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Tadigrada: Trunters in Time

A Lesson Plan in Taigrada Evolution
Experiences in:

Coloring

Drawing

TTOL & the Master Narrative

o /1 hadmy life to live overagain, | would havemadearule to readsomepoetryandlistento some
music at least once evenyy e e k . 0O
Charles Darwin

/ am not a fa
/ am not a tre

/am immo/t




A genomic portrait of Joe Tardigrada



Introduction

PhyumTardi grade, affectionately known

Werenamed by the naturalist Joh Goeze whi
oLittleb e ar s I n magadexcitemant ofl[skeag living things under the
microscope had just emedgMicroscopic worldsiddenlyevealed another

dimension of life in the most common of places. Waterdsears the many

amazing microscopic life forms. Theyf@wad almost everywhere in Nature.
Extremely ubiquitous and wiellveled, Tardigradeseffa glimpse into the power of

a small world and into evolutionary processes. Tardigrade have indeed traveled far
and wide, with beginnings 600 million years ago in the Precamdah a

resume of biological innovation that makes modern technolbgytobersome

and silly. We are going to time travel with Tardigrades to explore a little of their
biology and discover some of the origins and relationships that surround them. The
Wat er b ardgdiemssa stary lgcked in the geological timaeline of the

Earth as all life stories a'¢ater bearslesiccatingpr at least 100 years are pond

water time travelers. The adventures of being little and ubiquiNaisrénand with
Nature have shapeour Tardigrade friend@sto very unique invertelbes, they,

along with us, and all life arangingnd continually defining themselves

Tardigrades have taken their genome across the globe to diverse ecosystems and
biomes, aquatic and terrestrizybeextraerrestridror Tardigrades, the vortex of
chance events in thimiverse and on Earth created alteratroas ancient genome

within a population, oOselecting foro an
to the new contons that surrounded theithis process ofatural
Selectionacow e pt al so known as oOosurvival of t

Darwin,keeps life forms in step, splitting and diverging with the biogeochemistry
of their space and time.

SJ,Iet(”)s me et the olittle water bear, 6 J

whaever you would like) we | i ke .GLe tdasl If i midm ocuXoea b ou
where he lives, his anatomy, his incredible adaptability to stress, and how he might
have evolvelis special powers. \Also introduce to yoif,you have not

experienced ih class or at homine Time treeof life, where you can search for
relationships, buifthylogenetic trees, and get a better picture of your organism of
interest as the TTOL is a database that puts the organism in context with other
organisms and with Eha cyclesnd

Environmentsn time.
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An evolutionary narrative, I S Ngoibhgur ed s
scenes, characters, impromptu changes, and big picture perspective that shapes us ant
all life on Earth.




For Tardigrade alsaknown as moss piglets, our story, our stage, can start in any

moist areayr it can start in dried up leaf litter, butveéimgre there is wajieloe

Tardigradevas probably therdygrophilousnicro metazoameed water as we all

do but are adapted to Imgthout it for incredible lengths of time. They are

invertebrate animals that saoget aklated to arthropods, and yet some say they are

related to nematodes, and possibly even annelids. Being micro metazoans, they could
be found in the Mangrove forest¢ t he FIl ori da Evergl ades,
tail...
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They can also be found in freshwater like that of the

Great Lakes
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Tardigrades can be found in deep thermal
vents with temperatures ashhag 120
Celsius

And pressures of 1000 atmospheres



They can be found in tidal pools in Maine or
Salem Massachusett sé
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Or in the permafrost, which is melting, in the Tundra
NSi beri ae
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I h e E daydmlbg&a cycle a necessity afiingmet abol i sméand w

plants encounter water, they expand, and sda®ksrdigrade. Without water,
desiccated in a suspended st atabig water
advantage for Tardigradeletabolism on hold is an importanttstge@m in changing
seasons and in the ebb and flow of natural systems. In this case drying out evokes a
nontliving state that keepoee lve forthe futurea st at e of suspende
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A S you pass by a Lichen on a tree, you may forget thatabmslgre making their
niche in symbiotic interface of algae

Mountains, marine environments, deep pressure of 5 miles down, floating on the
surface, in boiling geysers, sneaking up upon moss, recently revived by a midnight
rainfall é
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Tardigrades evolve like everything else alive as thesipifis)jesome events can

encourage a more rapid adaption to a more rapid change. You might be in leaf litter
one day or fresh water algae and end up on a sandy beach manths later
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t he winds, on

by

migrate or move to other ecosystems.

I ardigrades can move
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If someon e could just
develop an algorithm to
predict my ancestral
protein sequence they
could make a model and
they might understand me
a |ittle better,
pretty badass organism.
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BJt the fascinating story of the Tardigsdifte humans) starts undee

microscope. If you squeezed some wet moss, you probably squeezed out a bunch of
moss mingers,including Joe Tardigrada, many organisms make their homes in

moss, including bacteria, fungi, nematook®rs, othetlittle arthropods, and

protozoa.

Tardigrades range in size from roughly ing.669 inches) to about 0.1 mrh. O

coursewe donoét really know how many speci e
so there may be smaller or larger ones. Anytime you collect or look at anything, you
are boking at a snapshot of it, a moment in time, so within the life cycle of

Tardigrade, you may encounter unfertilized eggs, sperm, fertilized eggs, embryos,
instar states, or cryptobiotic states. Stages of development of the Tardigrade appear
very similard the divisions of protostomes. In a pond water community, you might

find paramecium (.25 mm), amoeba3(r&dm) and baby Tardigrades (.05 mm). In

this way, you can see their comparative size in the community that they live.
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TARDIGRADA €
PanD cApPTURE

U nder the microscopee can see, just@gallanzar@nd others did, the anatomy

of Joe Tardigrade. As Tardigrades come in many colors often as a result of their food
source and the pigments within it, stored in specialized strictra® visible, as

most Tardigrades aransparent. Scanning electron micrographs, scan the surface of
structures and organisms, and give the Tardigrade the appearance of a stolid, chubby
sortofbodyl t 6s kind of | i ke sea monkeys, on
miniature monkelke animals, when in fact they were brine shrimg whiself is
guiteinterestingthe shrimgust might not belancing around, riding bikes, and

playing tennis.

If Joe Tardigrade was your size, he might not be so cute, maybe down right
frighteninga little like a giant Mutant Ninja Turtle. At least you could really check
out the details of the anatomy though.
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Stress Yikes!

We associate stress with unpleasant experiences, events that burden our sympathetic

nervous system. Worry, fear, anxiety hwhatudes taking exams as well as physical
extremes cause stress. Our stress of course is no comparison to the stress that
Tardigrades can tol erate. |t appears th
qualities that prevent them from succumbirsgréss, it might even be that

encystment (reacting to slow changes in the environment and drying out) as well
asAnhydrobiotic(reacting to rapid changes in the environment) might be considered
part of their life cycle. Depending upon the ecosystemraditicsts, special stages

of existence can respond to all sorts of environmental pre@surebiosis is a
Tardigradeds response to salinity chang
suddenly end up in Salt Lake! As pressure changes mayxypgeuarlevels may

fluctuate, ecosystems may have floods and then drought. Tardigrades are equipped to
wait out the storm or pressure. It could be boiling, excessive carbon monoxide,
hydrogen sulfide, and nitrogen, or human created catastrophes likest®xiawas

and oil spills. Tardigrades can livearyptobiotic  state for a 100 year or more!

Even i onizing radiation and toxins are
Tardigrades have been tested in vacuum of space as well and NASA ntiag be draf
unsuspecting Tar di grHawdeddadigfades anfl atherur e s p
organisms end up with Extremophile adaptations8ome bacteria and viruses

can survive these conditions, and nematodes, a relative and food of Tardigrades
exhibit some ahese qualities. Over billions of years of periodic catastrophes and
Earthds growing pains, earl yCoachcestr al
prokaryotic organismshave transferred their genes to Tardigrades? Some say
oyeso others othnk? 6 What do you
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