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Table S1. Independently evolved venomous animal lineages and the primary ecological roles of their 
venoms. Taxa for which no direct support of their venomous nature could be found are shown in grey font. 

Animal Group Venomous Lineage General Venom System 
Morphology 

Primary Role References 

Cnidarians All Nematocysts 

Predation, 
defense, 

intraspecific 
competition 

[1] 

Molluscs 

Coleoid 
cephalopods, 

including octopus 
and squid 

Posterior and anterior glands, 
venom injected through salivary 

papilla. 
Predation [2,3] 

Cone snails and 
relatives (Conoidea) 

Long duct/venom gland, venom 
injected through hollow radular 

tooth on proboscis by a distal 
venom pump. 

Predation, 
defense 

[4] 

Tritons, helmet 
shells, etc. 

(Tonnoidea) 

Two-lobed salivary (venom) 
glands that open through 

common duct into buccal mass. 
Predation [5] 

Dwarf tritons, 
including vampire 

snails 
(Colubrariidae) 

Single-lobed salivary (venom) 
glands that open through 

common duct into buccal mass. 
Predation [6] 

Murex snails 
(Muricidae) 

Primary and accessory salivary 
(venom) glands that open 

through common duct into 
buccal mass. 

Predation [7] 

Nemerteans Ribbon worms 

Proboscis with venom secreting 
cells, sometimes with stylet to 

facilitate venom delivery 
(Enopla), or pseudocnidae with a 
potential role in venom delivery. 

Predation [8] 

Annelids 

Blood worms 
(Glyceridae) 

Toxin-producing “lappets” 
secreting venom into large 

muscular and glandular venom 
reservoir, which is presumably 

also involved in venom 
expulsion. 

Predation [9] 

Leeches (Hirudinea) 
Secretory cells dispersed along 

the buccal cavity in jawed 
leeches (Arhynchobdellida); 

Predation, 
blood feeding 

[10–12] 
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presence of two paired salivary 
glands in jawless leeches 

(Glossiphoniidae). 

Flatworms 
Genus Prorhynchus 

Gland cells connected to a 
hollow stylet that functions as 
penis in mature individuals. 

Predation [13] 

Genus Mesostoma Unknown. Predation [14] 

Arthropods 
Insects 

Sandflies 
(Phlebotominae) 

Salivary glands connected to 
proboscis. 

Blood feeding [15,16] 

Midges 
(Ceratopogonidae) 

Salivary glands connected to 
proboscis. 

Blood feeding [16,17] 

Black flies 
(Simuliidae) 

Salivary glands connected to 
proboscis. 

Blood feeding [16,18,19] 

Mosquitoes 
(Culicidae) 

Salivary glands connected to 
proboscis. 

Blood feeding [16,20,21] 

Biting midges 
(Corethrellidae) 

Salivary glands connected to 
proboscis. 

Blood feeding [16,22] 

Snipe flies 
(Rhagionidae) 

Salivary glands connected to 
proboscis. 

Blood 
feeding, 

predation 
[16] 

Ibis flies 
(Athericidae) 

Salivary glands connected to 
proboscis. 

Blood feeding [16] 

Horseflies 
(Tabanidae) 

Salivary glands connected to 
proboscis. 

Blood feeding [16,23] 

Horsefly larvae 
(Tabanidae) 

Venom injected through hollow 
mandibles. 

Predation [24] 

Frit flies (e.g., 
Batrachomyia spp.) 

Salivary glands connected to 
proboscis. 

Blood feeding [16] 

Bat flies (Streblidae) 
Salivary glands connected to 

proboscis. 
Blood feeding [16] 

Tsetse flies, 
louseflies and allies 

(Calyptrata) 

Salivary glands connected to 
proboscis. 

Blood feeding [16,25,26] 

Garbage fly larvae 
(Hydrotaea 
leucostoma, 
Muscidae) 

Salivary glands connected to 
proboscis. 

Predation [27] 

Stablefly (Stomoxys 
spp., Muscidae) 

Salivary glands connected to 
proboscis. 

Blood feeding [28] 

Cheesefly larvae 
(Piophilidae) 

Venom injected through hollow 
mandibles, venom glands remain 

unknown. 
Blood feeding [16] 

Grassfly larvae 
(Chloropidae) 

Unknown Blood feeding [16] 

Bird flies (Carnidae) 
Salivary glands connected to 

proboscis. 
Blood feeding [16] 

Hoverfly larvae 
(Syrphidae) 

Unknown Predation [24] 
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Robber flies 
(Asiliidae) 

Two pairs of venom glands 
secreting venom to a venom 

pump that injects venom 
through the proboscis. 

Predation [16] 

Slug-eating fly 
larvae 

(Sciomyzidae) 

Venom produced in salivary 
glands and injected through 

hollow mouth hooks. 
Predation [29] 

Gall gnat larvae 
(Cecidomyiidae) 

Venom produced in salivary 
glands and injected through 

hollow mandibles. 
Predation [24] 

Diving beetles and 
allies (Adephaga) 

Venom injected through hollow 
mandibles, details of venom 

production remains unknown. 
Predation [24,29] 

Rove beetles and 
allies 

(Staphylinoidea, 
Hydrophiloidea) 

Venom injected through hollow 
mandibles, details of venom 

production remains unknown. 
Predation [24,29] 

Fireflies, glow-
worm beetles and 

allies (Lampyridae, 
Phengodidae) 

Venom injected through hollow 
mandibles, details of venom 

production remains unknown. 
Predation [24,29,30] 

Scorpion beetle 
(Onychocerus 

albitarsis) 

Terminal antennal segment 
modified into a venom gland-
containing stinger that closely 
resembles that of a scorpion. 

Defense [31] 

Sucking lice 
(Anoplura) 

Salivary glands connected to 
proboscis. 

Blood feeding [32] 

Fleas (Siphonaptera) 
Salivary glands connected to 

proboscis. 
Blood feeding [33,34] 

Eusocial aphid 
soldiers 

(Pemphigidae)  

Venomous soldier caste. Venom 
produced in uncharacterised 
glands, injected with stylet.  

Defense [35,36] 

Eusocial aphid 
soldiers 

(Hormaphididae)  

Venomous soldier caste. Venom 
produced in uncharacterised 
glands, injected with stylet. 

Defense [36,37] 

Heteroptera 

Up to four-lobed main venom 
gland and accessory gland 

connected via a hilus to venom 
pump and injected through a 
venom canal in the proboscis.  

Predation, 
defense 

[38] 

Predatory stinkbugs 
(Asopinae) 

Venom and accessory gland 
connected via a hilus to venom 
pump and injected through a 
venom canal in the proboscis. 

Predation [38] 

Big-eyed bugs 
(Geocoridae) 

Venom and accessory gland 
connected via a hilus to venom 
pump and injected through a 
venom canal in the proboscis. 

Predation [38] 
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Capsid bugs 
(Miridae) 

Venom and accessory gland 
connected via a hilus to venom 
pump and injected through a 
venom canal in the proboscis. 

Predation [38] 

Predatory red bugs 
(Antilochus spp. and 

Raxa spp.) 

Venom and accessory gland 
connected via a hilus to venom 
pump and injected through a 
venom canal in the proboscis. 

Predation [38] 

Lacewing larvae 
and allies 

(Neuroptera) 

Paired venom glands each 
connected to “fangs” made from 
fused maxillae and mandibles. 

Predation [24] 

Wasps and relatives 
(Hymenoptera) 

Thin filamentous gland secreting 
toxins into venom reservoir 

connected through a venom duct 
to posterior stinger that is a 

modified ovipositor. 

Predation, 
defense 

[24,29] 

Cup moths 
(Limacodidae) 

Venomous spines lined with 
hypodermal toxin-producing 

cells. 
Defense [39] 

Pine-tree lappet 
moth (Dendrolimus 

pini) 

In addition to urticating hairs, 
have hollow spines with toxin-

producing epithelial cell clusters 
at the base. 

Defense [39] 

Processionary tree 
caterpillars 

(Notodontidae) 

In addition to urticating hairs 
that can be released by minimal 
mechanical stimuli and carried 
by wind, have non-removable 
spines with unknown toxin-

producing cells. 

Defense [39] 

Flannel moths 
(Megalopygidae) 

Hollow spines, with venom 
presumed produced by basal 
cells and contained within the 

spines. 

Defense [39] 

Tiger moths 
(Arctiinae) 

Tufts of urticating hairs. 
Modified, balloon-like setae with 

venom glands at the base 
(Lymantria dispar).  

Defense [39] 

Buck moths, 
including Lonomia 

spp. (Hemileucinae) 

Tufts of venom-bearing spines 
(scoli). 

Defense [39] 

Termite soldiers 
(Armitermes and 

Cubitermes) 

Venom applied through “snout” 
to wound inflicted by mandibles. 

Defense [40] 

Arthropods 
Crustaceans 

Salmon lice 
(Copepoda, 

Siphonostomatoida) 
Unknown Blood feeding [41,42] 

Cyclopoid copepods 
(Lernaea spp.) 

Unknown Blood feeding [42] 
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Venomous 
copepods 

(Heterorhabdus and 
relatives) 

Unknown venom producing 
tissue connected to presumed 

hollow maxillae.  
Predation [43] 

Carp lice 
(Branchiura) 

Venom glands connected to 
venom delivering stylet. 

Blood feeding [42,44] 

Remipedes 
(Remipedia) 

Venom glands secrete into large 
venom reservoir immediately 
proximal to venom delivery 

structure 

Predation [45,46] 

Skeleton shrimp 
(Amphipoda, 
Caprellidae) 

Unknown venom glands 
producing toxins delivered 

through “thumb” on gnathopod. 
Male specific.  

Intraspecific 
competition 

[47] 

Predatory hyperiid 
amphipod (Primno 

spp, possibly others 
in Phronimoidea) 

Large, two-lobed gland in 
pereopod 2 (possibly pereopods 

5–7 in other genera) that 
connects to a pore at the tip of 

the dactyl. 

Predation [48] 

Gnathiid isopods 
(Gnathiidae) 

Unknown Blood feeding [42,49] 

Fish lice (Isopoda, 
Cymothoidae) 

Unknown Blood feeding [42] 

Arthropods 
Chilopods 

Centipedes 
(Chilopoda) 

Composite venom glands 
consisting of numerous 

“secretory units” that empty into 
a chitinous duct (“calyx”). In 

most giant centipedes 
(Scolopendromorpha), the calyx 

is greatly extended, with 
secretory units organized 

perpendicular to length of the 
gland. Heterogeneous toxin 

production. 

Predation, 
defense 

[50,51] 

Arthropods 
Arachnids 

Pseudoscorpions 
Venom glands in pedipalpal 
fingers, either in both, or in 
either, with separate outlets. 

Predation [52,53] 

Spiders 

Paired muscular venom glands 
with branch-like ductules 
leading to a common duct. 

Spitting spiders (Scytodidae) 
with extra lobe. 

Predation, 
defense 

[54] 

Predatory mites and 
ticks 

Venom produced in salivary 
glands. 

Predation, 
blood feeding 

[55-58] 

Scorpions 
Venom gland with paired lobes 
in telson, each with branched 

ductules leading to a small 

Predation, 
defense 

[59] 
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lumen connected to stinger 
through short duct. 

Echinoderms 

Crown of thorns 
(Acanthasteridae) 

Spines covered in venom-
producing tissue. 

Defense [60,61] 

Leather/Fire 
urchins, hollow-

spined sea urchins 
(Echinothurioida 

and Diadematoida), 
venomous spines 

Spines covered in venom-
producing tissue. 

Defense [62,63] 

Sea urchins 
(Echinoida), 
venomous 

pedicellariae 

Venom-producing pedicellariae. Defense [62,63] 

Chaetognaths 
Arrow worms 

(Chaetognatha) 
Unknown Predation [64] 

Chordates 

Lampreys 
Venom produced in salivary 
glands and delivered during 

feeding. 
Blood feeding [65,66] 

Chimaeras 
(Chimaeriformes) 

Dorsal spine with grooves lined 
with venom-producing tissue. 

Defense [67] 

Stingrays and 
relatives 

(Myliobatiformes) 

Barbed caudal spine partly 
covered in venom-producing 

tissue. 
Defense [67] 

Hornsharks 
(Heterodontidae) 

Dorsal spine partly covered in 
venom-producing tissue 

Defense [67] 

Dogfish (Squalidae) 
Dorsal spine partly covered in 

venom-producing tissue. 
Defense [67] 

Catfish (Siluroidea) 
Dorsal and pectoral spines partly 

covered in venom-producing 
tissue. 

Defense [67] 

Toadfishes 
(Thalassophryninae)  

Dorsal and opercular spines with 
venom gland connected to the 

base of the hollow spines 
through which venom is injected. 

Defense [67] 

Stargazers 
(Uranoscopidae) 

Opercular spines partly covered 
in venom-producing tissue. 

Defense [67] 

Weeverfishes 
(Trachinidae)  

Dorsal spine partly covered in 
venom-producing tissue. 

Defense [67] 

Fang blennies 
(genus Meiacanthus, 
family Blenniidae) 

Paired fangs in lower jaw 
connected to venom glands. 

Defence? 
Predation? 

Intraspecific 
competition? 

[67] 

Jaw eels 
(Monognathidae) 

Rostral fang connected to 
undescribed venom-producing 

tissue. 
Predation [67] 

Jacks 
(Scomberoidinae) 

Dorsal spine partly covered in 
venom-producing tissue. 

Defense [67] 
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Gurnard perch 
(genus Neosebastes) 

Dorsal spine partly covered in 
venom-producing tissue. 

Defense [67] 

Scorpion fish 
(Scorpaenidae, 

Sebastidae, 
Setarchidae) 

Dorsal spine partly covered in 
venom-producing tissue. 

Defense [67] 

Stonefishes and 
wasp fishes (some 

Aploactinidae, 
Apistidae, 

Eschmeyeridae, 
Gnathanacanthidae, 

Synanceiidae, 
Tetrarogidae) 

Dorsal, pectoral, and anal fin 
spines with large venom glands 
opening to tip of spine through 

groove. 

Defense [67] 

Surgeonfishes (some 
acanthurids) 

Dorsal, anal, and pelvic spines 
with venom glands. 

Defense [67] 

Rabbitfishes 
(Siganidae) 

Dorsal, anal, and pelvic spines 
with venom glands. Defense [67] 

Scats 
(Scatophagidae) 

Dorsal spine partly covered in 
venom-producing tissue. 

Defense [67] 

Clingfishes (some 
gobiesocines) 

Subopercular spine with venom 
gland. 

Defense [67] 

Hylid frogs 
(Corythomantis 

greening, 
Aparasphenodon 

brunoi) 

Venom delivered by cranial 
spines that pierce through 

venom producing glands on 
skin.  

Defense [68] 

Spiny newts (genus 
Echinotriton) 

Venom delivered by sharp ribs 
piercing through venom 

producing glands on skin. 
Defense [69] 

Ribbed newts 
(genus Pleurodeles) 

Venom delivered by sharp ribs 
piercing through venom 
producing skin glands. 

Defense [70] 

Shrews (Soricidae, 
Neomys) 

Venom produced in enlarged 
and granular submaxillary 

salivary glands. 
Predation [71] 

Shrews (Soricidae, 
Blarina) 

Venom produced in enlarged 
and granular submaxillary 

salivary glands. 
Predation [71] 

Moles (Talpidae) 
Venom produced in enlarged 

and granular submaxillary 
salivary glands. 

Predation [71] 

Solenodons 
(Solenodontidae) 

Venom produced in enlarged 
and granular submaxillary 

salivary glands at the base of 
modified lower second incisors 

with deep groove. 

Predation [71] 
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Slow lorises (genus 
Nycticebus) 

Venom probably produced in 
brachial and submaxillary 

glands.  

Defense or 
intraspecific 
competition 

[71,72] 

Vampire bats 
(Desmodontinae) 

Venom produced in principal 
submaxillary gland. 

Blood feeding [70,72] 

Platypus 
(Ornithorhynchus 

anatinus) 

Crural gland connected to spur 
on hind leg through long canal. 

Only in males and during mating 
season. 

Intraspecific 
competition 

[73] 

Colubroid snakes 

Venom glands with branch-like 
ductules leading to a short duct 
connected to front or rear fangs 
in upper jaw. In many elapids 

and vipers, duct runs through an 
accessory gland of unknown 

function. 

Predation, 
defense 

[74,75] 

Varanid lizards 
Venom gland in lower jaw, 

delivered through grooved teeth. 
Predation, 

defense [74,75] 

Helodermatid 
lizards 

Venom gland in lower jaw, 
delivered through grooved teeth. 

Defense [74,75] 

Total number of independently evolved venomous lineages (conservative estimate) 104 (101) 
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