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With 2 figures and 3 tables

Abstract: Lepidoptera can cause several health issues in humans and domestic animals due to their setae, which are defen-
sive adaptations that protect them from predators. The diversity of venomous Lepidoptera has been explored in several 
reviews starting from the first comprehensive attempt in 1984 by Kawamoto and Kumada (KK) who compiled a list of 228 
species based on previous reviews; however, KK did not cite the original publications for listed species. In this review we 
validated and updated the KK table. The updated list of venomous Lepidoptera includes 5 superfamilies, 14 families, 208 
genera, and 576 species, representing a two-fold increase for genera and 2.9-fold for species with respect to KK. The total 
number of species in the genera including at least one venomous species, which we argue is likely closer to the true number 
of venomous species, is 7 times higher (3,620). GBIF (Global Biodiversity Information Facility) occurrences for venomous 
species are 1–4 orders of magnitude higher than those of confamilial non-venomous species. The presence of venomous 
structures is independent of the relatedness of the clades or geographic region; venom is produced by many species of 
Zygaenoidea, Lasiocampoidea and Bombycoidea but only by some specialized groups in Papilionoidea and Noctuoidea. 
There are likely to be multiple evolutionary origins of venom within Lepidoptera, but the exact number is difficult to 
estimate. The knowledge gap between medical and natural history fields needs to be addressed with novel approaches to 
study ecology and toxicology. This review offers health practitioners a tool to better understand the origin of the reactions 
observed and to improve the identification of the causal agents.
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1	 Introduction

Several Lepidoptera are known for the ability to inject venom 
into human and animal tissues, causing various types of 
adverse reactions. Venomous Lepidoptera have been known 
since prehistoric times as a contaminant of silk textiles pro-
duced from Lepidoptera in Africa (Pomeroy 1921) and used 
in initiation practices in tribal populations of South America 
(Rotberg 1971). The existence of venomous Lepidoptera is 
acknowledged in earlier work of medicine, dating back to 

the time of Dioscorides (40–90 A.C.) and associated with the 
larvae of the pine processionary moth, Thaumetopoea pityo-
campa (Denis et Schiffermüller) (Notodontidae), which were 
used as a poison to murder people (Roques & Battisti 2015). 
Matthioli (1562) and Réaumur (1736) provided detailed 
descriptions of the link between the setae and adverse reac-
tions, including accurate illustrations of the setae (Fig.  1). 
Since then, the awareness that Lepidoptera could represent 
a threat to human health has increased, with the pioneering 
work of Stargardt (1903) and many others to follow.
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Despite a growing body of literature on the medical 
importance of venomous Lepidoptera, the biological and 
ecological roles of these defensive systems have remained 
largely understudied. Lepidoptera produce at least 11 types 
of defensive setae ranging from easily detached miniscule 
hairs to hollow spines filled with liquid venom. Battisti et al. 
(2011) defined true setae (detachable) and modified setae 
(non-detachable) as derived from the typical insect hair, 
while spines are more complex structures occurring in much 
lower density. True setae, modified setae, and spines are con-
sidered to be urticating, i.e., able to induce an adverse sensa-
tion or reaction in another animal, and are thought to do so 
through the delivery of chemical toxins or allergens, which is 
the defining character of venoms (Fry et al. 2009). While the 
diversity of these different systems deserves further investi-
gation and clarification, this review focusses on occurrence 
of urticating species across Lepidoptera, and hence we use 
urticating and venomous as interchangeable terms below.

It has been assumed that hairs or setae of Lepidoptera 
larvae may deter vertebrate predators (Buckner 1966) while 
there could be predators specializing on hairy and venom-
ous larvae (Barbaro & Battisti 2011) and moths (Collins & 
Watson 1983). The difficulties encountered in detecting the 
effects of venomous structures of Lepidoptera on predators 
considerably limit the information available on the ecology 
and evolution of these defensive systems, as no other func-
tion has been hypothesized so far (Battisti et al. 2011). There 

is, however, limited experimental evidence that venomous 
setae protect from parasitoids (Kageyama & Sugiura 2016), 
as well as invertebrate and vertebrate predators (Murphy 
et al. 2010; Sugiura & Yamazaki 2014; Uemura et al. 2017).

The diversity of the venomous Lepidoptera has been 
explored in several reviews, all of them based on medical 
or veterinary evidence of impact. The first overviews of the 
species known to be associated with reactions in humans 
were produced by Weidner (1937) for the Palaearctic, 
Pesce & Delgado (1971) for the Nearctic, and Southcott 
(1978) for the Australian realm. The biology and venoms 
of Lepidoptera were last comprehensively reviewed by 
Alexander (1984) and by Kawamoto & Kumada (1984). The 
latter (abbreviated in this paper as KK) provided a list of 
228 irritating species, including their geographic distribu-
tion, compiled based on previous reviews and original pub-
lications that were not associated with species listed in their 
main table. The KK list has been used as the main reference 
by all more recent reviews and compilations, which mainly 
address the medical aspects of venomous Lepidoptera. These 
reviews (Diaz 2005; Hossler 2009 and 2010ab, Villas-Boas 
et al. 2018; Mullen & Zaspel 2019; Seldeslachts et al. 2020) 
occasionally added a few more species that had appeared in 
the literature. Simultaneously, a large body of information 
was reviewed in South America for Lepidoptera of medical 
importance (e.g., Specht et  al. 2004, 2005a, 2005b, 2006, 
and many other regional studies), which unfortunately has 
not been incorporated in the recent reviews (ibidem).

The focus of this paper is to validate and update the 
KK table. The medical and veterinary impacts will not be 
reviewed because they require a specific analysis, as well as 
the determination of the nature of the toxins associated with 
the hairs. The aim is to provide an updated list of venom-
ous species, to explore their distribution within Lepidoptera 
families, to discuss the biological and ecological importance 
of defensive hairs and provide guidance to medical and vet-
erinary practitioners on important information that needs to 
be collated as evidence of venomous reactions.

2	 Methods

The KK table of irritating Lepidoptera (Kawamoto & 
Kumada 1984) was used as a starting point, as it summarizes 
all the reviews available in 1984. Another review published 
in the same year (O’ Donel Alexander 1984) and more recent 
reviews (Vassal 1989; Hossler 2009; Villas-Boas et al. 2018; 
Mullen & Zaspel 2019) that built on the KK table were also 
used, and species added accordingly. Firstly, the species 
names were updated by searching on the Global Biodiversity 
Information Facility (GBIF Secretariat 2023) to the cur-
rently accepted names. Secondly, as the KK table does not 
provide references to justify the purported medical effects 
for each species mentioned, Google Scholar was searched 
using the terms “genus name and urtic*” and “genus name 
and venom*”, to identify the original literature for each spe-

Fig. 1.  Illustrations taken from Réaumur (1736) with the descrip-
tion of the larva of the pine processionary moth Thaumetopoea 
pityocampa (‘Fig. 3’) and the dorsal pads or integumental folds 
of abdominal segments 1–9. ‘Fig.  4’ shows a section of an 
abdominal segment of the larva with the representation of the 
integumental fold, closed in the figure. ‘Fig. 5’ details the integu-
mental fold with the two sides ‘l’ and ‘m’ open, showing cotton-
wool like matter inside. ‘Fig. 6’ details the integumental fold with 
the two sides ‘l’ and ‘m’ closed. ‘Fig. 7’ details the integumental 
fold with the two sides ‘l’ and ‘m’ open, and the cottonwool like 
matter removed. Setae shorter than normal ones are aligned on 
both sides of the pad and are likely the urticating or venomous 
setae drawn at right, not described in the caption of the original 
plate although presented at pp. 155–156 of the text, where it is 
reported that the setae are numerous and detachable.
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cies mentioned in the KK table and to find additional species. 
Thirdly, instead of blindly following the order of a ‘system-
atic search’, papers resulting from the Google Scholar search 
were thoroughly scrutinized to identify any issues with the 
former attribution of the species to the category. This often 
resulted in genera and species being dropped or added to 
the list. To estimate the overall number of venomous lepi-
dopteran species beyond those that have been specifically 
reported in the literature, we considered species congeneric 
to those reported as venomous as likely to be venomous. The 
assumption has been previously validated for important gen-
era of venomous Lepidoptera such as Euproctis (Kawamoto 
et al. 1978) and Thaumetopoea.

Fourthly, for each genus identified as containing at least 
one species of medical importance, occurrence records for 
all species in that genus were extracted from GBIF (GBIF 
2023). Although this database is not complete and geo-
graphically heterogenous (e.g. Garcia-Rosello et al. 2023), 
a preliminary analysis of searching for venomous species of 
Lepidoptera in different parts of the world showed that the 
results were satisfactory for the review work. To improve 
data consistency, we only used records with accepted tax-
onomic names at the species level. Records without geo-

graphic coordinates or specimens derived from molecular 
sequences (unranked records) were discarded. The number 
of occurrence records was then compared with those of spe-
cies not belonging to venomous genera in each family. The 
frequency of venomous species at family level was then plot-
ted on the most up-to-date phylogeny of Lepidoptera based 
on genomic data (van Nieukerken et  al. 2011; Kawahara 
et al. 2019; Mayer et al. 2021).

Biological and ecological information related to the 
venomous stage, the type of offending hair (true seta, modi-
fied seta, spine), the native distribution, the host plant, the 
solitary/gregarious behaviour, the occurrence of outbreaks, 
was summarized at family level based on literature and the 
HOSTS database (Robinson et al. 2023).

3	 �Updated species list, phylogeny and  
bio-ecology of venomous Lepidoptera

3.1	 Venomous Lepidoptera list update
The list of venomous Lepidoptera includes 5 superfami-
lies, 14 families, 208 genera and 576 species (Table 1 and 
Supplementary Appendix  1). These results represent a 

Table 1.  List of venomous Lepidoptera identified in the review of Kawamoto & Kumada (1984) and those retrieved in the current 
review. Superfamilies and families are listed according to the phylogenetic order (van Nieukerken et al. 2011; Kawahara et al. 2019; 
Mayer et al. 2021).

Superfamily and Family
Total number

(van Nieukerken et al. 2011)
Number of venomous taxa

K&K 1984 (verified) Present review
Genera Species Genera Species Genera Species

Total number of taxa 103 200 208 576
Zygaenoidea (12 families) 500 2954 35 54 84 187

Limacodidae 301 1672 24 34 59 105
Megalopygidae 23 232 4 12 4 19

Aididae 2 6 1 1 2 5
Somabrachyidae 4 8 0 0 2 2

Zygaenidae 170 1036 6 7 17 56
Papilionoidea (7 families) 559 6152 5 10 10 18

Nymphalidae 559 6152 5 10 10 18
Noctuoidea (6 families) 3739 41879 29 71 55 161

Notodontidae 704 3800 6 15 9 28
Erebidae 1760 24569 21 47 44 124
Nolidae 186 1738 1 1 1 1

Noctuidae 1089 11772 1 8 1 8
Lasiocampoidea (1 family) 224 1952 16 24 26 83

Lasiocampidae 224 1952 16 24 28 83
Bombycoidea (10 families) 231 2782 18 41 33 127

Eupterotidae 53 339 1 1 2 2
Anthelidae 9 94 1 1 2 4
Saturniidae 169 2349 16 39 29 121
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two-fold increase for genera and 2.9-fold increase for spe-
cies compared to the KK table, while the superfamilies 
remained the same and the families increased by one-fold 
(Somabrachyidae, Zygaenoidea).

The  576 species recognized as venomous, although 
greater in number than the estimate from previous reviews, 
are much smaller than the total number of species included 
in the genera with at least one venomous species identified, 
i.e., 3,620 (according to current accepted species in GBIF). 
There are good reasons to believe that this larger number is 
closer to the actual number of venomous Lepidoptera. While 
not necessarily true in every single case, examination of 
well-studied genera show that they usually share the same 
defensive traits, as shown by analysis of some genera such as 
Thaumetopoea (Basso et al. 2017), and in the general mor-
pho-physiological traits shared at the genus level (Burns & 
Strauss 2011). The lack of literature records for many species 
that are likely to be venomous can be explained by: i) The 
high diversity of species in a genus (e.g., 195 species known 
in Euproctis, 174 in Acronicta and 90 in Hylesia), with sev-
eral of them being rare, their taxonomy in need of further 
study, and their biology poorly characterized; ii) The lack 
of accurate identification of urticaria-causing species, which 
are often assumed to be the species previously reported to 
cause envenomation; and iii) The difficulty in relating clini-
cal symptoms to the causing agent, especially when there 
is a time lag between exposure and manifestation, or when 
the venomous agent is dispersed in the environment (Battisti 
et al. 2011).

Two main factors must be considered when interpret-
ing the medical and veterinary reports of impacts caused by 
Lepidoptera species, which are strictly related to the nature 
of the venomous seta. When the setae are attached to the 
integument (spine and modified seta), the reaction (pain) is 
immediate and generally associated with the identification of 
the agent that can be later assigned to a specific taxon. If the 
seta is detachable (true seta), the reaction (irritation) is some-
what delayed, with the exception of sensitive individuals. In 
such cases, it may be difficult to link the symptom to the 
exposure, in both presence and absence of contact with the 
insect. Adding further complexity to the situation, the modi-
fied and true setae produced by the larvae are often embed-
ded in the cocoon (typically in Lasiocampidae, but also in 
other families). Setae are also produced by female moths 
to envelop egg masses in certain families such as Erebidae, 
Notodontidae, Saturniidae, and Zygaenidae. Contacts with 
cocoons and egg masses are another source of exposure that 
is difficult to assess. In addition, the larvae of some families 
(e.g., Limacodidae) may simultaneously carry three types of 
setae (e.g., Faucheux 2000) that may induce distinct symp-
toms. The medical literature is full of syndromes associated 
with the exposure to caterpillars, cocoons, moths, and eggs 
(e.g., Pesce & Delgado 1971; O’  Donel Alexander 1984; 
Mullen & Zaspel 2019). However, it is important to clarify 

that reactions should be linked to the responsible seta more 
than the developmental stage of the Lepidoptera. We still 
know very little about the diversity of the setae associated 
with Lepidoptera and their occurrence among developmental 
stage and species within and among families.

The analysis of GBIF occurrences per species reveals a 
notable contrast between genera that include venomous spe-
cies and those that do not within the same superfamilies. 
Genera containing at least one venomous species are observed 
much more frequently than their non-venomous counter-
parts, regardless of their taxonomic placement (Table 2 and 
Appendix 1). The differences can range from 1 to 4 orders of 
magnitude. This disparity may result from their importance 
as causing health problems and from traits that make ven-
omous species particularly interesting for the entomologists 
and the general public, which will be discussed in the next 
paragraphs. Clinical symptoms in humans are unlikely to be 
closely connected with the primary function of these setae as 
defensive adaptations since humans are not the main preda-
tors of caterpillars. Nevertheless, there are well documented 
case studies of the effect of setae on humans: pine proces-
sionary moths (Thaumetopoea spp.) in Europe (e.g., Battisti 
et al. 2011 and 2017), bag-shelter moths (Ochrogaster spp.) 
in Australia (e.g., Cawdell-Smith et al. 2012; Walker et al. 
2023a), and saturniid moths (Hylesia spp. and Lonomia spp.) 
in South America (e.g., Villa-Ruano et  al. 2023; González 
et  al. 2023), to name just a few examples. The number of 
taxa capable of causing subtle adverse effects is greatly 
underestimated. The emphasis on medical effects has led to 
the oversight of many relevant aspects of the ecology and 
biology of these species, which are crucial for assessing the 
risks associated with these species.

3.2	� Venomous taxa in the phylogeny of 
Lepidoptera

Venomous Lepidoptera are generally characterized by 
medium to large body size and they are not found in the basal 
taxa of Ditrysia as well as in other clades consisting predom-
inantly of small or small to medium size Lepidoptera (e.g., 
Gelechoidea and Pyraloidea) (Table 3). Among superfami-
lies characterized by larger body size, they are only absent in 
Geometroidea (Fig. 2). In the other superfamilies, venomous 
larvae are present occasionally (Papilionoidea) or in about 
half of the families. Species that are venomous in the moth 
stage are restricted to one family of Zygaenoidea, two fami-
lies of Noctuoidea and one family of Bombycoidea (Table 1 
and Fig. 2).

When the percentage of genera including at least one 
venomous species, either as a larva or moth, is considered 
over the total number of genera in a family, large differences 
appear among superfamilies (Fig. 2). The families included 
in Zygaenoidea, Lasiocampoidea and Bombycoidea have 
higher percentages of venomous genera than those in 
Papilionoidea and Noctuoidea. Although the results are 
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Table 2.  Number of occurrences in the GBIF database (accessed on 18th August 2023) for species belonging to venomous genera 
(e.g., with at least one species venomous in the genus) and for species in genera not known to be venomous in each superfamily and 
family of venomous Lepidoptera.

Number of GBIF occurrences
per species in  

venomous genera
per species in  

non venomous genera
ratio venomous /  
non venomous

Zygaenoidea 789.4 85.6 9.2
Limacodidae 352.4 31.0 11.4

Megalopygidae 337.1 19.0 17.7
Aididae 85.0 38.0 2.2

Somabrachyidae 7.5 2.0 3.8
Zygaenidae 2003.5 186.8 10.7

Papilionoidea 89662.3 369.9 242.4
Nymphalidae 89662.3 369.9 242.4

Noctuoidea 7272.3 23.1 315.5
Notodontidae 2939.7 0.7 4219.4

Erebidae 6356.4 32.5 195.4
Nolidae 3836.5 133.8 28.7

Noctuidae 128353.0 13.9 9223.9
Lasiocampoidea 3811.4 32.7 116.4

Lasiocampidae 3811.4 32.7 116.4
Bombycoidea 321.1 16.0 20.1

Eupterotidae 82.5 0.3 241.8
Anthelidae 1839.0 47.8 38.5
Saturniidae 300.0 17.0 17.6

biased by the limited knowledge of the actual occurrence of 
venomous structures in the taxa, the difference is striking and 
warrants careful consideration. It seems that the presence of 
venomous structures is a shared trait in many Zygaenoidea, 
Lasiocampoidea and Bombycoidea, while it occurs only in 
some specialized groups in Papilionoidea and Noctuoidea. 
Interestingly, in those specialized groups (e.g., Arctiinae and 
Lymantryiinae in the Erebidae, and Thaumetopoeinae in the 
Notodontidae), the occurrence of venomous structures is 
present in almost all the species considered so far.

The presence of venomous structures is independent of 
the relatedness of the clades and on the geographic region 
of the different groups, indicating that it is a trait that has 
evolved independently several times, presumably under 
similar selection conditions. The recent analyses of toxins 
produced by closely related families of Zygaenoidea show 
that those of Limacodidae likely have an independent ori-
gin from those of Megalopygidae (Walker et  al. 2021 and 
2023b). A thorough analysis at the level of superfamilies or 
families could shed light on how the venomous traits have 
evolved. The occurrence of venomous setae in a fossil first 
instar noctuid larva is known since the Eocene (45–55 mil-
lion years ago) from Baltic amber (Poinar & Vega 2019), 
although more data would be required to formulate pre-

cise hypotheses about the origin of this defence system of 
Lepidoptera. It is likely that the evolution has been driven 
by predators, so a retrospective analysis should include these 
organisms and their putative relationships to the ancestors of 
the present-day venomous Lepidoptera. The detailed study 
of the toxins involved in the defence system of the various 
species may shed light on the evolution of the trait, as sug-
gested by Walker (2020) and Walker et al. (2021 and 2023b). 
The lack of venomous species within a superfamily of large 
ditrysian Lepidoptera (Geometroidea) provides a valuable 
possibility to explore how natural selection has shaped the 
evolution of the defence structures in the order.

3.3	 Biological and ecological significance
A few traits of venomous Lepidoptera that are important for 
their biology and ecology are summarized in Table 3. The 
larva is generally the stage producing venomous setae of 
three major types: true seta, modified seta and spine, accord-
ing to Battisti et  al. (2011), which can be present simulta-
neously on the same individual (e.g., some Limacodidae, 
Faucheux 2000) and generally increase in density/number 
with the larval instar (Perkins et al. 2016). The moths only 
produce true setae in the female anal tuft, which is present in 
only 4 out of the 14 families. In some genera, e.g., Anaphe 
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Table 3.  Biological and ecological traits of venomous Lepidoptera.
Superfamily Family Wingspan 

(cm)
Stage Seta Native 

distribution
Hosts Gregariousness Outbreak Major 

references
Zygaenoidea Limacodidae 2–4 larva spine, true 

seta
Africa, 
America, 
Asia, 
Australia

trees 
(broadleaved, 
occasionally 
conifers)

no no Lin et al. 
2019; Cooley 
& Reardon 
2022

Megalopygidae 1–9 larva spine N C S 
America

trees 
(broadleaved)

no no Lambdin 
et al. 2000; 
Quintana 
et al. 2017

Aididae 4–6 larva spine C S America trees 
(Fabaceae, 
Myrtaceae, 
Rubiaceae)

no no Epstein 
1995; Specht 
et al. 2005

Somabrachyidae 4–5 larva, moth spine, true 
seta

Africa dry shrubs 
(fynbos), 
pine 
plantations

no no Epstein 1996

Zygaenidae 2–4 larva, moth modified 
seta, true 
seta

N America, 
Asia, 
Australia

herbaceous 
and woody 
(monocots 
and dicots)

early yes Tsutsumi 
1959; 
Tarmann 
2005

Papilionoidea Nymphalidae 5–10 larva spine Asia, N C 
S America, 
Europe

herbaceous 
and woody 
(broadleaves)

no, early, late local Lambkin 
2021; 
Galicia-
Curiel et al. 
2014

Noctuoidea Notodontidae 2–12 larva, moth true seta Africa, Asia, 
Australia, 
Europe

trees (broad-
leaved and 
conifers)

yes yes Battisti et al. 
2017; Walker 
et al. 2023

Erebidae 1–13 larva, moth modified 
seta, true 
seta

Africa, N 
S America, 
Asia, 
Australia, 
Europe

herbaceous 
and woody

no, early, late yes Kawamoto 
et al. 1978; 
Balit et al. 
2001

Nolidae 1–3 larva spine Australia trees 
(eucalypt)

late yes Southcott 
1987; 
Derraik 2006

Noctuidae 1–30 larva spine N America trees 
(broadleaved)

no no Mullen & 
Zaspel 2019

Lasiocampoidea Lasiocampidae 2–17 larva 
(+ cocoon)

modified 
seta

Africa, 
America, 
Asia, 
Australia, 
Europe

herbaceous 
and woody 
(broadleaves)

no, early, late yes Specht 
et al. 2006; 
Faucheux 
2012

Bombycoidea Eupterotidae 2–14 larva true seta Asia, 
Australia

trees 
(eucalypt)

yes yes Froggatt 
1911; 
Sutantoyo & 
Dayrit 2015

Anthelidae 2–16 larva 
(+ cocoon)

true seta Australia 
and 
Australasia

trees (broad-
leaves and 
conifers)

no yes Southcott 
1978; Balit 
et al. 2004

Saturniidae 3–30 larva, moth spine, true 
seta

N C S 
America, 
Asia

trees 
(broadleaves)

no, early, late yes González 
et al. 2023; 
Villa-Ruano 
et al. 2023
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Fig.  2.  Families of venomous Lepidoptera in the phylogeny of the order derived from van Nieukerken et  al. (2011), 
Kawahara et al. (2019) and Mayer et al. (2021). The number after each family identifies the percentage of genera with 
venomous species. Examples of larvae and moths are presented whenever they occur.
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(Notodontidae), venomous setae are only produced by female 
moths (Rotschild et al. 1970). While spines are restricted to 
the larvae, modified setae and true setae may be carried over 
to cocoons/pupae/adults and to the eggs/neonate larvae, indi-
cating the dynamic and multifunctional nature of the defence.

Most of the venomous Lepidoptera are associated with 
mature, perennial communities of arboreal plants, irrespec-
tive of the biome, and very few are linked to herbaceous 
vegetation. This is not surprising as it is a common pattern 
in ditrysian Lepidoptera (Menken et  al. 2010). There is a 
large variety of life habits, from solitary to strictly gregari-
ous, both within and among families. The solitary species 
tend to produce more spines while gregariousness is often 
associated with true setae. The production of large egg 
masses is also associated with true setae produced by female 
moths. Gregarious species are known to produce popula-
tion outbreaks more often than solitary species (Hunter 
1991) but whether this is explained by the defensive setae 
remains unknown. Certainly, some gregarious and venom-
ous Lepidoptera are among the most frequently outbreaking 
species (Koricheva et al. 2012).

4	 Conclusions and future issues

There is a large gap in knowledge on venomous Lepidoptera 
between the medical and the natural history fields. The dis-
parity can be explained by the different level of knowledge 
in the two fields and the difficulties using the same language 
to link natural history with clinical outcomes. This review 
may offer the human and animal health practitioners a tool 
to better understand the origin of the reactions observed 
and to improve the identification of the causing agent. It is 
clear that the gap between the two fields of science can be 
filled only through a holistic approach. Firstly, this involves 
understanding the ecological role of the defensive structures, 
then explaining their diversity and evolution, and secondly, 
assessing their undesired impacts on humans and domestic 
animals. The difficulties associated with such an approach 
can be addressed by using the latest technology available 
for both behavioural and molecular studies. The diversity 
of defensive structures that have evolved over millions of 
years in Lepidoptera is certainly worthy of exploration to 
infer the role they could play in the evolution and life his-
tory of the order and to find molecules of interest for medical 
applications.

Acknowledgements: Davide Nardi for data extraction from GBIF. 
National History Museum Paris, Paolo Paolucci for drawing Fig. 2. 
The analysis presented in this document has been generated in part 
during expertise work carried out on behalf of the French Agency for 
Food, Environmental and Occupational Health & Safety (ANSES). 
We acknowledge support from the Australian Research Council 
through Discovery Project DP200102867. This paper is dedicated 
to Prof. Luigi Masutti on the occasion of his 90th birthday.

References

Alexander, J.  O. (1984). Arthropods and human skin. Berlin: 
Springer. https://doi.org/10.1007/978-1-4471-1356-0

Balit, C. R., Geary, M. J., Russell, R. C., & Isbister, G. K. (2004). 
Clinical effects of exposure to the White-stemmed gum moth 
(Chelepteryx collesi). Emergency Medicine (Fremantle, W.A.), 
16(1), 74–81. https://doi.org/10.1111/j.1742-6723.2004.00530.x

Balit, C. R., Ptolemy, H. C., Geary, M. J., Russell, R. C., & 
Isbister, G. K. (2001). Outbreak of caterpillar dermatitis caused 
by airborne hairs of the mistletoe browntail moth (Euproctis 
edwardsi). The Medical Journal of Australia, 175(11-12), 641–
643. https://doi.org/10.5694/j.1326-5377.2001.tb143760.x

Barbaro, L., & Battisti, A. (2011). Birds as predators of the 
pine processionary moth (Lepidoptera: Notodontidae). 
Biological Control, 56(2), 107–114. https://doi.org/10.1016/j.
biocontrol.2010.10.009

Battisti, A., Holm, G., Fagrell, B., & Larsson, S. (2011). Urticating 
hairs in arthropods  – their nature and medical significance. 
Annual Review of Entomology, 56(1), 203–220. https://doi.
org/10.1146/annurev-ento-120709-144844

Battisti, A., Larsson, S., & Roques, A. (2017). Processionary moths 
and associated urtication risk: Global-change driven effects. 
Annual Review of Entomology, 62(1), 323–342. https://doi.
org/10.1146/annurev-ento-031616-034918

Buckner, C. H. (1966). The role of vertebrate predators in 
the biological control of forest insects. Annual Review of 
Entomology, 11(1), 449–470. https://doi.org/10.1146/annurev.
en.11.010166.002313

Burns, J. H., & Strauss, S. Y. (2011). More closely related spe-
cies are more ecologically similar in an experimental test. 
Proceedings of the National Academy of Sciences of the United 
States of America, 108(13), 5302–5307. https://doi.org/10.1073/
pnas.1013003108

Cawdell-Smith, A. J., Todhunter, K. H., Anderson, S. T., 
Perkins, N. R., & Bryden, W. L. (2012). Equine amnion-
itis and fetal loss: Mare abortion following experimental 
exposure to processionary caterpillars (Ochrogaster luni-
fer). Equine Veterinary Journal, 44(3), 282–288. https://doi.
org/10.1111/j.2042-3306.2011.00424.x

Collins, C. T., & Watson, A. (1983). Field observations of bird pre-
dation on Neotropical moths. Biotropica, 15(1), 53–60. https://
doi.org/10.2307/2387999

Cooley, T. J., Reardon, R. C. (2022). Field guide to the slug moths 
(Lepidoptera: Limacodidae) of West Virginia. U.S. Department 
of Agriculture, Forest health assessment and applied sciences, 
Team FHAAST-2019-06.

Delgado Quiroz, A. (1978). Venoms of Lepidoptera. In S. Bettini 
(Ed.), Handbook of experimental pharmacology: Vol. 48. 
Arthropod venoms (pp. 555–611). Berlin: Springer. https://doi.
org/10.1007/978-3-642-45501-8_20

Derraik, J. (2006). Erucism in New Zealand: Exposure to gum 
leaf skeletoniser (Uraba lugens) caterpillars in the differential 
diagnosis of contact dermatitis in the Auckland region. The New 
Zealand Medical Journal, 119, 1–6. Retrieved from http://www.
nzma.org.nz/journal/119-1241/xxxx/

Diaz, J. H. (2005). The evolving global epidemiology, syndromic 
classification, management, and prevention of caterpillar enven-
oming. The American Journal of Tropical Medicine and Hygiene, 
72(3), 347–357. https://doi.org/10.4269/ajtmh.2005.72.347

8        Andrea Battisti et al.

https://doi.org/10.1007/978-1-4471-1356-0
https://doi.org/10.1111/j.1742-6723.2004.00530.x
https://doi.org/10.5694/j.1326-5377.2001.tb143760.x
https://doi.org/10.1016/j.biocontrol.2010.10.009
https://doi.org/10.1016/j.biocontrol.2010.10.009
https://doi.org/10.1146/annurev-ento-120709-144844
https://doi.org/10.1146/annurev-ento-120709-144844
https://doi.org/10.1146/annurev-ento-031616-034918
https://doi.org/10.1146/annurev-ento-031616-034918
https://doi.org/10.1146/annurev.en.11.010166.002313
https://doi.org/10.1146/annurev.en.11.010166.002313
https://doi.org/10.1073/pnas.1013003108
https://doi.org/10.1073/pnas.1013003108
https://doi.org/10.1111/j.2042-3306.2011.00424.x
https://doi.org/10.1111/j.2042-3306.2011.00424.x
https://doi.org/10.2307/2387999
https://doi.org/10.2307/2387999
https://doi.org/10.1007/978-3-642-45501-8_20
https://doi.org/10.1007/978-3-642-45501-8_20
http://www.nzma.org.nz/journal/119-1241/xxxx/
http://www.nzma.org.nz/journal/119-1241/xxxx/
https://doi.org/10.4269/ajtmh.2005.72.347


Epstein, M. E. (1995). False-parasitized cocoons and the biology 
of Aididae (Lepidoptera: Zygaenoidea). Proceedings of the 
Entomological Society of Washington, 97, 750–756.

Epstein, M. E. (1996). Revision and phylogeny of the Limacodid-
group families, with evolutionary studies on slug caterpillars 
(Lepidoptera: Zygaenoidea). Smithsonian Contributions to 
Zoology, 582(582), 1–102. https://doi.org/10.5479/si.00810282. 
582

Faucheux, M. J. (2000). La chenille-limace du papillon du mimosa, 
Latoia thamia Rungs (Lepidoptera: Limacodidae): particulari-
tés écologiques et appareil urticant. Bulletin de la Societé des 
Sciences Naturelles de l’Ouest de la France, 22, 171–185.

Faucheux, M. J. (2012). The urticating apparatus in the larva of 
the Lappet Moth, Streblote panda Hübner, 1820 (Lepidoptera: 
Lasiocampidae). Bonn Zoological Bulletin, 61, 129–134.

Froggatt, W. W. (1911). Bag-shelter caterpillars of the fam-
ily Lyparidae that are reported to kill stock. The Agricultural 
Gazette of New South Wales, 22, 443–447.

Fry, B. G., Roelants, K., Champagne, D. E., Scheib, H., Tyndall, 
J. D., King, G. F., … de la Vega, R. C. R. (2009). The toxi-
cogenomic multiverse: Convergent recruitment of proteins 
into animal venoms. Annual Review of Genomics and Human 
Genetics, 10(1), 483–511. https://doi.org/10.1146/annurev.
genom.9.081307.164356

Galicia-Curiel, M. F., Quintanar, J. L., Jiménez, M., & Salinas, E. 
(2014). Mast cells respond to urticating extract from lepidoptera 
larva Morpheis ehrenbergii in the rat. Toxicon, 77, 121–124. 
https://doi.org/10.1016/j.toxicon.2013.11.008

Garcia-Rosello, E., Gonzalez-Dacosta, J., Guisande, C., & Lobo, 
J. M. (2023). GBIF falls short of providing a representative pic-
ture of the global distribution of insects. Systematic Entomology, 
48(4), 489–497. https://doi.org/10.1111/syen.12589

GBIF Secretariat (2023). GBIF Occurrence Download 
18 August 2023. https://doi.org/10.15468/dl.tgww7j

Gilmer, P. M. (1925). A comparative study of the poison appara-
tus of certain lepidopterous larvae. Annals of the Entomological 
Society of America, 18(2), 203–239. https://doi.org/10.1093/
aesa/18.2.203

González, C., Ballesteros-Mejia, L., Diaz-Diaz, J., Toro-Vargas, D. 
M., Amarillo-Suarez, A. R., Gey, D., … Rougerie, R. (2023). 
Deadly and venomous Lonomia caterpillars are more than the 
two usual suspects. PLoS Neglected Tropical Diseases, 17(2), 
e0011063. https://doi.org/10.1371/journal.pntd.0011063

Hossler, E. W. (2009). Caterpillars and moths. Dermatologic  
Therapy, 22(4), 353–366. https://doi.org/10.1111/j.1529-8019. 
2009.01247.x

Hossler, E. W. (2010a). Caterpillars and moths. Part I. Dermatologic 
manifestations of encounters with Lepidoptera. Journal of the 
American Academy of Dermatology, 62(1), 1–10. https://doi.
org/10.1016/j.jaad.2009.08.060

Hossler, E. W. (2010b). Caterpillars and moths. Part II. Dermatologic 
manifestations of encounters with Lepidoptera. Journal of the 
American Academy of Dermatology, 62(1), 13–28. https://doi.
org/10.1016/j.jaad.2009.08.061

Hunter, A. F. (1991). Traits that distinguish outbreaking and non-
outbreaking macrolepidoptera feeding on northern hardwood 
trees. Oikos, 60(3), 275–282. https://doi.org/10.2307/3545068

Kageyama, A., & Sugiura, S. (2016). Caterpillar hairs as an anti-
parasitoid defence. Naturwissenschaften, 103(9-10), 86. https://
doi.org/10.1007/s00114-016-1411-y

Kawahara, A. Y., Plotkin, D., Espeland, M., Meusemann, K., 
Toussaint, E. F. A., Donath, A., … Breinholt, J. W. (2019). 
Phylogenomics reveals the evolutionary timing and pattern of 
butterflies and moths. Proceedings of the National Academy 
of Sciences of the United States of America, 116(45), 22657–
22663. https://doi.org/10.1073/pnas.1907847116

Kawamoto, F., Suto, C., & Kumada, N. (1978). Studies on venom-
ous spicules and spines of moth caterpillars. 1. Fine-structure 
and development of venomous spicules of Euproctis caterpil-
lars. Japanese Journal of Medical Science & Biology, 31(3), 
291–299. https://doi.org/10.7883/yoken1952.31.291

Kawamoto, F., Kumada, N. (1984). Biology and venoms of 
Lepidoptera. In A. T. Tu (Ed.) Handbook of natural toxins. Vol. 2.  
Insect poisons, allergens, and other invertebrate venoms 
(pp. 291–330). Dekker, New York.

Koricheva, J., Klapwijk, M. J., & Björkman, C. (2012). Life history 
traits and host plant use in defoliators and bark beetles: implica-
tions for population dynamics. In P. Barbosa, D. K. Letourneau, 
& A. A. Agrawal (Eds.), Insect outbreaks revisited (pp. 175–196). 
Wiley-Blackwell. https://doi.org/10.1002/9781118295205.ch9

Lambkin, T. A. (2021). Notes on the biology and life his-
tory of Taenaris artemis Jamesi Butler, 1877 (Lepidoptera: 
Nymphalidae: Satyrinae) from Torres Strait, Queensland with 
discussion of variation in wing pattern characters of reared 
progeny. Australian Entomologist, 48, 397–405.

Lamdin, J. M., Howell, D. E., Kocan, K. M., Murphey, D. R., 
Arnold, D. C., Fenton, A. W., … Ownby, C. L. (2000). The ven-
omous hair structure, venom and life cycle of Lagoa crispata, 
a puss caterpillar of Oklahoma. Toxicon, 38(9), 1163–1189. 
https://doi.org/10.1016/S0041-0101(99)00195-6

Lin, Y. C., Lin, R. J., Braby, M. F., & Hsu, Y. F. (2019). Evolution 
and losses of spines in slug caterpillars (Lepidoptera: 
Limacodidae). Ecology and Evolution, 9(17), 9827–9840. 
https://doi.org/10.1002/ece3.5524

Marianelli, L., Iovinella, I., Strangi, A., Madonni, L., Efetov, K. A., 
Tarmann, G. M., … Roversi, P. F. (2020). First record of the 
pest Artona (Fuscartona) martini Efetov, 1997 (Lepidoptera 
Zygaenidae Procridinae Artonini) in European territory. Redia 
(Firenze), 103, 3–7. https://doi.org/10.19263/REDIA-103.20.01

Maschwitz, U. W. J., & Kloft, W. (1971). Morphology and func-
tion of the venom apparatus of insects-bees, wasps, ants and 
caterpillars. In W. Bücherl & E. E. Buckley (Eds.), Venomous 
animals and their venoms, Venomous invertebrates (pp. 
1–60). New York: Academic. https://doi.org/10.1016/B978- 
0-12-138903-1.50008-9

Matthioli, P. A. (1562). Medici Senensis Commentarii. In Libros 
sex Pedacii Dioscoridis Anazarbei, de Materia Medica, Adjectis 
qua’m plurimis plantarum & animalium imaginibus, eodem 
authore. Venezia: Valgrisi.

Mayer, C., Dietz, L., Call, E., Kukowka, S., Martin, S., & 
Espeland, M. (2021). Adding leaves to the Lepidoptera tree: 
Capturing hundreds of nuclear genes from old museum speci-
mens. Systematic Entomology, 46(3), 649–671. https://doi.org/ 
10.1111/syen.12481

Menken, S. B. J., Boomsma, J. J., & van Nieukerken, E. J. 
(2010). Large-scale evolutionary patterns of host plant 
associations in the Lepidoptera. Evolution; International 
Journal of Organic Evolution, 64(4), 1098–1119. https://doi.
org/10.1111/j.1558-5646.2009.00889.x

Mullen, G. R., & Zaspel, J. M. (2019). Moths and butterflies 
(Lepidoptera). In G. R. Mullen & L. A. Durden (Eds.), Medical 

� Review of venomous Lepidoptera        9

https://doi.org/10.5479/si.00810282.582
https://doi.org/10.5479/si.00810282.582
https://doi.org/10.1146/annurev.genom.9.081307.164356
https://doi.org/10.1146/annurev.genom.9.081307.164356
https://doi.org/10.1016/j.toxicon.2013.11.008
https://doi.org/10.1111/syen.12589
https://doi.org/10.15468/dl.tgww7j
https://doi.org/10.1093/aesa/18.2.203
https://doi.org/10.1093/aesa/18.2.203
https://doi.org/10.1371/journal.pntd.0011063
https://doi.org/10.1111/j.1529-8019.2009.01247.x
https://doi.org/10.1111/j.1529-8019.2009.01247.x
https://doi.org/10.1016/j.jaad.2009.08.060
https://doi.org/10.1016/j.jaad.2009.08.060
https://doi.org/10.1016/j.jaad.2009.08.061
https://doi.org/10.1016/j.jaad.2009.08.061
https://doi.org/10.2307/3545068
https://doi.org/10.1007/s00114-016-1411-y
https://doi.org/10.1007/s00114-016-1411-y
https://doi.org/10.1073/pnas.1907847116
https://doi.org/10.7883/yoken1952.31.291
https://doi.org/10.1002/9781118295205.ch9
https://doi.org/10.1016/S0041-0101(99)00195-6
https://doi.org/10.1002/ece3.5524
https://doi.org/10.19263/REDIA-103.20.01
https://doi.org/10.1016/B978-0-12-138903-1.50008-9
https://doi.org/10.1016/B978-0-12-138903-1.50008-9
https://doi.org/10.1111/syen.12481
https://doi.org/10.1111/syen.12481
https://doi.org/10.1111/j.1558-5646.2009.00889.x
https://doi.org/10.1111/j.1558-5646.2009.00889.x


and veterinary entomology (pp. 439–458). Academic Press; 
https://doi.org/10.1016/B978-0-12-814043-7.00021-2

Murphy, S. M., Leahy, S. M., Williams, L. S., & Lill, J. T. (2010). 
Stinging spines protect slug caterpillars (Limacodidae) from 
multiple generalist predators. Behavioral Ecology, 21(1), 153–
160. https://doi.org/10.1093/beheco/arp166

Perkins, L. E., Zalucki, M. P., Perkins, N. R., Cawdell-Smith, 
A. J., Todhunter, K. H., Bryden, W. L., & Cribb, B. W. (2016). 
The urticating setae of Ochrogaster lunifer, an Australian pro-
cessionary caterpillar of veterinary importance. Medical and 
Veterinary Entomology, 30(2), 241–245. https://doi.org/10.1111/
mve.12156

Pesce, H., & Delgado, A. (1971). Poisoning from adult moths 
and caterpillars. In  W.  Bücherl, & E.  E.  Buckley (Eds.) 
Venomous animals and their venoms. Vol III Venomous inver-
tebrates (pp. 119–156). Academic Press, New York. https://doi.
org/10.1016/B978-0-12-138903-1.50012-0

Picarelli, Z.  P., & Valle, J.  R. (1971) Pharmacological studies 
in caterpillar venoms. In  W.  Bücherl, &   E.  Buckley (Eds.) 
Venomous animals and their venoms. Vol III Venomous inver-
tebrates (pp. 103–118). Academic Press, New York. https://doi.
org/10.1016/B978-0-12-138903-1.50011-9

Poinar, G., & Vega, F. E. (2019). Poisonous setae on a Baltic amber 
caterpillar. Arthropod Structure & Development, 51, 37–40. 
https://doi.org/10.1016/j.asd.2019.100879

Pomeroy, W. J. (1921). The irritating hairs of the wild silk moths of 
Nigeria. Bulletin of the Imperial Institute, 19, 311–319.

Quintana, M., Sciani, J. M., Auada, A. V. V., Martínez, M. M., 
Sánchez, M. N., Santoro, M. L., … Peichoto, M. E. (2017). 
Stinging caterpillars from the genera Podalia, Leucanella and 
Lonomia in Misiones, Argentina: A preliminary comparative 
approach to understand their toxicity. Comparative Biochemistry 
and Physiology. Toxicology & Pharmacology: CBP, 202(Part C), 
55–62. https://doi.org/10.1016/j.cbpc.2017.07.007

Réaumur de, R.-A. F. (1736). Mémoires pour servir à l’histoire des 
insectes. Tome 2. Suite de l’histoire des chenilles et des papil-
lons; et l’histoire des insectes ennemis des chenilles. Imprimerie 
Royale, Paris France.

Robinson, G. S., Ackery, P. R.; Kitching, I., Beccaloni, G. W., & 
Hernández, L. M. (2023). HOSTS – a Database of the World’s 
Lepidopteran Hostplants [Data set]. Natural History Museum. 
https://doi.org/10.5519/havt50xw

Roques, A., & Battisti, A. (2015). Introduction. In A. Roques 
(Ed.), Processionary moths and climate change: an update 
(pp. 1–13). Dordrecht, Versailles: Springer-Quae; https://doi.
org/10.1007/978-94-017-9340-7_1

Rotberg, A. (1971). Lepidopterism in Brazil. In  W.  Bücherl, & 
E. E. Buckley (eds) Venomous animals and their venoms. Vol III 
Venomous invertebrates (pp. 157–168). Academic Press, New 
York. https://doi.org/10.1016/B978-0-12-138903-1.50013-2

Rothschild, M., Reichstein, T., von Euw, J., Aplin, R., & Harman, 
R. R. (1970). Toxic Lepidoptera. Toxicon, 8(4), 293–296. https://
doi.org/10.1016/0041-0101(70)90006-1

Seldeslachts, A., Peigneur, S., & Tytgat, J. (2020). Caterpillar 
venom: A health hazard of the 21st century. Biomedicines, 8(6), 
143. https://doi.org/10.3390/biomedicines8060143

Southcott, R. V. (1978). Lepidopterism in the Australian Region. 
Records of the Adelaide Children’s Hospital, 2, 87–173.

Southcott, R. V. (1987). Moths and butterflies. In J. Covacevich, P. 
Davie, & J. Pearn (Eds.), Toxic plants & animals. A guide for 
Australia (pp. 243–257). Brisbane: Queensland Museum.

Specht, A., Corseuil, E., Formentini, A. C., & Prestes, A. S. (2004). 
Lepidópteros de importância médica ocorrentes no Rio Grande 
do Sul  – I.  Megalopygidae. Biociências, Porto Alegre, 12, 
173–179.

Specht, A., Corseuil, E., & Formentini, A. C. (2005a). Lepidópteros 
de importância médica ocorrentes no Rio Grande do Sul. II. 
Aididae e Limacodidae. Biociências, Porto Alegre, 13, 89–94.

Specht, A., Corseuil, E., & Formentini, A. C. (2005b). Lepidópteros 
de importância médica ocorrentes no Rio Grande do Sul. III. 
Saturniidae  – Hemileucinae. Biociências, Porto Alegre, 13, 
149–162.

Specht, A., Corseuil, E., & Formentini, A. C. (2006). Lepidópteros 
de importância médica ocorrentes no Rio Grande do Sul. IV. 
Lasiocampidae. Biociências, Porto Alegre, 14, 53–60.

Stargardt, K. (1903). Pseudotuberculose und gutartige Tuberculose 
des Auges, mit besonderer Berücksichtigung der binocularmik-
roskopischen Untersuchungsmethode. von Graefe’s Archiv für 
Ophthalmologie, 55, 469–506.

Sugiura, S., & Yamazaki, K. (2014). Caterpillar hair as a physi-
cal barrier against invertebrate predators. Behavioral Ecology, 
25(4), 975–983. https://doi.org/10.1093/beheco/aru080

Sutantoyo, C. J., & Dayrit, J. F. (2015). Cutaneous lepidopterism 
from the caterpillar Apona sp. Dermatology Clinics & Research, 
1, 63–65.

Tarmann, G. M. (2005). Zygaenid moths of Australia: a revision 
of the Australian Zygaenidae (Procridinae: Artonini). CSIRO. 
https://doi.org/10.1071/9780643092198

Todhunter, K. H., Cawdell-Smith, A. J., Bryden, W. L., Perkins, 
N. R., & Begg, A. P. (2014). Processionary caterpillar setae and 
equine fetal loss: 1. Histopathology of experimentally exposed 
pregnant mares. Veterinary Pathology, 51(6), 1117–1130. 
https://doi.org/10.1177/0300985813516638

Tsutsumi, C. (1959). Structure, development and sting mechanism 
of the larval poison hair of Artona funeralis Butler (Lepidoptera: 
Zygaenidae). Japanese Journal of Medical Science & Biology, 
12(6), 421–428. https://doi.org/10.7883/yoken1952.12.421

Uemura, M., Perkins, L. E., Zalucki, M. P., & Cribb, B. W. 
(2017). Predator–prey interaction between greenhead ants and 
processionary caterpillars is mediated by chemical defence. 
Animal Behaviour, 129, 213–222. https://doi.org/10.1016/j.
anbehav.2017.05.023

van Nieukerken, E. J., Kaila, L., Kitching, I. J., Kristensen, N. P., 
Lees, D. C., …. (2011). Order Lepidoptera Linnaeus, 1758. In 
Z.-Q. Zhang (Ed.), Animal biodiversity: an outline of higher-
level classification and survey of taxonomic richness. Zootaxa, 
3148, 212–221., https://doi.org/10.11646/zootaxa.3148.1.41

Vassal, J-M. (1989). Biologie, ecologie et pathologie d’Hylesia 
metabus (Cramer 1775) (Lépidoptères: Saturniidae), agent de 
la ‘papillonite’ en Guyane Française: mise en place d’une struc-
ture de lutte integree. PhD Thesis, Academie de Montpellier.

Villas Boas, I. M., Bonfá, G., & Tambourgi, D. V. (2018). 
Venomous caterpillars: From inoculation apparatus to venom 
composition and envenomation. Toxicon, 153, 39–52. https://
doi.org/10.1016/j.toxicon.2018.08.007

Villa-Ruano, N., Becerra-Martínez, E., Cunill-Flores, J. M., Torres-
Castillo, J. A., Horta-Valerdi, G. M., & Pacheco-Hernández, Y. 
(2023) 1H NMR profiling of the venom from Hylesia continua: 
implications of small molecules for lepidopterism. Toxins, 15, 
101. https://doi.org/10.3390/toxins15020101

Walker, A. A. (2020). The evolutionary dynamics of venom tox-
ins made by insects and other animals. Biochemical Society 

10        Andrea Battisti et al.

https://doi.org/10.1016/B978-0-12-814043-7.00021-2
https://doi.org/10.1093/beheco/arp166
https://doi.org/10.1111/mve.12156
https://doi.org/10.1111/mve.12156
https://doi.org/10.1016/B978-0-12-138903-1.50012-0
https://doi.org/10.1016/B978-0-12-138903-1.50012-0
https://doi.org/10.1016/B978-0-12-138903-1.50011-9
https://doi.org/10.1016/B978-0-12-138903-1.50011-9
https://doi.org/10.1016/j.asd.2019.100879
https://doi.org/10.1016/j.cbpc.2017.07.007
https://doi.org/10.5519/havt50xw
https://doi.org/10.1007/978-94-017-9340-7_1
https://doi.org/10.1007/978-94-017-9340-7_1
https://doi.org/10.1016/B978-0-12-138903-1.50013-2
https://doi.org/10.1016/0041-0101(70)90006-1
https://doi.org/10.1016/0041-0101(70)90006-1
https://doi.org/10.3390/biomedicines8060143
https://doi.org/10.1093/beheco/aru080
https://doi.org/10.1071/9780643092198
https://doi.org/10.1177/0300985813516638
https://doi.org/10.7883/yoken1952.12.421
https://doi.org/10.1016/j.anbehav.2017.05.023
https://doi.org/10.1016/j.anbehav.2017.05.023
https://doi.org/10.11646/zootaxa.3148.1.41
https://doi.org/10.1016/j.toxicon.2018.08.007
https://doi.org/10.1016/j.toxicon.2018.08.007
https://doi.org/10.3390/toxins15020101


Transactions, 48(4), 1353–1365. https://doi.org/10.1042/BST 
20190820

Walker, A. A., Robinson, S. D., Paluzzi, J.-P. V., Merritt, D. J., 
Nixon, S. A., Schroeder, C. I., … King, G. F. (2021). Production, 
composition, and mode of action of the painful defensive 
venom produced by a limacodid caterpillar, Doratifera vulner-
ans. Proceedings of the National Academy of Sciences of the 
United States of America, 118(18), e2023815118. https://doi.
org/10.1073/pnas.2023815118

Walker, A. A., Perkins, L. E., Battisti, A., Zalucki, M. P., & King, 
G.  F. (2023a). Proteome of urticating setae of Ochrogaster 
lunifer, a processionary caterpillar of medical and veterinary 
importance, including primary structures of putative toxins. 
Proteomics, 23(20), 2300204. https://doi.org/10.1002/pmic. 
202300204

Walker, A. A., Robinson, S. D., Merritt, D. J., Cardoso, F. C., 
Goudarzi, M. H., Mercedes, R. S., … King, G. F. (2023b). 
Horizontal gene transfer underlies the painful stings of asp 
caterpillars (Lepidoptera: Megalopygidae). Proceedings of 

the National Academy of Sciences of the United States of 
America, 120(29), e2305871120. https://doi.org/10.1073/pnas. 
2305871120

Weidner, H. (1937). Beitrage zu einer Monographie der Raupen 
mit Gifthaaren. Zeitschrift für Angewandte Entomologie, 23(3), 
432–484. https://doi.org/10.1111/j.1439-0418.1937.tb00446.x

Manuscript received: September 23, 2023
Revisions requested: December 3, 2023
Revised version received: January 2, 2024
Manuscript accepted: January 11, 2024

The pdf version (Adobe JavaScript must be enabled) of 
this paper includes an electronic supplement:
Appendix 1

� Review of venomous Lepidoptera        11

https://doi.org/10.1042/BST20190820
https://doi.org/10.1042/BST20190820
https://doi.org/10.1073/pnas.2023815118
https://doi.org/10.1073/pnas.2023815118
https://doi.org/10.1002/pmic.202300204
https://doi.org/10.1002/pmic.202300204
https://doi.org/10.1073/pnas.2305871120
https://doi.org/10.1073/pnas.2305871120
https://doi.org/10.1111/j.1439-0418.1937.tb00446.x

