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Abstract	

Fibropapilloma	 (FP)	 tumors	 have	 become	 more	 severe	 in	 Hawaiian	 green	 sea	 turtles	
since	they	were	first	found	in	1928.	The	nitrogen	footprint	found	in	foraging	grounds,	in	
which	sea	turtles	live	and	feed,	 is	the	main	cause	of	FP	in	green	sea	turtles.	Nitrogen	is	
converted	 into	 arginine,	 an	 amino	 acid	 that	 causes	 tumor	 formation	 by	 algae,	 that	 sea	
turtles	 consume.	 Many	 studies	 have	 been	 conducted	 on	 the	 disease	 and	 it	 has	 been	
concluded	that	the	severity	of	the	tumors	is	higher	in	turtles	with	larger	carapace	(shell	
length).	As	well,	 some	studies	have	shown	that	where	 there	 is	nitrogen	waste,	 there	 is	
also	an	increased	disease	rate,	and	that	these	locations	are	foraging	grounds.	It	was	also	
proven	that	these	locations	contain	macroalgae	with	arginine,	further	proving	that	there	
is	 a	 direct	 relationship	 between	where	 these	 algae	were	 found	 and	where	 sea	 turtles	
with	 FP	 live	 and	 feed.	 Green	 sea	 turtles	 are	 endangered	 and	 it	 is	 crucial	 that	 we	
understand	FP	completely	in	order	to	eliminate	the	disease.	This	review	will	explain	how	
nitrogen	waste	causes	severe	Fibropapilloma	tumors	in	Hawaiian	green	sea	turtles.		

	

1. Introduction	
	

Green	sea	turtles	have	been	on	the	endangered	species	list	since	1978.	One	of	the	main	
causes	of	the	endangerment	of	the	turtles	is	Fibropapilloma	(FP).	Fibropapilloma	tumors	
are	benign	tumors	that	appear	on	the	surface	of	the	turtles’	skin.	It	is	unknown	how	turtles	
develop	the	tumors	but	they	are	likely	caused	by	pollution,	specifically	nitrogen	runoff	
from	farming.	The	effects	of	tumors	on	green	sea	turtles	are	very	severe	to	the	health	of	the	
animal.	The	tumors,	over	time,	progressively	worsen	and	become	larger	as	more	appear.	FP	
is	known	to	be	more	severe	in	turtles	with	a	larger	carapace	(shell).	FP	also	causes	
blindness,	feeding,	and	breathing	issues,	and	increases	drag	that	slows	the	turtle	down.	
Without	resolving	this	issue,	the	disease	will	continue	to	negatively	affect	turtles	and	will	
eventually	lead	to	their	extinction.	Additionally,	the	nitrogen	footprint	and	subsequent	
decline	in	sea	turtle	populations	will	continue	to	cause	many	other	problems	in	our	marine	
environments	such	as	endangerment	of	other	marine	species	and	the	coral	reefs	that	are	
reliant	on	sea	turtles.	
	
Although	many	studies	conclude	that	nitrogen	waste	is	the	main	cause	of	the	tumors	
(Mccrink-Goode	M.,	2014),	others	hypothesize	that	FP	in	sea	turtles	results	from	their	
foraging	grounds	environment	(Brill	RW	et	al.,	1995).	Foraging	grounds	are	where	turtles	
live	and	feed	throughout	their	lives.	However,	these	conclusions	are	not	mutually	exclusive:	
studies	have	found	that	where	there	are	higher	levels	of	nitrogen	waste	tend	to	be	located	
in	foraging	grounds.	This	review	will	uniquely	prove	that	these	two	hypotheses	work	
together	and	that	the	main	cause	of	the	disease	is	the	pollution	of	nitrogen	waste	in	
foraging	grounds.	Understanding	why	nitrogen	waste	causes	FP	in	Hawaiian	green	sea	
turtles	is	important	in	knowing	how	to	prevent	the	disease	and	hopefully	eliminating	it	all	
together.	Leaving	the	issue	unresolved	comes	at	the	expense	of	an	entire	species.		



 

N.	Colbourne	\	Oceans	First,	Issue	4,	2017,	pgs.	16-22.	 17	

	
To	address	the	issue	of	FP	tumors,	this	paper	will	explain	why	nitrogen	waste	causes	
severe	FP	tumors	in	Hawaiian	green	sea	turtles;	specifically,	it	will	describe	how	nitrogen	
waste	gets	converted	into	an	amino	acid	called	arginine.	In	sea	turtles	with	FP,	it	is	found	
that	they	have	higher	levels	of	arginine.	This	paper	will	additionally	review	studies	that	
have	proven	the	relationship	between	nitrogen	waste,	arginine,	sea	turtle	foraging	grounds,	
and	the	subsequent	effects	of	FP	on	sea	turtles.	
	
	
2. Fibropapilloma	Tumors	

	
Fibropapilloma	tumors	have	been	affecting	Hawaiian	green	sea	turtles	since	1928,	when	
the	first	turtle	with	FP	was	found	in	the	Florida	Keys.	Up	until	1998,	all	turtles	with	FP	were	
found	in	southern	Florida	and	only	20%	of	the	entire	turtle	population	had	the	disease	
within	the	region.	FP	is	now	found	across	the	world	and	can	affect	50%-70%	of	some	
populations.	In	fact,	it	was	reported	in	2010	that	92%	of	the	turtle	population	in	Kaneohe	
Bay,	Oahu,	Hawaii,	have	the	disease.	Out	of	the	seven	different	turtle	species,	the	disease	is	
mainly	found	in	green	sea	turtles	(Work	et	al.,	2013).	It	is	unknown	as	to	why	FP	severely	
affects	green	sea	turtles	and	no	other	species,	which	is	why	it	is	important	to	study	and	
understand	it.		
	
There	are	many	unknown	details	of	the	Fibropapilloma	disease	since	the	inaccessibility	of	
sea	turtles	makes	it	difficult	to	study	the	species.	Green	sea	turtles	are	no	exception	and,	
like	many	marine	animals	are	not	easily	accessible	because	they	do	not	remain	in	one	place	
within	the	ocean.	Many	studies	refer	to	FP	as	the	“orphan	disease”	since,	it	has	been	
forgotten	or	has	not	been	a	priority	to	study	due	to	many	other	issues	within	marine	
environments	that	have	been	prioritized	such	as	pollution	and	its	effects	on	the	coral	reefs	
(Work	et	al.,	2014).	As	well,	there	are	not	many	people	looking	into	the	disease	due	to	how	
difficult	it	is	to	study	and	the	knowledge	we	have	about	green	sea	turtles.		
	
As	stated,	FP	tumors	are	benign	tumors	that	appear	on	the	surface	of	the	skin	of		green	sea	
turtles.	The	tumors	are	mainly	found	on	turtles	with	a	large	carapace.	These	tumors	can	
cause	issues	with	sight,	breathing,	feeding,	and	swimming.	Skin	tumors	can	also	become	
abraded,	allowing	for	bacterial	infections.	The	effects	of	FP	may	lead	to	the	slow	and	
lingering	death	of	a	green	sea	turtle.	Although	one	study	in	Hawaii	showed	that	tumor	
regression	is	possible	with	a	portion	of	the	turtle	population,	it	is	more	common	that	the	
disease	progressively	worsens	over	time	(Work	et	al.	2013).	One	study	that	was	reviewed	
by	Chaloupka	et	al.	(2005)	followed	the	population	of	sea	turtles	in	Pala’au,	Hawaii.	198	
green	sea	turtles	were	studied	from	1984	to	1998,	and	it	was	concluded	that	the	disease	
progressively	worsened	over	the	14	year	period	(Fig.	1b).	The	results	from	Chaloupka’s	
study	proved	that	over	the	14	year	period,	the	tumors	notably	worsened.	In	1984	the	
tumor	severity	score	was	about	-0.6,	meaning	that	the	tumors	were	not	very	severe	and	did	
not	show	much	harm	to	the	turtles.	In	1994	the	tumor	severity	score	was	0.3,	proving	that	
the	severity	of	tumors	increased	within	the	14	years	of	the	study.	The	tumor	severity	score	
is	determined	by	the	size	and	the	risk	it	causes	to	the	turtle,	therefore,	a	higher	tumor	
severity	score	means	that	the	tumors	had	a	more	severe	effect	on	the	green	sea	turtles.	As	
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well,	the	data	proves	that	a	turtle	with	a	carapace	length	of	80cm	has	a	much	higher	
severity	score	than	a	turtle	with	a	carapace	length	of	40cm.	As	such,	not	only	are	there	
many	negative	effects	associated	with	FP	tumors	on	Hawaiian	green	sea	turtles,	these	
effects	get	progressively	worse	over	time	as	the	infection	increases	and	with	larger	turtle	
size.	
	

	 	
Figure	1.	Carapace	length	and	the	sampling	year	affects	the	tumor	severity	score	in	green	sea	turtles	

found	in	Pala’au,	Hawaii	over	14	years.	(Chaloupka	et	al.,	2005)	
	

	
3. Nitrogen	Waste	

	
Nitrogen	waste	is	known	to	cause	ocean	acidification,	dead	zones,	the	depletion	of	fisheries,	
and	FP	in	sea	turtles.	Elevated	nitrogen	waste	levels	have	a	direct	effect	on	FP	in	green	sea	
turtles	which	also	results	in	a	larger	nitrogen	footprint.	Nitrogen	waste	mainly	comes	from	
agricultural	fertilization	and	cattle.	Farming	causes	nitrogen	waste	to	enter	the	ocean	
ecosystem,	specifically	in	coastal	areas	where	nitrogen	waste	goes	into	the	oceans	through	
rivers	and	other	waterways.	Many	studies	have	proven	that	where	there	is	a	high	level	of	
nitrogen	waste,	there	is	an	increased	disease	rate	(Brill	RW	et	al.,	1995;	Chaloupka	et	al.,	
2005;	Van	Houtan	et	al.,	2010).	The	correlation	between	disease	rate	and	nitrogen	footprint	
is	caused	by	nitrogen	in	the	macroalgae	that	green	sea	turtles	consume.	The	algae	convert	
nitrogen	into	an	amino	acid	called	arginine	which	is	known	to	contribute	to	tumor	
formation	(Nuwer,	2014)	and	turtles	that	have	FP	are	known	to	have	high	levels	of	
arginine.	In	fact,	one	study	by	Mccrink-Goode	(2014)	includes	4000	Hawaiian	green	sea	
turtles	and	suggests	that	a	macroalgae	which	thrives	in	high	nitrogen	environments	is	the	
primary	diet	of	foraging	turtles,	leading	to	FP	tumors	(Mccrink-Goode,	2014).	
	
Another	study	by	Van	Houtan	et	al.	(2010)	using	data	from	1980	to	2010,	proved	that	high	
nitrogen	footprint	areas	correlate	to	higher	disease	rates.	Many	different	populations	of	
green	sea	turtles	were	studied	across	three	Hawaiian	Islands:	Maui,	Oahu,	and	Hawaii	
(Figure	2).		
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Figure	2.	Disease	rate	and	Nitrogen	footprint	levels	show	the	same	pattern	across	watersheds	in	the	
three	Hawaiian	Islands.	(Van	Houtan	et	al.,	2010)	The	colourbar	ranges	from	low	disease	

rates/footprint	levels	(0	or	green)	to	high	rates/levels	(1	or	red).	
	
The	left	maps	in	Figure	2	shows	the	standardized	disease	rates	in	watersheds	while	the	
right	maps	show	nitrogen	footprint	levels.	In	Oahu	(top	panel),	the	high	(orange-	and	red-
shaded)	disease	rate	(left)	correlates	with	a	high	(red-shaded)	nitrogen	footprint.	Similar	
correlations	occur	throughout	the	maps;	for	example,	a	disease	rate	of	0.5	(yellow)	is	
associated	with	a	nitrogen	footprint	level	of	0.5.	The	correlation	between	the	two	maps	for	
each	island	proves	that	the	nitrogen	footprint	has	a	direct	relationship	with	FP	in	turtles.	
Furthermore,	this	study	showed	that	the	macroalgae	are	widespread	in	watersheds	where	
disease	rates	and	nitrogen	footprint	values	are	elevated	(Figure	3).	In	other	words,	in	the	
orange-	and	red-coloured	regions	in	Figure	2,	there	were	high	rates	of	microalgae.	In	the	
locations	where	there	is	a	high	nitrogen	footprint,	more	algae	are	found,	proving	that	the	
algae	containing	arginine	influences	the	disease	rate.		
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Figure	3.	Macroalgae	are	widespread	in	the	same	locations	where	there	is	an	increased	disease	rate	

across	three	Hawaiian	Islands;	Maui,	Oahu,	and	Hawaii	(Van	Houtan	et	al.,	2010).	
	
The	study	by	Chaloupka	et	al.	(2005)	showed	how	the	disease	got	worse	over	14	years	and	
was	more	severe	in	turtles	with	higher	carapace	length	(Figure	1).	In	the	study	by	Van	
Houtan	et	al.	(2010),	it	was	concluded	that	the	reason	the	disease	worsened	over	time	was	
due	to	increased	nitrogen	waste	in	the	oceans.	Additionally,	the	Van	Houtan	study	helps	
explain	that	the	disease	is	more	severe	in	turtles	with	a	larger	carapace	length	since	these	
larger	turtles	must	eat	more	algae,	meaning	they	have	more	arginine	in	their	systems.	
There	was	some	debate	as	to	why	some	green	sea	turtles	have	more	severe	FP	than	other	
turtles,	but	it	was	found	that	there	is	a	direct	relationship	between	the	location	of	a	sea	
turtle	and	their	severity	of	the	disease.	
	
	
	
4. Foraging	Grounds	

	
Foraging	grounds	are	where	green	sea	turtles	live	and	feed	throughout	their	lives.	Green	
sea	turtles	eat	mainly	algae	and	sea	grasses	and	spend	most	of	their	lives	in	shallow	bays	
and	nearshore	areas	where	these	plants	are	present	(Brill	et	al.,	1995).	In	these	foraging	
grounds,	macroalgae	with	arginine	are	found,	and	are	consumed	by	green	sea	turtles.	These	
arginine	containing	macroalgae	are	only	found	in	foraging	grounds	where	a	nitrogen	
footprint	is	present.	Studies	have	attempted	to	prove	that	climate	change	or	plastics	in	the	
ocean	are	the	cause	of	FP.	However,	the	overlap	of	foraging	grounds	with	high	nitrogen	
waste	and	high	rates	of	FP	(see	Figure	2)	clearly	reveal	the	cause	of	FP	in	turtles:	nitrogen	
runoff	impacting	the	food	source	of	sea	turtles	in	their	foraging	grounds.	More	specifically,	
microalgae	in	these	foraging	grounds	convert	the	nitrogen	waste	to	the	likely	FP	causing	
compound:	arginine.		
	
In	a	study	by	Brill	et	al.	(1995)	and	conducted	in	Kaneohe	Bay	–	a	highly	accessible	foraging	
area	-	the	horizontal	movements	and	submergence	intervals	were	tracked	and	sea	turtles	
were	hand-captured	to	study.	The	study	concluded	that	these	turtles	did	not	move	far	away	
from	the	foraging	ground	at	any	given	time	(Brill	et	al.,	1995).	Figure	3	shows	that	there	are	
many	foraging	grounds	in	Oahu	which	have	arginine	infested	algae.	Since	green	sea	turtles	
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do	not	move	far	away	from	foraging	grounds	with	lots	of	available	algae,	the	turtles	will	
continue	to	eat	the	algae	and	subsequent	arginine,	causing	them	to	develop	FP.	The	algae	
with	arginine	is	found	in	most	foraging	grounds	especially	around	Oahu,	as	shown	in	Figure	
3.	As	such,	the	tumor-causing	arginine	found	in	foraging	grounds	has	a	large	impact	on	
green	sea	turtles	and	proves	that	nitrogen	waste	in	foraging	grounds	is	the	leading	cause	of	
FP	in	sea	turtles.		
	
5. Conclusion	

	
Fibropapilloma	tumors	have	many	negative	effects	on	Hawaiian	green	sea	turtles	and	are	
the	leading	cause	of	their	endangerment.	The	main	cause	of	FP	in	Hawaiian	green	sea	
turtles	is	the	large	nitrogen	footprint	associated	with	agricultural	runoff.	Nitrogen	from	this	
runoff	is	stored	in	their	foraging	grounds	in	algae	as	arginine,	which	turtles	then	eat,	
leading	to	the	development	of	tumors.	Many	different	studies	conducted	on	FP	in	sea	
turtles	have	reiterated	the	severity	of	FP	and	linked	it	to	nitrogen	and	foraging	grounds	
separately,	but	few	have	made	the	connection	between	the	large	nitrogen	footprint	in	sea	
turtle	foraging	grounds.	When	the	Pala’au	population	of	sea	turtles	in	Hawaii	was	studied,	
it	was	found	that	larger	turtles	had	more	severe	tumors	and	FP	dramatically	worsened	in	
infected	turtles	over	time	(Chaloupka	et	al.,	2005).	As	well,	the	study	reviewed	by	Van	
Houtan	et	al.	(2010)	showed	that	where	there	was	an	increase	in	disease	rate,	there	was	a	
nitrogen	footprint.	Connecting	these	studies,	it	was	evident	that	where	there	was	both	a	
nitrogen	footprint	and	an	increased	disease	rate,	there	was	a	foraging	ground.	In	the	final	
study	that	was	reviewed,	it	was	proven	that	green	sea	turtles	do	not	move	far	away	from	
the	foraging	grounds	at	any	given	time.	The	studies,	when	compared,	all	point	to	the	result	
that	green	sea	turtles	remain	in	their	foraging	grounds	because	of	the	abundance	of	algae.	
Since	the	algae	that	the	sea	turtles	eat	contain	arginine,	an	amino	acid	that	causes	the	
formation	of	tumors,	sea	turtles	are	developing	FP,	which	is	causing	them	to	die	and	be	
endangered.		
	
It	is	critical	that	for	the	future	we	find	a	cure	or	a	method	for	disease	prevention	since	
green	sea	turtles	are	endangered	and	are	on	their	way	to	extinction.	Possible	future	studies	
may	include	examining	young	turtles	in	foraging	grounds	and	watching	their	diet	to	
understand	when	and	how	the	disease	first	appears	in	sea	turtles.	It	is	also	crucial	that	we	
learn	ways	to	prevent	the	disease	by	understanding	why	and	how	the	algae	converts	
nitrogen	to	arginine	and	by	eliminating	the	nitrogen	footprint.	The	nitrogen	footprint	has	
increased	dramatically	over	recent	years	so	it	will	be	very	difficult	to	eliminate	it	
altogether.	As	such,	future	studies	should	focus	on	possible	technologies	that	can	mitigate	
or	prevent	FP	in	turtles,	as	well	as	focus	on	understanding	turtle	populations	in	general.	
Overall,	future	research	is	needed	so	that	we	know	more	about	the	disease	and	sea	turtles	
to	stop	this	severe	disease.		
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