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Seasonal change in defensive coloration in a shieldbug 
  

Abstract 
Protective coloration such as aposematism and crypsis occurs in many insects but only a few 

species alter their defensive strategy during the same instar. We hypothesize the adult shield 

bug Graphosoma lineatum with an alternating black and non-melanised longitudinal striation 

exhibit such a change in defensive coloration. In Sweden, the non-melanised stripes of the 

pre-hibernation G. lineatum are pale brown and cryptic but they change during hibernation to 

red and aposematic. We have tested the adaptive functions of coloration of the two G. 

lineatum forms against bird predators. In Paper I we used great tits as predators and 

measured detection time of the two forms against a background of dry grass and plants, 

simulating late-summer conditions. We found that the birds took longer time to find the pale 

than the red form. Thus, the pale form of G. lineatum is more cryptic in a dry environment 

than the red form. In Paper II and III we used naïve predators and measured attack 

rate/latency on red and pale adults and fifth-instar larvae (black and brown) to investigate 

avoidance and generalisation between the stages. In Paper II domestic chicks initially found 

the red form most intimidating, but both adult forms are more intimidating than the larva. 

Moreover, there was a broad generalisation among forms. In Paper III naïve great tits did not 

find the red form significantly more aversive than the pale adult. Neither the chicks nor the 

tits shoved any difference in the speed of avoidance learning between the two adult colour 

forms. In Paper IV the shieldbugs themselves were the main focus as we compared activity 

levels in the different colour forms and found that G. lineatum alters behaviour in accordance 

to their protective strategy. Thus they were significantly less active during the cryptic phase. 

Taken together, these experiments suggest that the pale brown adult invests in a cryptic 

strategy at the cost of reduced protection from aposematism, whereas the red adult benefits 

from aposematism at the cost of reduced camouflage.     
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Introduction  

 Avoiding attack is crucial for survival (for review see Ruxton et al. 2004), and that is what 

this thesis is all about. In my thesis I have looked into one area of the subject, namely 

protective coloration. Protective coloration can be divided into aposematism (warning 

coloration) and crypsis (camouflage).  

 

Aposematism is according to Poulton (1890) an appearance that denotes something 

unpleasant or dangerous about an individual and advertises it's unprofitability as prey. He 

associated some specific traits to being aposematic, including contrast of colours against the 

natural background, possession of two or more contrasting colours within a pattern, 

conspicuous behaviours, sluggishness and absence of hiding and escape behaviours (Poulton 

1890). Foraging theory (Stephens and Krebs 1987) and numerous experiments suggest that 

predators tend to choose prey when the benefits of attacking that prey are higher than the 

costs (Mappes et al. 2005). Also, for aposematism to be a stable strategy, it should constitute a 

reliable signal of unprofitability by imposing a cost that can only be paid by individuals with 

good secondary defences (Ruxton et al. 2004). Generally, this cost has been related to the 

increased risk of discovery due to the conspicuousness of aposematic displays.  

 

In „classical‟ aposematic theory, the benefits of aposematic coloration lie in the effects on 

predator psychology. The warning colours may enhance unlearned wariness through 

neophobia (Smith 1975, Schuler and Hesse 1985) and „dietary conservatism‟ (Marples et al. 

1998, Thomas et al. 2003), accelerate avoidance learning (Gittleman and Harvey 1980, Roper 

and Wistow 1986), enhance memorability in the sense of being less easy to forget (Roper and 

Redston 1987), and recognizable in order to minimize errors (Gamberale-Stille 2001). After 

learning about an aposematic colour pattern, birds may generalise to avoid prey with similar 

and more extreme colours (Gamberale-Stille and Tullberg 1999, Exnerová et al. 2006, Ham et 

al. 2006).  

 

Most that is known so far about the function of warning coloration is based on experimental 

studies using avian, and a few other vertebrate, predators and some form of coloured food 

(Papageorgis 1975, Gittleman and Harvey 1980, Gittleman et al.1980, Marples et al. 1998, 

Lindström et al. 1999b, Ham et al. 2006) or insects (Gamberale-Stille and Tullberg 2000, 

Tullberg et al. 2000, Exnerová et al. 2006) as prey. The reason for the traditional study of 
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birds is the consensus that they are very important predators based on the knowledge we have 

of bird colour vision (Miklósi et al. 2002), foraging behaviour (Bateson and Kacelnik 1997) 

and cognitive abilities (Healy et al. 2005). Many studies have investigated what 

characteristics of the aposematic signal may affect the predators‟ response. For instance, 

particular patterns and colours, the size of the stimulus, novelty, odour, sound, symmetry/ 

asymmetry and pattern regularity has also been investigated (Ruxton et al. 2004). Different 

combinations of these characters have been found to heighten wariness towards the prey and 

accelerate learning of the warning signal, enhance the memorability of the character and 

enhance the protective value of the signal by being easier to detect, learn and remember 

(Ruxton et al. 2004). 

 

Because the aposematic signal is conspicuous and easy to detect it may also entail a great cost 

because of increased predation risk from for instance inexperienced predators and predators 

unaffected by their defence. It has been suggested that aposematic prey are selected for being 

distinctive from palatable prey rather than being conspicuous (Guilford 1990, Merilaita & 

Ruxton 2007; Sherratt & Beatty 2003). Thus, not necessarily maximising conspicuousness in 

all situations, and detectability might for instance be distance dependent (Tullberg et al. 

2005).    

 

Another way of avoiding attack is by crypsis. Cryptic coloration helps prey to reduce the risk 

of detection (Cott 1940, Edmunds 1974, Endler 1978, Merilaita 2003). One way to achieve 

cryptic coloration is background matching, i.e. to visually resemble the background (Cott 

1940, Endler 1978), but it can also be achieved by disruptive coloration, i.e. irregular colour 

patches making detection of the prey‟s body contours difficult (Cott 1940). Disruptive 

coloration can be achieved in two ways, by constrictive relief and differential blending. 

Constrictive relief is when false boundaries are created where no real boundaries occur by 

using contrasting colours (Cott 1940, Ruxton et al. 2004). Differential blending breaks up the 

body contour by irregular colour patterns, some parts being very contrasting and others blend 

into the background (Ruxton et al. 2004).  

 

There are also costs connected to crypsis. For instance, when trying to blend into the 

background, moving around impairs the cryptic effect (Cott, 1940; Edmunds, 1974; Ioannou 

& Krause, 2009; Martel & Dill, 1995). This creates opportunity costs such as reduced feeding 

and mate location opportunities (Ruxton et al. 2004). Other opportunity costs can consist of 
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otherwise profitable microhabitats becoming unavailable simply because they are 

incompatible with being cryptic (Ruxton et al. 2004).  

 

It is common in insects to find crypsis in one instar and warning coloration in another instar of 

the same species. For instance, many butterfly species have cryptic pupae even if both larval 

and adult stages are aposematic (Wiklund and Sillén-Tullberg 1985) and different larval 

instars of the same species may also have different functional colorations (Nylin et al. 2001, 

Grant 2007). The study of intra-individual changes in protective strategy, can give 

information about costs and benefits of different strategies in relation to life stage and altering 

seasons. Changes in habitat or in mobility, size, vulnerability and feeding rate between 

different developmental stages can alter the costs and benefits of crypsis and aposematism 

(Merilaita & Tullberg 2005, Speed and Ruxton 2005, Grant 2007). In the grasshopper genus 

Schistocerca, some species show phenotypic plasticity. By a change of host plant, to one that 

provides toxic substances, individuals become distasteful to predators and change from 

cryptic to conspicuous coloration after moulting (Sword 2002, Despland and Simpson 2005). 

Finally, seasonal variation in the appearance of the habitat or in constitution of the community 

of potential predators may temporally change the optimal defence strategy.  

 

The main aim of this thesis is to get a better understanding the factors influencing the change 

in protective coloration and defensive strategy. 

 

Study species 

The striated shieldbug Graphosoma lineatum (L. 1758) (Heteroptera: Pentatomidae) is a 

common European phytophagous true bug, and it produces noxious semiochemicals (Stránský 

et al., 1998) in its metathoracic (adult) or dorsal abdominal (larvae) scent glands. In 

Heteropteran true bugs it is common with scent glands and they can vary in functions from 

sex pheromones to defensive use (Aldrich 1988). The family Pentatomidae, the true stink 

bugs, that G. lineatum belongs to are known for their scent glands that are readily used as a 

defence in direct contact situations (Schlee 1986). The volatiles used are most likely 

nonspecific irritants containing different chemicals like aromatic compounds, quinines, 

ketones, small aliphatic aldehydes, acids and monoterpenes acting as repellents most effective 

against arthropod predators (Pasteels et al. 1983). But there have also been reports of startling 

behaviour in birds causing them to drop the prey and engaging in cleaning activities giving 

the bug the opportunity to escape (Alcock 1973, Schlee 1986, Paper III).  Adult shieldbugs 
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are avoided by most passerines, including wild caught great tits (Veselý et al., 2006; Exnerová 

et al., 2008; Svádová et al., 2010). The striated shieldbug is associated with host plants of the 

family Apiaceae, in Sweden mainly Anthriscus sylvestris and Aegopodium podagraria. In 

Sweden which is the northern part of its distribution it is univoltine and the adult individuals 

exhibit two successive colour forms.  

 

G. lineatum have five larval stages (fig. 1), all cryptically coloured brown and black, with 

stink glands present from early instars. In Sweden most offspring moult into adults that have 

pale light brown stripes; this new generation pale adults spend most of their time feeding 

motionless on seeds of their host plants. The cryptic, pale brown, pre-hibernating and non-

reproductive stage of the shieldbug lives in a dry, brown and grey late summer environment. 

The pre-hibernation adults go into diapause and hibernation in autumn. 

 

 

Figure 1. Life cycle of Graphosoma lineatum in Sweden. It has five larval instars with a soft 

 exoskeleton. In late summer the fifth larva instar moults into a pale and black striated adult 

 with a fully sclerotized hard exoskeleton; it spends most of its time feeding motionless on 

 seeds. The pale adults enter hibernation in late autumn and emerge at the end of May having 

 changed their colour to red and black. These red and black spring adults are reproductively 

 mature, moving around locating mates and oviposition sites.  
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The pale pre-hibernating form hibernates in the undergrowth during winter and changes 

colour before it emerges in spring. This change in colour occurs when there is a shift of 

seasons, which alters the environmental background. Thus, in the end of May when the adult 

shieldbugs emerge from winter hibernation they have changed coloration to a red and black 

striation (fig. 1). These aposematically red and also reproductive bugs are seen against a lush 

green late spring background. The post-hibernation bugs move to patches of host plants, 

various species of Apiaceae, were they mate and reproduce during a couple of months and die 

off.  

 

The post-hibernation form of G. lineatum is warningly coloured. However the pale pre-

hibernation adults appear cryptic to the human eye against the background of dry late summer 

vegetation (Tullberg et al. 2008). The striated shieldbug G. lineatum adults possibly undergo 

an adaptive colour change. It could be hypothesised that this colour change involves an 

adaptive shift from a cryptic life style in late summer to a predominantly aposematic one after 

hibernation. If this is correct it is to be expected that the pale form is harder to detect than the 

red form against a late summer background. 

 

Graphosoma lineatum has a large geographical distribution and can be found in most part of 

Europe, western Asia and northern parts of Africa (Wagner 1956). It has been described as 

having either a red (southern Europe) or ochre yellow/ orange coloration (northern Africa) 

(Wagner 1956) with the exception of the Italian island Sicily where the shieldbugs change 

colour from yellow to orange. Sweden is the northern part of this range and the pale brown 

colour and the change in coloration in the adults (fig. 1) has to my knowledge only been 

described in Swedish populations. In The Czech Republic the shieldbug commonly exhibit the 

red and black striated form. However it has been reported that some years a more “pale” or 

orange form can be found in drier habitats (personal communication, P Štys). We therefore 

designed an experiment to see if the different colour forms form the different geographical 

locations could be produced by rearing the larva of G. lineatum in different day lengths and 

temperature. The different day lengths were 12h light: 12h dark and 22h light: 2h dark, under 

different temperatures 17
o
C and 26

o
C, giving four treatment groups with. We took 

spectrometer measurements of the adults and found that Swedish bugs (n=44) were pale and 

Czech bugs (n=107) were red at enclosure, independently of rearing conditions (fig. 2).            

 



6 

 

a) 

b) 

Figure 2. Spectrometer measurements of reflectance of colour in G. lineatum adults reared in 4  

   different treatments: a) 17oC and b) 26oC. (12L:12D)= dotted line, (22L:2D)= normal line, 

   ○= female, ∆=male, pale= Swedish bug, red= Czech bug. Each line represents mean values 

   of five measurements from one individual. 

 

We also discovered that if we continued to keep the pale Swedish bugs in 26
o
C they would 

change colour to red and become reproductively active after 2-3 weeks. This experiment did 

not produce a “pale” or orange Czech colour morph or red Swedish colour morphs of G. 

lineatum as we would have expected if the colours were dependent on external stimuli. The 

experiment shows that pale coloration at enclosure is not simply a result of developmental 

constraint of low temperatures. It supports our assumption that the different colour forms are 

adaptations to avoid predation and not an artefact of a colder temperature.           

  

In Paper I we compared the detectability of the two forms of G. lineatum in a semi natural 

environment of dry vegetation simulating the autumn background of the pre-hibernating bug, 

using two experimental groups of wild-caught great tits, one of them tested with pale, and the 

other with red, edible G. lineatum baits. 

 

The aim of Paper II was to investigate possible costs and benefits with respect to the 

aposematic defence in the larva and the two adult forms of G. lineatum. To be able to 
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investigate birds‟ initial unlearned aversion as well as avoidance learning and generalisation 

between the forms, we used naïve domestic chicks, Gallus gallus domesticus, as predators.  

 

In Paper III we wanted to find out whether the biased generalization between the instars 

found in paper II is a general phenomenon among bird predators. Furthermore we wanted to 

investigate the strength of defence in the different forms of G. lineatum against a potential 

natural predator. Thus we investigate how naïve great tits, Parus major, avoid and generalized 

between fifth instar larvae and two adult colorations of G. lineatum.  

 

The shieldbug itself was the focus of Paper IV where the aim was to investigate if the change 

in defensive colouration in G. lineatum adults is correlated with a change in behaviour. We 

therefore measured the motion level in different seasons, both in the field and under 

controlled laboratory conditions. Specifically we tested the hypothesis that the level of 

motion/activity is lower in the pale pre-hibernating stage than in the red post-hibernating 

stage. 

 

General methods 

In Paper I, II and III it was required to have the two adult colour forms and the fifth instar 

larva at the same time. This was achieved trough rearing them. In laboratory cultures G. 

lineatum were reared on fresh parsley, Petroselinum crispum, and seeds of ground elder, 

Aegopodium podagraria, and cow parsley, Anthriscus sylvestris, at a light/dark regime of 

12L/12D and 26
o
C. Pale adults were moved to 17

o
C (12L/12D) to keep them from changing 

colour.  

 

Predators 

 We used great tits, P. major, (fig. 3 a, c) in Paper I and III, a frequently used model predator 

in ethological studies. We considered great tits particularly suitable for our purpose because 

they show a higher willingness to attack unfamiliar prey than other European tit species, and 

avoidance of aposematic prey in young naïve great tits is to a large extent based on learning 

(Exnerová et al., 2007). In Paper II domestic chicks, G. gallus domesticus, (fig. 3b) was used 

as predators. Domestic chicks are a common model predator used in studies requiring naïve 

predators. The reason for this is the fact that they are totally naïve and that they are cheap, 

easy to attain and rear, and they do not need a lot of space. 
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Figure 3. Bird predators used in Paper I-III. a) Wild caught great tit Parus major from Paper I.          

 b) Domestic chick G. gallus domesticus from Paper II. c) Naïve great tit P. major Paper III.      

 

Paper I 

Test of detectability of two colour forms by avian predators  

Here we compared the detectability of the two forms of G. lineatum in a semi natural 

environment of dry vegetation, using two experimental groups of wild-caught great tits, one 

of them tested with pale, and the other with red, edible G. lineatum baits (fig. 4). 

 

 

Figure 4.Adults of Graphosoma lineatum used in the experiment with ventral part of abdomen    

   removed and G. lineatum with glued sunflower seed.  

 

Great tits P. major were trained with the dried dorsal side of the exoskeleton of red or pale G. 

lineatum filled with a husked and halved sunflower seed (fig. 4). This was done to make the 

birds attracted and familiar with the different prey forms so that they gladly would attack the 

bug if found. Birds were trained to handle the baits in their housing cages. First, in three 

consecutive trials the bait was presented with the ventral side up and the sunflower seed 

visible. After this, we presented the bait with the dorsal side up for an additional five 

consecutive trials. 
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Figure 5. Experimental room with a semi natural background consisting of dried grass and umbels of 

    Anthriscus sylvestris.  

 

Latency of attacking the first bait and the total duration of the training time was measured to 

make sure the birds did not have any biased aversion or preference for one of the colours. 

Because the birds were usually trained the day before the experiment, as a reminder, they 

were offered two additional baits with the dorsal side up just before being moved to the 

experimental room (fig. 5). After the bird found and consumed its first bait, it was given 20 

more minutes to search for and consume the other baits, and the test was stopped even if the 

bird had not found all five baits. Also, the test was stopped as soon as a bird had found and 

consumed all five baits within 20 minutes. We stopped the test after 30 minutes if the bird did 

not find any of the baits and such birds were excluded from the analyses.  

 

Results Paper I 

The birds in this experiment, took a longer time to find the pale form than the red form of G. 

lineatum (fig. 6). These findings strongly indicate that the pale form of G. lineatum is more 

cryptic for bird predators in its natural late summer environment than the red form. The birds 

in the two experimental groups did not differ in any other aspect that we tested. Thus, in the 

training there was no difference between the groups in attacking the bait for the first time or 

the total duration of the training time. Moreover, in the experiment there was no difference 

between the two groups trained with pale or red baits in the total number of baits found or 

how long it took before birds started to explore the ground in the experimental room. To be 

pale instead of red in the late summer environment seems to be beneficial for adults of G. 

lineatum by a decreased probability of detection by predators.  
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Figure 6. Latencies (seconds log transformed) for birds to find the baits. Latencies are given    

    separately for baits 1 to 4 and for experimental groups of birds offered pale (grey boxes) and 

    red (black boxes) G. lineatum baits. Middle dot = mean, box =± SE, whiskers = ±SD. The 

    birds in the pale experimental group needed significantly longer time to find their baits 

    compared to the birds in the red experimental group (Three factor mixed model ANOVA:  

    F1,35= 10.294, p = 0.003). 

 

 

Paper II  

Predator avoidance and generalization among different life stages 

The aim of this study is to investigate possible costs and benefits with respect to the 

aposematic defence in the larva and the two adult forms of G. lineatum. To be able to 

investigate birds‟ initial unlearned aversion as well as avoidance learning and generalisation 

between the forms, we used naïve domestic chicks, Gallus gallus domesticus, as predators.  

 

Domestic chicks were presented with different stages and colour forms of G. lineatum. Prior 

to the experiments, the chicks were successively trained to forage for live prey alone in the 

experimental arena (fig. 7). For this we used mealworms presented in the same way as the G. 

lineatum later in the experiments. All prey was placed upon a dry umbel of cow-parsley on a 

transparent plastic plate. At the start of the experiment, all chicks readily approached and ate 

mealworms alone in the set-up. The experiment started on the chicks‟ sixth day. 

 



11 

 

 

Figure 7. Chick training with mealworms in the experimental arena. G. lineatum was presented in the 

    same way the in the experiment. 

 

The chicks from each batch were divided into three experimental groups that received one of 

either prey type (fifth instar larva, Pale adult or Red adult) as the first prey presentation. All 

birds were also presented with a second prey, so each group above was again divided into 

three subgroups, receiving one of either prey type (fifth instar larva, Pale adult or Red adult). 

 

Results Paper II 

In this study we show that the seemingly cryptic fifth instar larvae of G. lineatum are less 

defended against birds than the adults are. Even though the fifth instar larvae possess stink 

glands that can emit noxious compounds (Stránský et al 1998, pers. obs.), many chicks found 

them quite palatable. The two adult forms, however, seem to have a more effective secondary 

defence because most birds stopped attacking the prey after a few encounters, and almost 

none of the adults were killed or eaten during attacks. Importantly, there was a clear 

difference in how aversive the chicks found the appearance of the pale and the red adults. 

Although, both forms were equally novel, more birds refused to attack the red form of the bug 

when presented as their first prey type (fig. 8). Thus, taken together, the lower wariness 

towards the pale form of G. lineatum in our experiment, suggests that the reduced 

conspicuousness of the coloration (in Paper I, Tullberg et al. 2008) results in a weakened 

aposematic effect, i.e. a reduced avoidance response.  

 



12 

 

 

Figure 8.The initial aversive effect of prey types illustrated as the proportion of attacking naive birds 

   in three experimental groups when presented with single „Fifth instar larvae‟, „Pale‟, or „Red‟ 

   adults during their first encounter with the bugs. There was a difference in the number of 

   birds attacking their first prey type (Fisher Exact Test, P < 0.0001). 

 

We did not find any difference between the two adult colour forms in how they affected the 

speed of avoidance learning, here measured as the number of birds that stopped attacking the 

two types during the first prey presentation series. A study using wild-caught great tits and 

artificial prey had similar findings (Ham et al. 2006) in that they found no difference in 

avoidance learning between grey, yellow and red colours.      

 

The results from the generalisation test suggest that the birds generalised quite broadly 

between the prey. An experience of the fifth instar larvae resulted in an increased risk of 

attack on the adults. Conversely, the larvae gained protection from the birds‟ generalisation 

from the prior negative experience of the adults. The results suggest that the great initial 

wariness in naïve chicks towards the red-and black form, and to a lesser extent the pale light 

brown-and-black form, is quite easily affected by the previous experience of the birds. These 

results imply an asymmetric relationship between larvae and adults in how they benefit from 

co-occurring with respect to predation risk.  

 

Paper III 

Predator avoidance and generalization among different life stages 

In Paper III we wanted to find out whether the biased generalization between the instars 

found in paper II is a general phenomenon among bird predators. Furthermore we wanted to 

investigate the strength of defence in the different forms of G. lineatum against a potential 
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natural predator. Thus we investigate how naïve great tits, Parus major, avoid and generalized 

between fifth instar larvae and two adult colorations of G. lineatum.  

 

The experiment consisted of two parts, one investigation of avoidance learning of the two 

different colour forms of adult G. lineatum and the V-instar larva. After these trials we 

investigated how birds generalized between the different prey types.  

 

Avoidance learning trials 

Prior to the experiments, the birds were trained to forage for mealworms in the experimental 

cage (fig. 9). Mealworms were presented in the same way as the G. lineatum later in the 

experiments. In the avoidance learning trials one shieldbug was presented for a period of five 

minutes. After five minutes the bug was removed and the bird was offered a mealworm. After 

the mealworm was consumed a new shieldbug of the same form was presented.  

 

 

Figure 9. Experimental cage. Great tit inspecting the contents of the feeding tray.  

 

The alternating presentations of shieldbugs and mealworms were repeated until the bird had 

attacked at least one bug, and depending of the type of prey treatment, either avoided three 

adult shieldbugs or killed three larvae. Since the birds seem to find the larvae more palatable 

than the adults we had to use somewhat different criteria for this prey treatment. If a bird did 

not stop attacking the bugs after 20 presentations the bird was classified as not having learned 

to avoid it and was not used in the generalisation tests. If a bird did not attack any bugs it got 
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a second chance the next day. If the bird did not attack any bugs the next day either, it was 

excluded from the generalisation tests.  

 

Generalisation tests 

The next day after having successfully learnt either to avoid adults or to kill larvae „of G. 

lineatum, the bird were presented with either a new or the same (control group) form of the 

bug. The procedure was the same as described earlier (fig. 9), but this time either five adult 

bugs were presented in succession, or one larva. No control group was made for the larvae, 

because there were a limited number of larvae and most birds had learnt to kill and eat them. 

 

Results Paper III 

As in Paper II, we found a significant difference between the treatment groups at the very 

first attack in naïve birds. But it is the short latency to attack the larva that creates this 

difference because there is no difference between pale and red adults.  

 

 

Figure 10. Attack latency for adults. Average of time in seconds for attack on adults with prior   

   experience of larvae (V), of pale adults (P) or attach on pale adults with prior experience of 

   red adults (R). Grey bars = pale adults, black bars = red adults, error bars = ±SE.  

   Grey bars= ANOVA: F2,45 =11.284, P= 0.0001, Black bars= ANOVA: F2,47 =7.586, P= 0.0014, 

   (V) Grey/Black bar, t.test: t = -2.3561, df = 32, P = 0.0248.   

 

Also when comparing the speed of learning between the adult treatment groups, we find the 

same pattern as in Paper II; no significant difference in the number of bugs that birds 

presented with pale or red adults had to handle before learning not to attack. When looking at 

the generalisation, birds with experience of larvae were faster to attack both pale adults (Fig. 
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10, Grey bars) and red adults (Fig. 10, Black bars) than birds with experience of either adult 

form. Moreover, birds with experience of the larvae had significantly shorter latency to attack 

the pale adult than the red adult (Fig. 10, V Grey/Black bar). This result is showing a stronger 

generalisation between the larva and the pale adult than between the larva and the red adult. 

 

Paper IV 

Motion level and ontogenetic change in defensive coloration  

The aim in Paper IV was to investigate if the change in defensive colouration in G. lineatum 

adults is correlated with a change in behaviour. We therefore measured the motion level in 

different seasons, both in the field and under controlled laboratory conditions. Specifically we 

tested the hypothesis that the level of motion/activity is lower in the pale pre-hibernating stage 

than in the red post-hibernating stage.  

 

Field observations 

Three different localities in the Stockholm were used for the field observations (fig. 11), each 

with several patches of the host plants, were sampled on four different occasions in 2007: Red 

adults on 12
th

 and 26
th

 of June (fig. 11a), and pale adults on 11
th

 and 26
th

 of August (fig. 11b). 

Time of day, temperature and activity was noted for a total of 455 individual observations. 

We noted if the individual was moving or sitting still, where it was sitting, if it was feeding, 

flying, or copulating. We did not sex the animals since that would involve disturbing them. 

 

 

Figure 11. a) Red adult G. lineatum June environment. b) Pale adult G. lineatum in August     

          environment.  
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Because we wanted to investigate whether there were any behavioural differences between 

the newly eclosed pale and the reproductive red stage of the shieldbug, we compared the 

behaviour of red bugs from the first and second date separately (June 12
th

 & 26
th

) to the 

behaviour of the pale bugs the corresponding date two months later (August 11
th

 and 26
th

 

respectively). 

 

Laboratory observations  

To be able to control for differences between the sexes and for the influence of temperature 

and environment on the behaviour of the bugs we conducted a laboratory experiment. G. 

lineatum was collected from the field during two time periods in June and August coinciding 

with the shift in generation and colour in the field. We used cages with potted parsley plants 

and added dry seeded umbels from the host plant A. sylvestris on a small wooden stick in each 

pot (fig. 12). Four G. lineatum, two females and two males, were observed in one cage at the 

same time. Seven separate observations of continuously recordings for 5 minutes were made 

with a half hour interval. 

 

 

 

Figure 12. Experimental cage with four potted parsley plants and added dry seeded umbels from the 

       host plant A. sylvestris on a small wooden stick in each pot.  

 

We noted temperature, the location of each individual bug, whether the bugs were moving 

about or stayed still throughout the five minutes of observation time, and we noted if they 

were flying, copulating, walking or sitting still. To quantify the motion level we assigned 

points to each observation; 0 if a bug was sitting still or had not moved since the last 

observation and 1 point if the bug was moving or had moved since the last observation. Red 
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shieldbugs were observed from 2
nd

 to 10
th

 of June and pale shieldbugs were observed from 

11
th

 to 20
th

 of August.  

 

Results Paper IV 

For the field observations, when comparing the proportion of individuals moving or sitting 

still, we found that the red shieldbugs (June) had a higher motion level than the pale ones 

(August) in the two different comparisons (Table 1).  

 

Table 1. The number of observed G. lineatum individuals not moving, whereof within parenthesis; 

 “feeding and copulating”, moving whereof within parenthesis; “flying”, at four different 

   occasions in the field.  Red shieldbugs belong to the post-hibernation phase at 12 and 26 

   June, and pale shieldbugs belong to the new pre-hibernation phase at 11 and 26 August.  

 

 

Date 

Temperature 
oC 

 

n 

Not moving 

(feeding, in copula) 

Moving 

(flying) 

12-June 24 35 23 (0, 6) 12 (1) 

26-June 30 76    43 (12, 18) 33 (3) 

11-August 25 55 53 (44,0)  2 (0) 

26-August 16 87  84 (82, 0)  3 (0) 

 

In the laboratory there was a clear difference in the mean motion level between red and pale 

shieldbugs, where the red bugs moved around significantly more. The males of the red form 

moved about significantly more than the red females, but there was no significant difference 

between pale males and females (Table 2). Also, the red shieldbug females moved around 

more than both the pale females and the pale males. 

  

Table 2. The mean (± SE) motion levels (see method) of male and female, red post- and pale pre-  

hibernation forms of G. lineatum. Minimum = 0, max =7. Temperature = 26 ± 1oC.  

                     

 

Colour 

 

Sex 

 

n 

Mean motion level 

(0-7) ± SE 

  

In copula  

 

Flying  

Red Male 24 5.9 ± 0.18a 3 13 

Red Female 24 3.9 ± 0.31b 3 4 

Pale 

Pale 

Male 

Female 

35 

37 

  3.2 ± 0.38bc 

2.7 ± 0.38c 

0 

0 

0 

0 

        Means followed by different letters are significantly different (Mann-Whitney U test).   
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General Discussion  

Through Paper I-IV we have started to build on our knowledge of the change in defensive 

strategy in G. lineatum.  In Paper I we found that the immobile pale form is harder to detect 

than the immobile red form in a dry semi natural environment. Paper II shows that the red 

form is initially more aversive to chicks. Both in Paper II and III the naïve predators learnt to 

avoid the pale and red form equally fast and the larva was found quite palatable. The great tits 

in Paper III however, did not find the red form more aversive than the pale form and they 

have a strong generalisation between the pale form and the larva. There was an asymmetric 

generalisation between adults and larva both in Paper II and III where birds generalised 

positively from larvae to adults and negatively from adults to larvae. When focusing only on 

the shieldbugs in Paper IV we found that G. lineatum does change behaviour in accordance 

to theory on protective coloration; thus being more active when red and aposematic and more 

motionless when pale and cryptic.  

 

The pre-hibernating and the post-hibernating adults of this shieldbug clearly have different 

trade-offs to consider due to the seasonal changes in their environment and timing of 

reproduction. These factors may contribute to the adaptive change in protective coloration. 

The findings from Paper I show that the pale form of G. lineatum is more cryptic for bird 

predators in its natural late summer environment than the red form. These results are also in 

accordance with the previous findings of Tullberg et al. (2008) that found that the pale 

coloration of G. lineatum is more cryptic than its red coloration to human observers. 

Furthermore in Paper IV we find that the pale pre-hibernating individuals move around to 

lower degree and spend more time feeding motionless than the red post-hibernating 

individuals. Pre-hibernating individuals need to accumulate and store a sufficient amount of 

nutrients to survive the winter and spend as little energy as possible and they can do this while 

being motionless. This means the constraints from being cryptic are lower for the pale 

individuals compared to the post-hibernating bugs that need to find mating partners, mate and 

oviposit (Merilaita and Tullberg 2005, Speed and Ruxton 2005, Grant 2007, Paper IV). We 

see the results from Paper IV as further support for a cryptic strategy in the pale form. Being 

vulnerable to attack is another factor that may select for a cryptic strategy (Wiklund and 

Sillén-Tullberg 1985). The larvae of G. lineatum are smaller, softer and less defended than the 

adults (Paper II, Paper III). Being cryptic is the best strategy when in a vulnerable state 

because it reduces the predation risk considerably, and it seems to be a common strategy 

among insects (Wiklund & Sillén-Tullberg, 1985). Also, as the effectiveness of a visual signal 
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on a small surface area may be low, and the secondary defence should be relatively weak, 

aposematic signalling could possibly be an unfavourable strategy in larvae of G. lineatum 

(e.g. Higginson & Ruxton, 2010). 

 

In Paper II more chicks refused to attack the red form of the bug when presented as their first 

prey type. Similarly Sillén-Tullberg (1985) found that great tits showed a greater wariness to 

attack the red-and-black larva of the bug Lygaeus equestris, compared to a mutant non red 

form. Furthermore, experiments with different colour mutants of Pyrrhocoris apterus and 

several wild bird species showed the importance of red colour in bird avoidance (Exnerová et 

al. 2006). However, we did not find this initial aversion in our great tits in Paper III. Naïve 

great tits seem to be less deterred at initial confrontation with aposematic prey as compared to 

some other species (Exnerová et al. 2007). The lack of difference in the avoidance learning of 

the pale and the red adults was the same for both bird species in Paper II and III. This is not 

what we expected, according to theory and other experiments (Cott 1940; Lindström et al. 

1999a; Roper 1993; Rowe & Guilford 1996, Sillén-Tullberg 1985). There are many factors 

that could influence the avoidance learning. It is possible that the learning task was equally 

easy; that both pale and red form was different enough from the positive prey (mealworms). 

Also, in nature the environmental backgrounds for the two forms are very different. It is 

possible that decoupling the bugs‟ protective coloration from its natural background may 

affect their true signal value. Another possibility is that the defensive spray of the pale form 

(Paper III) was as effective of conveying unpalatability as in the red form that in this context 

the pale form was perceived as equally unprofitable. The experiment in Paper III shows that 

these sprayings at least significantly enhanced the survival rate of the spraying individual. 

Furthermore, the lack of difference in speed of avoidance learning of the two forms in two 

different experiments with different predators (Paper II, Paper III), at least suggests that 

avoidance learning is not always faster when prey are presumably more conspicuous. Paper 

II and Paper III provide some indirect support to the idea that warning colours can be 

selected for distinctiveness as well as conspicuousness (Merilaita & Ruxton 2007; Sherratt & 

Beatty 2003). 

 

The change in behaviour demonstrated in Paper IV connected with the change in colour in 

the adult stage showed a high motion level in the red shieldbugs and a low motion level in 

pale shieldbugs. The higher activity of the red males is likely due to an active search for 

receptive females. A difference in motion levels between the sexes during the reproductive 
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period is not uncommon and has also been documented in snakes (Sanders et al., 2006), 

butterflies (Karlsson & Johansson, 2008; Stygley & Chai, 1990) and grasshoppers (Maes et 

al., 2006). As mentioned, one major factor influencing which primary defence strategy is the 

most favourable is the great opportunity costs that a cryptic strategy entails (Merilaita & 

Tullberg, 2005; Speed & Ruxton, 2005), and we believe that Paper IV provides support for 

this idea. However, there are other factors that may influence the cost/benefit ratio of the 

defence strategies. Such factors are for instance the potency of the secondary defence (the 

unprofitability, Stránský et al., 1998), the possible signal size of the animal (signal efficacy, 

Gamberale & Tullberg, 1998; Gamberale-Stille & Tullberg, 1999; Mänd et al., 2007; 

Higginson & Ruxton, 2010) environmental properties (background complexity, Dimitrova & 

Merilaita, 2010; Bohlin et al., unpublished) and potential predation pressure (Ide, 2006).  

 

The predation pressure from insectivorous bird species may change over the seasons and this 

may influence the variable use of defence strategy. For instance, in late spring and summer 

the predation pressure may be lower when there are plenty of caterpillars and other more 

preferred prey available and higher when the numbers of the preferred prey decline in autumn 

(Ide, 2006). Over the course of the seasons there is also a change in the predator community. 

With more experienced bird predators in spring, to an increase in young inexperienced 

predators that need to learn about prey profitability in late summer (Tullberg et al. 2008, 

Svádová et al., 2009).  The risk of being sampled is high even for aposematic individuals with 

naïve birds as predators (Paper III). This would further benefit the cryptic strategy of G. 

lineatum in autumn. Also, when the red and black aposematic G. lineatum emerges in spring 

it appears later than other aposematic red and black species such as the ladybird Coccinella 

septempunctata Linnaeus (Coleoptera: Coccinellidae), the firebug Pyrrhocoris apterus 

Linnaeus (Heteroptera: Pyrrhocoriae) and the seedbug Lygaeus equestris (“Species Gateway”, 

2010). It has been shown that birds do generalise between these species of red and black 

aposematic bugs to a greater or lesser extent depending on the bird species (Svádová et al., 

2010). This late emergence may further reduce the predation on the aposematic G. lineatum in 

late spring and summer. 

 

We conclude that there are many, not mutually exclusive, benefits to changing defensive 

colouration with season in G. lineatum, and these studies show that the behaviour of G. 

lineatum is in accord to expectations from defensive colouration theory. We have provided 
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experimental evidence that the pale form of G. lineatum is better camouflaged in the late 

summer and autumn than the red form (Paper I). In Sweden, individuals of this species show 

a more cryptic colour pattern at times when cost of reduced activity is low which corresponds 

to low motion levels (Paper I). The quite cryptically coloured larvae have no or very weak 

defence against bird predators and preferably rely on their camouflage (Paper II, Paper III). 

Likewise, the adults adopt a signalling strategy when the opportunity costs of crypsis are high 

and when they have high motion levels (Paper IV). The red form is often perceived as more 

initially deterrent, an effect that seems to be depending on predator species and experience 

(Paper II, Paper III). The adults have an effective secondary defence against birds, and both 

forms spray noxious substances on attack that significantly increased their survival (Paper 

III). In Paper II and Paper III, we found no difference on the effect of the two colour forms 

on the speed of avoidance learning. Thus, at least in this simple discriminatory situation and 

with comparatively inexperienced young and hand-reared predators, the less conspicuous pale 

colour pattern, with its light and black longitudinal stripes, was distinctive enough to be 

effectively learned.  

 

To those of you that feel that I have very crudely skipped the whole discussion of sexual 

selection playing a role in the colour change especially when considering the timing of the 

change of colour; I can simply say that you are quite right. The simple reason behind this is 

that, as mentioned in the introduction, G. lineatum is a Heteropteran true bug, also known as 

stink bug a group that mainly relies on chemical communication to locate mates and signal 

reproductive status (Aldrich 1988). Females will readily mate with males that are covered 

with dirt or marked with black Penol permanent marker pens (personal observation).  Females 

are on average bigger than males but that is a completely different discussion.  

 

Even though this thesis gives only a small piece of the puzzle of protective coloration, the 

take home message is that the environmental background, developmental stage, different 

predators, the potential predation pressure and last but not least the benefits and constrains 

connected to both crypsis and aposematism are of equal importance when looking at what 

factors are influencing the change in protective coloration and defensive strategy.  
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