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Before you begin
What if the most advanced mind-control technology on Earth wasn’t built in a top-secret tech lab, but spawned in the mud?
Nature’s slimiest villains possess a terrifying superpower: they can force a host to do the unthinkable. One replaces a fish’s tongue with itself—and the fish just keeps eating, completely unaware. Another drives an ant up a stem and locks its jaws onto a leaf, waiting for a fungus to burst out of its head.
Yet inside this unsettling behavior lies a flawless engineering manual. Today, top-tier scientists are copying the homework of these biological tyrants to revolutionize modern technology.
Can you guess what they're trying to unlock? More importantly—if you were handed their secrets, would you use them to heal, or to control?

Near the end of the book, in Parasites: The Underrated Toolkit, you will find out what scientists are already learning from the sea lamprey and from Toxoplasma.
What is a parasite?
Well, in simple words, a parasitism is an example of a symbiotic relationship, however this one is a negative one. Parasitism happens when an organism (the parasite) takes advantage of another organism, while the other gets no or negative benefit.
So, why do parasites bother to do it?
Because it works. Parasites obtain everything they need from their host, and it doesn’t cost them anything. Think of it. The host has to search for food, find water, avoid predators, compete with others, find shelter, and adapt to environmental changes. The parasite just has to get into the host, then it can obtain all it wants from it. Over time, natural selection favored parasites who can find hosts, live in them, and reproduce in huge numbers. This has made parasites extremely specialized to parasitize their specific host. So specialized, in fact, that they can’t survive without doing so.
Types of parasites
Endoparasites
These live inside their host (endo means inside) and obtain their nutrients from blood, tissue or digested food. Examples include tapeworms and the Toxoplasma.
Ectoparasites
These live on their host (ecto means outside), often on skin or fur. They feed on blood, skin, sweat and other material from the host. Examples include lice, ticks, fleas and some mites.
Brood parasites
Brood parasites don’t live on or in the host, or feed on the host either. Instead, they trick the host into caring for their young, and in many cases also kill the host’s offspring. Examples include the cuckoo bird and cowbirds.
Intraspecific brood parasites lay eggs in nests of other members of their own species.
Kleptoparasites
Kleptoparasites deliberately steal food, prey or resources, such as nesting material, from another animal who has hunted or collected it (klepto means steal). Examples include the frigatebird.
Social parasites
These exploit the social system (such as a nest) of a host species. Instead of stealing food or feeding on the host, they exploit resources, labor or parental care from the host nest. Examples include Amazon ants, which steal grubs from other ants that then become slaves for the Amazon ants.
Hyperparasites
A hyperparasite is a parasite that parasitizes another parasite. Examples include the Lysibia nana (a species of wasp).
Parasitoids
A parasitoid parasitizes and eventually kills its host. For example, the jewel wasp zombifies cockroaches, then lays an egg on them. The egg hatches into a larva that eats the cockroach. This is why parasitoids are described as being ‘between parasitism and predation’
Micropredators
Micropredators aren’t technically parasites; they are small organisms that feed repeatedly from many hosts instead of one long-term host. Examples include mosquitoes. Many micropredators are sometimes also called ‘vectors’, which, in biology means something that transmits parasites.
The method used above isn’t the only classification method. Since ‘parasites’ aren’t a specific group of creatures that are similar, they can be classified into many different kingdoms. Apart from animal parasites, plants, fungi, and protozoans can also be parasitic.
Other classification methods
Hemi vs. holoparasitic plants
Hemiparasitic plants can photosynthesize by themselves, but get some resources from their host. Holoparasitic plants can’t photosynthesize at all and heavily depend on their host.
Obligate vs. facultative parasites
Similar to the plant parasite classification above, obligate parasites must find a host at some point in its lifecycle, while a facultative parasite doesn’t need a host but will sometimes become parasitic.
Permanent vs. temporary parasites
Permanent parasites spend most or all of their adulthood on or in a host, while temporary parasites only stay with their host for a while.
Direct vs. indirect lifecycle
A parasite with a direct lifecycle only needs one host species in its life, while a parasite with an indirect lifecycle needs multiple host species.
Types of host
Definitive host: Host where the parasite spends its adulthood or reproduces sexually.
Intermediate host: Contains immature or larval stages of the parasite.
Paratenic host: Transports the parasite around to help it get into another host.
Reservoir host: A host that can maintain the parasite in a population, acting as a source of infection for other species.
CHAPTER 1
The Frog Leg Worm
[image: A Pacific chorus frog with a limb malformation caused by the parasite Ribeiroia ondatrae.]A Pacific chorus frog with a limb malformation caused by the parasite Ribeiroia ondatrae.
Image: Brett A. Goodman and Pieter T. J. Johnson, CC BY 2.5, via Wikimedia Commons (PLOS ONE, 2011).A thin, ill frog emerges from the stinky pond, crawling slowly across a leaf. It spots a fly. As its body turns, eyes staring hungrily, the kid gasps in horror. Behind its body, a solid clump of legs sticks out at odd angles, dragging across the leaf and pulling the frog back. The child leans forwards curiously. “How can a frog have so many legs?”

Ribeiroia ondatrae, better known as the frog-mutating worm, is a flatworm that looks like any other flatworm but lives a drastically different and oddly complicated life. Through its disgusting lifetime it passes through 3 different hosts and creates some of the most disgusting mutations in its famous second host, frogs.
Our story begins inside a bird. Worms inside the bird lay eggs that are passed into water by their feces. The eggs hatch into tiny miracidia, which find a freshwater snail and begin developing inside the snail. In 4 to 6 weeks, the larvae inside the snail create thousands of clones (this is known as asexual reproduction, where an organism creates genetically similar offspring) called cercariae which are released into the water again. These clones search for developing tadpoles, then settle into the tissue around their limbs, becoming metacercariae.
[image: An old scientific drawing of Ribeiroia ondatrae (once called Psilostomum ondatrae), with its body parts labeled.]An old scientific drawing of Ribeiroia ondatrae (once called Psilostomum ondatrae), with its body parts labeled.
Image: Internet Archive Book Images (Annual Report of the Game and Fisheries Department of Ontario, 1921–34), no known copyright restrictions, via Wikimedia Commons.The developing cells try to grow around the worm, and the poor frog ends up with extra, malformed or missing legs that make jumping, swimming and running virtually impossible. A disabled frog is easy prey for birds, which is where the worm finishes its life cycle. A bird swallows the frog, then the worm matures and mates inside the bird, starting the whole cycle over again.
Frogs aren’t actually the only ones that are severely affected; the parasite’s first host, freshwater snails, also have it tough. Once the egg enters the snail’s body, the thousands of clones severely damage the snail’s reproductive organs, then channels all its energy directly into its own body to fuel thousands of clones, eventually starving the snail. On the other hand, their final host, birds, aren’t usually affected. As the parasite needs the bird to spread it, it keeps the bird healthy and only feeds on a small amount of nutrients in the bird’s stomach.
	AT A GLANCE

	Scientific name
	Ribeiroia ondatrae

	Size
	Adults ~ 0.25 mm long, cercariae ~ 0.8 mm, metacercariae ~ 0.3 mm

	Hosts
	Freshwater snails, frogs and other amphibians, birds

	Classification
	Phylum Platyhelminthes (flatworms), class Trematoda (flukes)


INSPIRATION   What can we learn from it?

We know: The cysts form in a tadpole’s leg buds and upset how the legs grow: extra, missing or twisted legs.
Still a mystery: Experts still debate how. The cysts may squash the buds, or disturb the body’s growth signals.
Imagine: Could we learn to switch limb growth on and off to help the body heal?


[image: Life cycle of Ribeiroia ondatrae]Go online: open the Specimen Guide (page 02) at oddbio.github.io and tap the Ribeiroia ondatrae card to play this life cycle.
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KEY IDEA
Extra or missing legs make a frog slow, so a wading bird can
catch it easily.
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