given above the bars were obtained 

from a distribution of the variance test statistic generated from 10000 maps of 256 

(200) random fish pseudo-locations each. 

 

          On an individual based level, log-likelihood test statistics indicated that, for the 

whole experimental time, fish from both groups (disturbed, undisturbed) were using 

the available habitat very differently and that they were very selective in the habitat 

they used (Table 5). Selection ratios and their associated Bonferroni adjusted 95 % 

confidence intervals revealed that at a population level, pike selected for reed and 

macrophyte fields and against the pelagic and a macrophyte coverage of 0 – 5 %. The 

same selection was observed for the undisturbed side. On the disturbed side, fish 

selected areas with reed and avoided all habitats with less than 6 % macrophyte 

coverage (Fig. 11). Fish from the disturbed side selected reed covered areas in May, 

June, July and November and fish from the undisturbed side selected comparable areas 

in May, September and November (Fig. 12).  
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Figure 11: Selection ratios and their associated Bonferroni adjusted 95% confidence 

intervals to show selection for (greater than one) and against (less than one) a given 

habitat type on an individual level approach. Selection ratios of the whole tagged 

population (A), the disturbed group (B) and the undisturbed group (C) from May – 

November, 2005 are shown. * positive selection of the given habitat. 
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Table 5: Results of the log-likelihood test statistic (A), to test if fish are using the 

available habitat differently and the maximum likelihood chi-square analysis (B), to 

test for selective habitat use with degrees of freedom and appropriate p-values for 

every month and both groups (disturbed, undisturbed). 

 

 
 

May June July August September October November

dist. 

A 
 

155.77 

 

182.93 

 

472.47 

 

513.93 

 

387.90 

 

270.95 

 

233.61 

DF 55 55 60 55 50 50 50 

P-value 

 

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

B 1138.06 777.82 1269.82 1279.12 720.13 627.87 857.43 

DF 60 60 65 60 55 55 55 

P-value 

 

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

undist.        

A 296.82 275.69 404.44 436.09 337.38 347.34 319.99 

DF 55 55 55 55 75 65 65 

P-value 

 

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

B 519.98 388.11 676.50 603.48 559.27 491.83 518.03 

DF 60 60 60 60 80 70 70 

P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
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Figure 12: Selection ratios and their associated Bonferroni adjusted 95 % confidence 

intervals to show selection for (greater than one) or against (less than one) reed on an 

individual level approach of disturbed and undisturbed pike from May to November.   

* positive selection of reed. 

 

          Mean DTS of all fish over the whole study period was 32.5 m (± 1.4). High 

individual variation was found with respect to DTS as can be seen in table 6. 

Differences between the disturbed (mean DTS 19.2 ± 1.6 m) and the undisturbed side 

of the lake (mean DTS 44.4 ± 2.2 m) were observed. DTS was significantly different 

between pike from the disturbed and the undisturbed side in May (mean DTS 7.6 ± 2.0 

and 29.1 ± 4.6, respectively, Mann-Whitney-U-Test p = 0.024), June (mean DTS 11.5 

± 3.0 and 43.3 ± 6.4, respectively, Mann-Whitney-U-Test p < 0.001), July (mean DTS 

20.7 ± 2.9 and 52.7 ± 4.8, respectively, Mann-Whitney-U-Test p = 0.011) and August 

(mean DTS 19.7 ± 3.2 and 52.8 ± 5.6, respectively, Mann-Whitney-U-Test p = 0.024). 

There was no statistical difference in mean DTS comparing values from September, 

October and November (Fig. 13). 

          In May only the third and fourth tracking days revealed significant differences 

between the two groups of fish, whereas angling started on May, 26 (05 / 24 mean 

DTS of the disturbed and undisturbed pike 2.4 ± 1.4 m and 32.3 ± 10.7 m, 

respectively, Mann-Whitney-U-Test p = 0.04; 05 / 26 mean DTS 10.0 ± 7.0 m and 

40.2 ± 10.0 m, respectively, Mann-Whitney-U-Test p = 0.014; Fig. 14).  
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Figure 13: Mean DTS ± SE of the disturbed and the undisturbed group from May - 

November. Statistical significance refers to differences between the disturbed and 

undisturbed fish per month; * p < 0.05, *** p < 0.001. 

Figure 14: Mean DTS ± SE of the disturbed and undisturbed group in May. Statistical 

significance refers to differences between the disturbed and undisturbed fish per 

tracking day; * p < 0.05.  
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          The calculated 50 % KUD (Kernel Utilization Distribution) probabilities 

revealed a significant difference in size of residence areas between both groups of pike 

(mean of undisturbed pike 0.44 ± 0.06 ha and 0.18 ± 0.04 ha of disturbed pike, 

ANOVA, F = 8.59, df = 18, p = 0.009). Calculations and comparison of 95 % KUD 

demonstrated a difference between undisturbed and disturbed pike which was close to 

significant (mean of undisturbed 3.16 ± 0.71 ha and disturbed pike 1.34 ± 0.46 ha, 

ANOVA, F = 4.111, df = 18, p = 0.059). 

          Calculations of residence areas on a monthly base showed significant differences 

in the size of the areas used between both groups of pike in May and July and close to 

significant differences in June, August and October. No differences in the size of the 

residence area were found in September and November, however, September and 

October are the only months in which the disturbed pike showed a larger residence 

area than the undisturbed pike (Fig. 15). 

 

 

Figure 15: Differences in average size (ha) of residence areas per month between 

disturbed and undisturbed pike, calculated by ANOVA, and the appropriate mean 

values ± SE. 
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Table 6: Mean DTS (m) of individual fish over the whole study period, based on the 

mean values per day ± SE, minimum and maximum values and the recent side of the 

lake. 

ID Side Mean SE Min. Max. 

150.023 disturbed 28.0 ± 3.7 0 80 

150.052 disturbed 31.0 ± 4.5 0 115 

150.073 disturbed 14.7 ± 1.5 0 37 

150.092 disturbed 53.1 ± 6.5 0 174 

150.110 undisturbed 48.9 ± 9.1 0 181 

150.130 undisturbed 3.5 ± 0.9 0 20 

150.162 undisturbed 48.3 ± 10.9 0 91 

150.181 undisturbed 45.2 ± 3.5 15 84 

150.199 undisturbed 56.8 ± 6.5 0 109 

150.219 disturbed 1.2 ± 0.4 0 5 

150.238 undisturbed 22.8 ± 2.8 0 68 

150.258 disturbed 7.7 ± 3.6 0 59 

150.282 undisturbed 47.4 ± 10.8 0 93 

150.300 undisturbed 36.3 ± 4.7 2 77 

150.322 disturbed 0.7 ± 0.3 0 6 

150.341 undisturbed 58.0 ± 7.9 0 166 

150.372 disturbed 3.8 ± 1.8 0 51 

150.391 disturbed 0.2 ± 0.2 0 8 

150.412 undisturbed 60.9 ± 7.7 0 124 

150.431 undisturbed 70.6 ± 4.9 15 115 

150.199/2 undisturbed 57.7 ± 18.2 0 153 

150.219/2 disturbed 40.2 ± 6.0 0 127 

150.258/2 undisturbed 28.1 ± 9.7 0 107 

150.322/2 disturbed 6.6 ± 2.0 0 17 
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4.4 Influence of catch-and-release angling on movement rate of pike  

      (Hypothesis 2)        

Mean MDPD of all fish over the whole study period was 240.8 ± 9.7 m. Considering 

all radio-tagged fish, significant differences in MDPD between the months were found 

(mixed model, F = 4.75, df = 144, p < 0.001, Bonferroni-post-hoc-tests, p < 0.05 for 

July (mean MDPD 279.2 ± 22.0 m) in comparison with August (mean MDPD 156.3 ± 

15.4 m), October (mean MDPD 179.4 ± 20.5 m) and November (mean MDPD 164.3 ± 

15.0 m). High individual variation was found with respect to MDPD, as the maximum 

MDPD ranged between 174.0 and 1302.2 m (Table 7), but differences between the 

disturbed (mean MDPD 174.6 ± 10.2 m) and the undisturbed side of the lake (mean 

MDPD 300.1 ± 15.1 m) were significantly different between the month. Significant 

differences in MDPD between the disturbed and undisturbed pike were detected in 

May (mean MDPD of the disturbed and undisturbed side 176.3 ± 25.0 m and 302.4 ± 

36.5 m, respectively, mixed model,  F = 8.30, df = 84, p < 0.01), June (mean MDPD 

145.0 ± 17.5 m and 407.7 ± 51.0 m respectively, mixed model, F = 18.68, df = 61, p < 

0.001), July (mean MDPD 169.1 ± 15.4 m and 391.5 ± 35.3 m respectively, mixed 

model, F = 33.92, df = 96, p < 0.001) and August (mean MDPD 112.3 ± 18.5 m and 

206.5 ± 22.9 m respectively, mixed model, F = 31.09, df = 77, p < 0.001). No 

statistical differences were found in September, October and November (Figure 16). 

          On the disturbed side significant differences in MDPD between the months were 

found (Mixed model, F = 3.48, df = 57, p < 0.001, Bonferroni-post-hoc-tests, p < 0.05 

for August (mean MDPD 116.9 ± 18.7 m) in comparison to May (mean MDPD 190.6 

± 25.9 m) and July (mean MDPD 183.5 ± 17.9 m)). 

          On the undisturbed side the comparison of MDPD between the months again 

revealed highly significant results (Mixed model, F = 10.0, df = 61, p < 0.001, 

Bonferroni-post-hoc-tests, p < 0.05) for June (mean MDPD 407.7 ± 51.9 m) in 

comparison to October (mean MDPD 187.1 ± 27.6 m) and for July (mean MDPD 

425.6 ± 41.4 m) in comparison to September (mean MDPD 204.5 ± 27.1 m), October 

and November (mean MDPD 221.4 ± 25.3 m; Fig. 16). 

          In May only the last two tracking days revealed significant differences between 

the two groups of fish, whereas angling started at May, 26 (05 / 26 mean MDPD of the 

disturbed and undisturbed pike 148.9 ± 39.6 m and 365.8 ± 77.8 m, respectively, t – 

test, t = 2.352, df = 16, p = 0.032; 05 / 31 mean MDPD 149.9 ± 35.6 m and 497.3 ± 

161.8 m, respectively, t – test, t = 2.219, df = 16, p = 0.041; Fig. 17).  
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Figure 16: Mean MDPD ± SE of the disturbed and undisturbed group from May –

November. Statistical significance refers to differences between the disturbed and 

undisturbed fish per month; ** p < 0.01, *** p < 0.001. 

Figure 17: Mean MDPD ± SE of the disturbed and undisturbed group in May. 

Statistical significance refers to differences between the disturbed and undisturbed fish 

per tracking day; * p < 0.05.  

M
in

im
um

 d
is

pl
ac

em
en

t p
er

 d
ay

 (m
)

0

100

200

300

400

500 Disturbed
Undisturbed

  May       Jun       Jul        Aug      Sep       Oct        Nov

**

*** ***

***

M
in

im
um

 d
is

pl
ac

em
en

t p
er

 d
ay

 (m
)

0

100

200

300

400

500

600

700
Disturbed
Undisturbed

05 / 19 05 / 20 05 / 24 05 / 26 05 / 31

*

*

 



                                                                               4. RESULTS                                       52

Table 7: Mean MDPD (m) of individual fish over the whole study period, based on the 

mean values per day ± SE, minimum and maximum values and the recent side of the 

lake. 

 

ID Side Mean SE Min. Max. 

150.023 disturbed 303.8 ± 43.2 39.2 970.7 

150.052 disturbed 218.0 ± 29.4 28.0 606.4 

150.073 disturbed 161.1 ± 16.1 44.0 396.2 

150.092 disturbed 316.8 ± 34.9 43.7 840.7 

150.110 undisturbed 303.2 ± 49.1 33.0 1006.2 

150.130 undisturbed 144.0 ± 17.3 35.3 468.0 

150.162 undisturbed 115.6 ± 17.7 46.9 198.1 

150.181 undisturbed 384.0 ± 32.6 108.0 913.8 

150.199 undisturbed 227.5 ± 32.5 23.7 556.1 

150.219 disturbed 207.1 ± 41.1 58.6 512.7 

150.238 undisturbed 566.7 ± 54.1 31.0 1264.9 

150.258 disturbed 113.5 ± 29.9 24.4 585.8 

150.282 undisturbed 130.8 ± 16.5 52.1 260.0 

150.300 undisturbed 630.6 ± 85.5 57.9 1302.2 

150.322 disturbed 103.6 ± 47.1 12.1 989.3 

150.341 undisturbed 113.4 ± 11.9 42.6 283.9 

150.372 disturbed 91.6 ± 10.1 21.0 274.2 

150.391 disturbed 77.0 ± 5.9 34.0 174.0 

150.412 undisturbed 339.6 ± 47.8 71.3 1293.3 

150.431 undisturbed 307.9 ± 34.6 20.7 852.2 

150.199/2 undisturbed 97.5 ± 20.7 31.0 266.0 

150.219/2 disturbed 142.4 ± 18.5 43.0 345.0 

150.258/2 undisturbed 251.3 ± 45.6 45.0 555.0 

150.322/2 disturbed 118.8 ± 26.2 52.0 282.0 
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          The best model to predict MDPD(LN) of the radio-tagged population in Lake 

Kleiner Döllnsee based on the AIC model selection criterion consisted of “water 

temperature”, “total fish length”, “not captured” and “cumulative fishing intensity” 

(Table 8). Relations were positive for “total fish length”, “water temperature” and “not 

captured” and negative for ”cumulative fishing intensity” indicating that both, the 

disturbance through angling (indicator cumulative fishing intensity) and the actual 

capture event (indicator not captured) influenced movement rates of pike. This model 

explained 11.6 % of the total variance. 

 

Table 8: The best mixed model of variance to predict MDPD(LN) of the radio-tagged 

population in Lake Kleiner Döllnsee based on the AIC model selection criterion.  

 

variable F-value effect on movement p-value 

Total fish length 

 

Cumulative fishing 

intensity (h) 

 

Water temperature 

°C 

 

15.7 

 

41.4 

 
 
 

  9.2 

+ 0.0153170 

 

- 0.0002511 

 
 
 

+ 0.0228875 

<0.001 

 

<0.001 

 
 
 

0.001 

Not captured 5.9 + 0.4812823 0.012 

 

          All other models containing all possible variations of the variables: “water 

temperature” (WT), “cumulative fishing intensity” (CFI), “number of captures” (#C), 

“not captured” (NC) and “total length” (TL) showed higher values of the AIC model 

selection criterion. “Water temperature” was found within all the eight best explaining 

models, whereas “cumulative fishing intensity” was found in six and “total length” and 

“not captured” were found in five of the best eight models (Table 9). 
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Table 9: All possible combinations of variables explaining the model of MDPD(LN) 

and their associated AIC values, where WT = water temperature, CFI = cumulative 

fishing intensity, #C = number of captures, NC = not caught (within the time from the 

current to the last tracking) and TL = total length. 

 Variable AIC 

WT / CFI / NC / TL 
WT / #C / NC / TL 
WT / CFI / TL 
WT / #C / TL 
WT / CFI / NC 
WT / CFI / #C / NC / TL 

1477 
1481 
1482 
1482 
1482 
1483 

WT / CFI 1486 
WT / CFI / #C / NC 
WT / CFI / #C / TL 
WT / NC / TL 

1486 
1487 
1488 

WT / CFI / #C 
WT / TL 

1490 
1493 

WT / #C / NC 1496 
WT / #C 1497 
WT / NC 1504 
WT 
#C / NC / TL 
#C / TL 
CFI / NC / TL 

1505 
1527 
1527 
1530 

CFI / NC 
CFI / TL 
CFI / #C / NC / TL 
CFI / #C / TL 

1533 
1533 
1533 
1535 

CFI 1536 
CFI / #C / NC 1536 
CFI / #C 1538 
#C / NC 1540 
#C 
NC / TL 
TL 

1541 
1544 
1548 

NC 1554 
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         Mixed model analysis revealed a significant relationship between water 

temperature and movement of the undisturbed pike over the whole experimental time 

(Mixed model analysis of variance, F = 19.9, df = 92, p = 0.001), explaining 4.6 % of 

the variance of movement. However, there was no statistical significant relationship 

between water temperature and the movement of pike on the disturbed side (mixed 

model, p = 0.574). 

          Diurnal analysis of the MDPH of pike revealed that there were significant 

differences between both groups at dawn in June (mixed model, F = 7.44, df = 58, p = 

0.008) and July (mixed model, F = 12.53, df = 67, p = 0.001, Fig. 18). During the day 

there were significant differences in MDPH from May until August, no difference 

could be found in September, October and November (May: mixed model, F = 9.92, df 

= 66, p = 0.002; June: mixed model, F = 10.75, df = 60, p = 0.002; July: mixed model, 

F = 27.23, df = 79, p < 0.001; August: mixed model, F = 23.85, df = 77, p < 0.001). At 

dusk there were significant differences between both groups in June (mixed model, F = 

16.58, df = 47, p < 0.001) and July (mixed model, F = 21.23, df = 75, p < 0.001). 

During the night significant differences in MDPH between both groups were found in 

June (mixed model, F = 22.23, df = 47, p < 0.001), July (mixed model, F = 9.90, df = 

97, p = 0.002) and August (mixed model, F = 11.31, df = 75, p = 0.001, Fig. 18).  
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Figure 18: Mean MDPH ± SE (m) of disturbed and undisturbed pike at dawn (A), day 

(B), dusk (C) and night (D) per month. ** p < 0.01, *** p < 0.001 

 

          Significant relationships between the CPUE of the current fishing day and the 

cumulative fishing intensity two days (Spearman correlation N = 95, rs = -0.228, p = 

0.027) and three days before (Spearman correlation N = 95, rs = -0.222, p = 0.030) 

were found for the time from May 26 to August 31 on the disturbed side of the lake 

(Figure 19). However, the cumulative fishing intensity one day and four days previous 

to an angling event did not influence the CPUE (Spearman correlation, all p values > 

0.05; Figure 19). 
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Figure 19: Relationship between the CPUE of the current fishing day and the 

cumulative fishing intensity 1 – 4 days (A – D) before. Inferential analysis utilised non 

parametric Spearman correlations. 
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4.5 Comparison of the lake sides (disturbed / undisturbed) 

The prerequisite of lake side similarity is essential for the power of the results 

presented above (hypotheses 1 + 2). By comparisons of the habitat features, a trend of 

slightly more structured habitat on the undisturbed side can be seen in table 10. No 

significant differences were found between the length of pike from the disturbed and 

the undisturbed side of the lake (mean TL of pike from the disturbed 55.2 ± 2.5 cm and 

the undisturbed side 60.2 ± 3.5 cm; t-test; t = 1.17, df = 18, p = 0.257). 

 

 

Table 10: Comparison of the total area and habitat availability between both sides 

(disturbed and undisturbed) in Lake Kleiner Döllnsee. MC = macrophyte coverage and 

MP field = macrophyte field. 

Habitat Disturbed Undisturbed Difference of 

undisturbed 

compared to 

disturbed 

Total area (ha) 12.6 12.4 - 0.2 

Total area of 

structured habitat 

(ha) 

4.0 6.4 + 2.4 

Area of 0-5 % MC 

(ha) 

0.1 0.1 0.0 

Area of 6-75 % MC 

(ha) 

2.0 2.4 + 0.4 

Area of 76-100 % 

MC (ha) 

0.3 0.5 + 0.2 

Area of MP field 

(ha) 

0.4 1.0 + 0.6 

Area of reed (ha) 

Area of the pelagic 

1.3 

8.5 

2.3 

6.1 

+ 1.0 

- 2.4 

 

          The relocation experiment revealed that all displaced individuals returned 

successfully to their original residence areas (mean time to return 84 ±16.2 h, range 5 - 

173 h). There were no significant correlations between the time needed to return and 
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the distance from the capture point, water temperature and length of the fish 

(Spearman correlations, all p values > 0.05). 

          From May – November, 2005 disturbed pike were located 2004 times. Of these, 

155 positions were taken on the opposite lake side (7.7 %). Undisturbed pike were 

located 2549 times, where 223 positions (8.7 %) were found to be on the disturbed 

side. There was no significant difference in the relative number of locations taken on 

the opposite side of the lake between disturbed and undisturbed pike (Mann-Whitney-

U-Test, p = 0.874), indicating a low and comparable exchange of pike between the two 

lake sides. 

          During the electro-fishing event in April, 2006, a total of nine fin-clipped pike 

was caught. Eight fish were captured on their original lake site (88.9 %), one fish was 

caught on the disturbed side that was originally tagged on the undisturbed lake side 

(11.1 %) suggesting a strong site fidelity of pike in Lake Kleiner Döllnsee. However, 

due to small recapture rates, not statistical tests could be applied. 

          During the monthly prey fish evaluation, a total of 4062 prey fish were caught 

by gill netting, consisting mainly roach, perch and rudd (mean length 121 ± 0.497 mm; 

Fig. 20, 21). The mean length of captured prey fish did not vary between the lake sides 

for roach and rudd (mean length of roach 133.5 ± 1.2 and 130.8 ± 1.7 mm, and rudd 

116.4 ± 2.1 and 112.2 ± 2.3 mm on the disturbed and undisturbed side, respectively, t-

test, all p > 0.05), but varied significantly for perch (mean length of perch 107.4 ± 0.9 

and 100.3 ± 1.1 mm on the disturbed and undisturbed side, respectively, t-test, t = -

5.023, df = 810, p < 0.001). The percentage of fish caught per size-class varied 

significantly between the disturbed and the undisturbed side of the lake (Chi²-test, Chi² 

= 100.397, p < 0.001). For roach and perch, the percentage of fish caught per size-class 

also varied significantly between the lake sides (roach: Chi²-test, Chi² = 23.157, p = 

0.001; perch: Chi²-test, Chi² = 72.476, p < 0.001), whereas no significant difference 

was found for rudd (Chi²-test, Chi² = 0.316, p = 0.854, Fig. 21).  

Diurnal calculations indicated that there were no significant differences in NPUE 

between the disturbed side, undisturbed side and the pelagic during the day and at 

night (Kruskal-Wallis-tests, all p > 0.05, Fig. 22).  

 

 

 

 

 



                                                                               4. RESULTS                                       60

 

 

 

Figure 20: Prey fish evaluation and the relative composition of the total net catches 

(NPUE) (mesh size 8-20 mm) at the disturbed (A) and the undisturbed (B) side from 

May – November, 2005. Other species consisted of ruffe, bleak, tench, white bream 

and bream. 
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Figure 21: Size class distribution and relative number of the three main prey fish 

species roach, rudd and perch caught per lake side. 
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Figure 22: Mean number per unit effort ± SE of the prey fish evaluation during the 

day (A) and at night (B), sampled by gill netting. No statistical differences between the 

three areas of the lake (disturbed, undisturbed, pelagic) were found. 

 

 

 

 

4.6 Influence of capture events on temporary pike behaviour (Hypothesis 3)       

To analyse the short-term response of pike to an angling event, 20 capture events of 

radio-tagged pike were used. There was no significant change in habitat selection after 

an angling event, as reed was positively selected one week prior a catch event and one 

and two weeks after it and pelagic areas were avoided prior and post angling (Fig. 23). 
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Figure 23: Selection ratios and their associated Bonferroni adjusted 95 % confidence 

intervalls to show selection for (greater than one) or against (less than one) a given 

habitat type on an individual level approach for pike one track before and one and two 

tracks after a catch event. * positive selection. 

 

          Pike significantly decreased their DTS one tracking event after capture (mean 

DTS ± SE 22.4 ± 5.7 m) compared to the last tracking event before capture (mean DTS 

34.3 m ± 7.4 m, paired t-test, t = 2.814, df = 19, p = 0.033, Fig. 24). No statistical 

differences in mean DTS were found when comparing the values from one track 

before and two tracks after and one and two tracks after capture (Fig. 24).  

          Individual variation was found with respect to DTS after a capture event. Out of 

the 20 observations, 2 (10 %) had a mean DTS significantly smaller one track after the 

capture compared to the mean DTS one track before. Furthermore, a total of 60 % of 

the captured fish showed a tendency towards decreasing DTS values, whereas all other 

fish (30 %) exhibited a tendency towards a higher DTS after the capture event or did 

not change their DTS at all (Table 11). Some representative examples of the pike’s 

reaction with respect to DTS post capture event are shown in Fig. 25. For example, 

individual # 150.181 increased DTS after the catch and # 150.110 decreased DTS 

significantly one track after the catch. # 150.073 and # 150.219/2 showed no difference 

in DTS after capture compared to the values previous to capture. 
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 Figure 24: Mean DTS ± SE (m) of pike one track before and one and two tracks after 

the catch. Bars sharing the same superscripts are not significantly different after a 

Bonferroni-Holm adjustment. 

 

Figure 25: Individual locations and distance to shore in Lake Kleiner Döllnsee shown 

for four pike (fish ID 150.073; 150.110; 150.181 and 150.219 /2) one track before and 

one and two tracks after the catch.  
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Table 11: Mean values ± SE and individual comparison of distance to shore (DTS) 

(m) adjusted by Bonferroni-Holm in pike before and after a catch event. Significant 

results are in bold 

ID 
 
 
 
 

Date of 
catch 
(2005) 

 

DTS 1 
track before 

catch 
(a) 

Mean ± SE 

DTS 1 
track after 

catch 
(b) 

Mean ± SE 

DTS 2 
tracks after 

catch 
(c) 

Mean ± SE 

Test 
statistic 

(p-value) 
 

a vs. b 

Test 
statistic 

(p-value) 
 

a vs. c 

Test 
statistic 

(p-value) 
 

b vs. c 

150.052 

 

150.073 

 

150.092 

150.110 

150.181 

150.199 

150.219 

 

150.238 

150.258 

 

150.282 

150.341 

 

150.372 

 

150.431 

150.219/2 

Jun., 01 

Aug., 09 

Jul., 20 

Aug., 28 

Oct., 12 

Sept., 18 

Sept., 19 

Aug., 26 

Jun., 14 

Jun., 22 

Sept., 11 

Jun., 02 

Jun., 18 

Oct., 26 

Sept., 10 

Oct., 26 

Aug., 17 

Sept., 08 

Sept., 28 

Sept., 07 

 26.2 ± 9.3 

 30.4 ± 4.2 

 24.7 ± 9.3 

   9.1 ± 2.7 

 84.0 ± 17.0 

 27.8 ± 5.9 

 35.2 ± 3.3 

 84.2 ± 12.0 

   0.8 ± 0.7 

   0.9 ± 0.8 

 29.2 ± 14.7 

   0.0 ± 0.0 

   0.6 ± 0.6 

 75.1 ± 7.3 

 91.7 ± 3.6 

 24.8 ± 16.4 

   0.4 ± 0.3 

   0.6 ± 0.6 

 86.4 ± 12.2 

 53.4 ± 4.6 

   0.0 ± 0.0 

 26.7 ± 2.4 

 20.9 ± 2.2 

   9.8 ± 6.4 

 62.3 ± 20.8 

   0.3 ± 0.2 

 69.5 ± 9.7 

 43.1 ± 0.9 

   1.3 ± 1.0 

   2.9 ± 1.9 

   2.6 ± 2.5 

   0.0 ± 0.0 

   0.0 ± 0.0 

 49.9 ± 9.2 

 58.3 ± 17.5 

   0.0 ± 0.0 

   0.0 ± 0.0 

   3.4 ± 1.2 

 45.9 ± 0.5 

 51.7 ± 3.8 

 20.9 ± 5.0 

 31.1 ± 6.3 

 18.3 ± 7.0 

 10.0 ± 3.6 

 81.3 ± 10.9 

 10.5 ± 3.4 

 40.4 ± 6.4 

 42.9 ± 1.7 

   0.9 ± 0.8 

   0.3 ± 0.2 

   0.0 ± 0.0 

   0.6 ± 0.6 

   0.0 ± 0.0 

 90.0 ± 24.5 

   1.9 ± 1.9 

 10.2 ± 10.1 

   1.5 ± 0.9 

   0.5 ± 0.4 

 87.2 ± 3.7 

 45.7 ± 1.5 

0.086 

0.674 

0.483 

0.686 

0.263 

0.036 

0.051 

0.086 

0.593 

0.285 

0.109 

1.000 

0.317 

0.075 

0.069 

0.180 

0.317 

0.080 

0.036 

0.889 

0.612 

1.000 

0.600 

0.866 

0.779 

0.093 

0.263 

0.129 

0.655 

0.655 

0.109 

0.317 

0.317 

0.401 

0.036 

0.285 

0.285 

0.655 

0.866 

0.069 

0.084 

0.779 

0.674 

0.893 

0.327 

0.056 

0.050 

0.779 

0.593 

0.285 

0.317 

0.317 

1.000 

0.263 

0.092 

0.317 

0.180 

0.129 

0.072 

0.123 
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Movement of pike, measured by average MDPH, significantly decreased one tracking 

event after capture relative to the tracking event before the fish were captured (paired 

t-test, t = 2.782, df = 19, p = 0.036; mean MDPH ± SE before and after the catch 13.6  

± 3.1 m and 6.1  ± 1.3 m, respectively, Fig. 26). No statistical difference in MDPH was 

found between the pikes movement one tracking event before and two tracking events 

after capture. MDPH was found to increase significantly when comparing the first 

track post release and the second track post release (mean MDPH ± SE one and two 

tracks after the catch 6.1  ± 1.3 m and 9.9  ± 1.9 m, respectively, t = -2.816, df = 19, p 

= 0.033, Fig. 26). 

          Individual behaviour of fish 1 track prior and 1 and 2 tracks post capture greatly 

differed. For example, comparing individual behaviour one track after capture with the 

individual behaviour one track before capture of all sampled fish revealed that 75 % of 

the pike moved less and 20% moved more after capture (Table 12). However, only one 

of these comparisons was statistically significant when Bonferroni corrected. There 

were no significant correlations between the change in MDPH before and after an 

angling event and change in water temperature, total length of fish, and time elapsed 

between the catch event and the post catch trackings (Spearman correlations, all p 

values > 0.05).         

Figure 26: Mean MDPH ± SE (m) of pike one track before and one and two tracks 

after the catch. Bars sharing the same superscripts are not significantly different after a 

Bonferroni-Holm adjustment. 
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Table 12: Mean ± SE values and individual comparison of minimum displacement per 

hour (MDPH) (m) adjusted by Boferroni-Holm in pike before and after a catch event. 

Significant results are in bold 

ID 

 

 

 

 

Date of 

catch 

(2005) 

 

MDPH 1 

track before 

capture 

(a) 

Mean ± SE 

MDPH 1 

track after 

capture 

(b) 

Mean ± SE 

MDPH 2 

tracks after 

capture 

(c) 

Mean ± SE 

Test 

statistic 

(p-value) 

 

a vs. b 

Test 

statistic 

(p-value) 

 

a vs. c 

Test 

statistic 

(p-value) 

 

b vs. c 

150.052 

 

150.073 

 

150.092 

150.110 

150.181 

150.199 

150.219 

 

150.238 

150.258 

 

150.282 

150.341 

 

150.372 

 

150.431 

150.219/

2 

Jun., 01 

Aug., 09 

Jul., 20 

Aug., 28 

Oct., 12 

Sept., 18 

Sept., 19 

Aug., 26 

Jun., 14 

Jun., 22 

Sept., 11 

Jun., 02 

Jun., 18 

Oct., 26 

Sept., 10 

Oct., 26 

Aug., 17 

Sept., 08 

Sept., 28 

Sept., 07 

10.3 ± 2.3 

4.9 ± 1.0 

13.4 ± 3.3 

14.6 ± 5.9 

32.2 ± 14.4 

53.4 ± 16.5 

12.9 ± 2.4 

12.5 ± 3.6 

4.3 ± 1.5 

12.4 ± 3.7 

45.6 ± 17.2 

3.5 ± 0.7 

4.8 ± 1.4 

6.3 ± 1.3 

5.1 ± 0.9 

12.3 ± 5.8 

2.1 ± 0.4 

2.6 ± 0.5 

13.2 ± 4.7 

5.4 ± 1.6 

2.0 ± 0.6 

4.1 ± 0.9 

6.0 ± 0.8 

4.9 ± 2.7 

23.3 ± 3.9 

17.2 ± 5.8 

9.3 ± 3.8 

1.1 ± 0.2 

6.4 ± 1.2 

7.1 ± 1.8 

3.6 ± 1.8 

1.9 ± 0.4 

5.0 ± 1.7 

5.9 ± 1.8 

11.9 ± 4.2 

3.1 ± 1.0 

2.1 ± 0.5 

3.0 ± 0.4 

1.1 ± 0.2 

3.9 ± 1.7 

7.5 ± 1.2 

7.9 ± 5.1 

5.3 ± 2.2 

6.6 ± 1.9 

29.7 ± 22.5 

32.3 ± 14.4 

13.0 ± 4.6 

3.5 ± 0.8 

12.4 ± 3.7 

2.8 ± 0.6 

1.9 ± 0.3 

4.8 ± 1.4 

4.1 ± 1.3 

11.7 ± 3.3 

10.8 ± 4.3 

6.3 ± 4.0 

11.8 ± 1.2 

1.7 ± 0.2 

21.2 ± 4.8 

2.4 ± 0.9 

0.063 

0.612 

0.086 

0.128 

0.735 

0.075 

0.398 

0.036 

0.128 

0.398 

0.084 

0.091 

0.866 

0.395 

0.176 

0.345 

0.866 

0.600 

0.056 

0.176 

0.237 

0.499 

0.054 

0.063 

0.398 

0.116 

0.735 

0.091 

0.128 

0.063 

0.063 

0.398 

0.866 

0.058 

0.612 

0.172 

0.054 

0.310 

0.116 

0.129 

0.054 

1.000 

0.237 

0.237 

0.310 

0.237 

0.398 

0.054 

0.176 

0.129 

0.735 

0.084 

0.866 

0.150 

0.866 

0.492 

0.056 

0.063 

0.084 

0.063 
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4.7 Influence of air exposure on pike behaviour (Hypotheses 3 - 4) 

For the experiments at Lake Opinicon a total of 77 pike were caught by angling (mean 

length 501 ± 6.7 mm range 400 – 800 mm). Air exposure duration did not influence 

the lactate values between the five treatment groups, whereas all treatment groups 

showed significant higher lactate values in comparison to the control group (ANOVA; 

F = 15.78, df = 5, p < 0.001, Tukey-post-hoc-tests, p < 0.05 for control in comparison 

to all treatment groups, Fig 27), no difference was found between the groups 

(including control group) for glucose values (Fig. 28).  

          Analysis of the first hour movement revealed a significant difference between 

the treatment groups “300 s” and “lure” and the control group (“0 s” in this case) in 

total percent of movement and resting, respectively (ANOVA; F = 3.44, df = 5, p = 

0.008, Tukey-post-hoc tests, p < 0.05 for “0 s” in comparison to “300 s” and “lure”, 

Fig. 29).  

 

Figure 27: Mean values of blood lactate (mmol L-1) ± SE per treatment group and the 

control group. Bars sharing the same superscript are not significantly different. 
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Figure 28: Mean values of blood glucose (mmol L-1) ± SE per treatment group and the 

control group. No statistical difference was found.  

                                           

Figure 29: Mean total percentage of movement and resting time during the first hour 

post release in the defined release area per treatment group and the control group (0 s). 

Bars sharing the same superscript are not significantly different.  
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          ANOVAs revealed a significant different time to first movement (in minutes) 

between the control (0 s) group and the treatment groups “300 s” and “lure”. 

Additionally, fish with an air exposure duration of 60 s took significantly less time to 

undertake their first movement than pike exposed to air for 300 s and pike treated by 

lure (F = 3.67, df = 5, p = 0.06, Tukey-post-hoc-tests, p < 0.05 for “0 s” and “60 s” in 

comparison to “300 s” and “lure”, Fig. 30). No statistical differences were found 

between all groups for “total movement” within the first hour. 

          On the first day post release, comparisons of the mean MDPD2 per treatment 

suggested significant differences between the control group (0 s) and the lure treatment 

(ANOVA; F = 3.32, df = 5, p = 0.018, Tukey-post-hoc-tests, p < 0.05 for “0 s” in 

comparison to “lure”, Fig. 31), but no statistical difference was found for the second 

and third day post release. 

 

Figure 30: Mean minutes to first movement ± SE of the different treatment groups and 

the control group (0 s) post release in the defined release area. Bars sharing the same 

superscript are not significantly different. 

 

          The “distance to release point” was significantly different on the first day post 

release, as fish treated by “lure” showed significantly higher distances to the release 

point than the control group (0 s) (ANOVA; F = 4.33, df = 4, p = 0.006, Dunnet-T3-

post-hoc-tests, p < 0.05 for “0s” compared to “lure”, Fig. 32). There was no significant 

difference between the groups on the second or the third day after release. 
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Figure 31: Mean minimum displacement per ½ day ± SE (m) of the treatment groups 

and the control group (0 s) on the first day post release. Bars sharing the same  

 

Figure 32: Mean distance to release point ± SE (m) of the different treatment groups 

and the control group one day post release. Bars sharing the same superscript are not 

significantly different. 
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5. Discussion 
The present study observed and evaluated behavioural changes of pike in a catch and 

release angling context over a period of seven month in their natural environment. This 

was the first study looking at long-term (> 1 month) behavioural alterations in fish in 

response to continuous catch-and-release and insofar provided new insights on 

sublethal impacts caused by angling. In this way the present study complements 

previous short-term behavioural studies often lasting < 1 month (Lucas et al., 1991; 

Sundström & Gruber, 2002; Gurshin & Szedlmayer, 2004) or even ≤ 1 day (Pepperell 

& Davis, 1999; Cooke et al., 2000). The study focused on the influences of angling-

induced stimuli on the behaviour of pike resulting from a combination of angling-

related disturbances (e.g., boating) as well as the capture-and-release event itself. The 

main hypotheses of the present study were based on the ecological realistic assumption 

that anglers through catch-and-release (direct stimulus) and other forms of 

disturbances (e.g., boating, indirect stimulus) are perceived by pike as a form of 

predation risk and that behavioural alterations of pike are positively related to the level 

of risk. These assumptions were generally supported by the results of the present 

study. Before these findings are discussed in detail, an account of the employed 

method follows. 

 

5.1 Methodological issues  

The present study tested behavioural changes of a pike population observed before and 

after fish were angled from their natural environment. Therefore, it was possible to 

draw comparisons, controlled by unexploited specimen, before and after capture 

(before-after-impact-control-design). This is a useful approach to assess the impact of 

catch-and-release angling in a controlled setting (Cooke et al., 2002a). Previous 

attempts at assessing this impact were carried out by monitoring behaviour after 

release without measuring the behaviour prior to capturing the same individual, and 

without controlling for behaviour of unimpacted individuals temporally (compare 

Mäkinen et al., 2000; Thorstad et al., 2003; Wilde, 2003; Cooke & Philipp, 2004). In 

the present research behavioural impact studies were complemented by an attempt to 

mechanistically link behavioural changes in pike post-release with their physiological 

status prior to release. As such, the present research was holistic in its approach in that 

it described behavioural changes and also attempted to mechanistically explain the 

observed changes.  
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          An important prerequisite for the validity of the observed finding is that realistic 

angling patterns were created by the study design, e.g. concerning total fishing effort 

(disturbance), CPUE and exploitation rate (catch-and-release event). Total fishing 

effort was 2243 hours of which 2090 hours were directed at the disturbed side of Lake 

Kleiner Döllnsee, resulting in an annual effort of 165.9 h ha-1. This is within a common 

range of pike fishing intensity. In this way Kempinger & Carline (1978) reported a 

fishing intensity of 155 – 222 h ha-1 (mean 185 h ha-1) in Escanaba Lake. Pierce et al. 

(1995) reported fishing intensities between 38.3 and 91.3 h ha-1 in seven lakes in 

Minnesota, however only 12 - 30% of the anglers were actually fishing for pike. As 

pike is among the most targeted species in Germany (Arlinghaus, 2004; Arlinghaus & 

Mehner, 2004), the percentage of anglers fishing for pike is higher in Germany 

compared to North-America and therefore directed fishing intensity for pike should be 

at least similar to the values reported from the U.S.A. Confidence is therefore 

expressed that the fishing intensities directed in the course of the present study 

resemble typical conditions in German pike fisheries. The mean CPUE in the present 

study was 0.18 pike h-1, which is within common CPUE`s reported for pike fisheries 

usually ranging between 0.03 and 0.66 pike h-1 (Kempinger & Carline, 1978; Mosindy 

et al., 1987; Pierce et al., 1995; Margenau et al., 2003). It can be assumed that the 

fishing effort resulted in catch rates, comparable to previous studies indicating 

effective angling. Exploitation rate at Lake Kleiner Döllnsee ranged between 47 - 74 % 

of the legally sized population (≥ 450 mm) in spring. This is in the upper range of 

common exploitation rates in pike fisheries reported previously (Beyerle, 1978; Snow, 

1978; Pierce et al., 1995). However, the undisturbed side of the lake was fished only 

for a short period of time, possibly influencing exploitation rates in comparison to an 

equally fished lake. 

          The prerequisite of lake side similarity in habitat features and unexploited 

behavioural patterns of pike was essential for the statistical design of this study. 

Differences between the lake-sides would have been a source of bias resulting in a lack 

of an appropriate “control” side. The potential for differences in natural habitat 

structures cannot be ruled out as there is never a perfect control side in nature that is 

equivalent in all environmental features to another side, with the only difference being 

the treatment variable of interest (here angling intensity). One can, however, with 

certainty rule out the possibility for substantial inter side exchange between pike 

individuals as the translocation experiment showed significant site fidelity and limited 

exchange of pike individuals. Moreover, qualitative examination of habitat features on 
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the disturbed and undisturbed sides revealed only minor differences. The most notable 

of these were related to the area of reed. However, the whole lake is surrounded by 

dense reed belts and differences can only be found in the extension of the reed belts, 

not in the presence of reed per se. For this reason pike were able to select for reed at 

any position around Lake Kleiner Döllnsee. 

          One of the most important aspects of similarity in ecological conditions between 

lake sides concerned abundance and size structure of prey fish because of the 

paramount importance of prey abundance to the foraging behaviour of pike (Hart & 

Hamrin, 1988; Skov et al., 2002; 2003). No statistical differences were found in the 

NPUE between the disturbed, undisturbed and pelagic areas suggesting similar levels 

of prey abundance. Between the disturbed and the undisturbed side of the lake no 

differences were found in the mean length of roach and rudd, whereas the mean length 

of perch varied significantly among the lake sides with larger perch on the disturbed 

lake side. However, pike are reported to prefer roach and other cyprinids over perch 

(Bregazzi & Kennedy, 1980; Haertel et al., 2002; Adamek & Opacak, 2005) if both are 

abundant. Additionally, roach were the most abundant species in Lake Kleiner 

Döllnsee, indicating roach to be the most important food source for pike. Gill net 

techniques used in the present study were selective for prey fish up to 230 mm TL 

(Borgström, 1989). The mean length of caught prey fish was 121 ± 0.49 mm, 

representing common prey sizes of pike in the length class of the radio-tagged 

individuals, commonly ranging between 72 and 126 mm (Frost, 1954; Mittelbach & 

Persson, 1998; Nilsson & Brönmark, 2000; Haertel et al., 2002). It can be assumed that 

the prey fish in Lake Kleiner Döllnsee are of regular size for foraging pike, and that 

foraging opportunities are similar on both sides of the lake.  

With regards to differences in the tagged pike population between the disturbed 

and undisturbed side, there were no significant differences in the length of fish. 

Moreover, the possibility of exchange of pike between the disturbed and undisturbed 

sides was rather low because, as already mentioned, strong site fidelity was shown for 

the pike population in Lake Kleiner Döllnsee. With only 7.7 % for disturbed and 8.7 % 

for undisturbed pike, location change frequency of pike from one side on the other was 

low. Therefore, confidence is expressed that the treatment variable “angling intensity” 

was the major difference in the environmental conditions experienced by the two sets 

of pike. Habitat structure and prey fish abundance was similar and exchange of pike 

from one side to another was negligible. 
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5.2 Influence of catch-and-release angling on the habitat use of pike  

      (Hypothesis 1) 

In the present study it was hypothesized that compared to an unfished state, in an 

angler-disturbed situation pike will modify their habitat choice and choose habitats that 

provide more refuge. In this content it was assumed that boating and angling activities 

are analogous to predation risk (Frid & Dill, 2002) as previous research suggests that 

several fish species alter their behaviour as a consequence of boating and noise stimuli 

(Costantini & Spoto, 2002; Wolter & Arlinghaus, 2003; Smith et al., 2004; Wysocki et 

al., 2006). To ascertain changes in habitat choice as a consequence of angling induced 

disturbance stimuli the distribution of the fish in a disturbed and undisturbed situation 

needed to be clarified. The study revealed that the whole population, represented by 

the radio-tagged pike, as well as the treatment and the control group alone, showed 

significant non random distributions, indicating that the pike were selective in their 

habitat choice throughout the experiment. This is consistent with Rogers (1998) who 

found pike to be highly clustered since they tend to prefer vegetated areas along the 

shoreline. Other authors documented comparable findings where pike predominantly 

selected vegetated areas and nearshore habitats (Carbine & Applegate, 1948; Diana et 

al., 1977; Cook & Bergersen, 1988; Chapman & Mackay, 1984; Grimm & Klinge, 

1996; Masters et al., 2002; Kobler et al., unpublished data). It is very likely that pike 

select for structured habitats regardless of whether they are disturbed or not. 

          During the experiment pike from the disturbed side did not select for 

macrophyte fields, although this is known to be a very profitable habitat (Bry, 1996; 

Casselman & Lewis, 1996), and instead selected reed habitat throughout the entire 

fishing period (except for in August). In contrast, undisturbed pike selected reed for 

the first time in September, matching the onset of the fishing in their previously 

undisturbed environment. This might have been related to the circumstance that 

angling was not possible within the dense reed stands, and for this reasoning provided 

the highest amount of refuge for the pike. This corresponds with theoretical work by 

Hugie & Dill (1994) who reported solely the choice of safe habitat, independent of 

food supply, can be the outcome of a predator prey interaction.  Similar results were 

found experimentally by Utne et al. (1993) using two-spotted gobies [Gobiusculus 

flavescens, (Fabricius)], and Kennedy et al. (1994) using upland bullies 

[Gobiomorphus breviceps (Stokell)], both with and without the presence of their 

natural predators, cod (Gadus morhua L.) and quinnat salmon [Onchorynchus 

tshawytscha (Walbaum)], respectively. This finding is strengthened by the findings of 
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Gilliam & Fraser (1987), and Abrahams & Dill (1989) who observed predator 

avoidance to be the only strategy under different food availabilities between a risky 

(high food amount) and a safe (low food amount) habitat. Results of the present study 

supported the assumption that habitat choice of pike is affected by anglers and that 

anglers are perceived by pike in a manner analogous to the way in which a prey fish 

perceives its piscine predator. 

          In the present study, the average distance to shore (DTS) of pike was reduced in 

response to angling and significant differences between the lake sides vanished after 

fishing effort was equal on both sides of the lake. The selection of dense reed belts in 

the presence of anglers, discussed above, potentially explains the reduced DTS values, 

as reed belts are only found close to the shoreline in Lake Kleiner Döllnsee. Fraser & 

Huntingford (1986) classified different predator avoidance behaviours, where “risk 

adjusters” reduced foraging proportionally to the level of threat (see also Sih, 1980). 

Engström-Öst & Lehtiniemi (2004) used this classification for pike behaviour and 

similarities were also found in Lake Kleiner Döllnsee with the disturbed pike 

increasing and the undisturbed pike decreasing in DTS, matching the differential 

changes in fishing intensity on both sides of the lake in September. 

          The average distance to the shoreline was also significantly higher for 

undisturbed fish in May when no fishing took place for most of that month. However, 

analyses of the five single tracking events in May revealed significant higher DTS 

values of the undisturbed fish during two of the last three tracking events. A potential 

explanation for these significant differences might be found in the research team’s 

inexperience in tracking during the first weeks of the experiment, resulting in the 

measurement of higher values than were actually present. However, it cannot be ruled 

out that DTS was indeed different among the pike residing on the two lake sides. 

Irrespective of this possibility, the lack of significant differences in September when 

fishing started on the previously undisturbed side provided support for an angling-

induced reduction in DTS. 

         Decreasing DTS values and increasing selection of near-shore habitats pointed to 

a decreasing size of individual residence areas under human-induced predation risk, 

which was supported by the quantitative analysis of the mean residence area size of 

both groups of fish. These findings were linked as increasing avoidance of open water 

and the open water interface in response to fishing led to more intensive use of the 

“safe” parts of the residence area inside the reed belt. Decreasing residence or foraging 

areas in response to predation risk were documented in the literature on theoretical 
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(Switzer, 1993) and empirical (Carpenter, 1984) grounds. These ecological results 

support the results of the present study, where humans became predators for pike. 

          Calculations of residence areas on a monthly basis showed significant or close to 

significant smaller sizes of the areas used by disturbed pike until August. After angling 

started on the previously undisturbed side of the lake in September significant 

differences in residence area size between the groups vanished for the rest of the 

experiment. Thus pike selected for reed under human-induced predation risk within 

their residence area and also decreased their average DTS and average residence area 

size, presumably minimizing mortality rates (µ) to growth rates (g) (compare Werner 

& Gilliam, 1984).  

          A behavioural ecological explanation can be derived from the µ/g rule because 

the equation is minimized by foraging at the optimal distance from refuge (Werner & 

Gilliam, 1984; Grant & Noakes, 1987; Werner & Hall, 1988). A range of studies, 

including some with fish, have demonstrated that animals consider both foraging and 

mortality components when choosing a resource patch or habitat, and that foragers 

shift habitats or exhibit other behavioural changes in the presence of predators at the 

cost of obtaining a lower foraging rate (Milinski & Heller, 1978; Grubb & Greenwald, 

1982; Schmitt & Holbrook, 1985; Fraser & Huntingford, 1986; Fraser & Gilliam, 

1987). Hence, if anglers are perceived as the equivalent of a predator then foraging 

within areas of dense vegetation that made angling impossible probably led to 

maximized foraging success under the given conditions of high fishing intensity (sensu 

predation risk) outside the reed stands. As ambush predators, pike are still able to hunt 

successfully within the reed stands, but pike of larger size prefer less complex and 

dense vegetation as foraging is impaired there (Savino & Stein, 1982; 1989; Gotceitas 

& Colgan, 1989; Eklöv & Diehl, 1994; Eklöv, 1997). Within the present study, it was 

not possible to assess the consequences of the habitat shifts for growth or other 

correlates of the fitness of pike.  

           The most successful strategy for pike to avoid predation risk (and its associated 

component disturbance by anglers) would have been to switch to the undisturbed lake 

side in the period between May and the end of August. However, this habitat shift was 

not documented in the present study, and pike only rarely made some exploratory 

visits to the other side of the lake. Several possible explanations can be given for the 

lack of habitat shift: 1) Due to profits of strong site fidelity pike had a lack of 

knowledge of possible fitness advantages being offered on the other side (Gerking, 

1994). 2) Pike had a lack of information about foraging opportunities on the other lake 
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side facilitated through low mobility and presumably mediated through high intra-

specific predation risk through cannibalism (Lima & Dill, 1990; Grimm & Klinge, 

1996; Nilsson, 2006). 3) Predation risk was not high enough to induce such a shift 

(Werner & Hall, 1977; Crook, 2004). Irrespective, results of the present study 

documented a remarkable homing capacity of pike. 

          All 9 individuals translocated returned to their former residence area within 5 - 

173 h, including 5 specimens from the disturbed side, released on the undisturbed side, 

despite human-induced predation risk being significantly higher there at the time when 

the translocation took place. A return to a familiar area that may not necessarily be the 

area providing the highest energy intake is observed in many vertebrates, including 

fish (Dole, 1968; Crump, 1986; Switzer, 1993; Marnane, 2000). Motivations for 

returning to a familiar environment can be related to lower mortality, improved 

foraging or knowledge of escape routes (Switzer, 1993; Noda et al., 1994). Homing 

may also be driven by knowledge of past reproductive success at specific sites 

(Warner, 1995), and such natal side-fidelity has been repeatedly shown for pike in 

different environments (Carbine & Applegate, 1948; Frost & Kipling, 1967; Bregazzi 

& Kennedy, 1980; Miller et al., 2001). However, Nilsson (2006) documented that 

smaller pike might refuse to settle in a new residence area as a result of an increased 

risk of cannibalism. Further observational studies indicate that pike vary in their 

tendency for homing. In this way Cook & Bergersen (1988) reported findings about 

site fidelity that were contrary to those of Jepsen et al. (2001), where pike switched 

between different patches and did not show any homing-tendencies. In the present 

study all pike showed homing behaviour whether they had been translocated or not. 

Therefore it can be speculated that pike from the disturbed side profited from returning 

to their “high risk” side, and habitat shifts might be conceivable only if predation risk 

by anglers is higher and correspondingly there is a clear fitness advantage on the 

undisturbed site (see also Haugen et al., 2006).  

         

5.3 Influence of catch & release angling on movement rate of pike (Hypothesis 2) 

It was shown in the previous section that pike adjust their habitat choice under angler-

induced predation risk. Consistent with hypothesis 2, influence of anglers on 

movement rates (activity) followed the same logic: activity of pike significantly 

decreased with increasing angling intensity. Pike from the undisturbed side of the lake 

moved significantly more until both sides of the lake were being fished 

simultaneously, when there were no longer significant differences in the movement 
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rates between both groups. Differences in activity rates were pronounced from the first 

day of fishing on the disturbed side of the lake at May 26. Even if this finding might 

suggest initial differences in activity of pike on the disturbed and undisturbed sides, the 

decrease of activity of the fish on the disturbed side during September and October 

when both lake sides were being fished indicates an impact of fishing activity. This is 

further substantiated by the significant effects for the angling variables “not captured” 

and “cumulative fishing intensity” in the mixed model analysis of variance. 

         Findings of animals (including fish) altering their general activity levels in the 

presence of predators are reported in many studies (i.e. Holomuzki & Short, 1988; 

Hamrin, 1987; Sih, 1988; Godin & Sproul, 1988; Fraser & Gilliam, 1987; Werner, 

1992). Furthermore, activity is positively related to mortality risk and therefore 

mediates one of the more important and general trade-offs faced by animals (Werner, 

1992). In most cases, animals under predation risk were observed to reduce their 

spontaneous activity levels, but in some cases reduction in activity resulted from 

increased use of refuges (Lima & Dill, 1990). In the present study similar patterns are 

likely as an increased use of reed habitat might translate into reduced activity in 

conjunction with a general decrease of the propensity to move.  

          Consistent with the present results of pike movement in response to angling 

pressure, Milinski & Heller (1978) found reduced activity of sticklebacks in the 

presence of predators and Gilliam & Fraser (1987) showed minnows to spend more 

time in refuge and reducing activity dependent on the number of predators present. 

Reduced activity might impact on the individual fitness of pike. For example, in 

theoretical models Abrams (1991) assumed that time active (or foraging effort) has 

positive effects on reproductive success but negative effects on survival rates 

corresponding to Werner (1992) who assumed decreasing activity as mortality risk 

increases with time spent active. If decreasing activity is a consequence of increasing 

use of refuge and shelter, activity alterations of pike in Lake Kleiner Döllnsee are 

based on the theoretical reasoning discussed in the preceding section more detailed 

(i.e. minimizing µ/g; see also Werner, 1992). However, Abrams (1982) noted that 

almost all animals for which foraging represents a separate activity from resting have 

control over the amount of time they devote to foraging, including most mobile 

animals which are not sit-and-wait predators. Pike commonly follow a sit-and-wait 

strategy (Raat, 1988) and spend comparable little time foraging (Breck, 1993; Masters 

et al., 2005). However, as shown in this study, pike are able to modify their foraging 
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activities under human-induced predation risk, which seems to be an adaptive 

behavioural response to increase individual fitness. 

          The best model to predict daily movement of the radio-tagged population in 

Lake Kleiner Döllnsee consisted of “water temperature”, “cumulative fishing 

intensity”, “not captured” and “total fish length”, excluding the variable “cumulative 

number of individual captures”. The AIC model selection procedure used in this study 

provided an elegant way to resolve which variables are particularly important in 

predicting pike movement (Burnham & Anderson, 2001). The second best model 

found, containing the variables “water temperature”, “not captured”, “total fish length” 

and “number of captures” was 4 AIC units lower than the best model, indicating 

considerably less support than the best one (Burnham & Anderson, 2001). “Water 

temperature” appeared in all of the best 8 models, demonstrating the importance of this 

variable in pike movement. “Cumulative fishing intensity” appeared in 6, and “not 

caught” and “total length” appeared in 5 of the top 8 models. It can be concluded that 

water temperature is the main factor influencing a pike`s level of movement in Lake 

Kleiner Döllnsee, followed by cumulative fishing intensity, the capture event and the 

length of the fish. However, the best model presented here explained only 11.6 % of 

the total variance of daily movement, indicating that there is a great level of individual 

variation not explained by the inclusion of the above mentioned variables. Further 

factors that may contribute to more fully explaining movement rates of pike might 

include environmental and meteorological variables including prey abundance and 

distribution (Warden & Lorio, 1975; Charnov, 1976; Bernstein et al., 1988; 1991; Guy 

et al., 1992; Jones & Rogers, 1998; Stoner, 2004).  

        Water temperature as an expression of seasonality is one of the main factors 

explaining fish movement (Elliot, 1981). However, for pike there is some 

disagreement about the importance of water temperature explaining movement rates. 

Rogers (1998) found a strong positive correlation between water temperature and pike 

movement. However, he also reported a strong reduction of movement during summer. 

Similarly, Casselmann (1978) reported pike activity to drop in the laboratory when 

water temperature exceeded 19 °C, and pike activity to be lower when light intensity 

increased. Cook & Bergersen (1988) and Kobler (2007) found pike to move more 

intensively during summer than winter, whereas Jepsen et al. (2001) found a 

correlation between water temperature and movement in one lake and no correlation in 

another lake. Diana et al. (1977) and Masters et al. (2002) reported no differences in 

movement rates of pike between summer and winter. Differences in study results may 
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be explained by an array of ecological and environmental factors including habitat 

structure and availability of preferred habitat in summer and winter. Nevertheless, in 

Lake Kleiner Döllnsee water temperature influenced pike movement rates 

considerably, which might be explained by temperature scaling with all major 

metabolic and physiological variables in poikilothermic animals (von Bertalanffy, 

1957; Bennett, 1978; Knapp & Wieser, 1980).  

          Both, cumulative fishing intensity and the capture event itself significantly 

explained pike movement. Activity decreased with increasing fishing intensity and 

after a capture event. Cumulative fishing intensity can be interpreted as a surrogate 

metric for angler-induced disturbances as all activities carried out by anglers (i.e. 

boating and wading, spin fishing) are potentially disturbing stimuli for a fish (Lewin et 

al., 2006). These disturbance stimuli are perceived by many fish as analogous to 

predation risk (Frid & Dill, 2002) and might be the major stimulus for pike to perceive 

the angler-disturbed environment as risky. This stimulus arguably represents less of a 

direct influence on an individual fish than does a capture event. However, as the 

analysis showed, it was inversely related to the activity of pike suggesting the ability 

of pike to react to such indirect disturbances. A direct interaction between anglers and 

pike takes place through the capture event, which might induce pike learning about the 

danger of baits or lures or angler presence (Beukema, 1970a; van Poorten & Post, 

2005). Moreover, the capture and release event is known as one of the most severe 

forms of exercise for fish during normal environmental conditions (Wood, 1991) and 

can thereby influence activity through metabolic exhaustion as will be discussed in 

section 5.4. 

          In the present study larger fish moved significantly more than their smaller 

counterparts. The positive correlation between size of pike and activity rate has been 

reported previously. With the exception of Koed et al. (2006), other studies found a 

positive correlation between body size and movement rate (i.e. Jepsen et al., 2001; 

Kobler, 2007; Nilsson et al., 2007). Body size may influence an individual`s foraging 

ability (Grand, 1997), because larger fish are less in danger of being captured by a 

predator (Werner & Gilliam, 1984) or a cannibalistic conspecific (Persson et al., 2006), 

indicating a greater freedom to move. However, distances moved relative to body 

length are reported to be more costly in terms of energy expended for small pike than 

for larger pike (Nilsson et al., 2007), forcing small pike to more restricted movements.    

         To sum up, the model explaining daily movement rates of pike in Lake Kleiner 

Döllnsee contained seasonal variation (water temperature), individual variation (total 
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length) and angler-induced predation risk of two forms (indirect disturbance and direct 

capture). The cumulative number of captures did not improve the model suggesting 

that activity was not significantly related to the cumulative number of recaptures. The 

latter was unexpected given that Siepker et al. (2006) found lower foraging activities 

of largemouth bass after angling and reduced growth after multiple captures. Similar, 

Clapp & Clark (1989) reported growth rate of largemouth bass to be inversely related 

to number of hooking events. It is possible that the cognitive abilities of pike did not 

allow them to differentially react to an increasing number of recapture events. 

Huntingford & Wright (1989) showed that threespine sticklebacks needed about eight 

trials to fully learn about the disadvantage of feeding in a risky habitat which was 

subjected to a strong visual and tactile stimulation by swinging a plastic hammer 

through the surface of the water towards the fish and then moving it out again. 

Alternatively, a single capture event might be sufficient to cause a drastic decrease in 

pike activity, and further capture events do not add further decreases as the primary 

decrease is already large enough. Consistent with this speculation, van Poorten & Post 

(2005) as well as Askey et al. (2006) reported a large drop in the CPUE of rainbow 

trout in the first weeks after angling started on a previously unexploited lake and no 

further decrease thereafter.  Irrespective, multiple capture events can cause cumulative 

fitness effects (Philipp et al., 1997; Siepker et al. 2006) even though no significant 

influence on activity was shown in this study. 

          Further evidence relating to the impact of fishing on the activity of pike was 

obtained from an analysis of diurnal movement rates. Diurnal movement rates were 

significantly different between both groups of the fish (disturbed and undisturbed) at 

almost all times of day from May until August, with undisturbed pike being more 

active. In contrast, not a single significant difference was found after simultaneous 

fishing started. The diurnal analysis showed that the difference between the two groups 

in May was mainly based on higher activity rates of undisturbed pike during the day, 

probably because fishing on the disturbed side took place during day reducing activity 

here relative to the undisturbed side. Moreover, during twilight (dusk and dawn) there 

were no differences in activity between the groups in August, while daily fishing 

efforts were at their lowest in this month. Following the twilight hypothesis of Munz & 

McFarland (1973), countershaded and eucryptic predators exploit their visual 

advantage by attacking from below where they cannot be seen in silhouette. Pike 

would profit of hunting during these times of the day (Pitcher & Turner, 1986). 

Accordingly, several authors report activity peaks of pike during twilight (Rogers, 
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1998; Cook & Bergersen, 1988; Lucas, 1992). A combination of reduced daily fishing 

efforts in August and the natural impact of twilight might have caused the similar 

movement patterns of both groups. 

          The daily CPUE was significantly related to the cumulative fishing effort two 

and three days before the current fishing event but was not related to the effort one and 

four days previous to angling. High angling effort was reflected by a decrease of 

CPUE consistent with observations by van Poorten & Post (2005) and Askey et al. 

(2006). Again, this might be based on behavioural alterations matching the level of 

predation risk (Sih, 1980). Although the lack of significant associations of daily CPUE 

and fishing effort level one day beforehand was counterintuitive, suggesting a small 

time lag in the pike’s reactions to angling effort or the need for higher cumulative 

angling effort to accumulate over two and three days to significantly affect likelihood 

of pike being caught. However, increasing fishing intensities led to decreasing CPUE`s 

on the disturbed lake side. Additionally, significantly higher CPUE`s were found on 

the previously undisturbed side when fished simultaneously in September.  These 

differences in CPUE between the disturbed and undisturbed lake sides could be related 

to heterogeneity in catchability among pike individuals (Hackney & Linkous, 1978; 

Pledger et al., 2003), differential environmental factors (Askey et al., 2006), or be an 

adaptive response to the differential angling intensity. Lucas et al. (1991) found pike 

heart rate elevations as indicative of pike feeding activity. Assuming that pike will 

attack the lure or bait during foraging activities, a decreasing CPUE after increasing 

disturbance stimuli (fishing effort) might indicate reduced foraging activity and 

therefore reduced movement rates as an expression of anti-predatory behaviour. 

Additionally, learned hook avoidance (Anderson & Heman, 1969; Beukema, 1970a; 

1970b; Hackney & Linkus, 1978; Young & Hayes, 2004; Askey et al., 2006) can play 

a further important role in this decrease. It can be assumed that constantly high levels 

of fishing intensity and related captures and disturbances can lead to enduring lowered 

foraging activities of pike, possibly inducing fitness consequences. Irrespective, the 

results are consistent with behavioural alterations of pike in response to angling 

pressures.        
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5.4. Influence of capture events on temporary pike behaviour (Hypothesis 3) 

During the present study it was hypothesized that both movement and habitat choice of 

pike are modified post catch-and-release, but is reversible in the short term after full 

recovery. The results showed a significant decrease in DTS one track after the pike 

were captured. This decrease in DTS vanished by the second track after capture 

suggesting fish had recovered from sublethal impacts caused by the catch-and-release 

event and had returned to behavioural patterns characteristic of the time prior to 

capture. Decreasing values of DTS in the short-term affected by catch-and-release 

fishing suggested a shift towards structurally more complex vegetated areas in the reed 

belts or a general tendency to move closer to the shoreline. However, as reed belts 

were positively selected before capture by pike as well, no significant increase in 

selection for reed after capture was found in the present study. It can be assumed that 

habitats preferred by pike during the normal life-cycle to effectively hunt or seek 

refuge from cannibalism (Grimm, 1994) are the same as those that are relevant to 

recovery from an angling event, which may explain the lack of observed significant 

shift in selected habitats post release. Hence, the preference of nearshore habitats after 

an angling event might be caused by anti-predation behaviour where the weakened fish 

attempts to avoid cannibalism while recovering from the stressor. It is possible that this 

behaviour is a combination of both, predator avoidance and stress recovery. These 

assumptions are supported by Cooke & Philipp (2004) where exhausted bonefish 

(Albula spp.) were eaten by sharks (several species) after being angled, possibly 

because of depletion of energy reserves and reduced fleeing abilities. It can be 

assumed that after being played by anglers pike are weakened and are limited in their 

ability to flee. This is also indicated by the intense and quick accumulation of lactate in 

angled pike (Schwalme & Mackay, 1985a, see below) indicative of anaerobic 

metabolism and a quick reduction of available energy fuels. Moving closer to shore 

while remaining in close association with reed might therefore allow pike to recover 

from the capture event and may help reduce the risk of cannibalism. 

The present study revealed that pike significantly reduced their movement after 

a catch-and-release event, and again, significantly increased their movement after a 

short period of time exhibiting similar movement rates as before the capture event 

within a week (the maximum time interval between the first and second tracking after 

the catch). This is consistent with studies reporting decreased short-term activity of 

fish in response to a catch-and-release event (Tsuboi & Morita, 2004; Young & Hayes, 

2004) and with several telemetry studies that revealed short duration behavioural 
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alterations in various species, such as downstream migration by Atlantic salmon 

(Webb, 1998; Mäkinen et al., 2000; Thorstad et al., 2003) and cichlids (Thorstad et al., 

2004) and decreased movement rates following a short duration of hyperactivity in 

largemouth bass (Cooke et al., 2000) and sharpnose shark (Gurshin & Szedlmayer, 

2004). Behavioural studies in smallmouth bass showed that during parental care, nest 

defending behaviour was impaired by catch-and-release fishing (Kieffer et al., 1995; 

Suski et al., 2003). For example, male smallmouth bass captured by angling were less 

willing or able to defend their broods than control fish (Suski et al., 2003), and 

smallmouth bass males hooked and played to exhaustion took four times longer to 

return to their nests than fish played briefly (Kieffer et al., 1995). However, consistent 

with the present study recovery from angling stress as indicated by resuming pre 

capture behaviour was found to be relatively quick as is also reported elsewhere 

(Kieffer et al., 1995; Arlinghaus et al., 2007). 

Reasons for reduced activity of pike following release in the present 

experiment are most likely related to the physiological disturbances associated with 

hooking, exhaustive exercise during fighting and air exposure during hook removal 

(Cooke & Suski, 2005). As discussed above, angling-induced stress is one of the most 

severe forms of exercise for fish during normal environmental conditions (Wood, 

1991). Schwalme & Mackay (1985a) found pike that experienced an exercise, typical 

of angling, had greatly elevated blood and muscle lactate and blood glucose values, 

which remained elevated for at least 96 h in the case of blood glucose. Lucas et al. 

(1991) reported high heart rate values for the first 12 h after externally tagged pike 

were released following their capture via angling. It is very likely that behaviour of 

post released fish is altered as long as physiological parameters have not fully 

recovered.  

          However, even when assuming that pike totally recover physiologically within 

the first few hours or days after capture, as it is typical for most angled freshwater fish 

(Kieffer, 2000), it is still possible that behavioural changes can occur for some period, 

e.g. movement rates may decrease or remain low for a while. After full recovery these 

atypical behavioural patterns can be a result of short-term adaptive anti-predation 

behaviour (Lind & Cresswell, 2005). Reduced activity to minimise the risk of 

predation was observed in various prey fish in response to the presence of predatory 

fish (i.e., Gilliam & Fraser, 1987; He & Kitchell, 1990; Werner, 1992; Biro et al., 

2003a). Little is known about these “residual effects” (Rahel & Stein, 1988), but 

ideally fish should resume normal activities immediately after a predator has left an 
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area, or after total physiological recovery. Guppies showed normal behaviour only a 

few seconds after a predator had left their area (Seghers, 1974), but in contrast, johnny 

darters showed anti-predatory behaviours lasting at least 24 h after contact with 

smallmouth bass (Smith, 1979). It is conceivable that reduced activity of pike is a 

consistent behavioural response to stimuli perceived negatively by the fish such as an 

attack by a bird or angling-induced disturbance (called behavioural syndromes by Sih 

et al., 2004). Hence, it can be speculated that the reduced movement after a catch-and-

release event is a combined response of the pike to recover from the exhaustive 

exercise and a result of an evolutionary fixed or learned behavioural syndrome in 

response to negative stimuli. A reduction in activity and short term displacement into 

less favourable habitats closer to shore might have an impact on the feeding behaviour 

of pike and influence post release growth (Siepker et al., 2006) and possibly fitness 

(Cooke et al., 2002b). Whether this assumption is true, however, is unknown and needs 

to be explored in future research. 

 

5.5 Influence of air exposure on pike behaviour (Hypotheses 3 - 4) 

It was initially hypothesized that behavioural changes in pike following release are 

related to the degree of physiological disruption which, in turn, is influenced by the 

degree of air exposure prior to release. Consistent with the hypothesis air exposure 

significantly influenced blood-lactate values of pike. Compared to the control group 

mean blood-lactate values increased more than 2.3 times following exposure. No 

differences among the various air exposure treatments were found, indicating that 

lactate had already accumulated to its maximum after playing and transmitter 

attachment. However, the possibility cannot be discounted that blood-lactate would 

increase with air exposure durations exceeding the highest treatment level (300 s). 

Several studies showed that angling stress has a significant influence on lactate values 

of fish (i.e. Gustaveson et al., 1991; Kieffer et al., 1995; Killen et al., 2003; Thorstad et 

al., 2003), and that lactate values are influenced further by additional air exposure 

(Mitton & McDonald, 1994, Arends et al., 1999; Killen et al., 2006). Ferguson & Tufts 

(1992) have outlined the existence of air exposure thresholds after which the response 

variable increases significantly. It is possible that such air exposure thresholds were 

not reached in the present experiment with pike, or alternatively that the air exposure 

threshold is equal to the overall amount of air exposure, irrespective of its duration 

(Arlinghaus & Hallermann, 2007). The latter explanation is consistent with the 

findings of Killen et al. (2006) who reported an almost fourfold increase in plasma 
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lactate in walleye (Sander vitreus) after angling and air exposure but no significant 

differences between several durations of air exposure durations, similar to the findings 

of the present study. It can be hypothesized that air exposure itself influences blood-

lactate values independent of its duration. 

Fish with 0 s of additional air exposure were handled for about two minutes for 

external transmitter attachment and measuring procedure, and therefore had already 

experienced a high level of stress in an anaerobic environment. This handling might be 

a reason for the non-significant differences in mean lactate values between the 

different treatment groups ranging all between 7 and 9 mmol L-1. Schwalme & Mackay 

(1985a) found mean blood-lactate values five minutes after exercise of between 9 and 

10 mmol L-1, comparable to findings of this study. Quick accumulation of lactate in 

pike in response to exhausting exercise might result from an evolutionary adaptation to 

habits of burst activity while foraging (Beggs et al., 1980). Frith & Blake (1995) found 

pike to have a very large maximum power output for their different C-start (fleeing) 

and S-start (hunting) swimming performances (Webb & Skadsen, 1980; Schriefer & 

Hale, 2004). These are only slightly below the maximum predicted power output for 

vertebrate anaerobic muscles, indicating that a fast start performance is highly costly 

and energy fuels for anaerobic metabolism are used in the very beginning of playing 

and handling (fleeing). Consequently, quick exhaustion is a likely reaction of pike 

when being played by an angler, as is indicated by quick accumulation of blood-

lactate. It can be assumed that pike were almost completely exhausted after playing 

and transmitter attachment and lactate values were on the highest possible level 

throughout all treatment groups at the time of blood-sampling. Hence, non significant 

differences were measured. 

Elevated plasma lactate and glucose values are known to be a stress indicator 

following angling (Schwalme & Mackay, 1985a; Schwalme & Mackay, 1985b) with 

lactate and glucose values usually increasing with rising stress and decrease again at 

the same time (Jobling, 1994). In terms of glucose the findings of the present study are 

contrary to those typically found in the literature, as no differences between the 

treatment groups and the control group were found and increasing levels of air 

exposure did not lead to increasing blood glucose values. One reason for this might be 

the immediate blood sampling procedure following treatment. Schwalme & Mackay 

(1985b) reported increasing plasma glucose values for 2 hours after handling, whereas 

pre-exercise plasma values were between 4 and 5 mmol L-1. However, in the present 

study all measured values ranged between 3 and 4 mmol L-1, comparable to the pre-
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exercise findings of Schwalme & Mackay (1985b). Similarly, Pottinger (1998) found 

glucose values in carp to react analogously, increasing for about two hours after 

exercise and decreasing afterwards. It needs to be considered that the level of glucose 

at any given time is a function of many factors such as diet, age, time since feeding 

and season, making the interpretation of results more difficult as some mediating 

variables are simply not known (Wedemeyer et al., 1990). It can be hypothesized that 

the blood glucose values of the treated fish increased strongly in the hours subsequent 

to measurement, however, these measurements were impossible in the present 

experiment. 

When physiological parameters were related to post release behaviour, pike 

exposed to air for 300 s showed significantly reduced movement rates during the first 

hour post release compared to the control group (0 s of exposure). This is consistent 

with hypothesis 4, as behavioural changes post release were related to the degree of 

physiological disruption. Comparable results were found in time (minutes) to first 

movement where individuals exposed to air for 300 s exhibited a significantly 

increased time until their first movement compared to fish exposed to air for durations 

of 0 s and 60 s. This may point to a threshold in pike movement after air exposure 

treatment of 300 s, but it is unknown how behavioural patterns may change with air 

exposure durations exceeding this value. Schreer et al. (2005) systematically varied air 

exposure durations after an angling simulation of brook trout [Salvelinus fontinalis 

(Mitchill)] and found significantly reduced swimming performances after an air 

exposure duration of 60 s, whereas shorter air exposure periods caused no significantly 

reduced swimming performances. Comparable results were found by Mitton & 

McDonald (1994). One can only speculate about the exact reasons for the reduced 

movement in pike, however, altered activity patterns after catch-and-release could be a 

sign of deleterious stress, combined with the physiological consequences of this 

procedure, or simply a result of fatigue (Cooke et al., 2002a; Arlinghaus et al., 2007). 

Research at Lake Kleiner Döllnsee has previously shown that pike altered their 

behaviour after a capture event but alterations were reversible in the short term 

following full recovery. Consistent with these findings no significant differences 

between the treatment the control group were found in minimum displacement per ½ 

day and the distance to the release point on the first, second and third day post release. 

However, there was a tendency towards a decrease in movement and distance moved 

from the release point with increasing air-exposure duration on the first day post 

release. The majority of the physiological changes induced by catch-and-release 
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angling and air exposure are known to return to resting control levels within 2 - 24 h, 

depending on the variable being examined (Beggs et al., 1980; Schwalme & Mackay, 

1985a; Booth et al., 1995; Cooke et al., 2001; Suski et al., 2006; Arlinghaus et al., 

2007). Consistent with the literature it can be assumed that even those parameters not 

measured in this study but potentially influencing pike behaviour after exercise were 

largely recovered one day post release explaining non significant differences in 

movement between the treatment groups. However, due to the lack of pre-exercise 

values nothing is known about potentially longer lasting effects of physiological 

disruption on movement compared to the state previous to capture.  

The additional treatment group where a lure was left in the mouth of pike 

revealed significantly elevated lactate values and significantly reduced activity during 

the first hour post release, indicating high levels of stress experienced by these fish. 

However, during the first day post release movement and distance to the release point 

of fish with a lure in their mouth was significantly higher compared to the control 

group, indicating hyperactivity. Hyperactivity after catch-and-release was previously 

reported for largemouth bass (Cooke et al., 2002b) and cichlids (Thorstad et al., 2004). 

Assuming high stress levels of lure-treated pike due to a combination of injury and 

handling, the injury might be one reason for such hyperactive behaviour, as all other 

fish reduced their movement with increasing stress level. However, it is reported that 

fish can handle deeply hooked and retained hooks (Tsuboi et al., 2006) and that fish 

can evacuate left hooks (Schisler & Bergersen, 1996; Diggles & Ernst, 1997). It is 

likely that artificially shallow hooked pike, even if the hooks were well fixed, were 

able to shed the lure within a short period of time. Hyperactivity one day after release 

might thus be an indicator of burst swimming activities to get rid of the hooks. There 

are two possibilities for decreasing movement rates of these pike on the second and the 

third day after release. First, pike were able to shed the lure and could forage without 

any constrictions and second, pike could not get rid of the hook but were loosing 

aversion to the artificial lure in the mouth and would resume normal behaviour and 

feeding, possibly because the lure was hanging outside the mouth, only fixed with the 

treble hook in the lower jaw. It can be hypothesized that a left lure causes behavioural 

alterations in pike until foraging without restrictions caused by the lure is possible 

again. 

During the studies in Canada no mortalities, whether initial nor delayed, were 

observed in a four week post release monitoring period as indicated by substantial 

movements of pike in all treatment groups including the lure treatment. Initial hooking 
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mortality in pike is reported to be between zero (Burkholder, 1992; Burr, 1998) and 

33.3 % (DuBois et al., 1994). Although not found in the present study, delayed 

mortality can be dependent on previous levels of exercise (Beggs et al., 1980; 

Ferguson & Tufts, 1992; Arlinghaus & Hallermann, 2007), although many studies 

observed no mortality after air exposure (i.e. Cooke et al., 2000; 2001; 2002b). It can 

be assumed that, combined with the growing body of other studies, fish angled and 

exposed to air are capable of surviving and recovering from these types of stressors. 
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6. Conclusions and implications for management and research 
In agreement with previous research on predator-prey relationships and the impacts of 

angling stress on freshwater fish (Werner & Gilliam, 1984; Ferguson & Tufts, 1992; 

Werner & Anholt, 1993; Kieffer, 2000; Cooke & Suski, 2005), the results of the 

present study suggest that for the protection of exploited pike populations management 

strategies based on catch-and-release, either partial or total, can be effective if 

cumulative hooking mortality and exploitation rates are not substantial. Therefore, 

protection of exploited pike populations could be realized through regulatory or 

voluntary catch-and-release management strategies provided that sublethal impacts are 

minimized to the greatest extent possible. One strategy to reduce sublethal effects of 

angling would be the regulation of boat traffic. Both quantitative restrictions of 

recreational and commercial boat traffic and restrictions of traffic intensive angling 

methods such as trolling could be effective. Additionally, protection of structured (i.e., 

vegetated) habitats from intensive angling disturbance can reduce the exposure of pike 

to angling gear and angling-induced boating traffic. The quick recovery post release 

found in the present study also allows the suggestion that a closed season of 

appropriate length might help pike to recover fully after angling stress and related 

stressors. Spawning activities should be enabled without angler-induced disturbance 

stimuli to assure unimpacted behaviour of the fish during this season as it is already 

common in many fisheries. 

         While angling, playing of pike and hook removal should be done as rapidly as 

possible to minimize exhaustion and air-exposure duration. This might necessitate 

proper education of anglers, particularly of inexperienced anglers, that might fear 

personal injury when handling pike thereby prolonging air exposure duration. 

Appropriate use of unhooking aids such as long-nosed pliers and wire cutters to cut the 

barbed shanks of deeply hooked hooks can help in reducing air exposure duration. 

Also, length measurements could be taken under water. Additional handlings such as 

weighing and photographing the fish should be omitted or done quickly. The present 

study also showed that leaving a lure inside the pike has only limited influences on the 

behaviour of pike post release. Therefore, to avoid long handling times and related 

injuries or disturbances, anglers can consider the possibility of cutting the line if pike 

are hooked deeply. 

        In order to provide mechanistic explanations of observed behavioural and 

physiological alterations, further studies are needed on the fitness consequences of 

sublethal effects through angling and the factors influencing such effects. Additionally, 
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“higher-order interactions” resulting from intensive catch-and-release fishing seem to 

be possible and need to be studied in the future, e.g. the influences of behavioural 

changes of pike on predator-prey dynamics (i.e. trait-mediated effects) and the food 

web structure.  
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