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Abstract: Research on insect biotremology has resulted in a burgeoning body of literature over the past few decades. 
Despite this, several biases and knowledge gaps have been proposed, but not quantified. Therefore, a systematic literature 
review and meta-analyses were carried out to summarize the temporal trends and test for biases regarding taxa, develop-
mental stages, and research topics reported in scientific papers spanning 75 years. The survey tracked 831 papers, which 
exhibited exponential growth since the 1990s and covered 17 insect orders. Among these studies, 70.4% were associated 
with adaptive behaviors, while the remaining (29.6%) focused on applied entomology and sensory organs. Three main 
biases were detected: (i) a prevalence of studies on Hemiptera, Hymenoptera, and Coleoptera, (ii) a focus on adults, and 
(iii) a preponderance of studies on reproductive behaviors. Considering only adaptive behaviors, the likelihood of studies 
with adults was 3× higher than for juveniles. Studies documenting receiver response were 2× higher than not. Still, few 
insect orders (9 of 17) included reports on vibrations used in an adaptive context, while studies reported in the remain-
ing orders focused on mechanisms of vibration production or vibration characteristics. The results of this study highlight 
knowledge gaps worthy of future investigations. In particular, further research is necessary on the role of vibratory sensing 
and communication in juveniles (eggs, larvae, pupae, and nymphs), testing hypotheses on the adaptive roles of vibrations 
in a broader range of taxa, characterization of vibratory landscapes, and research on sensory receptors.
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1	 Introduction

Vibratory sensing and communication are considered to 
be the most ubiquitous and ancient sensory modalities in  
insects (Hill 2009; Endler 2014). By vibration, we refer to 
mechanical waves transmitted through solids (e.g., soil, 
plant material, silk, wax), in contrast to those transmitted 
through air or water and commonly referred to as “sounds” 
(see Hill 2008; Hill & Wessel 2016). Solid-borne vibra-
tions are widely available to insects in the environment and 
originate from both abiotic (e.g., rain, wind) and biotic (e.g., 
conspecifics, predators) sources. Vibrations arising from 
biotic sources can be produced incidentally as cues, such as 
when an insect walks, or directly as signals, such as when an 
insect communicates to a mate (Maynard-Smith & Harper 
2003; Yack 2016; Giunti et al. 2018). Vibratory sensing and 
communication (or biotremology, a recently coined term) in 

insects has received increasing research attention over the 
past few decades and this field of study has been variously 
described as a ‘gold mine’ with ‘unsurpassed opportunities’ 
(Cocroft et al. 2014a), and an ‘unchartered territory’ (Yack 
2016), with ‘many opportunities for ground-breaking study’ 
(Cocroft & Rodríguez 2005). Despite the progress of this 
field, there are questions unanswered and gaps in our knowl-
edge that deserve scrutiny.

A number of reviews have covered the topic of vibratory 
sensing and communication in insects to varying degrees. 
These include comprehensive reviews that focus on the dis-
tribution of taxa and contexts in general (e.g., Virant-Doberlet 
& Čokl 2004; Cocroft & Rodríguez 2005), or specific taxo-
nomic groups (e.g., Plecoptera [Stewart 1997], Neuroptera 
[Devetak 1998; Henry et al. 2012; 2013], Hemiptera [Gogala 
et  al. 1974; Claridge 1985; Čokl & Virant-Doberlet 2003; 
Cocroft & Mcnett 2006], Hymenoptera [Schneider & Lewis 
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2004; De-Luca & Vallejo-Marin 2013]; Mantophasmatodea 
[Eberhard & Eberhard 2013]). Others focus on the role of 
vibrations mediating specific types of interactions such as 
group-living (e.g., Cocroft 2001; Hunt & Richard 2013), 
prey-predator (e.g., Casas & Magal 2006; Virant-Doberlet 
et  al. 2019), and myrmecophily (e.g. Casacci et  al. 2019). 
Others address practical applications for insect monitoring 
and control (e.g., Rajendran 1999; Polajnar et al. 2015; Liu 
et al. 2017; Banga et al. 2018; Takanashi et al. 2019; Adedeji 
et al. 2020; Lima et al. 2020).

Based on the literature reviewed to date, a number of 
potential shortcomings and biases have been noted. The first 
relates to which insects detect and generate vibration. It has 
been stated that we are in the process of “identifying the 
players” including taxa never considered before (Hill 2008; 
2009; Yack 2016). To the best of our knowledge, eighteen 
insect orders have been qualitatively recognized as using 
vibratory communication and sensing (Virant-Doberlet & 
Čokl 2004; Cocroft & Rodriguez 2005), but without a more 
in depth analysis and quantitative assessment. However, this 
number has been estimated as being low, leaving out some 
of the small-bodied orders (e.g., fleas, twisted wing para-
sites, jumping bristletails, and thrips). Second, it is proposed 
that research has focused on adult insects (Virant-Doberlet 
& Čokl 2004; Cocroft et al. 2014b; Yack 2016), which is a 
conundrum because juveniles are generally more substrate-
bound than their adult counterparts, given that they are less 
likely to jump and do not fly. Third, it has been proposed 
that topics covered are biased towards some subjects, such 
as reproduction (see Virant-Doberlet & Čokl 2004; Cocroft 
et al. 2014b; Hill et al. 2019), but lacking in others, such as 
sensory organs (Yack 2016) and evolution (Hill et al. 2019). 
Finally, while there are many reports of proposed vibration 
sensing and communication, for example, based on morphol-
ogy alone or recorded vibrations (e.g., Low 2008; Quiroga 
et al. 2019), it is not always clear whether these examples 
constitute adaptive usage of vibrations, as experimental evi-
dence for information transfer is lacking. The above-men-
tioned concerns led to the present attempt to understand how 
vibratory sensing and communication has been studied in 
insects.

The purpose of this review is to survey the literature over 
a period of 75 years, from 1945 to 2020, to obtain an over-
view of strengths and weaknesses in the field. This study had 
two primary goals. First, to conduct a systematic literature 
survey to qualitatively describe the temporal trends in pub-
lications, the taxonomic groups, and developmental stages, 
and to identify the main topics studied. This was done using 
the Web of Science and Scopus databases. The second goal 
was to conduct meta-analyses to synthesize, quantify and 
test the investigation trends, with the purpose of testing spe-
cifically: (i) whether there is a prevailing bias on the devel-
opment stages studied, and (ii) whether there was evidence 
for receiving vibrations (cues or signal) in an adaptive con-
text. Note that our intention was not to conduct a complete 

and global survey of all literature covering the topic of insect 
vibratory sensing and communication, but rather to carry out 
a comprehensive survey of a subset of the literature within 
our search constraints to identify trends. The results allow 
for the recognition of knowledge gaps and provide directions 
for further investigation.

2	 Materials and methods

The procedures for the systematic literature survey and sub-
sequent meta-analyses followed the guidelines of “Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses” 
(PRISMA) (Moher et al. 2009), which are briefly described 
below.

2.1	� Initial data collection, screening, and 
literature review

An overview of the process of data collection and screen-
ing is described in Fig. 1. First, a literature search was per-
formed on the topic of vibratory sensing and communication 
among insects. We used combinations of keywords in two 
databases (Web of Science and Scopus), including literature 
published over a 75-year period, between January 1945 and 
December 2020. The search was carried out with general 
keywords to identify a broad initial dataset, and included 
the following terms: “bioacoustics,” “acoustic,” “vibratory,” 
“vibration,” “vibroacoustic,” “substrate-borne,” “solid-
borne,” “vibrational,” “seismic,” or “biotremology,” in man-
datory combination with “herbivore,” “insect,” “arthropod,” 
“Insecta” or “phytophagous.” Afterward, we included the 
references from the book by Cocroft et al. (2014b), which 
contains a comprehensive review on vibratory communica-
tion with an emphasis on arthropods. Duplicate papers were 
removed from the dataset, and the remaining were further 
screened for inclusion in the qualitative analysis by includ-
ing in our dataset only studies that met the following criteria:  
(i) were published in English in a peer-reviewed journal;  
(ii) contained the target organism (i.e., insect) and solid-
borne vibrations, and iii) reported the developmental stage 
of the organism studied (adults or juveniles). We excluded 
any narrative review, case report, protocol, editorial, book, 
book chapter, thesis, dissertation, and proceedings of meet-
ings or conferences.

2.2	 Qualitative analyses
The selected papers were used to recognize overall temporal 
trends in publishing, and to identify taxonomic groups (i.e., 
insect orders), developmental stages (i.e., egg, larva, pupa, 
or adult), and topics studied. Additionally, we compartmen-
talized the papers within eight subject categories, follow-
ing the guidelines in Box 1 to recognize the major focus of 
attention. This information was compiled and summarized 
(Table S1) and used for building the interaction matrixes, 
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which identified the relationship among subject categories 
and insect orders tested.

2.3	 Quantitative analyses
To establish the dataset for the quantitative analyses, papers 
were selected for inclusion based on two eligibility criteria: 
(i) the vibration should mediate at least one behavior with an 
adaptive role, according to the subject categories established 
in the Box 1, and (ii) each behavioral context should contain 
at least two taxonomic orders and three papers published, 
which is an assumption to proceed with meta-analyses. This 
dataset was subjected to meta-analyses with binary out-

comes to test specifically whether the publications favored 
a particular developmental stage and whether there was evi-
dence for vibration reception in an adaptive context, con-
sidering as evidence a change in behavior of the receiving 
organism. In all cases, the taxonomic groups and the adap-
tive behaviors were used as moderators. The risk ratio and 
95% confidence intervals were used to determine the overall 
effect measured, where the former (i.e., risk ratio, RR) is the 
likelihood of an outcome between two alternatives (RR=1 
means a similar outcome among two possibilities or lack of 
bias). The random-effect model was used because the indi-
vidual studies differ, and their effects are usually assumed 

Fig. 1.  Flowchart describing how scientific articles were step by step included/excluded in the 
literature dataset at the four stages of the systematic review process (‘Identification’, ‘Screening’, 
‘Eligibility’, and ‘Included’). Refer to the Materials and Methods for details on screening and eli-
gibility criteria.
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to be heterogeneous. The quantification and heterogeneity-
test (i.e., Q, H, and I2) were conducted, and the inverse vari-
ance and DerSimonian–Laird methods were used to estimate 
the between-study variance (τ2). Studies with n ≤ 1 event 
in both groups were excluded from the meta-analyses. All 
analyses were performed using the R-software version 3.5.1 
(R Development Core, Vienna, Austria), with the pack-
ages “meta”, “metafor” and “stats” (R Development Core 
Team 2020; Schwarzer et al. 2015). The graphical illustra-
tions were produced with Wacom creative table (Intuos S, 

Tokyo, Japan) using Corel Painter (Essential 6, Ottawa, ON, 
Canada).

3	 Results

3.1	 Summary of the literature
A summary flowchart showing the results of the article 
selection procedure is shown in Fig. 1. The original litera-
ture search resulted in 4,327 papers from Web of Science 

Box 1.  Definitions of subject categories used to systematize papers about vibratory sensing and communication in 
insects.

 

Box 1. Definitions of subject categories used to systematize papers about vibratory sensing 

and communication in insects. 
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and Scopus. Additionally, 118 papers were incorporated 
from a comprehensive book on the topic with emphasis 
on arthropods (Cocroft et al. 2014b), totaling 4,445; 3,019 
papers remained after removing duplicates. These 3,019 
papers were screened based on titles and abstracts to check 
for consistency with the criteria of inclusion in the dataset 
(see Materials and methods for details). This resulted in 831 
papers that were used in the qualitative analyses to describe 
the temporal trends, taxonomic groups, developmental stage, 
and main subjects explored. To conduct the meta-analyses, 
two additional eligibility criteria were applied to the 831 
papers (see Materials and methods for details) resulting in 
547 papers.

3.2	 Qualitative literature trends
The temporal trend in publishing over a period of 75 years, 
from January 1945 to December 2020, was followed 
(Fig. 2A). However, the milestone of the first manuscript 
published occurred only in the early 1960s, when Moore 
in 1961, identified vibrations by hemipteran adults (Moore 
1961; Table S1). Overall, the trajectory of the field during 
its two first decades following the first publication in 1961 
exhibited a slow linear growth, with studies remaining 
scarce until the late 1980s and 2000s for adults and juveniles 

respectively. Afterwards, there was an exponential growth in 
publication output extending to the present (Fig. 2A).

A diversity of taxonomic groups (17 of the 30 recog-
nized orders [Gullan & Cranston 2014, considering Isoptera, 
Blattodea, Psocoptera, and Phthiraptera as different orders]) 
was identified in the scientific papers on vibratory sensing 
and communication. The most representative groups were 
Hemiptera (31.5%), Hymenoptera (21.8%), Coleoptera 
(13.5%), Orthoptera (9.0%), Lepidoptera (5.8%), Isoptera 
(4.5%), and Neuroptera (3.9%), while the ten insect orders 
remaining encompassed only 10% of papers (Fig. 2B). Orders 
that were not reported included Archaeognatha, Zygentoma, 
Ephemeroptera, Zoraptera, Grylloblattodea, Mantodea, 
Psocoptera, Phthiraptera, Thysanoptera, Raphidioptera, 
Megaloptera, Strepsiptera, and Siphonaptera.

There was an apparent bias in the developmental stages 
being studied, with the vast majority of studies focusing 
on adults (Fig. 2A). Indeed, of 831 papers identified, 74% 
focused only on adults (n=615 papers), 20.1% only on juve-
niles (n=167 papers), and 5.9% covered both juveniles and 
adults (n=49 papers). Among juveniles, the vibration was 
more frequently investigated on larvae or nymphs (n=206 
papers), while pupae (n=16 papers) and eggs (n=8 papers) 
were least represented (Fig. 2A).

Fig. 2.  (A) Scatterplot of the cumulative papers published on solid-borne vibrations of adult (dark green circle) and juvenile (light 
green circle) insects between 1945–2020. The inner diagram indicates the number of published papers on each specific develop-
mental stage. The overlapping circles in the upper left of the figure indicate papers that include more than one developmental stage.  
(B) Distribution of the studies on insect solid-borne vibrations among taxonomic insect orders compilated for qualitative analysis 
(n=831 papers).
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Of the 831 papers, a wide range of topics was identified, 
extending from adaptive behaviors to applied entomology 
(see Table S1). Such topics were herein compartmental-
ized within eight broad subject categories (Box 1) in order 
to examine the most commonly explored subjects, and the 
main taxonomic groups studied within each (Fig. 3). Overall, 
the interaction among taxonomic groups and subject catego-
ries showed that about 70.4% of papers focused on under-
standing the role of vibration in an adaptive context (Fig. 3). 
These articles were clustered into six subject categories 
of which the main one is reproductive behavior (36.2% of 
papers; 12 orders), followed by the moderately represented 
group-living (17.3% of papers; 6 orders), foraging (9.2% of 
papers; 7 orders), and individual defense (5.5% of papers;  
9 orders); and then the least represented, monitoring abiotic 
factors (1% of papers; 5 orders) and myrmecophilic inter-
actions (1.2% of papers; 2 orders) (Fig. 3). The remaining 
29.6% of the literature did not relate directly to adaptive 

functions, and these included papers on applied entomology 
(16.5% of papers; 9 orders) and sensory organs (13.1% of 
papers; 12 orders) (Fig. 3).

In summary, a total of 831 papers were selected for quali-
tative analysis. This qualitative description of the literature 
showed an increase in studies on vibratory sensing and 
communication in insects during the last 75 years. Reports 
included 17 insect orders, with a heavy focus on the adult 
stage. The papers focused mainly on adaptive behaviors, 
with reproductive behaviors representing the topic most 
commonly studied among subject categories.

3.3	 Meta-analyses and overall trends
Of the 831 studies, 547 met the two eligibility criteria for 
meta-analyses (see Materials and methods). These 547 papers 
covered four subjects related to adaptive behavior: reproduc-
tive behavior (7 orders), group-living (3 orders), foraging  

Fig. 3.  Interaction diagram between insect orders and subject categories included in the current systematic review 
from studies documenting vibratory sensing and communication in insects (n=831 papers). Connections between 
insect orders and subject categories represent the interaction. The thickness of arcs represents the number of 
times that interactions were studied.



� Bug talk trends & biases: insect biotremology        341

(6 orders), and individual defense (4 orders). These papers 
were subjected to meta-analyses to test two main questions.

The first question was if there is a bias towards a develop-
mental stage. The meta-analysis model indicated that indeed 
the likelihood of studies with adults is about 3× higher than 
with juveniles (RR=3.01; z=2.54; P<0.01; orange diamond) 
(Fig. 4), reinforcing the trends previously suggested in the 
qualitative analysis. However, the dataset indicates that 
the likelihood of studies in favor of a specific development 
stage is strongly related to the taxonomic group and adap-
tive behavior, reflected in high and significant heterogene-
ity among studies, which deserves scrutiny (Fig. 4). Studies 
on reproductive behavior are highly associated with adults 
regardless of the taxonomic group (RR=50.16; I2=0%; 
P=0.84; pink diamond), which is expected. On the other 
hand, group-living (RR=0.73; I2=93%; P<0.01; blue dia-
mond), individual foraging (RR=0.84; I2=79%; P<0.01; 
green diamond) and individual defense (RR=1.44; I2=70%; 
P<0.01; red diamond) do not exhibit bias towards any spe-
cific developmental stage. In these cases, the developmental 
stage studied is strongly associated with the insect orders; 
for instance, Isoptera, Lepidoptera, and Neuroptera are more 
commonly studied as juveniles, whereas the remaining 
orders are predominantly studied as adults (Fig. 4).

Meta-analysis was also used to ask whether there is sup-
porting evidence for vibration being confirmed to serve an 
adaptive function. The likelihood of studies documenting a 
receiver response was 2× higher (RR=2.13; z=2.47; P =0.01; 
orange diamond) than not. Nonetheless, the dataset exhibits 
high heterogeneity among insect orders and behavioral con-
texts, which invites further scrutiny within each behavioral 
context (Fig. 5). Reproductive behavior (RR=5.44; I2=82%; 
P=0.01; pink diamond) and group-living (RR=2.80; I2=76%; 
P=0.01; blue diamond) are prevalent among the receiver 
responses recorded, regardless of insect order. In contrast, 
individual foraging (RR=0.54; I2=71%; P<0.01; green dia-
mond) and individual defense (RR=1.34; I2=81%; P<0.01; 
red diamond) do not exhibit significant trends (RR around 
1), and thus show similar likelihood in reporting adaptive 
consequences of the response. Besides, the assessment of 
response is strongly related to the insect order investigated 
(Fig. 5).

In summary, the quantitative analyses of the literature 
confirmed bias in the developmental stage, revealing a like-
lihood of studies 3× higher with adults than with juveniles. 
Also, scientific papers often document a response or change 
in behavior in the receiving organism, supporting the conclu-
sion that the studies provided experimental evidence for the 
function of vibration in adaptive contexts. However, these 
studies are mainly related to reproduction and group living. 
It is also important to note that only a limited number of 
insect orders (9 of 17 orders identified to be associated with 
vibrations) have been studied experimentally in the context 
of adaptive function.

4	 Discussion

In rapidly growing subjects some aspects of research are 
more extensively explored than others. This study provides a 
systematic review and meta-analyses of published literature 
on vibratory sensing and communication in insects with the 
goals to summarize the growth of this topic over the past 
75 years, and to identify and quantify the trends and biases 
within the field that will help to guide future research.

Our results showed that there was an exponential growth 
in the field beginning in the late 1980s through to the pres-
ent. The earliest reports related to substrate-borne vibrations 
in insects were published a century ago, in the 1920s (e.g., 
booklice: Pearman 1928; termites: Emerson & Simpson 
1929). However, such reports are not included in our lit-
erature review, which extended from 1945 to 2020 due to 
limitations on the time period covered by the databases. The 
scientific publication output on vibratory sensing and com-
munication in insects began modestly in the early 1960s, 
with studies remaining scarce until the late 1980s. The low 
publication rate during this early period was expected, as the 
scientific community had limited access to technologies nec-
essary to detect vibrations, relying primarily on phonograph 
cartridges (Muraoka et al. 1974; Watanabe 1978). In the late 
1980s technological advances increased the availability of 
equipment (e.g., accelerometers, laser doppler vibrometers) 
and consequently, the awareness of this sensory modality 
(Cocroft & Rodríguez 2005; Elias and Mason 2014). Such 
advances allowed for a rapid expansion of research on the 
subject of insect biotremology, resulting in a total of 831 
papers included in our literature survey. The exponential 
trend currently persists, as 96 new papers were identified in 
the Web of Science database subsequent to our search (i.e. 
between December 2020 and August 2021). This ongoing 
publication output likely reflects the increase of researcher 
networks around the world, the broadening of topics 
addressed in the research field, and the increasing accessibil-
ity to instrumentation.

In our survey, we identified which insect orders included 
species that detect or generate vibration. The number of 17 
insect orders recorded (see Fig. 3) was lower than the 18 
orders previously reported by Cocroft & Rodriguez (2005), a 
likely consequence of our more restrictive criteria of assess-
ment. Curiously, the orders identified did not overlap entirely 
between the two studies. For example, Raphidioptera, 
Megaloptera, Psocoptera, Thysanoptera, and Zoraptera, were 
reported by Cocroft & Rodrigues (2005), but not identified 
herein. In contrast, Odonata, Dermaptera, Phasmatodea, and 
Mantophasmatodea, identified in our survey, were not iden-
tified by Cocroft & Rodrigues (2005). This discrepancy is 
likely due to the different methodological approaches used 
to identify the literature (i.e., narrative review vs system-
atic reviews [see Uman 2011; Gurevitch et  al. 2018]) and 
the ~15-year gap between the two studies. Regardless, our 
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Fig. 4.  Forest plot summarizing the results from the frequency of studies by developmental stages, considering 
the insect orders and behavioral contexts, as moderators. The risk ratios (95% CIs) are denoted by colored boxes 
(horizontal black lines). The combined RR estimate for overall trends is represented by a colored diamond, where 
diamond width corresponds to 95% CI bounds. The black vertical solid-line represents lack of effect, whereas the 
vertical orange dashed line shows the overall estimated effect resulting from all studies. The P-values for hetero-
geneity test of risk ratios are indicated.

results reinforce the statement that we remain in the process 
of “identifying the players”, including taxa never consid-
ered before (Hill 2008; Yack 2016), as at least 13 orders (our 
study), or 8 if we include those additional orders identified 
by Cocroft & Rodrigues (2005), remain unreported in the 
literature.

Among the 17 insect orders we identified, the seven 
with most published papers were Hemiptera, Hymenoptera, 

Coleoptera, Orthoptera, Lepidoptera, Isoptera, and Neuroptera, 
respectively (Fig. 2B). This bias was expected, as these 
orders also have a large number of species described, and 
are also well-studied for other reasons (Gullan & Cranston 
2014), thereby increasing the likelihood of researchers notic-
ing vibratory behaviors. In contrast, the other 10 orders iden-
tified were only sparsely represented (Fig. 3). Future studies 
should focus on the orders not well-represented in the litera-
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ture, and also should explore sparsely represented genera, 
families, and species from all orders. This will reveal a wider 
use of vibration within the Class Insecta, and allow for com-
parative studies to test hypotheses on function and evolution.

Our results confirmed that there is a research bias towards 
adults rather than juveniles (Fig. 4). This result reinforces the 
trends of our own qualitative analysis, as well as previous 
narrative reviews (e.g. Virant-Doberlet & Čokl 2004; Hill 

& Wessel 2016; Yack 2016). Possible explanations for this 
bias may be the relatively smaller size of juveniles, mak-
ing vibrations less easily detectable, as well as the general 
research interest on reproduction in many orders (Fig. 4 – 
pink diamond), which of course is absent in juveniles. The 
bias in favor of adults was not generalized among all behav-
ioral contexts. A similar likelihood of studies with adults 
and juveniles (or lack of bias, RR=1) exists for group-living 

Fig. 5.  Forest plot summarizing the results from the frequency of studies documenting a response to vibration by 
the receiving organism, considering the insect order and behavioral contexts as moderators. The risk ratios (95% 
CIs) are denoted by colored boxes (horizontal black lines). The combined RR estimate for overall trends is repre-
sented by a colored diamond, where diamond width corresponds to 95% CI bounds. The black vertical solid-line 
represents lack of effect, whereas the orange vertical dashed line shows the overall estimated effect resulting from 
all studies. The P-values for the heterogeneity test of risk ratios are indicated.
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(Fig. 4 – blue diamond), foraging (Fig. 4 – green diamond), 
and individual defense contexts (Fig. 4 – red diamond) show-
ing that studies with juveniles, although smaller in number, 
are better distributed among these behavioral contexts. This 
result is likely associated with a growing number of reports 
that juveniles (particularly from Isoptera, Lepidoptera, 
Neuroptera, and Hemiptera) use vibrations in a variety of 
contexts, including egg hatching synchronization (Mukai 
et al. 2014; Nishide & Tanaka 2016; Endo et al. 2019), coor-
dination of social group activities and recruitment (Fletcher 
2007; 2008; Hamel & Cocroft 2012; Yadav et  al. 2017), 
foraging (Suryanarayanan & Jeanne 2008; Suryanarayanan 
et  al. 2011), territorial and spacing behavior (Yack et  al. 
2001; 2014; Fletcher et al. 2006; Scott et al. 2010; Guedes 
et al. 2012), and predator avoidance (Castellanos & Barbosa 
2006; Low 2008; Gish et al. 2012; Kojima et al. 2012a). This 
result highlights the potential of juveniles as experimental 
models in biotremology. Juveniles also comprise a remark-
ably large portion of agricultural pests, making them con-
spicuous research models for basic and applied entomology.

Our survey identified a diversity of topics related to 
insects and vibration, ranging from communication to pest 
management applications. There was a prevalence of papers 
focusing on reproductive behaviors, group living, and 
applied entomology, and a strong interaction between these 
topics and Hemiptera, Hymenoptera, and Coleoptera, respec-
tively, which suggested that topic and taxonomic biases are 
related (Fig. 3). The hemipterans, for instance, were impor-
tant experimental models since the pioneering works of 
Ossiannilsson (1949), Strübing (1958), Gogala et al. (1974), 
and Ichikawa & Ishii (1974), leading to a historical series of 
publications on behaviors associated with reproduction such 
as species recognition, attraction, mate finding, courtship, 
and rivalry. The hymenopterans are also conspicuous models 
in studies of group activities mediated by vibration, such as 
when eusocial bees signal the location and profitability of a 
food source (e.g., Hrncir et al. 2004a; 2004b), or when saw-
fly larvae use vibrations for recruitment and group cohesion 
(e.g., Fletcher 2007; 2008). Coleopterans have commonly 
been used as models for applied entomology from 1965 to 
the present (Bailey & McCabe 1965; Mankin et al. 2021), 
with a focus on the detection and monitoring of concealed 
insects through vibroacoustic cues (e.g., stored product wee-
vils [Njoroge et al. 2016] and wood-boring beetles [Mankin 
et al. 2016; Jalinas et al. 2019]) (see TableS1).

We assessed whether studies provided evidence for adap-
tive significance, based on whether there was evidence for a 
receiver response to a vibrational cue or signal. Our findings 
revealed that the likelihood of studies documenting a receiver 
response was 2× higher than not (Fig. 5). Such results were 
more prominent in reproductive behaviors and group living. 
This likely reflects the easier assessment of these behaviors, 
such as when stinkbugs move towards a signalling mate 
(Čokl & Virant-Doberlet 2003) or when termites respond to 

an alarm call (Rosengaus et al. 1999; Delattre et al. 2019). In 
contrast, studies of foraging and individual defense showed 
no bias in documenting an adaptive behavior (i.e. they were 
equally likely to report an adaptive behavior or not).

The lack of bias in foraging likely reflects the fact that, 
while in some cases a receiver response is relatively easy to 
document, such as when a predator detects and responds to 
vibration cues of a prey (e.g., walking or chewing), or by 
detecting its own signals (e.g., vibrational sounding/echolo-
cation) (Devetak 1985; Pfannenstiel et  al. 1995; Meyhöfer 
et  al. 1997; Al-Wahaibi & Walker 2000; Broad & Quicke 
2000; Devetak et al. 2007; Fertin & Casas 2007), in other 
cases a change in behavior of the receiver was not always 
evident. For example, evidence for a response of the receiver 
is not always reported in examples of foraging activities such 
as in buzz pollination, when bees actively vibrate a flower’s 
anthers to release pollen (King 1993; De-Luca et al. 2019; 
Rosi-Denadai et al. 2020) or when ants create a “vibratome” 
to facilitate leaf cutting (Tautz et al. 1995). While such exam-
ples still constitute adaptive behaviors, they were not scored 
as such based on our criteria. Similarly, in examples of indi-
vidual defense, in some cases evidence for vibration recep-
tion is easier to document, such as when an insect responds 
to an attack or threat (Kojima et  al. 2012a; 2012b, 2012c; 
Ichikawa & Sakamoto 2013; Ben-Ari et al. 2014), defends a 
territory (Yack et al. 2001; 2014; Fletcher et al. 2006; Bowen 
et al. 2008; Scott et al. 2010; Scott & Yack 2012), or avoids 
detection by freezing or thanatosis (Acheampong & Mitchell 
1997; Djemai et al. 2004; Castellanos & Barbosa 2006; Lee & 
Jabłoński 2006; Takanashi et al. 2016; Miyatake et al. 2019). 
On the other hand, many other articles commonly reporting 
a defensive behavior do not provide evidence of information 
transfer (Masters 1979; 1980; Puranik et al. 1981; Masters 
et al. 1983; Tschuch & Brothers 1999; Quiroga et al. 2019), 
and thus do not test for potential adaptive roles.

In conclusion, our literature survey recognized 17 insect 
orders associated with vibratory events that are used in a 
wide diversity of contexts. In these studies, three prominent 
biases were detected: i) prevalence of studies on Hemiptera, 
Hymenoptera, and Coleoptera; and ii) a focus on adults, with 
far less attention to juveniles; and iii) on reproductive behav-
iors, with less attention to other behavioral contexts. Future 
studies should focus on a broader range of orders and higher 
taxa (i.e., genera, families, species). Documentation of the 
role of vibration in different adaptive contexts is also neces-
sary in exploring how both adults and juveniles (i.e., eggs, 
larvae/nymphs, and, pupae) use vibrations. A lack of research 
on the vibratory landscapes of most insects remains notice-
able, and also importantly, how many insects sense and pro-
cess vibrations. Such studies will no doubt lead to novel and 
intriguing insights into the complex vibratory environments 
of substrate-bound insects, and may have practical applica-
tions for monitoring and managing pests, and inspiring bio-
mimetic devices.
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Mankin et al. 2008b Coleoptera Larva Juveniles Applied entomology No No
Mankin, R. W., Mizrach, A., Hetzroni, A., Levsky, S., Nakache, Y., & Soroker, V. (2008b). Temporal
and spectral features of sounds of wood-boring beetle larvae: identifiable patterns of activity enable
improved discrimination from background noise. Florida Entomologist , 91(2), 241–248.


Pinhas et al. 2008 Coleoptera Larva Juveniles Applied entomology No No Pinhas, J., Soroker, V., Hetzroni, A., Mizrach, A., Teicher, M., & Goldberger, J. (2008). Automatic
acoustic detection of the red palm weevil. Computers and Electronics in Agriculture , 63(2), 131–139.


Polajnar & Cokl, 2008 Hemiptera Adults Adults Applied entomology Yes No
Polajnar, J., & Čokl, A. (2008). The effect of vibratory disturbance on sexual behaviour of the southern
green stink bug Nezara viridula (Heteroptera, Pentatomidae). Central European Journal of Biology ,
3(2), 189–197.


Takács et al. 2008 Hemiptera Adults, Nymph Adults, Juveniles Applied entomology Yes No
Takács, S., Hardin, K., Gries, G., Strong, W., & Bennett, R. (2008). Vibratory communication signal
produced by male western conifer seed bugs (Hemiptera: Coreidae). Canadian Entomologist , 140(2),
174–183.


Potamitis et al. 2009 Coleoptera Larva Juveniles Applied entomology No No
Potamitis, I., Ganchev, T., & Kontodimas, D. (2009). On automatic bioacoustic detection of pests: the
cases of Rhynchophorus ferrugineus and Sitophilus oryzae . Journal of Economic Entomology , 102(4),
1681–1690.


Mankin et al. 2009 Coleoptera Larva Juveniles Applied entomology No No Mankin, R. W., Samson, P. R., & Chandler, K. J. (2009). Acoustic detection of melolonthine larvae in
Australian sugarcane. Journal of Economic Entomology , 102(4), 1523–1535. 


Mankin & Benshemesh, 2006 No Mankin, R. W., & Benshemesh, J. (2006). Geophone detection of subterranean termite and ant activity.
Journal of Economic Entomology , 99(1), 244-250.


Mankin et al. 2007 No Mankin, R. W., Hubbard, J. L., & Flanders, K. L. (2007). Acoustic indicators for mapping infestation
probabilities of soil invertebrates. Journal of Economic Entomology , 100(3), 790–800.


Mankin et al. 2004 No
Mankin, R. W., Weaver, D. K., Grieshop, M., Larson, B., & Morrill, W. L. (2004). Acoustic system for
insect detection in plant stems: comparisons of Cephus cinctus in wheat and Metamasius callizona in
bromeliads Journal of Agricultural and Urban Entomology 21(4) 239–248







Mazzoni et al. 2009 Hemiptera Adults Adults Applied entomology Yes No
Mazzoni, V., Lucchi, A., Čokl, A., Prešern, J., & Virant‐Doberlet, M. (2009). Disruption of the
reproductive behaviour of Scaphoideus titanus by playback of vibrational signals. Entomologia
Experimentalis et Applicata , 133(2), 174-185.


Wang et al. 2009 Coleoptera Larva Juveniles Applied entomology No No
Wang, X., Stelzer, H. E., Wiedenbeck, J., Lebow, P. K., & Ross, R. J. (2009). Assessing wood quality
of borer-infested red oak logs with a resonance acoustic technique. Wood and Fiber Science , 41(2),
180–193.


De-la-Rosa et al. 2010 Isoptera Nymph Juveniles Applied entomology No No
De-la-Rosa, J. J. G., Moreno-Muñoz, A., Gallego, A., Piotrkowski, R., & Castro, E. (2010). On-site non-
destructive measurement of termite activity using the spectral kurtosis and the discrete wavelet
transform. Measurement , 43(10), 1472–1488.


Gutiérrez et al. 2010 Coleoptera Larva Juveniles Applied entomology No No
Gutiérrez, A., Ruiz, V., Moltó, E., Tapia, G., & del Mar Téllez, M. (2010). Development of a
bioacoustic sensor for the early detection of red palm weevil (Rhynchophorus ferrugineus Olivier).
Crop Protection , 29(7), 671–676.


Hussein et al. 2010 Coleoptera Larva Juveniles Applied entomology No No Hussein, W. B., Hussein, M. A., & Becker, T. (2010). Detection of the red palm weevil Rhynchophorus 
ferrugineus  using its bioacoustics features. Bioacoustics , 19(3), 177–194. 


Coleoptera Adults, Larva Adults, Juveniles Applied entomology No
Isoptera Nymph Juveniles Applied entomology No


Blattodea Adults, Nymph Adults, Juveniles Applied entomology No
Coleoptera Adults, Larva Adults, Juveniles Applied entomology No
Hemiptera Adults, Nymph Adults, Juveniles Applied entomology No


Siriwardena et al. 2010 Coleoptera Larva Juveniles Applied entomology No No
Siriwardena, K. A. P., Fernando, L. C. P., Nanayakkara, N., Perera, K. F. G., Kumara, A. D. N. T., &
Nanayakkara, T. (2010). Portable acoustic device for detection of coconut palms infested by
Rynchophorus ferrugineus  (Coleoptera: Curculionidae). Crop Protection , 29(1), 25–29.


Harvey et al. 2011 Coleoptera Adults, Larva Adults, Juveniles Applied entomology No No
Harvey, D. J., Hawes, C. J., Gange, A. C., Finch, P., Chesmore, D., & Farr, I. (2011). Development of
non-invasive monitoring methods for larvae and adults of the stag beetle, Lucanus cervus . Insect
Conservation and Diversity , 4(1), 4–14.


Mankin, 2011 Coleoptera Larva Juveniles Applied entomology No No
Mankin, R. W. (2011). Recent developments in the use of acoustic sensors and signal processing tools
to target early infestations of red palm weevil in agricultural environments. Florida Entomologist ,
94(4), 761–765.


Coleoptera Larva Juveniles Applied entomology No
Lepidoptera Larva Juveniles Applied entomology No


Eriksson et al. 2012 Hemiptera Adults Adults Applied entomology Yes No
Eriksson, A., Anfora, G., Lucchi, A., Lanzo, F., Virant-Doberlet, M., & Mazzoni, V. (2012).
Exploitation of insect vibrational signals reveals a new method of pest management. PLoSONE , 7(3),
e0032954


Krajewski et al. 2012 Coleoptera Larva Juveniles Applied entomology No No
Krajewski, A., Witomski, P., Bobiński, P., Wójcik, A., & Magdalena, N. (2012). An attempt to detect
fully-grown house longhorn beetle larvae in coniferous wood based on electroacoustic signals. Drewno ,
188, 5–15.


Coleoptera Adults, Larva Adults, Juveniles Applied entomology No
Isoptera Nymph Juveniles Applied entomology No


Lampson et al. 2013 Hemiptera Adults Adults Applied entomology Yes No


Lampson, B. D., Han, Y. J., Khalilian, A., Greene, J., Mankin, R. W., & Foreman, E. G. (2013).
Automatic detection and identification of brown stink bug, Euschistus servus , and southern green stink
bug, Nezara viridula , (Heteroptera: Pentatomidae) using intraspecific substrate-borne vibrational
signals. Computers and Electronics in Agriculture , 91, 154–159.


Mankin et al. 2013 Hemiptera Adults Adults Applied entomology Yes No
Mankin, R. W., Rohde, B. B., McNeill, S. A., Paris, T. M., Zagvazdina, N. I., & Greenfeder, S. (2013).
Diaphorina citri (Hemiptera: Liviidae) responses to microcontroller-buzzer communication signals of
potential use in vibration traps. Florida Entomologist , 96(4), 1546–1555.


Rach et al. 2013 Coleoptera Larva Juveniles Applied entomology No No
Rach, M. M., Gomis, H. M., Granado, O. L., Malumbres, M. P., Campoy, A. M., & Martín, J. J. S.
(2013). On the design of a bioacoustic sensor for the early detection of the red palm weevil. Sensors,
13(2), 1706-1729.


Vinatier & Vinatier, 2013 Coleoptera Larva Juveniles Applied entomology No No Vinatier, F., & Vinatier, C. (2013). Acoustic recording as a non‐invasive method to detect larval
infestation of C osmopolites sordidus. Entomologia Experimentalis et Applicata, 149(1), 22-26.


Dosunmu et al. 2014 Coleoptera Larva Juveniles Applied entomology No No Dosunmu, O. G., Herrick, N. J., Haseeb, M., Hix, R. L., & Mankin, R. W. (2014). Acoustic detectability
of Rhynchophorus cruentatus  (Coleoptera: Dryophthoridae). Florida  Entomologist , 97(2), 431–438.


Oberst et al. 2014 Hymenoptera Adults Adults Applied entomology No No Oberst, S., Baro, E. N., Lai, J. C., & Evans, T. A. (2014). Quantifying ant activity using vibration
measurements. PloS one, 9(3), e90902.


Stanislav et al. 2014 Hymenoptera Adults Adults Applied entomology No No Stanislav, K., Tlačbaba, J., Černý, M., & Dostál, P. (2014). The Usage of Acoustic Emission in Apis
mellifera Research. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 62, 14.


Sanders et al. 2011 No
Sanders, W. R., Mankin, R. W., Liburd, O. E., & Stelinski, L. L. (2011). Acoustic detection of
arthropod infestation of grape roots: scouting for grape root borer (Lepidoptera: Sesiidae). Florida
Entomologist 94(2) 296–302


Zahid et al. 2012 No
Zahid, I., Grgurinovic, C., Zaman, T., de Keyzer, R., & Cayzer, L. (2012). Assessment of technologies
and dogs for detecting insect pests in timber and forest products. Scandinavian Journal of Forest
Research 27(5) 492–502


Mankin & Moore, 2010 No
Mankin, R. W., & Moore, A. (2010). Acoustic detection of Oryctes rhinoceros (Coleoptera:
Scarabaeidae: Dynastinae) and Nasutitermes luzonicus (Isoptera: Termitidae) in palm trees in Urban
Guam Journal of Economic Entomology 103(4) 1135–1143


Mankin et al. 2010 No


Mankin, R. W., Hodges, R. D., Nagle, H. T., Schal, C., Pereira, R. M., & Koehler, P. G. (2010).
Acoustic indicators for targeted detection of stored product and urban insect pests by inexpensive
infrared, acoustic, and vibrational detection of movement. Journal of Economic Entomology , 103(5),
1636–1646.







Bencsik et al. 2015 Hymenoptera Larva Juveniles Applied entomology No No Bencsik, M., Le Conte, Y., Reyes, M., Pioz, M., Whittaker, D., Crauser, D., ... & Newton, M. I. (2015).
Honeybee colony vibrational measurements to highlight the brood cycle. PloSOne , 10(11), e0141926


De-la-Rosa et al. 2015 Coleoptera Adults Adults Applied entomology No No
de la Rosa, J. J. G., Pérez, A. A., Salas, J. C. P., & Fernández, J. M. S. (2015). A novel measurement
method for transient detection based in wavelets entropy and the spectral kurtosis: An application to
vibrations and acoustic emission signals from termite activity. Measurement, 68, 58-69.


Eliopoulos et al. 2015 Coleoptera Adults Adults Applied entomology No No
Eliopoulos, P. A., Potamitis, I., Kontodimas, D. C., & Givropoulou, E. G. (2015). Detection of adult
beetles inside the stored wheat mass based on their acoustic emissions. Journal of Economic
Entomology , 108(6), 2808–2814.


Jalinas et al. 2015 Coleoptera Larva Juveniles Applied entomology No No


Jalinas, J., Güerri-Agulló, B., Mankin, R. W., López-Follana, R., & Lopez-Llorca, L. V. (2015).
Acoustic assessment of Beauveria bassiana (Hypocreales: Clavicipitaceae) effects on Rhynchophorus
ferrugineus (Coleoptera: Dryophthoridae) larval activity and mortality. Journal of Economic
Entomology , 108(2), 444–453.


Kiobia et al.2015 Coleoptera Larva Juveniles Applied entomology No No


Kiobia, D. O., Tumbo, S. D., Cantillo, J., Rohde, B. B., Mallikarjunan, P. K., & Mankin, R. W. (2015).
Characterization of sounds in maize produced by internally feeding insects: investigations to develop
inexpensive devices for detection of Prostephanus truncatus (Coleoptera: Bostrichidae) and Sitophilus
zeamais  (Coleoptera: Curculionidae) in small-scale . Florida Entomologist , 98(2), 405–409.


Le-Conte et al. 2015 Coleoptera Larva Juveniles Applied entomology No No
Le Conte, S., Vaiedelich, S., Thomas, J.-H., Muliava, V., de Reyer, D., & Maurin, E. (2015). Acoustic
emission to detect xylophagous insects in wooden musical instrument. Journal of Cultural Heritage ,
16(3), 338–343.


Martin, 2015 Coleoptera Adults Adults Applied entomology No No Martin, B. (2015). A relative analysis on sound of red palm weevil based on field and lab recordings.
International Journal of Applied Engineering Research , 10(6), 5261–5268.


Oberst et al. 2015 Hymenoptera Adults Adults Applied entomology No No Oberst, S., Nava-Baro, E., Lai, J. C. S., & Evans, T. A. (2015). An innovative signal processing method
to extract ants’ walking signals. Acoustics Australia , 43(1), 87–96.


Zorović & Čokl, 2015 Coleoptera Larva Juveniles Applied entomology No No Zorović, M., & Čokl, A. (2015). Laser vibrometry as a diagnostic tool for detecting wood-boring beetle
larvae. Journal of Pest Science , 88(1), 107–112. 


Eliopoulos et al. 2016 Coleoptera Adults, Larva Adults, Juveniles Applied entomology No No Eliopoulos, P. A., Potamitis, I., & Kontodimas, D. C. (2016). Estimation of population density of stored
grain pests via bioacoustic detection. Crop Protection , 85, 71–78. 


Guo et al. 2016 Coleoptera Larva Juveniles Applied entomology No No
Guo, M., Ma, Y., Zhao, Z., Ma, M., Wu, X., & Mankin, R. W. (2016). A new EEMD-based scheme for
detection of insect damaged wheat kernels using impact acoustics. Acta Acustica United with Acustica ,
102(6), 1108–1117.


Hetzroni et al. 2016 Coleoptera Larva Juveniles Applied entomology No No Hetzroni, A., Soroker, V., & Cohen, Y. (2016). Toward practical acoustic red palm weevil detection.
Computers and Electronics in Agriculture , 124, 100–106. 


Korinsek et al. 2016 Hemiptera Adults Adults Applied entomology Yes No
Korinsek, G., Derlink, M., Virant-Doberlet, M., & Tuma, T. (2016). An autonomous system of
detecting and attracting leafhopper males using species- and sex-specific substrate borne vibrational
signals. Computers and Electronics in Agriculture , 123, 29–39.


Lujo et al. 2016 Hemiptera Adults Adults Applied entomology Yes No Lujo, S., Hartman, E., Norton, K., Pregmon, E. A., Rohde, B. B., & Mankin, R. W. (2016). Disrupting
mating behavior of Diaphorina citri  (Liviidae). Journal of Economic Entomology , 109(6), 2373–2379. 


Mankin et al. 2016 Coleoptera Adults, Larva Adults, Juveniles Applied entomology No No


Mankin, R. W., Al-Ayedh, H. Y., Aldryhim, Y., & Rohde, B. (2016). Acoustic detection of
Rhynchophorus ferrugineus (Coleoptera: Dryophthoridae) and Oryctes elegans (Coleoptera:
Scarabaeidae) in Phoenix dactylifera (Arecales: Arecacae) trees and offshoots in Saudi Arabian
Orchards. Journal of Economic Entomology , 109(2), 622–628.


Mehdipour et al. 2016 Hemiptera Adults Adults Applied entomology Yes No
Mehdipour, M., Zamanian, H., Farazmand, H., & Hosseini‐Gharalari, A. (2016). Disruption of
reproductive behavior of grapevine cicada, Cicadatra alhageos, by acoustic signals playback.
Entomologia Experimentalis et Applicata, 158(2), 210-216.


Nasswettrová et al. 2016 Coleoptera Larva Juveniles Applied entomology No No Nasswettrova, A., Krivankova, S., Smifra, P., Ostrava-Kuncicky, J. S., Friedl, M., & Trubak, J. (2016).
Acoustic detection of wood-destroying insects during. Wood Research , 61(5), 755–766.


Njoroge et al. 2016 Coleoptera Adults, Larva Adults, Juveniles Applied entomology No No


Njoroge, A. W., Affognon, H., Mutungi, C., Rohde, B., Richter, U., Hensel, O., & Mankin, R. W.
(2016). Frequency and time pattern differences in acoustic signals produced by Prostephanus truncatus  
(Horn) (Coleoptera: Bostrichidae) and Sitophilus zeamais (Motschulsky) (Coleoptera: Curculionidae)
in stored maize. Journal of Stored Products Research , 69, 31–40.







Polajnar et al. 2016 Hemiptera Adults Adults Applied entomology Yes No Polajnar, J., Eriksson, A., Virant-Doberlet, M., & Mazzoni, V. (2016). Mating disruption of a grapevine
pest using mechanical vibrations: from laboratory to the field. Journal of Pest Science , 89(4), 909–921.


Bilski et al. 2017 Coleoptera Larva Juveniles Applied entomology No No
Bilski, P., Bobiński, P., Krajewski, A., & Witomski, P. (2017). Detection of Wood Boring Insects’
Larvae Based on the Acoustic Signal Analysis and the Artificial Intelligence Algorithm. Archives of
Acoustics , 42(1), 61–70.


Hartman et al. 2017 Hemiptera Adults Adults Applied entomology Yes No
Hartman, E., Rohde, B., Lujo, S., Dixon, M., McNeill, S., & Mankin, R. W. (2017). Behavioral
responses of male Diaphorina citri (Hemiptera: Liviidae) to mating communication signals from
vibration traps in Citrus  (Sapindales: Rutaceae) Trees. Florida Entomologist , 100(4), 767–771.


Jalinas et al. 2017 Coleoptera Larva Juveniles Applied entomology No No


Jalinas, J., Göerri-Agulló, B., Dosunmu, O. G., Llorca, L. V. L., & Mankin, R. W. (2017). Acoustic
activity cycles of Rhynchophorus ferrugineus (Coleoptera: Dryophthoridae) early instars after
Beauveria bassiana (Hypocreales: Clavicipitaceae) treatments. Annals of the Entomological Society of
America , 110(6), 551–557.


Mazzoni et al. 2017a Hemiptera Adults Adults Applied entomology Yes No
Mazzoni, V., Gordon, S. D., Nieri, R., & Krugner, R. (2017a). Design of a candidate vibrational signal
for mating disruption against the glassy-winged sharpshooter, Homalodisca vitripennis . Pest
Management Science , 73(11), 2328–2333.


Mazzoni et al. 2017b Hemiptera Adults Adults Applied entomology Yes No
Mazzoni, V., Polajnar, J., Baldini, M., Rossi Stacconi, M. V, Anfora, G., Guidetti, R., & Maistrello, L.
(2017b). Use of substrate-borne vibrational signals to attract the brown marmorated stink bug,
Halyomorpha halys . Journal of Pest Science , 90(4), 1219–1229.


Mousavi et al. 2017 Coleoptera Adults, Larva Adults, Juveniles Applied entomology No No


Mousavi, S. F., Abbaspour-Fard, M. H., Aghkhani, M. H., Sadeghi Namaghi, H., & Ebrahimi, E.
(2017). Acoustic detection possibility of different stages of the confused flour beetle (Triboium
confusum ) in grain bulks using an audio sensor. Journal of Agricultural Science and Technology , 19,
1551–1563.


Njoroge et al. 2017a Coleoptera Adults, Larva Adults, Juveniles Applied entomology No No
Njoroge, A. W., Affognon, H., Mutungi, C., Richter, U., Hensel, O., Rohde, B., & Mankin, R. W.
(2017a). Bioacoustics of Acanthoscelides obtectus (Coleoptera: Chrysomelidae: Bruchinae) on
Phaseolus vulgaris  (Fabaceae). Florida Entomologist , 100(1), 109–115.


Njoroge et al. 2017b Coleoptera Adults Adults Applied entomology No No
Njoroge, A. W., Mankin, R. W., Smith, B. W., & Baributsa, D. (2017b). Effects of hermetic storage on
adult Sitophilus oryzae L. (Coleoptera: Curculionidae) acoustic activity patterns and mortality. Journal
of Economic Entomology , 110(6), 2707–2715.


Nowakowska et al. 2017 Coleoptera Larva Juveniles Applied entomology No No
Nowakowska, M., Krajewski, A., Witomski, P., & Bobiński, P. (2017). Thermic limitation of AE
detection method of old house borer larvae (Hylotrupes bajulus L.) in wooden structures. Construction
and Building Materials , 136, 446–449.


Coleoptera Adults, Larva Adults, Juveniles Applied entomology No
Diptera Larva Juveniles Applied entomology No
Isoptera Nymph Juveniles Applied entomology No


Lepidoptera Larva Juveniles Applied entomology No


Bittner et al. 2018 Coleoptera Adults, Larva Adults, Juveniles Applied entomology No No
Bittner, J. A., Balfe, S., Pittendrigh, B. R., & Popovics, J. S. (2018). Monitoring of the cowpea bruchid,
Callosobruchus maculatus (Coleoptera: Bruchidae), feeding activity in cowpea seeds: Advances in
sensing technologies reveals new insights. Journal of Economic Entomology , 111(3), 1469–1475.


Krugner & Gordon, 2018 Hemiptera Adults Adults Applied entomology Yes No
Krugner, R., & Gordon, S. D. (2018). Mating disruption of Homalodisca vitripennis (Germar)
(Hemiptera: Cicadellidae) by playback of vibrational signals in vineyard trellis. Pest Management
Science , 74(9), 2013–2019.


Laumann et al. 2018 Hemiptera Adults Adults Applied entomology Yes No
Laumann, R. A., Maccagnan, D. H. B., Čokl, A., Blassioli-Moraes, M. C., & Borges, M. (2018).
Substrate-borne vibrations disrupt the mating behaviors of the neotropical brown stink bug, Euschistus
heros : implications for pest management. Journal of Pest Science , 91(3), 995–1004.


Mankin et al. 2018 Coleoptera Larva Juveniles Applied entomology No No
Mankin, R. W., Burman, H., Menocal, O., & Carrillo, D. (2018). Acoustic detection of Mallodon
dasystomus (Coleoptera: Cerambycidae) in Persea americana (Laurales: Lauraceae) Branch Stumps.
Florida Entomologist , 101(2), 321–323.


Njoroge et al. 2018 Coleoptera Adults, Larva Adults, Juveniles Applied entomology No No
Njoroge, A. W., Mankin, R. W., Smith, B. W., & Baributsa, D. (2018). Oxygen consumption and
acoustic activity of adult Callosobruchus maculatus (F.) (Coleoptera: Chrysomelidae: Bruchinae)
during hermetic storage. Insects , 9(2), 45.


Nunes et al. 2018 Isoptera Nymph Juveniles Applied entomology/Substrate feature No No
Nunes, L. F., Roxinol, J. A., Cristaldo, P., Marinho, R., & DeSouza, O. (2018). The use of tympanic
arena as an alternative for behavioral vibroacoustic essays in termites (Blattodea: Isoptera).
Sociobiology , 65(1), 101–107.


Phung et al. 2017 No Phung, Q. V, Ahmad, I., Habibi, D., & Hinckley, S. (2017). Automated insect detection using acoustic
features based on sound generated from insect activities. Acoustics Australia , 45(2), 445–451.







Taravati, 2018 Isoptera Nymph Juveniles Applied entomology No No Taravati, S. (2018). Evaluation of low-energy microwaves technology (termatrac) for detecting western
drywood termite in a simulated drywall system. Journal of Economic Entomology , 111(3), 1323–1329.


Watanabe et al. 2018 Coleoptera Larva Juveniles Applied entomology No No
Watanabe, H., Yanase, Y., & Fujii, Y. (2018). Continuous nondestructive monitoring of larval feeding
activity and development of the bamboo powderpost beetle Dinoderus minutus  using acoustic emission. 
Journal of Wood Science , 64(2), 138–148.


Banga et al. 2019 Coleoptera Larva Juveniles Applied entomology No No
Banga, K. S., Kotwaliwale, N., Mohapatra, D., Giri, S. K., & Babu, V. B. (2019). Bioacoustic detection
of Callosobruchus chinensis and Callosobruchus maculatus in bulk stored chickpea (Cicer arietinum)
and green gram (Vigna radiata). Food control, 104, 278-287.


Görres & Chesmore, 2019 Coleoptera Larva Juveniles Applied entomology No No Görres, C. M., & Chesmore, D. (2019). Active sound production of scarab beetle larvae opens up new
possibilities for species-specific pest monitoring in soils. Scientific reports, 9(1), 1-9.


Inyang et al. 2019 Lepidoptera Larva Juveniles Applied entomology No No
Inyang, E. I., Hix, R. L., Tsolova, V., Rohde, B. B., Dosunmu, O., & Mankin, R. W. (2019).
Subterranean acoustic activity patterns of Vitacea polistiformis (Lepidoptera: Sesiidae) in relation to
abiotic and biotic factors. Insects , 10(9), 267.


Jalinas et al. 2019 Coleoptera Larva Juveniles Applied entomology No No
Jalinas, J., Guerri-Agullo, B., Dosunmu, O. G., Haseeb, M., Lopez-Llorca, L. V, & Mankin, R. W.
(2019). Acoustic signal applications in detection and management of Rhynchophorus spp. in fruit-crops
and ornamental palms. Florida Entomologist , 102(3), 475–479. doi:10.1653/024.102.0303


Nieri & Mazzoni, 2019 Hemiptera Adults Adults Applied entomology Yes No Nieri, R., & Mazzoni, V. (2019). Vibrational mating disruption of Empoasca vitis by natural or artificial
disturbance noises. Pest management science, 75(4), 1065-1073.


Coleoptera Adults, Larva Adults, Juveniles Applied entomology No
Lepidoptera Larva Juveniles Applied entomology No


Njoroge et al. 2019b Coleoptera Adults Adults Applied entomology No No
Njoroge, A. W., Mankin, R. W., Smith, B., & Baributsa, D. (2019b). Effects of hypoxia on acoustic
activity of two stored-product pests, adult emergence, and grain quality. Journal of Economic
Entomology , 112(4), 1989–1996.


Sutin et al. 2019 Coleoptera Larva Juveniles Applied entomology No No
Sutin, A., Yakubovskiy, A., Salloum, H. R., Flynn, T. J., Sedunov, N., & Nadel, H. (2019). Towards an
automated acoustic detection algorithm for wood-boring beetle larvae (Coleoptera: Cerambycidae and
Buprestidae). Journal of Economic Entomology , 112(3), 1327–1336.


Avosani et al. 2020 Hemiptera Adults Adults Applied entomology Yes No
Avosani, S., Sullivan, T. E., Ciolli, M., Mazzoni, V., & Suckling, D. M. (2020). Can Vibrational
Playbacks Disrupt Mating or Influence Other Relevant Behaviours in Bactericera cockerelli (Triozidae:
Hemiptera)?. Insects, 11(5), 299.


Banga et al. 2020 Coleoptera Adults, Larva Adults, Juveniles Applied entomology No No
Banga, K. S., Mohapatra, D., Babu, V. B., Giri, S. K., & Bargale, P. C. (2020). Assessment of bruchids
density through bioacoustic detection and artificial neural network (ANN) in bulk stored chickpea and
green gram. Journal of Stored Products Research, 88, 101667.


Koubaa et al. 2020 Coleoptera Larva Juveniles Applied entomology No No Koubaa, A., Aldawood, A., Saeed, B., Hadid, A., Ahmed, M., Saad, A., ... & Alkanhal, M. (2020).
Smart Palm: An IoT framework for red palm weevil early detection. Agronomy, 10(7), 987.


Krajewski et al. 2020 Coleoptera Larva Juveniles Applied entomology No No
Krajewski, A., Bilski, P., Witomski, P., Bobiński, P., & Guz, J. (2020). The progress in the research of
AE detection method of old house borer larvae (Hylotrupes bajulus L.) in wooden structures.
Construction and Building Materials, 256, 119387.


Mankin et al. 2020 Coleoptera Adults Adults Applied entomology No No
Mankin, R. W., Jetter, E., Rohde, B., & Yasir, M. (2020). Performance of a low-cost acoustic insect
detector system with Sitophilus oryzae (Coleoptera: Curculionidae) in stored grain and Tribolium
castaneum (Coleoptera: Tenebrionidae) in flour. Journal of Economic Entomology, 113(6), 3004-3010.


Richerson & Borden, 1971 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes Richerson, J. V., & Borden, J. H. (1971). Sound and vibration are not obligatory host finding stimuli for
the bark beetle parasite, Coeloides brunneri [Hymenoptera: Braconidae]. Entomophaga, 16(1), 95-99.


Cokl et al. 2005 Hemiptera Adults Adults Applied entomology/Substrate feature No No
Čokl, Andrej, Zorović, M., Žunič, A., & Virant-Doberlet, M. (2005). Tuning of host plants with
vibratory songs of Nezara viridula L (Heteroptera: Pentatomidae). Journal of Experimental Biology ,
208(8), 1481–1488.


Cocroft et al. 2006 Hemiptera Adults Adults Applied entomology/Substrate feature No No Cocroft, R. B., Shugart, H. J., Konrad, K. T., & Tibbs, K. (2006). Variation in plant substrates and its
consequences for insect vibrational communication. Ethology , 112(8), 779–789. 


Čokl et al. 2006 Hemiptera Adults Adults Applied entomology/Substrate feature No No
Čokl, A, Nardi, C., Bento, J. M. S., Hirose, E., & Panizzi, A. R. (2006). Transmission of stridulatory
signals of the burrower bugs, Scaptocoris castanea and Scaptocoris carvalhoi (Heteroptera: Cydnidae)
through the soil and soybean. Physiological Entomology , 31(4), 371–381.


Njoroge et al. 2019a No
Njoroge, A. W., Affognon, H., Richter, U., Hensel, O., Rohde, B., Chen, D., & Mankin, R. (2019a).
Acoustic, pitfall trap, and visual surveys of stored product insect pests in kenyan warehouses. Insects ,
10(4) 105







McNett et al. 2006 Hemiptera Adults Adults Applied entomology/Substrate feature No No
McNett, G. D., Miles, R. N., Homentcovschi, D., & Cocroft, R. B. (2006). A method for two-
dimensional characterization of animal vibrational signals transmitted along plant stems. Journal of
Comparative Physiology A , 192(12), 1245–1251.


Casas et al. 2007 NA NA Applied entomology/Substrate feature No No
Casas, J., Magal, C., & Sueur, J. (2007). Dispersive and non-dispersive waves through plants:
implications for arthropod vibratory communication. Proceedings of the Royal Society B: Biological
Sciences , 274(1613), 1087-1092.


Čokl et al. 2007 Hemiptera Adults Adults Applied entomology/Substrate feature No No Čokl, A., Zorović, M., & Millar, J. G. (2007). Vibrational communication along plants by the stink bugs 
Nezara viridul a and Murgantia histrionica . Behavioural Processes , 75(1), 40-54.


Cokl et al. 2009 Hemiptera Adults Adults Applied entomology/Substrate feature No No Čokl, A, Žunič, A., & Millar, J. G. (2009). Transmission of Podisus maculiventris tremulatory signals
through plants. Central European Journal of Biology , 4(4), 585–594.


Polajnar et al. 2012 Hemiptera Adults Adults Applied entomology/Substrate feature No No
Polajnar, J, Svenšek, D., & Čokl, A. (2012). Resonance in herbaceous plant stems as a factor in
vibrational communication of pentatomid bugs (Heteroptera: Pentatomidae). Journal of the Royal
Society Interface , 9(73), 1898–1907.


Rebar et al. 2012 NA NA Applied entomology/Substrate feature No No Rebar, D., Hobel, G., & Rodriguez, R. L. (2012). Vibrational playback by means of airborne stimuli.
Journal of Experimental Biology , 215(20), 3513–3518.


Polajnar et al. 2013 Hemiptera Adults Adults Applied entomology/Substrate feature No No
Polajnar, J., Kavčič, A., Kosi, A. Ž., & Čokl, A. (2013). Palomena prasina (Hemiptera: Pentatomidae)
vibratory signals and their tuning with plant substrates. Central European Journal of Biology , 8(7),
670–680.


McVean & Field, 1996 Orthoptera Adults Adults Applied entomology/Substrate feature No No McVean, A., & Field, L. H. (1996). Communication by substratum vibration in the New Zealand tree
weta, Hemideina femorata  (Stenopelmatidae: Orthoptera). Journal of Zoology , 239(1), 101–122.


Cocroft et al. 2000 Hemiptera Adults Adults Applied entomology/Substrate feature Yes No
Cocroft, R. B., Tieu, T. D., Hoy, R. R., & Miles, R. N. (2000). Directionality in the mechanical response
to substrate vibration in a treehopper (Hemiptera: Membracidae: Umbonia crassicornis ). Journal of
Comparative Physiology - A , 186(7–8), 695–705. 


Cokl et al. 2004 Hemiptera Adults Adults Applied entomology No No Čokl, A., Presern, J., Virant-Doberlet, M., Bagwell, G. J., & Millar, J. G. (2004). Vibratory signals of
the harlequin bug and their transmission through plants. Physiological Entomology , 29(4), 372–380.


Bell, 1980b Orthoptera Adults Adults Applied entomology/Substrate feature No No Bell, P. D. (1980b). Transmission of vibrations along plant stems - implications for insect
communication. Journal of the New York Entomological Society , 88(3), 210–216.


Michelsen et al. 1982 Hemiptera Adults Adults Applied entomology/Substrate feature No No Michelsen, A, Fink, F., Gogala, M., & Traue, D. (1982). Plants as transmission channels for insect
vibrational songs. Behavioral Ecology and Sociobiology , 11(4), 269–281. 


Keuper & Kuhne, 1983 Orthoptera Adults Adults Applied entomology/Substrate feature No No
Keuper, A., & Kühne, R. (1983). The acoustic behaviour of the bushcricket Tettigonia cantans II.
Transmission of airborne-sound and vibration signals in the biotope. Behavioural Processes , 8(2),
125–145.


Magal et al. 2000 NA NA Applied entomology/Substrate feature No No Magal, C., Schöller, M., Tautz, J., & Casas, J. (2000). The role of leaf structure in vibration
propagation. Journal of the Acoustical Society of America , 108(5 I), 2412–2418. 


Smith & Chen, 2017 Hymenoptera Adults Adults Applied entomology/Substrate feature No No Smith, M. L., & Chen, P.-C. (2017). Larger but not louder: bigger honey bee colonies have quieter
combs. Behavioral Ecology and Sociobiology , 71(11). 


Meyhöfer et al. 1994 Lepidoptera Larva, Pupa Juveniles Foraging: Herbivore No Yes
Meyhöfer, R., Casas, J., & Dorn, S. (1994). Host location by a parasitoid using leafminer vibrations -
characterizing the vibrational signals produced by the leafmining host. Physiological Entomology ,
19(4), 349–359.


Tautz et al. 1995 Hymenoptera Adults Adults Foraging: Herbivore No Yes Tautz, J., Roces, F., & Hölldobler, B. (1995). Use of a sound-based vibratome by leaf-cutting ants.
Science , 267(5194), 84–87.


Appel & Cocroft, 2014 Lepidoptera Larva Juveniles Foraging: Herbivore No Yes Appel, H. M., & Cocroft, R. B. (2014). Plants respond to leaf vibrations caused by insect herbivore
chewing. Oecologia , 175(4), 1257–1266.


Corbet & Huang, 2014 Hymenoptera Adults Adults Foraging: Pollinators No Yes
Corbet, S. A., & Huang, S. Q. (2014). Buzz pollination in eight bumblebee-pollinated Pedicularis
species: does it involve vibration-induced triboelectric charging of pollen grains?. Annals of botany,
114(8), 1665-1674.


Hymenoptera Adults Adults Individual defense No
Hymenoptera Adults Adults Foraging: Pollinators No


Guedes & Yack, 2016 Coleoptera Adults, Larva Adults, Juveniles Foraging: Herbivore Yes Yes Guedes, R. N. C., & Yack, J. E. (2016). Shaking youngsters and shaken adults: female beetles
eavesdrop on larval seed vibrations to make egg-laying decisions. PLoSONE , 11(2), e0150034.


Body et al. 2019 Lepidoptera Larva Juveniles Foraging: Herbivore No Yes
Body, M. J., Neer, W. C., Vore, C., Lin, C. H., Vu, D. C., Schultz, J. C., ... & Appel, H. M. (2019).
Caterpillar chewing vibrations cause changes in plant hormones and volatile emissions in Arabidopsis
thaliana . Frontiers in plant science , 10, 810. 


De-Luca et al. 2014 Yes
De Luca, P. A., Cox, D. A., & Vallejo-Marín, M. (2014). Comparison of pollination and defensive
buzzes in bumblebees indicates species-specific and context-dependent vibrations. Naturwissenschaften, 
101(4) 331-338







Pinto et al. 2019 Lepidoptera Larva Juveniles Foraging: Herbivore No Yes
Pinto, C. F., Torrico-Bazoberry, D., Penna, M., Cossio-Rodríguez, R., Cocroft, R., Appel, H., &
Niemeyer, H. M. (2019). Chemical Responses of Nicotiana tabacum (Solanaceae) induced by
vibrational signals of a generalist herbivore. Journal of Chemical Ecology , 45(8), 708–714. 


Bernhardt & Burns-Balogh, 1986 Hymenoptera Adults Adults Foraging: Pollinators No Yes Bernhardt, P., & Burns-Balogh, P. (1986). Floral mimesis in Thelymitra nuda (Orchidaceae). Plant
Systematics and Evolution , 151(3–4), 187–202. 


Thanthianga & Mitchell, 1987 Coleoptera Larva Juveniles Foraging: Herbivore Yes Yes
Thanthianga, C., & Mitchell, R. (1987). Vibrations mediate prudent resource exploitation by competing
larvae of the bruchid bean weevil Callosobruchus maculatus. Entomologia experimentalis et applicata,
44(1), 15-21.


Lepidoptera Larva Juveniles Foraging: Herbivore No
Hymenoptera Adults Adults Foraging: Predators or parasitoids No


Coleoptera Larva Juveniles Foraging: Herbivore No
Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes


King & Lengoc, 1993 Hymenoptera Adults Adults Foraging: Pollinators No Yes King, M. J., & Lengoc, L. (1993). Vibratory pollen collection dynamics. Transactions of the Asae ,
36(1), 135–140.


King, 1993 Hymenoptera Adults Adults Foraging: Pollinators No Yes King, M. J. (1993). Buzz foraging mechanism of bumble bees. Journal of Apicultural Research , 32(1),
41–49.


King & Ferguson, 1994 Hymenoptera Adults Adults Foraging: Pollinators No Yes King, M. J., & Ferguson, A. M. (1994). Vibratory collection of Actinidia deliciosa (Kiwifruit) pollen.
Annals of Botany , 74(5), 479–482.


King & Buchmann, 1995 Hymenoptera Adults Adults Foraging: Pollinators No Yes King, M. J., & Buchmann, S. L. (1995). Bumble bee-initiated vibration release mechanism of
rhododendron pollen. American Journal of Botany , 82(11), 1407–1411. 


King & Buchmann, 1996 Hymenoptera Adults Adults Foraging: Pollinators No Yes King, M. J., & Buchmann, S. L. (1996). Sonication dispensing of pollen from Solanum laciniatum  
flowers. Functional Ecology , 10(4), 449–456. 


Nunes-Silva et al. 2010 Hymenoptera Adults Adults Foraging: Pollinators No Yes Nunes-Silva, N., Hrncir, M., & Imperatriz-Fonseca, V. L. (2010). Pollination by vibration. Oecologia
Australis , 14(1), 140–151.


Solís-Montero et al. 2015 Hymenoptera Adults Adults Foraging: Pollinators No Yes Solís-Montero, L., Vergara, C. H., & Vallejo-Marín, M. (2015). High incidence of pollen theft in
natural populations of a buzz-pollinated plant. Arthropod-Plant Interactions , 9(6), 599–611.


Ditrich & Papáček, 2016 Hemiptera Adults Adults Foraging: Predators or parasitoids Yes Yes Ditrich, T., & Papáček, M. (2016). Differences in prey capture in semiaquatic bugs (H eteroptera: G
erromorpha). Entomological Science, 19(1), 34-41.


Moquet et al. 2017 Hymenoptera Adults Adults Foraging: Pollinators No Yes Moquet, L., Bruyère, L., Pirard, B., & Jacquemart, A.-L. (2017). Nectar foragers contribute to the
pollination of buzz-pollinated plant species. American Journal of Botany , 104(10), 1451–1463.


Switzer et al. 2017 Hymenoptera Adults Adults Foraging: Pollinators No Yes Switzer, C. M., & Combes, S. A. (2017). Bumblebee sonication behavior changes with plant species and 
environmental conditions. Apidologie, 48(2), 223-233.


De-Luca et al. 2019 Hymenoptera Adults Adults Foraging: Pollinators No Yes De-Luca, P. A., Buchmann, S., Galen, C., Mason, A. C., & Vallejo-Marín, M. (2019). Does body size
predict the buzz-pollination frequencies used by bees? Ecology and Evolution , 9(8), 4875–4887.


Rosi-Denadai et al. 2020 Hymenoptera Adults Adults Foraging: Pollinators No Yes
Rosi-Denadai, C. A., Araújo, P. C. S., Campos, L. A. O., Cosme, L., & Guedes, R. N. C. (2020). Buzz-
pollination in Neotropical bees: genus-dependent frequencies and lack of optimal frequency for pollen
release. Insect Science , 27(1), 133–142.


Diptera Larva Juveniles Sensory receptors Yes
Diptera Larva Juveniles Foraging: Predators or parasitoids Yes


Buchmann & Cane, 1989 Hymenoptera Adults Adults Foraging: Pollinators No Yes Buchmann, S. L., & Cane, J. H. (1989). Bees assess pollen returns while sonicating Solanum flowers.
Oecologia, 81(3), 289-294.


Coleoptera Larva Juveniles Foraging: Herbivore No
Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes


Coleoptera Larva Juveniles Foraging: Herbivore No
Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes


Flores-Prado & Niemeyer, 2012 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes Flores-Prado, L., & Niemeyer, H. M. (2012). Host location by ichneumonid parasitoids is associated
with nest dimensions of the host bee species. Neotropical entomology, 41(4), 283-287.


De-Luca et al. 2013 Hymenoptera Adults Adults Foraging: Herbivore No Yes
De Luca, P. A., Bussiere, L. F., Souto-Vilaros, D., Goulson, D., Mason, A. C., & Vallejo-Marín, M.
(2013). Variability in bumblebee pollination buzzes affects the quantity of pollen released from flowers.
Oecologia, 172(3), 805-816.


Soley & Taylor, 2013 Hemiptera Adults Adults Foraging: Predators or parasitoids No Yes Soley, F. G., & Taylor, P. W. (2013). Ploys and counterploys of assassin bugs and their dangerous
spider prey. Behaviour, 397-425.


Diptera Larva Juveniles Foraging: Herbivore No
Trichoptera Larva Juveniles Foraging: Predators or parasitoids Yes


Diptera Larva Juveniles Foraging: Herbivore No
Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes
Hymenoptera Adults Adults Foraging: Herbivore No


Casas, 1989 Yes Casas, J. (1989). Foraging behaviour of a leafminer parasitoid in the field. Ecological Entomology,
14(3), 257-265.


Wang et al. 2010a Yes
Wang, X.-Y., Yang, Z.-Q., Gould, J. R., Wu, H., & Ma, J.-H. (2010a). Host-seeking behavior and
parasitism by Spathius agrili Yang (Hymenoptera: Braconidae), a parasitoid of the emerald ash borer.
Biological Control 52(1) 24–29


Ulyshen et al. 2011 Yes
Ulyshen, M. D., Mankin, R. W., Chen, Y., Duan, J. J., Poland, T. M., & Bauer, L. S. (2011). Role of
emerald ash borer (Coleoptera: Buprestidae) larval vibrations in host-quality assessment by
Tetrastichus planipennisi (Hymenoptera: Eulophidae) Journal of Economic Entomology 104(1)


Mills et al. 1991 Yes Mills, N. J., Krüger, K., & Schlup, J. (1991). Short‐range host location mechanisms of bark beetle
parasitoids. Journal of Applied Entomology, 111(1-5), 33-43.


McIver & Beech, 1986 Yes
McIver, S., & Beech, M. (1986). Prey finding behavior and mechanosensilla of larval Toxorhynchites
brevipalpis Theobald (Diptera: Culicidae). International Journal of Insect Morphology and Embryology,
15(3) 213-225


Devetak 1985 Yes Devetak, D. (1985). Detection of substrate vibrations in the antlion larva, Myrmeleon formicarius  


Tachet, 1977 No Tachet, H. (1977). Vibrations and predatory behaviour of plectrocnemia larvae:(Trichoptera).
Zeitschrift Für Tierpsychologie , 45(1), 61–74.


Lawrence, 1981 Yes Lawrence, P. O. (1981). Host vibration—a cue to host location by the parasite, Biosteres longicaudatus.
Oecologia, 48(2), 249-251.







Neuroptera Larva Juveniles Foraging: Predators or parasitoids Yes


Henaut, 1990 Hymenoptera Adults Adults Foraging: Predators or parasitoids No Yes Henaut, A. (1990). Study of the sound produced by Pimpla instigator [Hymenoptera, Ichneumonidae]
during host selection. Entomophaga , 35(1), 127–139.


Coleoptera Adults Adults Foraging: Herbivore No
Hemiptera Adults Adults Foraging: Herbivore No
Neuroptera Larva Juveniles Foraging: Predators or parasitoids Yes


Wäckers et al. 1998 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes
Wäckers, F. L., Mitter, E., & Dorn, S. (1998). Vibrational Sounding by the Pupal ParasitoidPimpla
(Coccygomimus) turionellae: An Additional Solution to the Reliability–Detectability Problem.
Biological Control, 11(2), 141-146.


Al-Wahaibi & Walker, 2000 Hymenoptera Adults Adults Foraging: Predators or parasitoids No Yes Al-Wahaibi, A. K., & Walker, G. P. (2000). Oviposition behavior of Anagrus nigriventris , an egg
parasitoid of beet leafhopper, Circulifer tenellus . BioControl , 45(2), 139–153.


Broad & Quicke, 2000 Hymenoptera Adults Adults Foraging: Predators or parasitoids No Yes
Broad, G. R., & Quicke, D. L. J. (2000). The adaptive significance of host location by vibrational
sounding in parasitoid wasps. Proceedings of the Royal Society B-Biological Sciences, 267(1460),
2403–2409


Diptera Larva Juveniles Foraging: Herbivore No
Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes


Fischer et al. 2001 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes Fischer, S., Samietz, J., Wäckers, F., & Dorn, S. (2001). Interaction of vibrational and visual cues in
parasitoid host location. Journal of Comparative Physiology A , 187(10), 785–791. 


Coleoptera Larva Juveniles Foraging: Herbivore No
Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes


Otten et al. 2001 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes Otten, H., Wäckers, F., Battini, M., & Dorn, S. (2001). Efficiency of vibrational sounding in the
parasitoid Pimpla turionellae  is affected by female size. Animal Behaviour , 61(3), 671–677.


Fischer et al. 2003 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes Fischer, S., Samietz, J., & Dorn, S. (2003). Efficiency of vibrational sounding in parasitoid host location
depends on substrate density. Journal of Comparative Physiology A , 189(10), 723–730.


Fischer et al. 2004 Hymenoptera Adults Adults Foraging: Predators or parasitoids No Yes Fischer, S., Samietz, J., & Dorn, S. (2004). Host location of a pupal parasitoid in a tritrophic system
compared to a model offering mechanosensory cues only. Journal of Insect Behavior, 17(2), 191-199.


King & Buchmann, 2003 Hymenoptera Adults Adults Foraging: Herbivore No Yes
King, M. J., & Buchmann, S. L. (2003). Floral sonication by bees: mesosomal vibration by Bombus and
Xylocopa, but not Apis (Hymenoptera: Apidae), ejects pollen from poricidal anthers. Journal of the
Kansas Entomological Society, 295-305.


Diptera Larva Juveniles Foraging: Herbivore No
Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes


Kroder et al. 2006 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes Kroder, S., Samietz, J., & Dorn, S. (2006). Effect of ambient temperature on mechanosensory host
location in two parasitic wasps of different climatic origin. Physiological Entomology , 31(3), 299–305.


Samietz et al. 2006 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes Samietz, J., Kroder, S., Schneider, D., & Dorn, S. (2006). Ambient temperature affects mechanosensory
host location in a parasitic wasp. Journal of Comparative Physiology A , 192(2), 151–157.


Coleoptera Adults Adults Foraging: Herbivore No
Hemiptera Adults Adults Foraging: Herbivore No
Neuroptera Larva Juveniles Foraging: Predators or parasitoids Yes


Hymenoptera Adults Adults Foraging: Herbivore No
Neuroptera Larva Juveniles Foraging: Predators or parasitoids Yes


Kroder et al. 2007 Hymenoptera Adults Adults Foraging: Predators or parasitoids No Yes Kroder, S., Samietz, J., & Dorn, S. (2007). Temperature affects interaction of visual and vibrational
cues in parasitoid host location. Journal of Comparative Physiology A, 193(2), 223-231.


Kroder et al. 2007 Hymenoptera Adults Adults Foraging: Predators or parasitoids No Yes Kroder, S., Samietz, J., Schneider, D., & Dorn, S. (2007). Adjustment of vibratory signals to ambient
temperature in a host‐searching parasitoid. Physiological Entomology, 32(2), 105-112.


Laumann et al. 2007 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes
Laumann, R. A., Moraes, M. C. B., Čokl, A., & Borges, M. (2007). Eavesdropping on sexual vibratory
signals of stink bugs (Hemiptera: Pentatomidae) by the egg parasitoid Telenomus podisi . Animal
Behaviour , 73(4), 637–649.


Blattodea Adults Adults Applied entomology/Substrate feature No
Coleoptera Adults Adults Applied entomology/Substrate feature No


Kroder et al. 2008 Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes Yes
Kroder, S., Samietz, J., Stabentheiner, A., & Dorn, S. (2008). Body temperature of the parasitic wasp
Pimpla turionellae (Hymenoptera) during host location by vibrational sounding. Physiological
Entomology , 33(1), 17–24.


Coleoptera Adults Adults Foraging: Herbivore No


Devetak, 1985 Yes (Neuroptera: Myrmeleonidae). Biološki Vestnik , 33(2), 11–22.


Mencinger-Vračko, 1998 Yes Mencinger-Vračko, B. (1998). Prey recognition in larvae of the antlion Euroleon nostras (Neuroptera,
Myrmeleontidae). Acta Zoologica Fennica , 209, 157–162.


Ayabe & Ueno, 2004 Yes Ayabe, Y., & Ueno, T. (2004). Directed search pattern of a leafminer parasitoid among mines of host
larvae. Annals of the Entomological Society of America, 97(3), 586-591.


Devetak et al. 2007 Yes
Devetak, D, Mencinger-Vračko, B., Devetak, M., Marhl, M., & Špernjak, A. (2007). Sand as a medium
for transmission of vibratory signals of prey in antlions Euroleon nostras (Neuroptera:
Myrmeleontidae). Physiological Entomology , 32(3), 268–274.


Duan & Messing, 2000 Yes Duan, J. J., & Messing, R. H. (2000). Effects of host substrate and vibration cues on ovipositor-probing
behavior in two larval parasitoids of tephritid fruit flies. Journal of Insect Behavior, 13(2), 175-186.


Hanks et al. 2001 Yes
Hanks, L. M., Millar, J. G., Paine, T. D., Wang, Q., & Paine, E. O. (2001). Patterns of host utilization
by two parasitoids (Hymenoptera: Braconidae) of the Eucalyptus longhorned borer (Coleoptera:
Cerambycidae) Biological Control 21(2) 152–159


Mencinger-Vračko, B., & Devetak, D. (2008). Orientation of the pit-building antlion larva Euroleon  


Fertin & Casas, 2007 Yes Fertin, A., & Casas, J. (2007). Orientation towards prey in antlions: efficient use of wave propagation in
sand. Journal of Experimental Biology , 210(19), 3337–3343. 


Goerlitz et al. 2008 No Goerlitz, H. R., Greif, S., & Siemers, B. M. (2008). Cues for acoustic detection of prey: insect rustling
sounds and the influence of walking substrate. Journal of Experimental Biology , 211(17), 2799–2806.







Hymenoptera Adults Adults Foraging: Herbivore No
Neuroptera Larva Juveniles Foraging: Predators or parasitoids Yes


Xiaoyi & Zhongqi, 2008 Hymenoptera Adults Adults Foraging: Predators or parasitoids No Yes Xiaoyi, W., & Zhongqi, Y. (2008). Behavioral mechanisms of parasitic wasps for searching concealed
insect hosts. Acta Ecologica Sinica, 28(3), 1257-1269.


Guillette et al. 2009 Neuroptera Larva Juveniles Foraging: Predators or parasitoids Yes Yes Guillette, L. M., Hollis, K. L., & Markarian, A. (2009). Learning in a sedentary insect predator: antlions
(Neuroptera: Myrmeleontidae) anticipate a long wait. Behavioural Processes , 80(3), 224–232.


Wignall et al. 2009 Hemiptera Adults Adults Foraging: Predators or parasitoids Yes Yes Wignall, A. E., & Taylor, P. W. (2009). Alternative predatory tactics of an araneophagic assassin bug
(Stenolemus bituberus). Acta ethologica, 12(1), 23.


Wignall & Taylor, 2010 Hemiptera Adults Adults Foraging: Predators or parasitoids Yes Yes Wignall, A. E., & Taylor, P. W. (2010). Predatory behaviour of an araneophagic assassin bug. Journal
of Ethology , 28(3), 437–445.


Coleoptera Larva Juveniles Foraging: Herbivore No
Hymenoptera Adults Adults Foraging: Predators or parasitoids No


Hemiptera Adults Adults Reproductive behavior No
Hymenoptera Adults Adults Foraging: Predators or parasitoids Yes


Polidori et al. 2011 Hymenoptera Adults Adults Foraging: Predators or parasitoids No Yes
Polidori, C., Federici, M., Mendiola, P., Selfa, J., & Andrietti, F. (2011). Host detection and rate of
parasitism by Acroricnus seductor (Hymenoptera: Ichneumonidae), a natural enemy of mud-dauber
wasps (Hymenoptera: Sphecidae). Animal Biology , 61(1), 57–73.


Wignall & Taylor, 2011 Hemiptera Adults Adults Foraging: Predators or parasitoids Yes Yes Wignall, A. E., & Taylor, P. W. (2011). Assassin bug uses aggressive mimicry to lure spider prey.
Proceedings of the Royal Society B: Biological Sciences , 278(1710), 1427–1433. 


Kuszewska et al. 2016 Neuroptera Larva Juveniles Foraging: Predators or parasitoids Yes Yes
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behaviour in bumblebees that can be fine-tuned with experience in manipulating flowers. Journal of
Insect Behavior, 29(2), 233-241.
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differences in sonication behavior between Australian Amegilla murrayensis (blue-banded bees) and
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Leaf vibrations produced by chewing provide a consistent acoustic target for plant recognition of
herbivores. Oecologia, 194(1), 1-13.


Martinez et al. 2020 Neuroptera Larva Juveniles Foraging: Predators or parasitoids Yes Yes
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Ishay et al. 1974 Hymenoptera Adults, Larva Adults, Juveniles Group living: Cooperative foraging Yes Yes Ishay, J., Motro, A., Gitter, S., & Brown, M. B. (1974). Rhythms in acoustical communication by the
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larvae of the oriental hornet Vespa orientalis : Spectral analysis. BioSystems , 19(4), 299–305.
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development in a social wasp. Current Biology, 21(3), 231-235.
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communication in paper wasps: The role of abdominal wagging in Polistes dominula . Journal of
Experimental Biology , 221(20), 186247.


Ramsey et al. 2018 Hymenoptera Adults Adults Group living: Other social interactions Yes Yes Ramsey, M., Bencsik, M., & Newton, M. I. (2018). Extensive vibrational characterisation and long-term
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80(11), 521–524.
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bee colonies with and without afterswarms. Insectes sociaux, 55(1), 79-85.
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Leis et al. 1994 Isoptera Nymph Juveniles Group living: Group defense Yes Yes
Leis, M., Angelini, I., Sbrenna-Micciarelli, A., & Sbrenna, G. (1994). Further observations on intercaste
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Macrotermitinae). Journal of Insect Behavior , 12(3), 329–342.
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Jandt et al. 2012 Hymenoptera Adults Adults Group living: Group defense Yes Yes Jandt, J. M., Robins, N. S., Moore, R. E., & Dornhaus, A. (2012). Individual bumblebees vary in
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deter larvae: Are they mimics of predator cues? Communicative and Integrative Biology , 5(3), 262–264.
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territoriality in larval Lepidoptera. Proceedings of the National Academy of Sciences of the United
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Tlačbaba, J., Černý, M., Dostál, P., & Přidal, A. (2014). The Acoustic Emission in the Nest of the
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in wind-induced vibratory noise?. Behavioral Ecology and Sociobiology, 74(5), 1-11.
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Lawry, 1973 Hemiptera Adults Adults Sensory receptors Yes No Lawry Jr, J. V. (1973). A scanning electron microscopic study of mechanoreceptors in the walking legs
of the water strider, Gerris remigis. Journal of anatomy, 116(Pt 1), 25.
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and Cell , 7(1), 91–105.
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Tautz, J. (1977). Reception of medium vibration by thoracal hairs of caterpillars of Barathra brassicae  
L.(Lepidoptera, Noctuidae). I. Mechanical properties of the receptor hairs. Journal of Comparative
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Kühne, 1984 Orthoptera Adults Adults Sensory receptors Yes No Kühne, R., Silver, S., & Lewis, B. (1984). Processing of vibratory and acoustic signals by ventral cord
neurones in the cricket Gryllus campestris. Journal of insect physiology, 30(7), 575-585.
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Čokl et al. 1985 Orthoptera Adults Adults Sensory receptors Yes No Čokl, A., Otto, C., & Kalmring, K. (1985). The processing of directional vibratory signals in the ventral
nerve cord of Locusta migratoria. Journal of Comparative Physiology A, 156(1), 45-52.
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Stein & Sauer, 1999 Phasmatodea Adults Adults Sensory receptors Yes No Stein, W., & Sauer, A. E. (1999). Physiology of vibration-sensitive afferents in the femoral chordotonal
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