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Nothing was certain that Thursday morning in 1997. Unforgiving winds,  

scattered rainstorms and dense cloud cover threatened the launch of  

Space Shuttle Discovery (mission code STS-85) at Florida’s Kennedy Space 

Center. When a short window of favorable conditions opened, Discovery 

blasted off, carrying some of the most advanced technology of the day into 

space, including an atmosphere-sensing satellite and advanced robotics.  

Discovery’s payload also included something else – one of the most spectacular 

biological specimens on Earth – a specimen that continues to astound  

biologists to this day. On Thursday, August 7, 1997, at 10:41 a.m. EDT, 

Pleopeltis polypodioides became the first fern to be launched into space. 

FERNS IN SPACE
by Christopher Krieg and Sandy Saunders
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	 Why,	you	might	be	asking,	was	
NASA	interested	in	sending	a	fern	into	
space?	Is	this	fern	exceedingly	rare	or	
unusual?	No,	it	isn’t	rare;	in	fact,	it	is	
actually	quite	common.	But	it	does	
have	some	unusual	characteristics	that	
make	it	a	good	candidate	for	voyaging	
in	space.	Pleopeltis polypodioides	has	a	
wide	distribution	across	most	of	the	
southeastern	United	States,	including	
Florida.	It	is	an	epiphyte,	a	plant	that	
uses	another	plant	for	physical	sup-
port,	and	is	commonly	found	living	on	
the	branches	of	oak,	magnolia	and	elm	
trees,	where	there	is	no	soil	and	limited	
water.	This	fern	does	not	parasitize	its	host.	Instead,	it	gets	all	
its	resources	from	rainfall,	air	and	canopy	leaf	litter.	One	can	
imagine	that	this	ecological	niche	with	no	soil	and	little	water	
is	a	stressful	place	for	most	plants,	and	in	Florida,	this	habitat	
can	experience	dramatic	swings	from	wet	to	dry.	
	 Pleopeltis polypodioides	has	evolved	a	remarkable	ability	to	
cope	with	this	water-limited	environment.	This	fern	exhibits	
an	extreme	form	of	poikilohydry,	which	is	the	ability	to	toler-
ate	dramatic	changes	in	internal	water	status,	in	response	to	
temporal	changes	in	environmental	conditions.	During	periods	
of	drought,	the	once-green	fronds	of	this	fern	shrivel	into	a		
stiff	brown	cluster.	Where	most	plants	die	almost	immediately	
upon	loss	of	15%	of	their	water	content,	this	fern	can	lose	up		
to	97%	of	its	water	content	and	still	survive.	A	single	individual	
can	remain	in	the	dried,	retracted	state	for	more	than	100	years	
and	rehydrate	leaves	when	favorable	conditions	return.	This	
resurrection	is	one	of	the	most	extreme	forms	of	desiccation		
tolerance	on	Earth.	No	wonder	NASA	scientists	were	interest-
ed.	This	spectacular	physiological	adaptation	has	earned		
P. polypodioides	the	common	name	resurrection	fern.
	 There	are	multiple	mechanisms	that	allow	this	fern	and	
other	poikilohydrous	plants	to	survive	large	losses	in	water	
content.	For	example,	dehydrated	cells	collapse	as	they	lose	
water,	and	without	a	healthy	cytoplasm,	the	leaves	are	more	
vulnerable	to	excess	sunlight	or	photo-damage.	In	order	to	
protect	against	this	type	of	damage,	many	poikilohydrous	
plants	produce	proteins	that	help	maintain	the	integrity	of	
cells.	These	stress-specific	proteins,	such	as	late	embryogenesis	
abundant	proteins	(LEAs),	dehydration	induced	proteins	

(DHAs)	and	heat	shock	proteins	(HSPs),	have	been	shown		
to	increase	the	elasticity	of	cellular	structures	and	reduce	
damage	during	dehydration.	These	proteins	improve	the		
function	of	plant	cells,	resist	the	breakdown	of	important	
functions	such	as	photosynthesis,	and	aid	in	the	resurrection		
of	a	desiccated	plant	when	rehydrated.
	 When	the	resurrection	fern	was	launched	into	space,	
NASA	performed	an	experiment	to	study	the	remarkable	
“resurrection”	in	the	absence	of	gravity,	and	the	restoration	
of	photosynthesis.	The	experiment	used	a	technique	called	
chlorophyll	fluorescence	to	assess	the	health	and	function	of	
important	photosynthetic	reactions.	Chlorophyll	is	a	photo-
synthetic	pigment	that	is	produced	in	all	green	plants	during	
biologically	active	periods	but	breaks	down	in	plants	that		
are	dead	or	in	dormant	states.	Light	energy	absorbed	by		
chlorophyll	is	used	in	three	ways:	1)	to	produce	chemical		
energy,	2)	to	be	dissipated	as	heat,	and	3)	to	be	fluoresced	
or	re-emitted	as	red	and	near-infrared	light.	By	using	short,	
bright	flashes	of	light,	and	measuring	the	small	amount	of		
re-emitted	light	using	an	infrared	detector,	scientists	can		
measure	the	activity	of	chlorophyll	pigments.	By	association,	
this	measurement	can	be	used	to	monitor	plant	activity.	
	 Wait	a	second	–	photosynthesis	requires	light,	water	and	
carbon	dioxide.	How	did	NASA	engineers	design	such	an	ex-
periment	in	a	place	without	air	or	liquid	water?	(We	encourage	
you	to	stop	here	and	think	how	you	might	accomplish	this.)
	 NASA	constructed	a	small	module	to	contain	all	of	these	
necessary	components.	Water	was	kept	in	a	pouch	that	was	
punctured	by	razor	blades	using	a	spring-loaded	plunger.	This	

Left: Space Shuttle Discovery STS-85 blasting off from Florida’s Kennedy Space 
Center carrying a unique botanical specimen into space. NASA photo.

Above: Pleopeltis polypodioides has evolved a remarkable ability to cope with a water-limited environment. On the left, the 
fern’s fronds are fully hydrated; photo by Bob Peterson. On the right, in response to a lack of water, the fronds shrivel; photo 
by Mary Keim.
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water	was	then	absorbed	by	an	adjacent	gauze	pad,	in	contact	
with	the	desiccated	fern	specimen.	The	gauze	pad	also	contained	
a	crushed	Alka-Seltzer	tablet	that	released	carbon	dioxide	upon	
hydration.	Growth	LEDs	were	used	to	emit	blue	wavelength	
light,	inducing	chloroplast	relocation	for	maximum	light	absorp-
tion.	These	growth	LEDs	were	switched	on	for	a	two-day	growth	
period	in	the	chamber,	following	the	release	of	water	and	carbon	
dioxide,	to	allow	for	successful	resurrection.	A	red	LED	was	
flashed	to	induce	chlorophyll	fluorescence	in	the	fern	specimen.	
This	fluorescence	was	then	measured	using	an	infrared	detecting	
photodiode.	Fluorescence	measurements	were	taken	before,	after,	
and	during	experimentation	to	monitor	chlorophyll	activity	dur-
ing	periods	of	desiccation	and	subsequent	resurrection.		
	 And	the	results	were,	well…	stellar.	As	it	turns	out,	the	
resurrection	fern	can	rapidly	rehydrate	and	recover	in	zero	
gravity.	Chlorophyll	fluorescence	dramatically	increased	after	
each	growth	period	and	gradually	decreased	to	baseline	
following	dormancy,	similar	to	experiments	performed	on	
Earth.	While	it	is	true	that	NASA	astronauts	and	engineers	
performed	this	far-out	experiment,	the	project	itself	had		
very	different	beginnings.	In	fact,	the	idea	started	in	a	South		
Carolina	middle	school	classroom,	and	students	gathered		
the	sample	that	was	flown	on	the	Shuttle	from	a	backyard		
on	Seabrook	Island,	South	Carolina.	
	 In	Florida,	we	have	the	privilege	to	observe	this	remark-
able	species	of	fern	in	its	natural	environment;	a	plant	that	has	
been	to	space,	exhibits	an	extreme	physiological	adaptation,	
and	serves	as	an	example	for	engineers	in	creating	synthetic	
materials.	Who	would	have	thought	that	so	many	amazing	
credentials	would	be	held	by	a	small	fern?	
	 The	truth	is,	ferns	have	a	surprisingly	large	array	of	amaz-
ing	adaptations,	allowing	them	to	survive	in	stressful	condi-
tions.	There	are	even	xerophytic	(drought-adapted)	ferns	that	

are	perfectly	suited	to	living	in	desert	conditions.	Ferns	are	
the	second	most	diverse	group	of	vascular	plants,	with	many	
examples	of	poikilohydry.	Interestingly,	there	are	currently	no	
known	poikilohydrous	seed-only	plants.	
	 Since	the	first	fern	in	space,	there	have	been	several	other	
projects	that	investigate	fern	biology	in	zero	gravity.	On	the	
next	episode	of	“Ferns	in	Space”	perhaps	we	will	learn	about	
the	partnership	between	NASA’s	Ames	Research	Center	and	
Purdue	University	centered	on	a	small	spacecraft	called		
SporeSat.	Launched	aboard	SpaceX-3,	SporeSat	was	deployed	
into	orbit	on	April	18,	2014,	and	is	being	used	to	conduct	
biological	experiments	and	investigate	the	effect	of	gravity	on	
the	reproductive	spores	of	the	aquatic	fern	Ceratopteris richardii.	
It	turns	out	that	C. richardii	spores	can	sense	and	respond	to	
gravity	only	a	few	hours	after	germination.
	 Because	Florida	has	more	species	of	ferns	than	any	other	
state	in	the	continental	U.S.,	we	can	easily	step	outside	and		
explore	other	species	within	this	spectacular	group	of	plants.	If	you	
want	to	see	resurrection	with	your	own	eyes,	find	a	resurrection	
fern	on	a	nearby	nature	trail	or	tree	branch	during	a	dry	spell	and	
watch	what	happens	once	it	is	drenched	with	rain.	Over	the	span	
of	a	few	hours,	the	fern	will	come	back	to	life.	Far-out!
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Photos of Pleopeltis polypodioides by Bob Peterson and Mary Keim are published 
in compliance with the creative commons legal code found at: 
https://creativecommons.org/licenses/by/2.0/legalcode and http://creativecom-
mons.org/licenses/by-nc-sa/4.0/legalcode, respectively.
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About the Authors

Christopher Krieg is a Ph.D. student in the Department of Biology at the 
University of Florida. His research spans topics from physiological ecology, 
genetics, and evolution of plants, particularly in ferns. It is said that he can  
hear a whisper of the word “fern” from a mile away.

Sandy Saunders is a recent B.S. in Biology graduate from the University 
of Florida.

Above: NASA performed an onboard experiment to study the ability of the fern to “resur-
rect” and photosynthesize in the absence of gravity. The experiment used a technique 
called chlorophyll fluorescence to assess the health and function of important photosyn-
thetic reactions. NASA constructed a small module to contain the fern, as well as all the 
requirements for photosynthesis - light, water and carbon dioxide. 
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