
9/2/26

1

THE ENTANGLED WEB
Bizarre alliances and chemical warfare between herps and insects

Mark DuBois, FRES – Central Illinois Insects @ gmail . com

1

Sometimes, things are not as they appear!
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WHY THIS RELATIONSHIP I S  SPECIAL

Insects are the food web. Herps are the 
chemists (or are they)?

Diet as pharmacy

Many amphibians and 
reptiles cannot synthesize 
their own toxins. They 
borrow them — from ants, 
mites, beetles, and others 
they swallow.

Defense as arms race

Insect prey are not passive. 
They spray, sting, blister, and 
in some cases kill the 
vertebrate that tried to eat 
them.

Alliance as strategy

Where the arms race stalls, 
cooperation appears: 
bodyguard spiders, cleaner 
frogs, and chemically 
disguised nest guests.
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Fun Fact

One ant species known only 
from a frog stomach!

• Lenomyrmex hoelldobleri

• Known from Ecuadorian “devil frog” - Oophaga sylvatica.

Docum ented   (2016) in  Zo o K e ys 6 1 8 : 7 9 -9 5   d o i: 1 0 .3 8 9 7 /zo o ke ys.6 1 8 .9 6 9 2  
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Fun Fact

And yet…

• Isolated m ostly from  frog stom achs
• Leptanilloides spp.
• Stigmatomma spp.
• Cerapachys spp.
• Lenomyrmex foveolatus

• Ants  as sources of poisons
• Brachymyrmex spp. – pumiliotoxins stored by Oophaga

pumilio
• Paratrechina spp. – also source of pumiliotoxins to poison 

dart frog populations
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ALLIANCE 01 — THE BODYGUARD PACT

A frog that lives with a 
tarantula
• The dotted humming frog (Chiasmocleis ventrimaculata), 

about 2 cm long, shares burrows with the tarantula 
Xenesthis immanis in Amazonian forest.

• The spider tolerates the frog but attacks intruders —
observers recorded one driving off a 90 cm colubrid snake 
at the burrow mouth.

• In return, the frog eats ants drawn to the spider's prey 
remains — ants being a principal predator of tarantula 
eggs.

• Chemical cues are thought to let the tarantula recognize 
the frog as 'not food'.

Docum ented  in  Am azon ian  Peru  — a textbook vertebrate–invertebrate  

m utualism .
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CHEMISTRY 01 — BORROWED POISON

Poison frogs don't make their 
poison

• Dendrobatid frogs sequester defensive alkaloids from 
their diet of ants, oribatid mites, and small beetles, 
storing them in skin glands.

• Over 500 such alkaloids are catalogued from poison frog 
skin, including pumiliotoxins and the potent 
batrachotoxin.

• Captive frogs fed alkaloid-free diets are non-toxic. 
Toxicity is a dietary phenotype, not a genetic one.

• Recent work on alkaloid-binding proteins shows frogs 
shuttle these compounds safely through the blood to 
the skin.

M oskow itz et a l., PLO S O NE 2022; Tarvin  et a l., eL ife  2024, on  passive  

a lkalo id  accum ulation.
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CHEMISTRY 02 — TRACING THE SOURCE

Following batrachotoxin back 
to a beetle

• Batrachotoxin, the alkaloid of Phyllobates dart frogs, 
forces sodium channels open — nerve and muscle fire 
until they fail.

• Dumbacher and colleagues (PNAS, 2004) found 
batrachotoxins in melyrid beetles of the genus 
Choresine in Papua New Guinea.

• The same beetle family is a plausible source for the 
toxic Pitohui birds — a separate lineage borrowing the 
same chemistry.

• A vertebrate's most famous weapon may be an insect's 
invention, laundered through a food chain.

Dum bacher, W ako, Derrickson, Sam uelson, Spande &  Daly, PNAS 2004.
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CHEMISTRY 03 — THE TOXIN THIEF

Keelback snakes with stolen 
glands
• Asian snakes of the genus Rhabdophis carry nuchal 

glands — toxin reservoirs in the skin of the neck, unique 
among snakes.

• The tiger keelback (R. tigrinus) fills them with 
bufadienolides taken from the toads it eats (which 
often eat fireflies), then arches its neck at attackers 
instead of fleeing.

• Snakes from toad-free islands have empty glands and 
behave far more evasively — the defense works only if 
the diet supplies it.

• The R. nuchalis group switched to earthworms (non-
toxic) and firefly larvae (toxic), and now stores firefly-
derived toxins instead (PNAS, 2020).

Takeuch i et a l. 2018; Yosh ida et a l., PNAS 2020.
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COUNTERATTACK 01 — ESCAPE FROM THE STOMACH

Swallowed, then vomited —
alive
• Bombardier beetles (Pheropsophus jessoensis) eject a 

hot chemical spray of benzoquinones at roughly 100 °C 
from the abdomen. This is an Asian species.

• Sugiura & Sato fed them to two toad species; every 
toad swallowed the beetle, then 43% vomited it back 
up 12–107 minutes later.

• All vomited beetles were still alive and active — the 
spray was fired inside the toad's gut.

• Size decided the outcome: large beetles escaped more 
often, and small toads gave them up more often.

43% of toads vomited
the beetle alive Sugiura & Sato, Biology Letters, 2018.
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COUNTERATTACK 02 — ROLE REVERSAL

The larva that lures its own 
predator

• Larvae of the ground beetles Epomis circumscriptus and 
E. dejeani feed exclusively on amphibians — frogs, 
toads, and newts.

• The larva waits, then waves its antennae and mandibles 
faster as a frog nears, deliberately advertising itself as 
prey.

• When the frog strikes, the larva dodges the tongue, 
latches on with hooked mandibles, and feeds on the 
living animal.

• In lab trials the larvae killed their attackers in nearly 
every encounter — a full inversion of the food chain.

W izen  &  G asith , PLO S O NE 2011 — 'An  U nprecedented  Role  Reversa l'.
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ARMS RACE 01 — THE ANT SPECIALISTS

Horned lizards drink venom 
for a living
• Phrynosoma horned lizards are ant specialists: harvester 

ants (Pogonomyrmex) make up the bulk of their diet, 
swallowed whole.

• All 23 harvester ant species examined have venom 
highly lethal to mice — yet nearly inactive against 
horned lizards.

• Texas horned lizard (P. cornutum) plasma carries a 
factor that neutralizes that venom, letting it tolerate 
many stings.

• The lizards also squirt blood from their eye sinuses at 
canids; the deterrent chemistry traces back to the ant 
diet.

Schm idt, Copeia  2019; Sherbrooke  &  K im ball 2024.
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ARMS RACE 02 — AN INVASION IN REAL TIME

Fire ants are rewriting a 
lizard's behavior

• Red imported fire ants (Solenopsis invicta) reached the 
southern US in the 1929 and now swarm and kill eastern 
fence lizards (Sceloporus undulatus).

• The lizard's ancestral response — flatten, freeze, rely 
on camouflage — is fatal against a stinging swarm.

• In invaded populations, lizards now twitch the ants off 
and flee and have longer hind limbs that make escape 
work.

• The shift appeared over roughly 40 lizard generations —
adaptation visible within a human lifetime.

Langkilde  lab , Penn  State; see  Tylan  et a l. and  associated  genom ic w ork.
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WHAT TO TAKE AWAY

Chemistry is the currency of the entangled web

Toxicity is often borrowed

Poison frogs and keelback snakes are armed by what 
they eat. Cut the insect supply and the weapon 
disappears.

Prey fight back after being swallowed

Bombardier beetles and Epomis larvae show that being 
smaller does not mean losing the encounter.

Tolerance is a specialization

Horned lizards evolved venom-neutralizing plasma and 
precise handling behavior to exploit a food nobody 
else can.

Alliances form where arms races stall

Frog and tarantula — cooperation and infiltration are 
an answer to this problem.

Sources: PNAS 2004 & 2020 · PLOS ONE 2011, 2022 · Biology Letters 2018 · Ecology & Evolution 2018 · Copeia 2019 · Toxins 2019 · Biology Open 2021 · Current 

Herpetology 2021 · Ichthyology & Herpetology 2024 · eLife 2024
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Herps as food

Belostomatidae (giant water 
bugs – aka toe biters)

• Aquatic predators – typically feed on invertebrates.

• Have been recorded feeding on fish and amphibians.

• Largest Asian species documented feeding on baby 
turtles and water snakes.

https://en.w ikiped ia.org/w iki/Belostom atidae
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Herps seeking protection

Australian lace monitor

• Lay between 6 and 12 eggs per year.

• Female digs into a termite mound (often in a tree).

• Termites reseal the damage to their mound.

• Female returns and opens again to allow the hatchlings 
to escape.

https://w w w .reptilepark.com .au/about/m eet-our-an im als/ lace-m onitor
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DISCUSSION QUESTIONS

Questions to argue about

1 — Is borrowed poison adaptive?

A poison frog raised on a clean diet is harmless. What 
is actually evolving here — the toxin, the ability to 
store it, or the appetite for the prey that carries it?

2 — Who is the predator here?

The Epomis larva advertises itself, gets attacked, then 
eats the attacker. How would you design an 
experiment to prove the luring is deliberate?

3 — What if the insect vanishes?

Horned lizards need harvester ants; keelbacks need 
toads. What are the conservation consequences of 
protecting a vertebrate without protecting its 
arthropod supply?

4 — Is the burrow pact mutualism?

What evidence would convince you it is cooperation 
rather than tolerance, commensalism, or a spider that 
simply finds the frog unpalatable?
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