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and distribution as well as individual fitness of prey. I study these responses by 
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My work highlights the importance of monitoring prey behaviour when studying 
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INTRODUCTION 
Predator-prey interactions have long been acknowledged as important 

determinants in prey population dynamics and can have major impacts on 

entire ecosystems. Hence, the question of how predators affect their prey has 

received well-deserved attention from scientists for several decades and 

ecologists like A.J. Lotka, V. Volterra, G.F. Gause and R.T. Paine have all 

contributed to our present knowledge of this intriguing field. Earlier, predators 

were thought to affect prey mainly through direct removal of prey from the 

prey population. However, it has become more and more apparent that 

predators also invoke strong indirect effects on their potential prey by inducing 

behavioural and morphological adjustments as well as physiological stress. 

These indirect effects have the potential to be as important, or even more 

important, than the direct effect of predation (Bolnick and Preisser 2005). 

Most organisms live their lives under the threat of predation, and while 

some organisms experience the same predator regime their entire lives, others 

are subjected to several different predator regimes during a life cycle. Striking 

examples of the latter are organisms that undergo metamorphosis from a larval 

stage in one environment (e.g. aquatic) to an adult stage in a different 

environment (e.g. terrestrial). In such case both predator community and the 

organism itself changes dramatically from pre-metamorphosis to post-

metamorphosis. It has been suggested that metamorphosis can represent a way 

of escaping high predation pressure in the larval environment. Several 

theoretical papers have predicted how prey should react to changes in predation 

pressure in the larval environment by altering time of and size at 

metamorphosis (Werner 1986, Ludwig and Rowe 1990, Rowe and Ludwig 

1991, Abrams and Rowe 1996, Crowley and Johansson 2002). Many empirical 

studies have tested the predictions of these theories (refs. in Benard 2004). 
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Behavioural anti-predator responses 
Theory predicts that organisms should modulate behaviour to maximize their 

expected fitness (Abrams 1984). Since death is the most definite negative effect 

on fitness, it is very important for individuals to avoid predation and therefore a 

strong selection for proper anti-predator response is to be expected. 

Behavioural adjustments to predator presence are very widespread responses 

used by organisms in many taxa (Lima 1998). The optimal behaviourally 

mediated anti-predator response is of course highly dependent on what kind of 

predator an organism is encountering. For example, Stoks and De Block (2000) 

showed that damselfly larvae that swim to escape fish predators have a very 

low chance of survival, while the same escape response in the presence of 

invertebrate predators resulted in much higher chances of survival. Their study 

illustrates that a good anti-predator response to one type of predator can be 

maladaptive in the presence of another predator type. It is therefore vital for the 

prey to be able to identify and correctly assess the risk linked to a specific 

predator. Since many organisms encounter several different types of predators, 

plasticity in behavioural response to predators is expected to be beneficial. 

 

Activity  

The most commonly reported behavioural anti-predator response is reduced 

prey activity. A reduction in activity has been shown in many different 

organisms such as invertebrates (McPeek 1990a, Johansson 1993, Lima 1998), 

amphibians (Sih and Kats 1991, Skelly 1995, Lima 1998), fish (Mathis and 

Smith 1993, Brown et al. 1995) and mammals (Blanchard and Blanchard 1989, 

Korpimäki et al. 1996). Low activity in the presence of predators has been 

shown to greatly increase the survival of potential prey (Skelly 1994, Stoks and 

Johansson 2000, Brodin and Johansson 2004). This increased possibility of 

survival has an important positive effect on future reproductive output since 

dead individuals cannot reproduce. However, it has been shown that higher 

activity usually results in more encounters with food and hence results in 

higher energy gain that translates to higher growth rate and larger size (Werner 
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and Anholt 1993). Thus lowered activity of the prey will lead to a reduced 

energy intake because less food is encountered. Since all organisms have to 

obtain resources and convert them into biomass to be able to grow and develop, 

a reduction in energy intake will affect prey growth rate, size and/or time to 

maturation negatively (Crowl and Covich 1990, Skelly and Werner 1990, 

Peckarsky et al. 1993, Ball and Baker 1996, Anholt and Werner 1998).  

Another common anti-predator response of prey is adjustments of their 

spatial utilisation. Thus the potential prey might spend more time in areas that 

are inferior with respect to food availability but in which predation pressure is 

relaxed (Lima and Dill 1990, Kotler et al. 1991). Alternatively, prey might 

react to the presence of a predator by increasing refuge use (Lima and Dill 

1990, Persson and Eklöv 1995, Lima 1998). Both these behavioural 

adjustments are likely to reduce the energy intake of prey and hence lead to 

reduced growth and subsequently a smaller size and/or later maturation. 

Growing to a large size has consequences for an individual's fitness because 

large size is in many cases positively related to fecundity, survival probability 

and mating success (Berven and Gill 1983, Taylor et al. 1998, Stoks and De 

Block 2005). In some organisms maturing late may influence fitness 

negatively, because late maturation results in a situation where most 

conspecifics already have mated or the best territories are occupied (Fincke 

1982, Banks and Thompson 1987). This means that a reduced activity not only 

affects fitness positively through increased survival but also negatively through 

reduced size at- and/or late maturation. Hence individuals are faced with a 

growth/predation risk trade-off (Lima 1998). 

 

Behavioural syndromes  

Two types of scenarios can generate the growth/predation risk trade-off (Sih et 

al. 2003). One type involves "within situation conflicts", which are often 

associated with a time budget conflict. In this scenario individuals that spend 

more time foraging actively gain more food and grow faster, but suffer a higher 

predation risk. These conflicts are well studied and understood in modern 
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behavioural ecology (Werner and Anholt 1993, Ball and Baker 1996, Krebs 

and Davies 1996, Relyea and Werner 1999, Stoks and Johansson 2000). 

The other type of conflicts, termed "across situation conflicts", involves 

behaviours that occur over several situations (Sih et al. 2003). Suites of 

correlated behaviours across situations are also referred to as behavioural 

syndromes (Sih et al. 2004). In this scenario all individuals (or genotypes) 

decrease their activity in the presence of predators, but some individuals are 

consistently more active than others across situations, e.g. both in the absence 

and presence of predators. In such cases highly active individuals (or 

genotypes) may do well in the absence of predators but suffer in the presence 

of predators. In contrast, the less active individuals (or genotypes) should do 

well in the presence of predators, but less well in the absence of predators. 

Since genetic variation in activity appears to be common (Sih et al. 2003), we 

expect behavioural syndromes to be common. To date, however, very few 

studies have focused on behavioural syndromes (Sih et al. 2004). 

 

State dependent anti-predator response 

The strength of an anti-predator response of a prey individual has been 

suggested to depend on the energetic status of that particular individual 

provided that the anti-predator response either reduces energy intake or 

increases energy loss (McNamara and Houston 1994). This can be tested by 

manipulation of the food availability of the prey including periods of food 

deprivation. Several studies have shown that prey that receive low rates of food 

(high energetic stress) do not reduce their activity or use refuges as much as 

prey that receive more food (low energetic stress) (Horat and Semlitsch 1994, 

Anholt and Werner 1995, Anholt and Werner 1998). Hence, a starved 

(energetically stressed) individual will accept higher risks of predation to 

obtain food compared to a well-fed individual. 

Subjecting the prey to a time-constraint is another way of illustrating the 

growth/predation risk trade-off. Damselflies are often subjected to this 

constraint since larvae have to attain a certain size within a certain time period 
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to be able to emerge and have a chance of reproducing (Rowe and Ludwig 

1991). Hence, a strong behavioural anti-predator response would be too costly 

and reduce growth to a point where metamorphosis would be untimely. This 

means that the predator-induced activity reduction is less pronounced in time 

constrained compared to non-time constrained animals (Rowe and Ludwig 

1991) and hence, prey is then subjected to a higher risk of predation.  

 Prey can also react to the presence of a predator by making temporal 

adjustments of their behavioural pattern to reduce the likelihood of 

encountering the predator. One example of such an adjustment is when prey 

switch from diurnal or aperiodic foraging to crepuscular or nocturnal foraging 

when a predator is present (Cowan and Peckarsky 1994, Fenn and Macdonald 

1995). Another example of such an adjustment includes the enhancement of 

diel vertical migration of zooplankton that the presence of a predator induces 

(Dawidowicz and Loose 1992, Loose and Dawidowicz 1994). An enhancement 

of diel vertical migration has been shown to affect growth of zooplankton 

negatively (Dawidowicz and Loose 1992, Loose and Dawidowicz 1994) and 

leads to delayed reproduction (Vuorinen 1987). 

 

 

Community effects  
Species compositions and abundance patterns can be highly dependent on the 

type of predator regime present (McPeek 1990b, Johansson and Brodin 2003). 

Predators can eliminate species from a system, and they can also facilitate the 

co-existence of species that otherwise would eliminate each other. Such an 

effect of predation occurs when a predator via selective predation of a superior 

competitor and/or of another predator species enables a weaker competitor or a 

potential prey, that otherwise would have been excluded, to remain in the 

system (Lima 1998). This effect was first shown in a study by Leibold (1991) 

where he suggested that the presence of fish, via size-selective predation, 

facilitated co-existence of two Daphnia-species. In the absence of fish the 

smaller species, being an inferior competitor, should be competitively excluded 
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from the system. More supporting evidence for this effect was presented in a 

study of how the distribution-patterns of bullfrogs and green frogs change as a 

response to changes in suites of predators along an ephemeral to permanent 

pond gradient (Werner and McPeek 1994). 

 

Thinning  

Predation on prey can also influence life histories, and two types of effects can 

be distinguished. First, a direct effect whereby predators induce a shift in life 

history characters of their prey by targeting those with particular traits, e.g. 

small or large sized prey (Abrams and Rowe 1996, Reznick et al. 2001). 

Second, an indirect effect that is mediated through the food resources of the 

prey. If prey compete for food, those that evade predation may be expected to 

emerge at a larger size, and perhaps even earlier, due to a higher per capita 

food availability. Predators removing prey individuals may thus increase the 

per capita food availability of prey, a phenomenon commonly known as 

thinning (Abrams et al. 1996, Van Buskirk and Yurewicz 1998). Thinning can 

be categorized as an indirect effect because thinning indirectly increases the 

resource density, since resources are released from consumption. Thus, 

thinning may lead to a larger prey size. If so, it affects prey size in the opposite 

direction compared with the negative effect a predator induced behavioural 

change has on size. As a consequence of these opposing forces the explanation 

of why prey attain a certain size should be more complex than suggested in 

earlier studies (Abrams et al. 1996, Peacor and Werner 2001). However, if prey 

is not food limited, no effect of thinning on size and time of emergence should 

be found at different food densities. If this is the case, the behavioural response 

of the prey most likely determines the difference in prey emergence time and 

size in the presence and absence of predators. 

 Since thinning and decreased activity can work simultaneously in prey 

populations, and because the effects may work in opposite directions with 

regard to many life history traits, it is important to determine the relative 

importance of these effects under certain circumstances. Very few studies have 
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separated the effects of thinning and behavioural adjustments (refs. in Peacor 

and Werner 2001), and in those doing so, resource densities have not been 

estimated, which is a very important trophic level in this context (Van Buskirk 

and Yurewicz 1998, Peacor and Werner 2001). 

 

 

Chemical cues  
Understanding how animals identify predation risk might help in explaining 

variations in behaviour and life history traits within and among species (Kats 

and Dill 1998). Three major groups of predator-identification stimuli are 

recognized, namely mechanical, visual and chemical (Dicke and Grostal 2001). 

Recognition of predators through chemical cues is common among both 

terrestrial (Persons et al. 2001) and aquatic (Dodson et al. 1994, Chivers et al. 

1996) animals. Recent studies have shown that many animals are capable of 

distinguishing between stimuli associated with different predator species 

(Relyea 2003a, b), and that the reactions to the stimuli in some cases are linked 

to prey size (Eklöv 2000, Golub and Brown 2003). In addition, the effect of 

predator diet on prey behaviour and morphology has received increased 

attention in recent years (Chivers and Mirza 2001, Dicke and Grostal 2001, 

Persons et al. 2001). According to recent studies there is considerable variation 

in how prey respond behaviourally to a predator’s chemical stimuli, ranging 

from no response to a very strong response. Results of earlier studies 

demonstrate a strong effect of predator diet. Thus prey show stronger responses 

to chemical stimuli of predators feeding on prey conspecifics compared to 

predators feeding on prey heterospecifics (Chivers et al. 1996, Laurila et al. 

1997, Wisenden et al. 1997, Chivers and Mirza 2001). Prey response to 

predator stimuli may also vary with physiological state (Godin et al. 1988, 

Koivula et al. 1995), previous experiences of the prey (Magurran 1990, Chivers 

et al. 1996) and abiotic constraints (Rowe and Ludwig 1991, Johansson et al. 

2001). 
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Physiological stress 
It has become widely accepted to define stress, as suggested by Sibly and 

Calow (1989), as an environmental condition that diminishes Darwinian fitness 

through either reproduction or survival. When using this definition it is 

apparent that predators must be one of the most important (if not the most 

important) sources of stress for a prey individual. It has been shown that the 

mere presence of a predator can act as a catalyst for physiological stress in prey 

individuals (Boonstra et al. 1998, Stoks 2001), and it is reasonable to assume 

that high predator stimuli will trigger higher levels of stress than low predator 

stimuli. Physiological stress is known to inhibit individual growth in 

damselflies (Stoks 2001, McPeek et al. 2001, Stoks and McPeek 2003), and 

therefore a higher level of stress should also indicate a greater reduction in 

growth. 

 

 

METHODS 
In this thesis I have incorporated a field survey as well as semi-field 

experiments and laboratory experiments. In the field survey (Paper I) we 

collected odonate exuvie during the entire emergence period at 13 different 

lakes in the vicinity of Umeå, Sweden. The exuvie-data were used to get an 

estimate of species distribution and abundances of odonates in lakes with and 

without fish. All semi-field experiments (Paper III and V) were done at an 

outdoor experimental park at Umeå University. We used opaque plastic tanks 

(65 L) as artificial ponds and perch, Perca fluviatilis, as predator species in 

both experiments. Damselflies, L. sponsa, (Paper III) and aquatic beetles, 

Hydroporus spp, (Paper V) were used as prey species and provided data on 

behaviour and life-history characters under different predator treatments. The 

laboratory experiments (Paper II and IV) were run indoors using plastic 

containers (18 x 18 x 11 cm) to keep the larvae individually separated. Here we 
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used large odonate larvae (A. juncea) as predators and damselfly larvae (C. 

hastulatum) as prey. 

 

 

RESULTS AND DISCUSSION 
Paper I 

We compared the community structure of odonates in lakes with and without 

fish. Data on odonate abundance and abiotic factors (temperature, total 

phosphorus content, water colour, pH, plant biomass and lake size) were 

collected from seven lakes with- and six lakes without fish. Effects of fish and 

abiotic factors on odonate community structure were analysed with redundancy 

analysis (RDA), and differences in species abundance were analysed using 

univariate F-tests.  

Our results showed that fish presence and pH are important factors 

influencing odonate community structure. Total abundances of odonates and 

anisopterans were negatively associated with fish presence. Some species 

decreased (Leucorrhinia dubia and Aeshna juncea) and some increased 

(Erythromma najas and Cordulia aenea) in abundance when fish were present, 

whereas other species were unaffected (e.g. Coenagrion hastulatum) by fish 

presence or absence. The finding that L. dubia was sensitive to fish presence is 

explained by its high activity and the absence of anti-predator behaviour. 

Whereas, the sensitivity of A. juncea instead might be a result of size selective 

predation by fish, since aeschnids are the largest larvae in the odonate 

community. E. najas and C. aenea were more abundant in lakes with fish and a 

plausible explanation for this may be a combination of low activity and cryptic 

morphology. Differences in activity between disfavoured and favoured species 

may enable the larvae from active species to become superior competitors and 

hence grow faster than larvae from less active species. In the absence of fish 

predators this could lead to higher abundances of active species mediated 

through competitive exclusion and intra-guild predation on inactive species. 

However, in the presence of fish predators, larvae from the active species will, 
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due to higher encounter rates with the predator, be subjected to an increased 

predation risk that might turn the advantage in favour of larvae from the less 

active species. In contrast, C. hastulatum (whose abundance was unaffected by 

fish presence) show behavioural adjustments to both dragonfly larvae predators 

and fish predators. This could facilitate coexistence with both types of 

predators and hence explain the pattern found here. In an earlier study McPeek 

(1990b) showed that fish have at least two key roles in determining community 

structure of odonates, viz. by determining species composition, and by affecting 

abundances of coexisting species. His study supports our conclusion that fish 

are an important factor for determining species composition and abundance of 

odonates in lakes. 

The only abiotic factor that influenced odonate community structure was 

pH. However, since odonates are relatively insensitive to pH we suggest that 

the importance of this factor could be an indirect effect mediated through fish 

predators. Thus changes in odonate communities that coincide with a lowered 

pH are related to changes in fish abundance caused by the lowered pH rather 

than a direct effect of pH per se. Our results are supported by earlier studies 

(e.g. McPeek 1990b) that also found water chemistry not to be decisive in 

determining species composition and abundance of odonates. 

 

Paper II 

Activity is an important behavioural trait that in most animals mediates a trade-

off between obtaining food for growth and avoiding predation. We investigated 

how growth and predator-induced mortality of the damselfly Coenagrion 

hastulatum were related to the activity of the genotype. Larvae from six 

different C. hastulatum families were reared in two different predator 

treatments; non-lethal predator present or absent. We used larvae of a large 

dragonfly (Aeshna juncea) as predator. Families differed in activity, and larvae 

from active families grew to a significantly larger size than those from less 

active families irrespectively of presence or absence of predators (Fig. 1). 

Within families there was a plastic response to predators. Larvae reared without 
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predators were more active and grew larger than larvae reared with a non-lethal 

predator. In the presence of a lethal predator the larvae from active families 

experienced a higher mortality than those from the less active families (Fig. 1).  

 

-1

1.1 1.2 1.3 1.4 1.5 1.6 1.7

1.6

1.8

2.0

2.2

2.4

ln
Su

rv
iv

al

lnMoves*ind.

1.1 1.2 1.3 1.4 1.5 1.6 1.7

1.6

1.8

2.0

2.2

2.4

-

1.1 1.2 1.3 1.4 1.5 1.6 1.7

1.6

1.8

2.0

2.2

2.4

(h
ou

r*
in

d.-1
)

.

.

1.1 1.2 1.3 1.4 1.5 1.6 1.7

1.6

1.8

2.0

2.2

2.4

Figure 1. (Left) The solid line illustrates the relationship between 
mean activity and mean size of families in the presence of predators 
(black circles) while the dashed line illustrates the same relationship 
without predators (open triangles). (Right) Mean activity of 
damselfly families plotted against mean survival time in the 
predation experiment.

2.0

0.4 0.8 1.2 1.6 2.0

lnMoves*ind .-1

1.4

2.0

2.6

3.2

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

Si
ze

 (m
m

)

2.0

0.4 0.8 1.2 1.6 2.0
--

1.4

2.0

2.6

3.2

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

2.0

0.4 0.8 1.2 1.6 2.0

.-.-

1.4

2.0

2.6

3.2

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

3.2

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

-1

1.1 1.2 1.3 1.4 1.5 1.6 1.7

1.6

1.8

2.0

2.2

2.4

ln
Su

rv
iv

al

lnMoves*ind.

1.1 1.2 1.3 1.4 1.5 1.6 1.7

1.6

1.8

2.0

2.2

2.4

-

1.1 1.2 1.3 1.4 1.5 1.6 1.7

1.6

1.8

2.0

2.2

2.4

(h
ou

r*
in

d.-1
)

.

.

1.1 1.2 1.3 1.4 1.5 1.6 1.7

1.6

1.8

2.0

2.2

2.4

Figure 1. (Left) The solid line illustrates the relationship between 
mean activity and mean size of families in the presence of predators 
(black circles) while the dashed line illustrates the same relationship 
without predators (open triangles). (Right) Mean activity of 
damselfly families plotted against mean survival time in the 
predation experiment.

2.0

0.4 0.8 1.2 1.6 2.0

lnMoves*ind .-1

1.4

2.0

2.6

3.2

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

Si
ze

 (m
m

)

2.0

0.4 0.8 1.2 1.6 2.0
--

1.4

2.0

2.6

3.2

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

2.0

0.4 0.8 1.2 1.6 2.0

.-.-

1.4

2.0

2.6

3.2

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

3.2

2.0

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

0.4 0.8 1.2 1.6 2.0
1.4

2.0

2.6

 

 

The results illustrate that the growth/predation-risk trade-off was mediated by 

activity. The cost of anti-predator behaviour in terms of lowered activity was 

pronounced with respect to growth rate. In addition, the results suggest that 

variation in activity level might be genetically regulated. If so, this could 

explain why C. hastulatum larvae are abundant in aquatic systems with fish 

and/or odonate predators as well as in waters devoid of fish (Paper I). Recent 

studies have suggested that species often exhibit suites of correlated behaviours 

across situations, also referred to as behavioural syndromes (Sih et al. 2004). 

Such syndromes could explain some of the behaviours that appear to be mal-

adaptive. In our study, families that were relatively active in the absence of 

predators were also relatively active with predators present. This indicates a 

limited behavioural plasticity in activity and the presence of a carry-over effect 
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from a beneficial situation (i.e. high activity foraging) to a disadvantageous 

situation (i.e. high activity with predators). Hence, we conclude that the activity 

pattern of C. hastulatum larvae fits the definition of a behavioural syndrome. 

 

Paper III 

We investigated how the presence (lethal and non-lethal) and absence of a fish 

predator, perch (Perca fluviatilis), influenced behaviour, numbers emerging, 

size at emergence, and development rate of the damselfly Lestes sponsa. In 

addition, we also monitored zooplankton densities during the experiment. Even 

though the damselfly larvae decreased their activity, size at emergence was 

larger and development time faster for individuals in the lethal predator 

treatment (Fig. 2).  
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Figure 2. Mean development time (left) and size at emergence (right) of 
Lestes sponsa larvae (± 1 SE) in the predation treatments. FS denotes 
presence of a non-lethal fish predator, FP denotes presence of a lethal fish 
predator and N denotes no fish present. 

 

There was no difference in mean density of zooplankton among treatments 

early (8 June) in the experiment. However, later (30 June) there were 

significantly more zooplankton present in the treatment with a lethal fish 

present. Since fewer larvae emerged from the lethal predator treatment we 

interpreted the larger size at emergence as a combined result of thinning and 

higher zooplankton densities. Thinning is an indirect effect of predators that is 

mediated through the food resources of the prey. If potential prey compete for 
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food, those that evade predation may be expected to emerge larger, and perhaps 

even earlier, due to a higher per capita food density. Because thinning may lead 

to a larger prey size, it thus affects prey size in an opposite manner compared 

with the negative effect a predator induced activity reduction has on prey size. 

Since thinning and decreased activity can work simultaneously in prey 

populations, and because the effects may work in opposite directions with 

regard to many life history traits, it is important to determine the relative 

importance of these effects. Very few studies have separated the effects of 

thinning and behavioural adjustments (refs in Peacor and Werner 2001) and in 

those doing so, resource densities have not been estimated (Van Buskirk and 

Yurewicz 1998, Peacor and Werner 2001). Our study suggests that indirect 

effects on life histories, mediated by resource density, may exceed indirect 

effects mediated by behavioural adjustments. 

 

Paper IV 

Predator avoidance is often costly for the prey since it interferes with foraging, 

growth, development and/or reproductive behaviour. Studies have shown that 

the strength of predator-response not only depends on predator species but also 

on predator density (Kusch et al. 2004) and predator diet (Chivers et al. 1996, 

Laurila et al. 1998). 

 In this study we investigated how growth and behaviour during the 

ontogeny of a damselfly larva (Coenagrion hastulatum) in high and low food 

environments were affected by the diet of a predator (Aechna juncea). We 

reared C. hastulatum in three different predator treatments; no predator, 

predator feeding on conspecifics (C. hastulatum) and predator feeding on 

heterospecifics (zooplankton). We found that, independent of food availability, 

C. hastulatum displayed the strongest anti-predator behaviours when predators 

consumed prey conspecifics. Interestingly, the effect of predator diet on prey 

activity was only observed early in the ontogeny of C. hastulatum. Late in the 

ontogeny, no difference in prey activity between treatments could be found. In 

contrast, the significant effect of predator diet on prey spatial distribution was 
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unaffected by time. C. hastulatum size was affected by both food availability 

and predator diet. Larvae reared in the high food treatment grew larger than 

larvae in the low food treatment (Fig. 3). Mean larval size was smallest in the 

treatment where predators consumed prey conspecifics, intermediate where 

predators consumed heterospecifics and largest in the treatment without 

predators (Fig. 3).  
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Figure 3. Mean activity (± 1 SE) and mean weight (± 1 SE) of larvae from each 
predator treatment reared at low food levels (left) and high food levels (right).
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Figure 3. Mean activity (± 1 SE) and mean weight (± 1 SE) of larvae from each 
predator treatment reared at low food levels (left) and high food levels (right).

 

 

The difference in mean larval size between treatments was probably an effect 

of reduced larval feeding, because of behavioural responses to chemical cues 

associated with predator diet. This reasoning is supported by earlier studies 

showing stronger responses to chemical stimuli of predators feeding on prey 

conspecifics rather than heterospecific prey (Chivers et al. 1996, Laurila et al. 

1997, Wisenden et al. 1997, Chivers and Mirza 2001). Our study suggests that 

anti-predator responses can be specific for certain stages during the ontogeny. 

This finding shows the importance of considering where in its ontogeny a study 

organism is before results are interpreted and generalisations are made. 
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Paper V 

Most organisms perceive the environment as a heterogeneous area with patches 

of “good” and “bad” habitats. When an individual attempts to colonize a new 

patch, it is of vital importance to identify and estimate the risks associated with 

that patch. Therefore natural selection should favour females that are able to 

correctly assess the risk of predation, and can use that information to avoid 

high-risk oviposition sites to reduce the risk of offspring predation.  

In an outdoor artificial pond experiment we tested the oviposition site 

selection of female aquatic beetles (Hydroporus spp.) in relation to the 

presence or absence of a predatory fish (Perca fluviatilis). In addition, we 

monitored how the oviposition site selection affected the behaviour, growth 

and food resource of the progeny. We showed that free-flying females of the 

aquatic beetles Hydroporus incognitus and H. nigrita prefer to oviposit in 

waters without fish (Fig. 4).  

Figure 4. Mean larval density (±1SE) 
resulting from female oviposition site 
selection in tanks with fish (P) and 
tanks without fish (N) in year 2003 
and 2004.
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Figure 4. Mean larval density (±1SE) 
resulting from female oviposition site 
selection in tanks with fish (P) and 
tanks without fish (N) in year 2003 
and 2004.
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Larval activity of Hydroporus spp. was unaffected by fish presence. This result 

might seem counter intuitive, but the lack of any activity-related anti-predator 

response of larvae is to be expected in species primarily selected for a fish free 

environment, since behavioural anti-predator responses should be costly and 
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negatively affect competitive ability and growth (Stoks et al. 2003). Our results 

indicate that beetle larvae from females that do lay eggs in waters with fish 

should show increased growth compared to larvae in waters without fish. We 

explain this difference in growth by reduced interference- as well as reduced 

exploitation competition leading to a higher per-capita food supply in the 

presence of fish predators. The higher growth in the presence of predators 

highlights the potential for higher fitness of larvae that reach maturity in 

habitats with predators. This potential fitness advantage, in turn, might be the 

reason why oviposition in habitats with predators is not excluded by strict 

selection for habitats without predators. Traditionally, variation in habitat 

evaluation has been explained either by variation in chemo-detection (Frechette 

et al. 2004) or by behavioural optimisation (Sadeghi and Gilbert 2000). 

However, the vast majority of former studies of this phenomenon have 

neglected to measure how life-history characters of the larvae are affected by 

the maternal oviposition site choice. 

 

 

CONCLUSIONS AND FUTURE PERSPECTIVES 
The results in this thesis highlight the importance of monitoring prey behaviour 

when studying life-history characteristics. We show that larval damselflies 

modify their behaviour as a response to predator presence by reducing activity 

and/or restricting spatial use. Furthermore, we confirm that such anti-predator 

responses have negative effects on growth and development of prey but 

positive effects on prey survival in the presence of a predator. We also add 

some empirical evidence to the current knowledge of how resources can affect 

anti-predator response of prey. First, we show that the increase in per capita 

food resource of remaining prey resulting from the removal of conspecifics by 

predation can invoke a stronger positive effect on growth and development of 

prey than the negative effect of anti-predator response. Second, we show that 

the strength of an anti-predator response is dependent on resource availability 

of the prey; low resource availability leads to weak anti-predator responses. In 
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addition, we show that adult female aquatic beetles adjust their oviposition 

behaviour to avoid waters with fish. Interestingly, the aquatic beetle larvae do 

not show any behavioural response to fish presence. This lack of anti-predator 

response might be an effect of the oviposition site choice of the adult. Since 

most larvae hatch in waters without fish, competition is expected to be high and 

hence any anti-predator response might be too costly and have no selective 

advantage. 

 Another intriguing discovery is that the strength of an anti-predator 

response of damselfly larvae can change over their ontogeny. We show that the 

strength of the anti-predator response of young damselfly larvae depends on 

predator diet. Predators feeding on prey conspecifics induce a stronger 

behavioural response than predators that feed on alternative food. However, 

later in the ontogeny the difference in anti-predator response disappears 

because of a lowered predator response of larvae subjected to predators feeding 

on conspecifics. This phenomenon is explained by the time-constraint that 

forces the larvae to attain a certain size within a certain time to be able to 

emerge and reproduce.  

Finally, we suggest that a genetic component may be crucial for the 

activity of damselfly larvae, and that this has resulted in a behavioural 

syndrome (i.e. suites of correlated behaviours across situations). This, in turn, 

might restrict the larva, by limited plasticity, to a certain activity range that can 

be inappropriately high in the presence of predators leading to a high risk of 

predation. On the other hand, the activity can also be inappropriately low 

without predators present, leading to a competitive disadvantage. 

 There are very few studies published about behavioural syndromes, and 

a future challenge is to quantify and increase our understanding of this 

phenomenon. It would be especially interesting and rewarding to study animals 

with complex life-cycles to investigate if behavioural syndromes in the larva 

restrict the behaviour of the adult. Thus, do aggressive larvae give rise to 

aggressive adults that are superior competitors for territories or females? On 

the other hand, extremely aggressive adults can occupy good territories, but 
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they are too aggressive to mate, because they attack both males and females 

(Arnqvist and Henriksson 1997, Johnson and Sih 2005). If so, do cannibalistic 

larvae, which are very aggressive, face a fitness disadvantage as adults?  

 

 

ACKNOWLEDGEMENTS 
I am grateful to Frank Johansson, Christian Otto, Brendan McKie, Pär 

Ingvarsson, Maano Aunapuu and Martin Lind for comments on earlier drafts of 

this thesis. I would also like to thank Johan Tegman for helping me with the 

graphic design. Finally I would like to thank my Advisory Board (Erik 

Nyholm, Birger Hörnfeldt and Mats Johansson) for their suggestions of what to 

include in this thesis. Financial support for the studies in this thesis was 

provided by the Swedish Research Council (FJ), the J.C. Kempe Foundation 

(TB) and the Royal Swedish Academy of Sciences (TB). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 25



REFERENCES 
Abrams, P. A. 1984. Foraging time optimisation and interactions in food webs. 

American Naturalist 120:382-390. 

Abrams, P. A. and Rowe, L. 1996. The effects of predation on the age and size 

of maturity of prey. Evolution 50:1052-1061. 

Abrams, P. A., Leimar, O., Nylin, S. and Wiklund, C. 1996. The effect of 

flexible growth rates on optimal sizes and development times in a seasonal 

environment. American Naturalist 147:381-395. 

Anholt, B. R. and Werner, E. E. 1995. Interaction between food availability 

and predation mortality mediated by adaptive behavior. Ecology 76:2230-

2234. 

Anholt, B. R. and Werner, E. E. 1998. Predictable changes in predation mortality 

as a consequence of changes in food availability and predation risk. 

Evolutionary Ecology 12:729-738. 

Arnqvist, G. and Henriksson, S. 1997. Sexual cannibalism in the fishing spider and 

a model for the evolution of sexual cannibalism based on genetic constraints. 

Evolutionary Ecology 11:255-273. 

Ball, S. L. and Baker, R, L. 1996. Predator-induced life history changes: 

antipredator behavior costs or facultative life history shifts? Ecology 

77:1116-1124. 

Banks, M. J. and Thompson, D. J. 1987. Lifetime reproductive success of 

females of the damselfly Coenagrion puella. Journal of Animal Ecology 

56:815-832. 

Benard, M. F. 2004. Predator-induced phenotypic plasticity in organisms with 

complex life histories. Annual Review of Ecology, Evolution, and 

Systematics 35:651-673. 

Berven, K. A. and Gill, D. E. 1983. Interpreting geographic variation in life-

history traits. American Zoologist 23:85-97. 

Blanchard, R. J. and Blanchard, D. C. 1989. Antipredator defensive behaviors 

in a visible burrow system. Journal of Comparative Psychology 103:70-82. 

 26 



Bolnick, D. I. and Preisser, E. L. 2005. Resource competition modifies the 

strength of trait-mediated predator-prey interactions: a meta-analysis. 

Ecology 86:2771-2779. 

Boonstra, R., Hik, D. S., Singleton, G. R. and Tinnikov, A. 1998. The impact 

of predator-induced stress on the snowshoe hare cycle. Ecological 

Monographs 79:371-394. 

Brodin, T. and Johansson, F. 2004. Conflicting selection pressures on the 

growth/predation risk trade-off in a damselfly. Ecology 85:2927-2932. 

Brown, G. E., Chivers, D. P. and Smith, R. J. F. 1995. Localized defection by 

pike: A response to labeling by cyprinid alarm pheromone? Behavioral 

Ecology and Sociobiology 36:105-110. 

Chivers, D.P. and Mirza, R. S. 2001. Importance of predator diet cues in 

responses of larval wood frogs to fish and invertebrate predators. Journal of 

Chemical Ecology 27:45-51. 

Chivers, D. P., Wisenden, B. D. and Smith, R. J. F. 1996. Damselfly larvae 

learn to recognize predators from chemical cues in the predator's diet. 

Animal Behaviour 52:315-320. 

Cowan, C. A. and Peckarsky, B. L. 1994. Diel feeding and positioning 

periodicity of a grazing mayfly in a trout stream and a fishless stream. 

Canadian Journal of Fisheries and Aquatic Sciences 51:450-459. 

Crowl, T. A. and Covich, A. P. 1990. Predator induced life-history shifts in a 

freshwater snail. Science 247:949-951. 

Crowley, P. H. and Johansson, F. 2002. Sexual dimorphism in Odonata: age, 

size and sex ratio at emergence. Oikos 96:364-378. 

Dawidowicz, P. and Loose, C. J. 1992. Metabolic costs during predator-

induced diel vertical migration of Daphnia. Limnology and Oceanography 

37:1589-1595. 

Dicke, M. and Grostal, P. 2001. Chemical detection of natural enemies by 

arthropods: an ecological perspective. Annual Review of Ecology and 

Systematics 32:1-23. 

 27



Dodson, S. I., Crowl, T. A., Peckarsky, B. L., Kats, L. B., Covich, A. P. and 

Culp, J. M. 1994. Nonvisual communication in fresh-water benthos - an 

overview. Journal of the North American Benthological Society 13:268-

282. 

Eklöv, P. 2000. Chemical cues from multiple predator-prey interactions induce 

changes in behavior and growth of anuran larvae. Oecologia 123:192-199. 

Fenn, M. G. P. and Macdonald, D. W. 1995. Use of middens by red foxes: Risk 

reverses rhythms of rats. Journal of Mammalogy 76:130-136. 

Fincke, O. 1982. Lifetime mating success in a natural population of the 

damselfly, Enallagma hageni (Walsh) (Odonata: Coenagrionidae). 

Behavioral Ecology and Sociobiology 10:293-302. 

Frechette, B., Dixon, A. G., Alauzet, C. and Hemptinne, J.-L. 2004. Age and 

experience influence patch assessment for oviposition by an insect predator. 

Ecological Entomology 29:578-583. 

Godin, J-G. J. and Sproul, C. D. 1988. Risk taking in parasitized sticklebacks 

under threat of predation: effects of energetic need and food availability. 

Canadian Journal of Zoology 66:2360-2366. 

Golub, J. L. and Brown, G. E. 2003. Are all signals the same? Ontogenetic 

change in the response to conspecific and heterospecific chemical alarm 

signals by juvenile green sunfish (Lepomis cyanellus). Behavioral Ecology 

and Sociobiology 54:113-118. 

Horat, P. and Semlitsch, R. D. 1994. Effects of predation risk and hunger on 

the behaviour of two species of tadpoles. Behavioral Ecology and 

Sociobiology 34:393-401. 

Johnson, J. C. and Sih, A. Precopulatory sexual cannibalism in fishing spiders 

(Dolomedes triton): a role for behavioral syndromes. Behavioral Ecology 

and Sociobiology 58:390-396. 

Johansson, F. 1993. Effects of prey type, prey density and predator presence on 

behaviour and predation risk in a larval damselfly. Oikos 68:481-489. 

 28 



Johansson, F., Stoks, R., Rowe, L. and De Block, M. 2001. Life history 

plasticity in a damselfly: effects of combined time and biotic constraints. 

Ecology 82:1857-1869. 

Kats, L. B. and Dill, L. M. 1998. The scent of death: Chemosensory assessment 

of predation risk by prey animals. Ecoscience 5:361-394. 

Koivula, K., Rytkönen, S. and Orell, M. 1995. Hunger-dependency of hiding 

behaviour after a predator attack in dominant and subordinate Willow tits. 

Ardea 83:397-404. 

Korpimäki, E., Koivunen, V. and Hakkarainen, H. 1996. Microhabitat use and 

behavior of voles under weasel and raptor predation risk: Predator 

facilitation? Behavioral Ecology 7:30-34. 

Kotler, B. P., Brown, J. S. and Hansson, O. 1991. Factors affecting gerbil 

foraging behavior and rates of owl predation. Ecology 72:2249-2260. 

Krebs, J. R. and Davies, N. B. 1996. Behavioural Ecology: an Evolutionary 

Approach. 4th edition. Sunderland, Massachusetts, Sinauer. 

Kusch, R. C., Mirza, R. S. and Chivers, D. P. 2004. Making sense of predator 

scents: investigating the sophistication of predator assessment abilities of 

fathead minnows. Behavioral Ecology and Sociobiology 55:551-555. 

Laurila, A., Kujasalo, J. and Ranta, E. 1997. Different antipredator behaviour 

in two anuran tadpoles: effects of predator diet. Behavioral Ecology and 

Sociobiology 40:329-336. 

Laurila, A., Kujasalo, J. and Ranta, E. 1998. Predator-induced changes in life-

history in two anuran tadpoles: effects of predator diet. Oikos 83:307-317. 

Leibold, M. A. 1991. Trophic interactions and habitat segregation between 

competing Daphnia species. Oecologia 86:510-520. 

Lima, S.L. and Dill, L. M. 1990. Behaviour decisions made under the risk of 

predation: a review and prospectus. Canadian Journal of Zoology 68:619-

640. 

Lima, S. L. 1998. Nonlethal effects in the ecology of predator-prey 

interactions. BioScience 48:25-34. 

 29



Loose, C. J. and Dawidowicz, P. 1994. Trade-offs in diel vertical migration by 

zooplankton: The cost of predator avoidance. Ecology 75:2255-2263. 

Ludwig, D. and Rowe, L. 1990. Life-history strategies for energy gain and 

predator avoidance under time constraints. American Naturalist 135:686-

707. 

Magurran, A. E. 1990. The inheritance and development of minnow anti-

predator behaviour. Animal Behaviour 39:834-842. 

Mathis, A. and Smith, R. J. F. 1993. Fathead minnows, Pimephales promelas, 

learn to recognize northern pike, Esox lucius, as predators on the basis of 

chemical stimuli from minnows in the pike’s diet. Animal Behaviour 

46:645-656. 

McNamara, J. M. and Houston, A. I. 1994. The effect of a change in foraging 

options on intake rate and predation rate. American Naturalist 144:978-

1000. 

McPeek, M. A. 1990a. Behavioral differences between Enallagma species 

(Odonata) influencing differential vulnerability to predators. Ecology 

71:1714-1726. 

McPeek, M. A. 1990b. Determination of species composition in the Enallagma 

damselfly assemblages of permanent lakes. Ecology 71:83-98. 

McPeek, M. A., Grace, M. and Richardson, J. M. L. 2001. Physiological and 

behavioral responses to predators shape the growth/predation risk trade-off 

in damselflies. Ecology 82:1535-1545. 

Peacor, S. D. and Werner, E. E. 2001. The contribution of trait-mediated 

indirect effects to the net effects of a predator. Proceedings of the National 

Academy of Sciences of the United States of America 98:3904-3908. 

Peckarsky, B. L., Cowan, C. A., Penton, M. A. and Anderson, C. 1993. 

Sublethal consequences of stream-dwelling predatory stoneflies on mayfly 

growth and fecundity.  Ecology 74:1836-1846. 

Persons, M. H., Walker, S. E., Rypstra, A. L. and Marshall, S. D. 2001. Wolf 

spider predator avoidance tactics and survival in the presence of diet-

 30 



associated predator cues (Araneae: Lycosidae). Animal Behaviour 61:43-

51. 

Persson, L. and Eklöv, P. 1995. Prey refuges affecting interactions between 

piscivorous perch and juvenile perch and roach. Ecology 76:70-81. 

Relyea, R. A. and Werner, E. E. 1999. Quantifying the relation between 

predator-induced behavior and growth performance in larval anurans. 

Ecology 80:2117-2124. 

Relyea, R. A. 2003a. How prey respond to combined predators: A review and 

an empirical test. Ecology 84:1827-1839. 

Relyea, R. A. 2003b. Predators come and predators go: the reversibility of 

predator-induced traits. Ecology 84:1840-1848. 

Reznick, D., Butler, M. J. and Rodd, H. 2001. Life-history evolution in 

guppies: VII. Comparative ecology of high- and low-predation 

environments. American Naturalist 157:126-140. 

Rowe, L. and Ludwig, D. 1991. Size and timing of metamorphosis in complex 

life cycles: time constraints and variation. Ecology 72:413-427. 

Sadeghi, H. and Gilbert, F. 2000. Oviposition preferences of aphidophagous 

hoverflies. Ecological Entomology 25:91-100. 

Sibly, R. M. and Calow, P. 1989. A life-cycle theory of responses to stress. 

Biological Journal of the Linnean Society 37:101-116. 

Sih, A. and Kats, L. B. 1991. Effects of refuge availability on the response of 

salamander larvae to chemical cues from predatory green sunfish. Animal 

Behaviour 42:330-332. 

Sih, A., Kats, L. B. and Maurer, E. F. 2003. Behavioural correlations across 

situations and the evolution of antipredator behaviour in a sunfish-

salamander system. Animal Behaviour 65: 29-44. 

Sih, A., Bell, A. and Johnson J. C. 2004. Behavioral syndromes: an ecological 

and evolutionary overview. Trends in Ecology & Evolution 19:372-378. 

Skelly, D. K. and Werner, E. E. 1990. Behavioural and life history responses of 

larval american toad to an odonate predator. Ecology 71:2313-2322. 

 31



Skelly, D. K. 1994. Activity level and the susceptibility of anuran larvae to 

predation. Animal Behaviour 47:465-468. 

Skelly, D. K. 1995. A behavioral trade-off and its consequences for the 

distribution of Pseudacris treefrog larvae. Ecology 76:150-164. 

Stoks, R. 2001. Food stress and predator-induced stress shape developmental 

performance in a damselfly. Oecologia 127:222-229. 

Stoks, R. and De Block, M. 2000. The influence of predator species and prey 

age on the immediate survival value of antipredator behaviours in a 

damselfly. Archiv für Hydrobiologie 147:417-430. 

Stoks, R. and Johansson, F. 2000. Trading off mortality risk against foraging 

effort in damselflies that differ in life cycle length. Oikos 91:559-567. 

Stoks, R. and McPeek, M. A. 2003. Antipredator behavior and physiology 

determine Lestes species turnover along the pond-permanence gradient. 

Ecology 84:3327-3338. 

Stoks, R., McPeek, M. A. and Mitchell, J. L. 2003. Evolution of prey behavior 

in response to changes in predation regime: Damselflies in fish and 

dragonfly lakes. Evolution 57:574-585. 

Stoks, R. and De Block, M. 2005. Fitness effects from egg to reproduction: 

bridging the life history transition. Ecology 86:185-197. 

Taylor, B. W., Anderson, C. R. and Peckarsky, B. L. 1998. Effects of size at 

metamorphosis on stonefly fecundity, longevity, and reproductive success. 

Oecologia 114:494-502. 

Van Buskirk, J. and Yurewicz, K. L. 1998. Effects of predators on prey growth 

rate: relative contributions of thinning and reduced activity. Oikos 82:20-

28. 

Vuorinen, I. 1987. Vertical migration of Eurytemora (Crustacea, Copepoda): A 

compromise between the risks of predation and decreased fecundity. 

Journal of Plankton Research 9:1037-1046. 

Werner, E. E. 1986. Amphibian metamorphosis: growth rate, predation risk and 

the optimal size at transformation. American Naturalist 128:319-341. 

 32 



Werner, E. E. and Anholt, B. R. 1993. Ecological consequences of the trade-off 

between growth and mortality rates mediated by foraging activity. 

American Naturalist 142:242-272. 

Werner, E. E. and McPeek, M. A. 1994. Direct and indirect effects of predators 

on two anuran species along an environmental gradient. Ecology 75:1368-

1382. 

Wisenden, B. D., Chivers, D. P. and Smith, R. J. F. 1997. Learned recognition 

of predation risk by Enallagma damselfly larvae (Odonata, Zygoptera) on 

the basis of chemical cues. Journal of Chemical Ecology 23:137-151. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 33



MAN TACKAR! 
Jaadu Frank, då var det dags då… Jag skulle kunna skriva vilken fantastisk 
handledare du varit, att du alltid tagit dig tid att lyssna till mitt mer eller mindre 
osammanhängade och faktiskt ofta mindre jobb-relaterade svammel. Jag skulle också 
kunna ösa lovord över din höga toleransnivå när det gäller alla ”övriga aktiviteter” jag 
bedrivit under arbetstid, eller hur du alltid låtit mig känna mig som en viktig del i vår 
2-mannagrupp (numera 3-manna, men strax 2-manna igen fast snart kanske 3-manna). 
Men jag tror jag struntar i det eftersom jag vet att du tycker det är jobbigt med sådant 
tjafs och nöjer mig istället med att säga: Tusen tack för all din hjälp och allt ditt stöd, 
jag kunde inte fått en bättre handledare! 
 
Sedan vill jag passa på och uppmärksamma min Morfar. Denne man som betytt så 
oerhört mycket för mig och som i allra högsta grad bidrog till att jag fastnade för 
”natur-och-djur” där i Åsele-skogarna en gång på 80-talet. 
 
När jag ändå är inne på natur-avdelningen skulle jag vilja ta tillfället i akt och tacka 
ett par tunga gossar från grundutbildnings-tiden. Marcus ”Läderkepsen” Drotz och 
Hans ”Hårdrock” Nibon, tack för stimulerande samtal och subnivala upplevelser. 
 
Vidare finns det ett par Djäknebölianska barndomsvänner som jag, hur gärna jag än 
vill, inte förmår hålla utanför denna sida. Magnus W-w, jaa vad ska man 
säga...mannen som lärt mig allt jag kan om ödmjukhet, mannen som är de fysiska 
skämtens mästare och mannen som gång på gång visat sig vara ”Bäst i alla lägen”, 
nästa gång tar jag dig! Johan T, min skönsjungande data-hacker med ett hjärta av 
guld. Utan dig hade jag doktorerat dubbelt så effektivt men varit hälften så glad, du 
anar inte vad våra långa eftermiddags-fikan med världsproblem på agendan har betytt! 
 
Sedan vill jag tacka Åselegänget, Doktorandgänget, Pubgänget, Innebandygänget, 
Skådargänget, Fikagänget, Lunchgänget, Grabbgänget, Frisbeegänget, 
Skeppsviksgänget, Fröräknargänget, Rovdjursgänget, Kungsörnsgänget, Travgänget, 
Forskargänget, Älgjaktsgänget, Växthusgänget, Skogisgänget, Mexikogänget1, 
Mexikogänget2, Botswanagänget, Lavskrikegänget, Fjäderäggsgänget, Minkgänget, 
UFF-gänget, TA-gänget, Fiskegänget, Gråspettsgänget, Spexgänget och slutligen 
Spelgänget (Pontus, Johan, Matts, Andreas, Magnus, Nils, Pär, Erik och Jimmy) 
och Ringmärkargänget med Katarina, Frank, PeRe, Björn, Darius och Jonas. 
 
Det finns folk som man bara inte kan tacka nog mycket, till dessa hör mina kära 
föräldrar, Isa och Lars. Tusen tack för att ni alltid funnits där för mig och gett mig de 
bästa förutsättningarna jag kunde få, ni är bäst! Jag vill också tacka min syster Malin 
som haft överseende med min oförmåga att höra av mig, det skall bli bättring! 
 
Slutligen vill jag tacka min älskade familj som stått ut med en fågelintresserad ekolog 
som varit ledig en vecka per sommar de senast fem åren. Malin, tack vare vår kärlek, 
ditt stöd och ditt stora ansvarstagande är den här avhandlingen klar idag, och för det är 
jag dig evigt tacksam. Tova och Vide, mina små solstrålar, som lyser upp vilken 
jobbig dag som helst när de kommer springade i hallen och kastar sig om halsen på 
mig vilt skrikandes ”pappaaaaa”. Jag är oerhört glad och tacksam för att ni finns i mitt 
liv och att ni lärt mig vad gränslös kärlek betyder. Ni tre betyder allt för mig och jag 
älskar er av hela mitt hjärta! 

 34 


	Tomas Brodin
	Akademisk avhandling
	Organisation Document name
	Abstract

	Tomas Brodin
	TILL MIN ÄLSKADE FAMILJ
	MALIN, TOVA OCH VIDE


	02 AVHANDLING_FINAL.pdf
	LIST OF PAPERS
	INTRODUCTION
	Behavioural anti-predator responses
	Activity
	Behavioural syndromes
	State dependent anti-predator response

	Community effects
	Thinning

	Chemical cues
	Physiological stress

	METHODS
	RESULTS AND DISCUSSION
	Paper I
	Paper II
	Paper III
	Paper IV
	Paper V


	CONCLUSIONS AND FUTURE PERSPECTIVES
	ACKNOWLEDGEMENTS
	REFERENCES
	MAN TACKAR!

	03_paper_I.pdf
	
	
	
	
	
	
	
	
	
	

	Nr.4_Brodin et al_Oecologia_0435_final.v32.pdf
	Behavioural and life history effects of predator diet cues d
	Introduction
	Methods
	Behavioural experiment
	Growth
	Statistical analysis

	Results
	Activity
	Spatial distribution
	Size

	Discussion
	References


	Nr.5_ovipositionsiteselection3_final2.pdf
	Predator related oviposition site selection of aquatic beetl
	Introduction
	Material and methods
	Behavioural experiment
	Statistical analysis

	Results
	Oviposition
	Behaviour
	Food
	Growth

	Discussion
	References


	AVHANDLING_LAST.pdf
	LIST OF PAPERS
	INTRODUCTION
	Behavioural anti-predator responses
	Activity
	Behavioural syndromes
	State dependent anti-predator response

	Community effects
	Thinning

	Chemical cues
	Physiological stress

	METHODS
	RESULTS AND DISCUSSION
	Paper I
	Paper II
	Paper III
	Paper IV
	Paper V


	CONCLUSIONS AND FUTURE PERSPECTIVES
	ACKNOWLEDGEMENTS
	REFERENCES
	MAN TACKAR!

	Nr.5_ovipositionsiteselection3_LAST.pdf
	Predator related oviposition site selection of aquatic beetl
	Introduction
	Material and methods
	Behavioural experiment
	Statistical analysis

	Results
	Oviposition
	Behaviour
	Food
	Growth

	Discussion
	References


	Nr.4_Brodin et al_Oecologia_0435_LAST.pdf
	Behavioural and life history effects of predator diet cues d
	Introduction
	Methods
	Behavioural experiment
	Growth
	Statistical analysis

	Results
	Activity
	Spatial distribution
	Size

	Discussion
	References


	03_paper_I.pdf
	
	
	
	
	
	
	
	
	
	

	Nr.4_Brodin et al_Oecologia_0435_LAST.pdf
	Behavioural and life history effects of predator diet cues d
	Introduction
	Methods
	Behavioural experiment
	Growth
	Statistical analysis

	Results
	Activity
	Spatial distribution
	Size

	Discussion
	References


	Nr.5_ovipositionsiteselection3_LAST.pdf
	Predator related oviposition site selection of aquatic beetl
	Introduction
	Material and methods
	Behavioural experiment
	Statistical analysis

	Results
	Oviposition
	Behaviour
	Food
	Growth

	Discussion
	References


	Nr.5_ovipositionsiteselection3_LAST2_s5.pdf
	Predator related oviposition site selection of aquatic beetl
	Introduction
	Material and methods
	Behavioural experiment
	Statistical analysis

	Results
	Oviposition
	Behaviour
	Food
	Growth

	Discussion
	References





