
Catch fast and kill quickly: do tiger beetles use the
same strategies when hunting different types of
prey? (#25299)

1

First submission

Editor guidance

Please submit by 14 Apr 2018 for the benefit of the authors (and your $200 publishing discount).

Structure and Criteria
Please read the 'Structure and Criteria' page for general guidance.

Raw data check
Review the raw data. Download from the materials page.

Image check
Check that figures and images have not been inappropriately manipulated.

Privacy reminder: If uploading an annotated PDF, remove identifiable information to remain anonymous.

Files
Download and review all files
from the materials page.

3 Figure file(s)
4 Table file(s)

For assistance email peer.review@peerj.com

https://peerj.com/submissions/25299/reviews/311954/materials/
https://peerj.com/submissions/25299/reviews/311954/materials/
mailto:peer.review@peerj.com


Structure and
Criteria

2

Structure your review
The review form is divided into 5 sections.
Please consider these when composing your review:
1. BASIC REPORTING
2. EXPERIMENTAL DESIGN
3. VALIDITY OF THE FINDINGS
4. General comments
5. Confidential notes to the editor

You can also annotate this PDF and upload it as part of your review
When ready submit online.

Editorial Criteria
Use these criteria points to structure your review. The full detailed editorial criteria is on your guidance page.

BASIC REPORTING

Clear, unambiguous, professional English
language used throughout.

Intro & background to show context.
Literature well referenced & relevant.

Structure conforms to PeerJ standards,
discipline norm, or improved for clarity.

Figures are relevant, high quality, well
labelled & described.

Raw data supplied (see PeerJ policy).

EXPERIMENTAL DESIGN

Original primary research within Scope of
the journal.

Research question well defined, relevant
& meaningful. It is stated how the
research fills an identified knowledge gap.

Rigorous investigation performed to a
high technical & ethical standard.

Methods described with sufficient detail &
information to replicate.

VALIDITY OF THE FINDINGS

Impact and novelty not assessed.
Negative/inconclusive results accepted.
Meaningful replication encouraged where
rationale & benefit to literature is clearly
stated.

Data is robust, statistically sound, &
controlled.

Conclusions are well stated, linked to
original research question & limited to
supporting results.

Speculation is welcome, but should be
identified as such.

https://peerj.com/submissions/25299/reviews/311954/
https://peerj.com/submissions/25299/reviews/311954/guidance/
https://peerj.com/about/author-instructions/#standard-sections
https://peerj.com/about/policies-and-procedures/#data-materials-sharing
https://peerj.com/about/aims-and-scope/
https://peerj.com/about/aims-and-scope/


Standout
reviewing tips

3

The best reviewers use these techniques

Tip Example

Support criticisms with
evidence from the text or from
other sources

Smith et al (J of Methodology, 2005, V3, pp 123) have
shown that the analysis you use in Lines 241-250 is not the
most appropriate for this situation. Please explain why you
used this method.

Give specific suggestions on
how to improve the manuscript

Your introduction needs more detail. I suggest that you
improve the description at lines 57- 86 to provide more
justification for your study (specifically, you should expand
upon the knowledge gap being filled).

Comment on language and
grammar issues

The English language should be improved to ensure that an
international audience can clearly understand your text.
Some examples where the language could be improved
include lines 23, 77, 121, 128 – the current phrasing makes
comprehension difficult.

Organize by importance of the
issues, and number your points

1. Your most important issue
2. The next most important item
3. …
4. The least important points

Please provide constructive
criticism, and avoid personal
opinions

I thank you for providing the raw data, however your
supplemental files need more descriptive metadata
identifiers to be useful to future readers. Although your
results are compelling, the data analysis should be
improved in the following ways: AA, BB, CC

Comment on strengths (as well
as weaknesses) of the
manuscript

I commend the authors for their extensive data set,
compiled over many years of detailed fieldwork. In addition,
the manuscript is clearly written in professional,
unambiguous language. If there is a weakness, it is in the
statistical analysis (as I have noted above) which should be
improved upon before Acceptance.



Catch fast and kill quickly: do tiger beetles use the same

strategies when hunting different types of prey?

Tomasz Rewicz  1  ,  Radomir Jaskuła Corresp.  1 

1 Department of Invertebrate Zoology and Hydrobiology / Faculty of Biology and Environmental Protection, University of Lodz, Łódź, Poland

Corresponding Author: Radomir Jaskuła

Email address: radekj@biol.uni.lodz.pl

Background. Tiger beetles (Coleoptera: Carabidae: Cicindelinae) are fast running predatory insects

preying on different small insects and other terrestrial arthropods. Prey is located by sight and captured

after short and fast pursuit interspersed with pause-and- look behaviour. At least some tiger beetle

species can recognise the size and location of prey using memory, which most probably allows them to

achieve greater hunting success.

Material and methods. Two eurytopic tiger beetle species known to occur in different types of habitat

were used in the study: Cicindela hybrida hybrida, a very common central European beetle found even in

artificial habitats such as sandy roads or gravel pits, as well as Calomera littoralis nemoralis – a species

widely distributed in southern European countries and occurring on sandy sea beaches, in salt marshes,

as well as on sandy banks of rivers and lakes. Both species are very similar in terms of their body size.

Specimens used in the study were collected in the field and later tested in the laboratory. We checked

whether tiger beetles use different hunting strategies when attacking prey of different sizes and abilities

to escape as well as whether the sex of the studied species makes a difference in its hunting behaviour.

Results. The hunting strategies of both studied tiger beetle species consist of the following main phases:

identification, pursuit (often with stops), attack, and optional release of the prey, and then the secondary

attack, abandonment of the prey, or consumption of the prey. Considerable differences were noticed in

the course of hunting depending on the type of prey, its movement ability and escape potential.

Caterpillars were attacked without pursuit, stabbed mostly in the head or directly behind the head where

a concentration of nerves in the insect body as well as the main muscles responsible for walking are

located. Effective attacks on beetles were executed in the place where the connection between the

thorax and the abdomen is. Calomera littoralis strongly preferred slow moving prey, while Cicindela

hybrida preferred in equal measure slow moving prey and medium-sized fast moving prey. The

experiment on the preferred size of prey has indicated small beetles and small caterpillars as favoured

by Calomera littoralis, while Cicindela hybrida preferred medium-sized fast moving prey and large

caterpillars. Discussion. The hunting behaviour of Calomera littoralis and Cicindela hybrida is

complicated and includes a number of phases allowing to locate, capture and kill the prey. Beetles are

able to discriminate between different types of prey and apply different behavioural tactics to hunt it. As

the particular strategies are used to increase hunting success, and as a result allow to accumulate

energy for future activity of the predator, it can be expected that such a type of hunting behaviour is

characteristic also of other tiger beetle species.
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16 Abstract

17 Background. Tiger beetles (Coleoptera: Carabidae: Cicindelinae) are fast running predatory 

18 insects preying on different small insects and other terrestrial arthropods. Prey is located by sight 

19 and captured after short and fast pursuit interspersed with pause-and- look behaviour. At least 

20 some tiger beetle species can recognise the size and location of prey using memory, which most 

21 probably allows them to achieve greater hunting success. 

22 Material and methods. Two eurytopic tiger beetle species known to occur in different types of 

23 habitat were used in the study: Cicindela hybrida hybrida, a very common central European 

24 beetle found even in artificial habitats such as sandy roads or gravel pits, as well as Calomera 

25 littoralis nemoralis – a species widely distributed in southern European countries and occurring 

26 on sandy sea beaches, in salt marshes, as well as on sandy banks of rivers and lakes. Both species 

27 are very similar in terms of their body size. Specimens used in the study were collected in the 

28 field and later tested in the laboratory. We checked whether  tiger beetles use different hunting 

29 strategies when attacking prey of different sizes and abilities to escape as well as whether the sex 

30 of the studied species makes a difference in its hunting behaviour. 

31 Results. The hunting strategies of both studied tiger beetle species consist of the following main 

32 phases: identification, pursuit (often with stops), attack, and optional release of the prey, and then 

33 the secondary attack, abandonment of the prey, or consumption of the prey. Considerable 

34 differences were noticed in the course of hunting depending on the type of prey, its movement 

35 ability and escape potential. Caterpillars were attacked without pursuit, stabbed mostly in the 

36 head or directly behind the head where a concentration of nerves in the insect body as well as the 

37 main muscles responsible for walking are located. Effective attacks on beetles were executed in 

38 the place where the connection between the thorax and the abdomen is. Calomera littoralis 

39 strongly preferred slow moving prey, while Cicindela hybrida preferred in equal measure slow 

40 moving prey and medium-sized fast moving prey. The experiment on the preferred size of prey 

41 has indicated small beetles and small caterpillars as favoured by Calomera littoralis, while 

42 Cicindela hybrida preferred medium-sized fast moving prey and large caterpillars. 

43 Discussion. The hunting behaviour of Calomera littoralis and Cicindela hybrida is complicated 

44 and includes a number of phases allowing to locate, capture and kill the prey. Beetles are able to 

45 discriminate between different types of prey and apply different behavioural tactics to hunt it. As 

46 the particular strategies are used to increase hunting success, and as a result allow to accumulate 
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47 energy for future activity of the predator, it can be expected that such a type of hunting behaviour 

48 is characteristic also of other tiger beetle species. 
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50 Key words: hunting behaviour, prey-predator interactions, prey selection, Cicindelinae, 

51 Coleoptera

52

53 Introduction

54 Tiger beetles (Coleoptera: Cicindelidae) are small to medium-sized predatory beetles hunting for 

55 a variety of small, mostly typically epigeic invertebrates. Most species of these fast running 

56 predators are characterised by diurnal activity (Pearon & Vogler, 2001). Although they typically 

57 use sight as the main tool for locating their fast moving prey (Świecimski, 1956; Gilbert, 1987; 

58 Gilbert 1997), it is known that sometimes even day active species can capture prey in complete 

59 darkness, which can suggest that other senses, such as chemoreception, hearing or touch, may 

60 play an important role in searching for prey in this beetle group (Riggins & Hoback, 2005). A 

61 large spectrum of prey, including e.g.: Coleoptera, Hymenoptera, Orthoptera, larvae of 

62 Lepidoptera, but also spiders or small crustaceans, makes these beetles a group of opportunistic 

63 hunters (Larochelle, 1974; Pearson, 1988; Pearon & Vogler, 2001) which can sometimes use also 

64 plant material as food (Hori, 1982; Hill & Knisley, 1992; Jaskuła, 2013). Although the diet of 

65 tiger beetles as a group is rather well known, little is known about prey preferences and/or 

66 hunting strategies of most of tiger beetle species. Generally, a tiger beetle locates its live prey 

67 visually and after that starts to pursue it in the course of active running interspersed with pause-

68 and-look behaviour (Gilbert, 1987; Gilbert, 1997) or the beetle waits in a shaded area and attacks 

69 the prey when it is approaching (Kaulbars & Freitag, 1993). Pearson and Klisley (1985) have 

70 observed that if the attack is successful, the beetle grabs the prey with its mandibles. Before the 

71 prey is consumed, the beetle starts to test it in terms of size, hardness, and noxious chemicals. 

72 When the prey is too large and/or is inedible because of some chemical substances, it is quickly 

73 released. Moreover, Świecimski (1956) has noted that tiger beetles use memory of the shape and 

74 location of prey to distinguish small prey located at a shorter distance from large prey placed at a 

75 greater distance.

76 Flexibility in terms of hunting strategies usually brings a significant benefit to the predator. 

77 Predatory species which use different behavioural tactics can feed on a larger variety of food, 

78 and as a consequence, they can often easier survive in changed habitats with a low number of 

79 specific prey (= higher adaptation to environmental changes) and/or colonise new areas (= larger 

80 dispersal power). Moreover, individuals of such opportunistic species can easier and faster 
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81 accumulate energy needed during the reproduction process, which is especially important in the 

82 case of females (Curio, 1976). 

83 The aims of this study were: 1/ to check if tiger beetles use different hunting strategies when 

84 attacking prey of different sizes and abilities to escape – since tiger beetles encounter different 

85 types of prey randomly, it can be expected that they should apply their behavioural strategies 

86 flexibly and quickly according to the type of prey encountered; 2/ to verify if sex of the studied 

87 species makes a difference in its hunting behaviour – as most Cicindelidae are characterised by a 

88 larger body size in females, it can be expected that females would prefer to hunt for larger prey 

89 than males. To test our hypotheses, we have chosen two tiger beetle species: 1/ Calomera 

90 littoralis nemoralis (Olivier, 1790), which is one of the most common Cicindelidae species in the 

91 Mediterranean region, having one of the widest habitat ranges among all tiger beetles known 

92 from this region (Wiesner, 1992; Jaskuła, 2011; Jaskuła, 2015; Jaskuła & Rewicz, 2015; Jaskuła 

93 et al., 2015, Jaskuła et al., 2016), and 2/ Cicindela hybrida hybrida Linnaeus, 1758, the most 

94 common tiger beetle species known from Central Europe, also recognised as an eurytopic species 

95 according to habitat types (Wiesner, 1992; Jaskuła 2003).

96

97 Material and methods

98 Predator

99 Adult beetles from both species were collected with an entomological net in August 2008. 

100 Cicindela h. hybrida was collected in Krzywie (51°51'26.49"N, 19°26'48.18"E) in an old gravel 

101 pit in Central Poland and Calomera littoralis nemoralis in the mouth of the Evros River 

102 (40°49'9.29"N, 25°59'28.59"E) on the Greek marine sandy beach. A few dozens of males and 

103 females from both species were caught and taken to laboratory conditions. Specimens were kept 

104 separately in transparent plastic containers with 2-cm layer of sand at the bottom. The proper 

105 humidity was maintained through regular water spraying. The experiment was carried at the 

106 stable temperature of 24°C and in the natural photoperiod. 

107 The sampling in Greece was performed during the TB-Quest I Expedition organised by

108 the corresponding author and was financed partially from the internal funds of the University of 

109 Lodz.

110 Prey
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111 Based on earlier personal observations in the field, six taxa of common prey of tiger beetles were 

112 chosen for the study. These were: larvae of grasshoppers (Orthoptera: Acrididae), Bembidion 

113 lampros/B. properans, Calathus melanocephalus, C. fuscipes (Coleoptera: Carabidae), and 

114 larvae of Symphyta (Hymenoptera). Bembidion lampros and B. properans were considered as 

115 one type of prey due to their similar weight and size and because of difficulties in correct 

116 identification of species when the beetle is alive and fast moving. Caterpillars of Symphyta 

117 correspond to the next three stages of their development (Table 1). As different types of prey 

118 possess different abilities to escape, we have divided them into three groups: 1/ Orthoptera – 

119 possess a high escape potential as they have jumping legs and can jump a long distance away; 2/ 

120 ground beetles (Carabidae) – have a medium escape potential as they can run fast and dodge, or 

121 turn over, additionally they have the ability to exude a chemical weapon in emergency situations; 

122 3/ caterpillars – are unable to move quickly or dodge and turn over so they are characterised by a 

123 small escape potential (Tab 1). Caterpillars and grasshopper larvae were collected in the field by 

124 entomological net, and carabids by exhauster. Different types of prey were collected on the day 

125 of experiment or one before, and they were stored individually in a refrigerator in order to reduce 

126 their mortality.

127 Experimental procedure

128 We conducted experiments in 20-cm diameter plastic buckets with a 2-cm layer of sand at the 

129 bottom. Each individual was kept separately. All experiments were conducted between 10:00 and 

130 14:00 hours, during the highest hunting activity of tiger beetles. In each experiment, each 

131 specimen was used only once.

132 Types of experiment

133 We conducted three experiments. 

134 Prey escape potential

135 Each specimen (both species, both sexes) got three different types of prey dropped into the 

136 experimental bucket at the same time. Preferences of the prey type were noticed after the prey 

137 was caught and eaten. Feeding happened in the mornings (10:00) or at noon (12:00), and after 

138 two hours the buckets were examined to check which prey was caught and eaten. The types of 

139 prey represent different escape potentials: low – medium caterpillar of Symphyta, medium – 

140 Calathus melanocephalus, high – grasshopper. The number of repetitions differ between species 

141 and/or sexes (Table 2) because a different number of species and sexes were collected, and if a 
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142 tiger beetle specimen refused to attack the prey three times (three periods of two hours' feeding), 

143 it was eliminated from this experiment. 

144 Prey size

145 Experiment 2 consisted of two parts. First, each specimen (both species, both sexes) got three 

146 carabid beetles of different size (Table 2) dropped into the experimental bucket at the same time. 

147 Preferences of the prey size were noticed after the prey was caught and eaten. Feeding and 

148 checking were conducted under the same conditions as in Experiment 1. There were 48 random 

149 individuals in each size of carabid beetles measured and weighted (Table 1). In the second part 

150 of the experiment, each specimen (both species, both sexes) got three caterpillars in three 

151 different sizes (Table 2) dropped into the experimental bucket at the same time. Preferences of 

152 the prey size were noticed after the prey was caught and eaten. Feeding and checking were 

153 conducted under same conditions as in Experiment 1. There were 56 random individuals in each 

154 size of caterpillar measured and weighted (Table 1).

155 Hunting strategies

156 In Experiment 3, we checked if tiger beetles use different hunting strategies for different prey 

157 types. Specimens (both species, both sexes) were observed separately and every step of their 

158 hunting behaviour was noted on special work cards. On the cards, we included each major step 

159 of hunting sequences. Types and sizes of prey that were used in this step of the experiment were 

160 a result of the two previous experiments and included the most preferred choices of each species 

161 and sex of tiger beetle (Table 2). 

162 Data analysis

163 In Experiment 1 and 2, we counted the number of repetitions and drew diagrams of preferences 

164 in terms of type and size of prey. In Experiment 3, the steps of hunting sequences were written 

165 down on special experimental cards, and then counted for each species and sex. Several types of 

166 specific behaviour were counted for both sexes for each type of prey. Each step of the hunting 

167 strategy was checked for significant differences between the sexes. Thus obtained data were used 

168 to draw diagrams. The frequency of particular steps of the hunting strategy was calculated as a 

169 percentage of such behaviour in relation to all possible behaviours between two successive 

170 stages of hunting, and was indicated by the width of the line in the diagram and by the number 

171 above the line. The sequence of the hunting strategy was analysed and the frequency of key steps 

172 in each species and strategy was calculated.
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173 Preferences regarding the type and size of prey for both sexes and species of tiger beetles as well 

174 as key steps of the hunting sequence were analysed using Pearson's chi-squared test.

175

176 Results

177 Prey escape potential

178 In 91% of cases (n=69), Calomera littoralis males chose caterpillars, in 8% (n=6) ground 

179 beetles, and in 1% (n=1) a grasshopper. Females in 98% of cases (n=46) preferred caterpillars, 

180 and once a ground beetle (2%, n=1) was chosen (Fig. 1). In this case, there is a clear preference 

181 for caterpillars as the most common type of prey for both males and females of Calomera 

182 littoralis (Tab. 2).

183 Cicindela hybrida males chose caterpillars in 49% of cases (n=27) and ground beetles in 51% of 

184 cases (n=28). Females chose caterpillars in 44% of cases (n=31), ground beetles in 52% of cases 

185 (n=36), and grasshoppers in 4% of cases (n=3) (Fig. 1). The total number of repetitions is 

186 presented in Table 2. There is no dominant type of prey for males and females of Cicindela 

187 hybrida (χ2 = 0.260, df = 1, p = 0.05).

188 Preferences of the prey type between Cicindela hybrida and Calomera littoralis differ 

189 significantly (χ2=65.18, df=1, p=0.05).

190 Prey size

191 Size preferences – carabid beetles

192 In 91% of cases (n=40) Calomera littoralis males chose a small beetle as prey and in 9% cases 

193 (n=4) it was a medium beetle. In all the cases, females chose a small beetle (n = 47) (Fig 2A). 

194 This species of beetle clearly prefers small prey. 

195 In 30% of cases (n=14) Cicindela hybrida males chose small beetles (Bembidion 

196 lampros/properans), while in 66% of cases they preferred medium beetles (Calathus 

197 melanocephalus), and in 4% (n=2) large beetles (C. fuscipes) were eaten. Females in 57% of 

198 cases (n=30) chose small beetles and in 43% of cases (n=23) medium beetles (Fig. 2A). The total 

199 number of repetitions is presented in Table 1. The size of the preferred beetle prey was 

200 significant between the sexes of Cicindela hybrida (χ2=6.830, df=1, p=0.05).

201 Preferences of the beetle prey size between Cicindela hybrida and Calomera littoralis differ 

202 significantly (χ2=54.522, df=1, p=0.05).

203 Size preferences – caterpillars
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204 In 51% of cases (n = 31) Calomera littoralis males chose small caterpillars, in 27% of cases 

205 (n=16) medium caterpillars, and in 23% of cases (n=13) large ones. Females chose small 

206 caterpillars in 52% of cases (n=25), in 25% of cases (n=12) medium ones, and in 23% of cases 

207 (n=11) large ones (Fig. 2B). The total number of repetitions is presented in Table 1. There were 

208 no significant differences between the sexes of C. littoralis and the preferred caterpillar size 

209 (χ2=0.047, df=2, p=0.05).

210 In 22% of cases (n=13) Cicindela hybrida males chose small caterpillars, in 31% of cases (n=18) 

211 medium ones, and in 47% of cases large ones. Females chose small caterpillars in 19% of cases 

212 (n=10), medium ones in 34% (n=18) of cases, and large ones in 47% (n=25) of cases (Fig 2B). 

213 The total number of repetitions is presented in Table 1. There were no significant differences 

214 between the sexes of C. hybrida and the preferred caterpillar size (χ2=0.243, df=2, p=0.05).

215 Preferences of the caterpillar prey size between Cicindela hybrida and Calomera littoralis differ 

216 significantly (χ2=25.062, df=1, p=0.05).

217 Hunting strategies

218 We tested if there were differences between sexes of each species in each major step of the 

219 hunting scenario. In most cases, we found there were no differences between the sexes, and we 

220 decided to simplify the results of Experiment 3 and to summarise repetitions of both sexes of 

221 each species. 

222 Scenario of hunting prey with different escape potentials

223 Regardless of the type of prey, the first steps of the hunting pattern were the perception of the 

224 prey, followed by the turning of the hunter toward the prey. Next the tiger beetle freezes for a 

225 moment (stops), and starts to chase the prey fast in the case of beetles, or nobble the prey slowly 

226 in the case of slow caterpillars. The mandible attacks were conducted against three parts of the 

227 prey body: front, middle and back. In the case of beetle prey that meant: the front part - the head; 

228 the middle part - the narrow part between the pronotum and the abdomen; the back part - the 

229 abdomen. In the case of caterpillar prey, it was more simple: the front part - the head, or the 

230 initial sections of the thorax; the middle part - the final sections of the thorax, or the initial 

231 sections of the abdomen; the back parts - the abdomen. We can observe that both hunter species 

232 prefer to attack caterpillars in the front or middle part of the body, and avoid the back part. Tiger 

233 beetles hunting fast moving prey prefer attacking its middle part or - less often - the back part. 

234 We noticed only one attack on the front part of a beetle (Fig. 3C). After the attack (stabbing with 
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235 the mandibles), the hunters followed two scenarios; either the attack was lethal and immediately 

236 after they ate the prey or the prey managed to escape after the first stab. After releasing the prey, 

237 the hunters mostly retried the attack (re-attack), even repeatedly to achieve the lethal effect. Less 

238 often the hunters abandoned (abandonment of the prey) the dead prey, or finished the attack by 

239 leaving the wounded prey (ineffective attack). Sometimes after eating the prey only partially, or 

240 after an ineffective attack, they would abandon the prey and start digging the ground with 

241 mandibles.

242 Behavioural prey-type specificity

243 The beginning of the hunting strategy of C. hybrida towards beetles and caterpillars looks similar 

244 - after visual prey perception, the hunter turns toward the prey and after a moment of observation 

245 chases and stabs the prey. The main difference between the strategies concerns the site of the 

246 attack. Almost all attacks towards beetles (96%) were conducted in the middle part of their body, 

247 in the case of caterpillars the back part was less preferable (9%), most favourable were the front 

248 part (50%) and the middle part (35%) (χ2 = 55.18, dƒ = 2, p < .001). (Fig. 3B & D). After the first 

249 attack, the prey was released and attacked again. Caterpillars were abandoned more often than 

250 beetles (12% to 3% respectively) (χ2 = 4.63, dƒ = 1, p< .05). The last stage of the hunting 

251 strategy was also different, C. hybrida searched the area more often after hunting caterpillars 

252 (37% to 17%) (χ2 = 7.14, dƒ = 1, p< .05).

253 The hunting strategy of C. littoralis against beetles and caterpillars shows more differences than 

254 similarities (Fig. 3A & C). The first clear difference is a lack of chase stage in the case of 

255 caterpillars (11% to 88% when attacking beetles) (χ2 = 91.62, dƒ = 1, p< .05). The attack against 

256 beetles was conducted in 76% in the middle part of the body, and against caterpillars in the front 

257 part (39%) and the middle part (57%), which was a significant difference between those types of 

258 prey (χ2 = 38.95, dƒ = 2, p< .00001). After the first attack, we can observe quite a high level of 

259 killed and eaten prey (42% for beetles and 57% for caterpillars), but still there was no significant 

260 difference between types of prey. However, killed caterpillars were abandoned more often than 

261 beetles (17% to 3 % respectively) (χ2 = 8.95, dƒ = 1, p< .05). Altogether it indicates the 

262 predator's greater efficiency when hunting beetles (91% killed and eaten prey, compared to 70% 

263 killed and eaten caterpillars). Calomera littoralis searches the area more often after hunting 

264 beetles than caterpillars (46% to 26%) (χ2 = 6.41, dƒ = 1, p< .05).

265 Behavioural hunter-species specificity
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266 The hunting pattern for beetles was quite simple for both hunter species. The main attack 

267 sequence was straightforward: prey perception, turn, stop, chase, attack on the middle part of the 

268 body, releasing the prey, re-attack, eating the prey. Deviations from this pattern were not 

269 abundant. We can observe that tiger beetles clearly prefer attacking the middle part of the prey 

270 (Calomera littoralis 76%, Cicindela hybrida 96%) (Fig. 3C & D), and almost ignore the front 

271 and back parts. The difference between tiger beetle species appears after the  attack, C. littoralis 

272 in 58% of cases released the prey after the first stab (n=44), and C. hybrida in 78% of cases 

273 (n=59) (χ2 = 6.78, dƒ = 1, p < .05). As a consequence, also the re-attack occurred more often in 

274 C. hybrida than in C. littoralis (75% n=57 to 51% n=39 respectively). Calomera littoralis kills 

275 faster than C. hybrida, we can observe 42% of killed beetles after the first attack, and only 22% 

276 in the case of C. hybrida (χ2 = 6.78, dƒ = 1, p < .01). However, effectiveness of hunting beetles 

277 between C. littoralis and C. hybrida was almost identical with 91% n=69 and 89% n=89 of 

278 respectively killed and eaten prey. One more curious behaviour occurred much more often in the 

279 C. littoralis pattern. This species searched the area after hunting in 42% of cases, which is 

280 significantly different than 14% of such behaviour instances in C. hybrida (χ2 = 14.74, dƒ = 1, p 

281 < .001).

282 The hunting strategies towards caterpillars were more complicated than towards beetles. We can 

283 observe the first difference between hunter species in chasing or approaching the prey after 

284 turning towards it. Cicindela hybrida uses the same pattern as towards beetles - it freezes for a 

285 moment and then chases the prey (94%, n=64) (Fig 3B). Surprisingly, C. littoralis after freezing 

286 approaches slowly (11%, n=8, fast chase) the prey before stabbing (χ2 = 100.31, dƒ = 1, p < 

287 .001). Both hunters stab the caterpillar mostly in the head or the middle part of the body, less 

288 than 10% of attacks were carried to the back part. After the first attack, C. littoralis released the 

289 prey in 43% of cases (n=33), and C. hybrida significantly more often (76%, n=52) (χ2 = 16.21, 

290 dƒ = 1, p < .001). In consequence, the re-attack occurred only in 24% of cases for C. littoralis 

291 and in 66% of cases for C. hybrida (χ2 = 26.33, dƒ = 1, p < .05). Calomera littoralis has a higher 

292 level of success of the first attack and kill, as it happened in 57% of cases and only in 24% of 

293 cases the first stabbing by C. hybrida resulted in a killed and eaten caterpillar (χ2 = 16.21, dƒ = 1, 

294 p < .001). However, overall hunting effectiveness was similar, and both hunting species killed 

295 and ate more than 70% of their prey.

296 Discussion

PeerJ reviewing PDF | (2018:02:25299:0:1:NEW 30 Mar 2018)

Manuscript to be reviewed



297 Both tiger beetle species used in the experiments are known as predators hunting different small 

298 arthropods (mainly epigeic insects) but occasionally eating also dead insects (Cicindela hybrida 

299 – Świecimski, 1956) or even plant material (Calomera litoralis – Jaskuła, 2013). That makes 

300 both species opportunistic predators hunting for the type of prey which is actually available in 

301 the beetle’s habitat. Our results clearly confirm the ability of Cicindela hybrida and Calomera 

302 littoralis to catch and kill different types of prey in terms of body size and mobility. On the other 

303 hand, we have noted that in the case of prey mobility, a large number of C. littoralis (91 or 98% 

304 depending on the beetle sex) and almost half of the studied specimens of Cicindela hybrida (44 

305 or 49% depending on the beetle sex) preferred caterpillars which cannot escape faster than fast 

306 running beetles. Such a strategy can be clearly explained when the energetic cost of such a 

307 predatory behaviour is analysed. From the predator's point of view, predation is a very energy-

308 consuming activity as prey needs to be located, which often takes time, caught and killed, which 

309 requires additional energy for a potential fight with the prey, and is often dangerous also for the 

310 predator as it can be injured. And if the attack is not successful, the predator needs to look for 

311 another prey and repeat all the parts of such a behaviour again and again (Bonsall & Hassell, 

312 2007; Creel & Christianson, 2008). Taking this into consideration, hunting for slow moving prey 

313 characterised by a small escape potential is much better as it allows the predator to preserve more 

314 energy for any future activity. On the other hand, in the case of C. hybrida, fast moving beetles 

315 were noted as very important prey, too (51 or 52% depending on the beetle sex). This confirms 

316 earlier observations by Świecimski (1956), who noted that this species chooses fast moving prey 

317 as their faster movement can be probably easier perceived by the predator. On the other hand, 

318 ignoring this type of prey by Calomera littoralis (if slow moving caterpillars were available as 

319 food) can be probably explained by chemical defence regularly used by different ground beetle 

320 species, including Calathus and Bembidion beetles (Moore, 1979), as it is known that tiger 

321 beetles often release prey which emits chemicals (Pearson & Knisley, 1985). In the case of 

322 habitats where Cicindela hybrida occurs, both Calathus melanocephalus and Bembidion 

323 lampros/properans are regularly observed, and the tiger beetle was observed hunting for them 

324 (Jaskuła – personal observations), while in the case of habitats occupied by Calomera littoralis, 

325 these species of ground beetles are rarely encountered or even do not occur at all. As a 

326 consequence, we cannot exclude the assumption that a lack of potential contact between the prey 

327 and the predator under natural conditions does not play a role in choosing the prey under 
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328 laboratory conditions. As experiments were made in small containers with a flat surface of 

329 substrate at the bottom, we can exclude the role of target elevation in prey selection by tiger 

330 beetles as was suggested by Layne et al. (2006). Also, the role of the temperature, a factor noted 

331 as important in tiger beetles hunting in the wild (Dreisig, 1981), can be ignored as all the 

332 experiments were made under the same conditions.

333 The size of prey is the second important parameter playing a crucial role in hunting success of 

334 the predator (Alcock, 1993). In the case of the studied tiger beetle species, we have noted that 

335 Calomera littoralis preferred small prey with a small (caterpillars) and fast (ground beetles) 

336 escape potential (51-100% depending on the beetle's sex and type of prey), while the medium-

337 sized prey was chosen only in the case of slow moving caterpillars. A different situation was 

338 observed in the case of Cicindela hybrida. In this species, medium (43 or 66% depending on the 

339 beetle sex) and small-sized prey (43% in the case of females) was chosen only in the case of fast 

340 running ground beetles, while in the case of slow caterpillars much bigger individuals were 

341 attacked (47% for both beetle sexes). The body length of both studied tiger beetle species is very 

342 similar. On the other hand, Cicindela hybrida has longer mandibles (up to 10% in females 

343 compared with Calomera littoralis; Jaskuła, 2005; Jaskuła – unpublished), the elements of 

344 mouthparts which play a key-role in catching and cutting the prey. Such a difference in the 

345 length of mandibles can explain the preference for bigger prey by Cicindela hybrida, especially 

346 in females, as it is known that longer mandibles allow them to keep a wider distance between the 

347 end parts of these organs when the mandibles are fully opened, and as a result potentially bigger 

348 prey can be caught (Pearson & Mury, 1979). As mentioned above, hunting for bigger and easy to 

349 catch prey has great evolutionary sense from the predator's point of view, as such a strategy 

350 allows to keep energy for future activity of the predator. This seems to be especially important in 

351 the case of females which need to accumulate much more energy for the breeding season than 

352 males (e.g.: for production of eggs and finding the right place to lay them) (Thornhill & Alckock, 

353 1983).

354 Both studied tiger beetle species located their prey visually and then tried to catch it after fast 

355 active pursuit interspersed by short stops. All these elements of hunting behaviour were earlier 

356 noted in C. hybrida (Świecimski, 1956) as well as in other tiger beetle species (e.g.: Gilbert, 

357 1986; Gilbert, 1987; Gilbert, 1997) and seem to be very typical for all beetles classified in this 

358 group, even if at least some diurnal species can locate and catch prey without sight (Riggins & 
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359 Hoback, 2005). Although there are no data about the physiological base of such a pause-and-look 

360 behaviour in the case of the species studied by us, it is known that in other tiger beetles such a 

361 behaviour plays a very important role in the actualisation of prey position as the signal sent from 

362 ommatidia in the beetle’s eyes to its central nervous system is slower that the speed of running 

363 tiger beetle (Gilbert, 1997). As in the cases of earlier studied tiger beetle species (e.g.: 

364 Świecimski, 1956; Pearson & Knisley, 1985; Gilbert, 1987; Lovari et al., 1992; Gilbert, 1997; 

365 Zurek et al., 2014), we have noted that Calomera littoralis and Cicindela hybrida use mandibles 

366 to test the size, shape, and probably also noxious chemicals of their prey before it is killed and 

367 eaten. The significant difference in the “testing behaviour” observed by us between both species 

368 (releasing of prey in 58% cases in Calomera littoralis and 78% in Cicindela hybrida) is most 

369 probably connected with the size of their preferred prey. Smaller prey can be faster and more 

370 easily tested that the bigger one, and as a consequence can be killed quicker. Exactly such an 

371 observation was noted in the case of Calomera littoralis which preferred smaller types of prey. 

372 On the other hand, Cicindela hybrida, which hunted mainly medium and/or larger prey, was 

373 characterised by a much longer “testing behaviour” (prey released in 75-76% of cases after the 

374 first attack). Such a behaviour seems to play an important role as the final hunting success was 

375 very similar in both species.

376 Both tiger beetles clearly preferred attacking in the middle (the connection between the thorax 

377 and the abdomen in ground beetles) or in the middle or front part of the prey (the head or the 

378 thorax in caterpillars), almost ignoring the back parts. The explanation of such a hunting strategy 

379 is rather simple as the main muscles responsible for walking are places in the insect's thorax. 

380 Moreover, in the front part of the insect body (the head and partly the thorax), the main part of 

381 the insect nervous system in placed (Gilliot, 2005). As a consequence, an attack on these body 

382 parts usually allows to immobilise and kill the prey quickly. Although there is only a small 

383 number of studies on the hunting behaviour of tiger beetles, and therefore we cannot provide 

384 similar results from the literature, single field observations of the second author upon some 

385 European (Cephalota chiloleuca, C. circumdata, Cicindela campestris, C. sylvatica, Cylindera 

386 germanica, Cylindera trisignata, Myriochila melancholica) and North African species 

387 (Grammognatha euphratica, Lophyra flexuosa) suggest that this is a common strategy among 

388 tiger beetles. Moreover, the same or very similar strategy can be found in other predatory insects 

389 which need to catch prey quickly, such as some diurnal ground beetles (e.g.: Bauer, 1981; Bauer 
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390 1985) as well as other terrestrial arthropods, including jumping spiders (e.g.: Jackson & Pollard, 

391 1996; Bartos, 2002; Bartos, 2007; Bartos, 2008; Bartos & Minias, 2016).

392

393 Conclusions

394 The results of the presented study clearly confirm that the hunting behaviour of tiger beetles is 

395 complicated and multi-staged. Calomera littoralis and Cicindela hybdrida are able to 

396 discriminate between different types of prey (both according to their size and escape potential) 

397 and apply different behavioural tactics to hunt them. Particular strategies are used to increase 

398 hunting success and as a result allow to accumulate energy for future activity of the predator. 

399 Although there is a lack of similar data for most of other tiger beetle genera, we should expect 

400 that this type of behaviour, very logical in the wide evolutionary sense, is characteristic of the 

401 entire group. On the other hand, future studies, especially on nocturnal and/or arboreal tiger 

402 beetle species which occupy different types of environment or hunt at night, may provide 

403 additional facts about hunting strategies of Cicindelinae.
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Figure 1

Number of chosen preys by male and females of Calomera littoralis and Cicindela

hybrida respectively in experiment 1.

Colors of vertical bars are showing respectively: grasshopper - grey, caterpillar - white, beetle

- black.
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Figure 2

Number of chosen preys by males and females of Calomera littoralis and Cicindela

hybrida in experiment 2 for beetles and caterpillars in part A and B respectively.

In both cases colors correspond to size of the prey in the following pattern: grey - small,

white - medium, black - large.
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Figure 3

The flow diagrams of Calomera littoralis hunting small caterpillar (A), small beetle (C);

and Cicindela hybrida hunting large caterpillar (B), and medium beetle (D).

The frequency of particular steps of the hunting strategy was calculated as a percentage of

such behaviour in relation to all possible behaviours between two successive stages of

hunting, and was indicated by the appropriate line width in the diagram and by the number

below the repetition number of such behaviour. The sequence should be read from left to

right unless indicated by an arrow.
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Table 1(on next page)

Prey taxa used in the experiments.
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Prey species Order/Family Size 

type

Ability 

to escape

Length 

(mm)

Mean Weight (g) Mean

grasshopper Orthoptera - high - - - -

Metalina 

lampros/properans

Carabidae small medium 3-5 4.0

± 0.44

2-5 3.8

± 0.88

Calathus 

melanocephalus

Carabidae medium medium 6-9 7.5

± 0.68

8-28 16.5

± 4.12

C. fuscipes Carabidae large medium 9-11 9.9

± 0.55

36-68 49.4

± 7.46

Symphyta Hymenoptera small low 8-12 10.4 

±1.13

17-40 28.2

± 4.27

Symphyta Hymenoptera medium low 12-15 13.8

± 0.81

32-63 46.4

± 8.62

Symphyta Hymenoptera large low 15-21 17.3

± 1.25

55-97 77.0

± 11.9

1

2

3
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Table 2(on next page)

Number of repetitions, and types of the prey in each experiment.

N - number of repetition, gra - grasshopper, s bet - small beetle, m bet - medium beetle, l bet

- large beetle, s cat - small caterpillar, m cat - medium caterpillar, l cat - large caterpillar.
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experiment 2 experiment 3experiment 1

caterpillar beetle caterpillar beetle

Species

N type N size N size N size N size

♀♀ Calomera littoralis 47

gra, 

m bet,

 m cat

48

s cat,

 m cat,

 l cat

47

s bet, 

m bet, 

l bet

38

s cat

38

s bet

♂♂ Calomera littoralis 76

gra,

 m bet, m cat 60

s cat,

 m cat, l cat 44

s bet,

 m bet, 

l bet

38

s cat

38

s bet

♀♀ Cicindela hybrida 70

gra, 

m bet, 

m cat

53

s cat, 

m cat, 

l cat

53

s bet, 

m bet, 

l bet

32

l cat

38

m bet

♂♂ Cicindela hybrida 55
gra,

 m bet, m cat
58

s cat,

 m cat, l cat
46

s bet,

 m bet, l bet
36

l cat
38

m bet

1
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