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Executive	Summary	
	
While	remaining	populations	of	Hawaiian	forest	birds	maintain	small	populations	within	
protected,	high-elevation	habitat,	anthropogenic	climate	change	threatens	to	facilitate	the	
upward	expansion	of	temperature-dependent	disease	and	drive	remaining	native	bird	
populations	to	extinction.		Active	conservation	management	and	habitat	restoration	have	
allowed	forest	birds	to	survive	in	these	isolated	locations,	yet	these	species	are	still	at	great	
risk	for	avian	disease	spread	by	invasive	mosquitos.	Creative	conservation	interventions	
are	required	to	thwart	mosquito	vectors	and	save	remaining	populations	these	iconic	and	
culturally	important	native	Hawaiian	birds.	
	
Major	system	fragilities	and	related	threats	include:	
• Warming	temperatures,	changes	in	precipitation,	invasive	species,	destruction	from	

hoofed	ungulates,	and	ROD.	
• The	upward	expansion	of	mosquitoes	in	a	warming	climate	and	the	transmission	of	the	

avian	malaria	parasite	to	birds	who	do	not	have	immunity	to	disease.	
• Lack	of	funding,	manpower,	and	regulatory	mechanisms	to	implement	creative	

biosecurity	solutions.	
	
Interventions	can	reduce	threats	and	create	desirable	futures.	These	include:	
• Learning	to	adapt	to	warming	temperatures	and	changes	in	precipitation	regimes	

through	resilient	and	forward	thinking	approaches	to	conservation.	
• Management	and	potential	eradication	of	invasive	mosquito	populations	including	SIT	

and	gene	drive	technologies.	
• Maintaining	native	‘o’hia	and	koa	forests	through	active	planting	and	seed-bank	

regeneration,	as	well	as	the	control	of	ROD	and	removal	of	invasive	species.	
• Organized	partnerships,	public	awareness,	and	creative	funding	streams	to	aid	in	the	

long-term	support	of	conservation	networks	and	management	plans.	
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1.0	Introduction	
	
Near	the	top	of	Mauna	Loa	on	the	Island	of	Hawaii	at	a	site	more	than	3300	meters	above	
sea	level,	scientists	measure	the	concentration	of	carbon	dioxide	in	the	atmosphere.	In	one	
of	the	most	important	geophysical	records	ever	made,	the	Keeling	Curve	has	noted	the	rise	
in	atmospheric	CO2	due	to	land	use	changes	and	industrial	fossil	fuel	combustion.	On	the	
same	island	atop	a	neighboring	volcano,	there	is	another	laboratory	of	sorts.	In	one	of	the	
most	stunning	examples	of	adaptive	radiation	in	the	world,	Hawaiian	honeycreepers	
evolved	from	a	single	colonization	event	that	lead	to	the	evolution	of	29	distinct	species.	
Their	native	forest	habitats,	described	as	an	“evolutionary	laboratory”,	allowed	these	
nectar-eating	passerines	to	develop	adaptations	and	expand	their	ecological	niches.	Today,	
Hawaii’s	incredibly	unique	forest	birds	are	considered	one	of	the	most	endangered	
avifauna	in	the	world,	and	the	combined	effect	of	invasive	species	introduction,	land-use	
change,	and	a	warming	climate	threaten	to	eradicate	remaining	populations.		
	
1.1	Centuries	of	Invasive	Species	Introduction	and	Land-Use	Change	
	
Endemic	forest	birds	have	faced	a	myriad	of	threats	since	the	first	humans	set	foot	on	the	
Hawaiian	Islands.	When	the	seafaring	Polynesians	arrived	at	the	Hawaiian	Islands	by	A.D.	
600,	they	brought	with	them	a	number	of	nonnative	plant	and	animals	including	sugarcane,	
coconut	palm,	pigs,	and	chickens	(Olson,	2004).	In	clearing	lowland	forest	for	agricultural	
land,	they	depleted	critical	habitat	for	small	passerines	who	relied	on	the	understory	for	
cover	and	food	(Olson	and	James,	1982).	
Deforestation	and	heavy	cultivation	of	the	
land	obliterated	niche	habitat	and	drove	many	
species	to	extinction.	Flightless	birds	were	
particularly	vulnerable	to	predation,	both	by	
humans	and	other	introduced	mammals.	Due	
to	a	combination	of	habitat	destruction	and	
predation,	it	has	been	estimated	that	
Polynesian	residents	may	have	been	
responsible	for	the	disappearance	of	more	
than	half	the	endemic	avifauna	of	the	
Hawaiian	Islands	(Olson	and	James,	1982).	

The	Europeans,	who	had	reached	the	
Hawaiian	Islands	beginning	in	1778,	greatly	
accelerated	the	rate	of	introduction	of	alien	
species	and	the	subsequent	decline	of	native	
birds.	Forests	were	cut	for	firewood	to	

 
 
Image	1:	Hawaii	is	the	most	isolated	
archipelago	in	the	world	(Google	
Maps,	2020).	
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develop	ships	for	whaling	and	for	the	sandalwood	trade	(Sohmer,	1991).	Large	amounts	of	
upland	and	remaining	lowland	forests	were	cleared	for	plantation	crops	using	new,	
efficient	agricultural	technologies	for	planting	sugar,	pineapple,	coffee,	macadamia	and	
papaya.	Europeans	introduced	cattle,	sheep,	deer	and	goats	into	high	elevation	forests,	and	
their	subsequent	trampling	of	understory	plants	destroyed	vast	areas	of	habitat,	further	
restricting	the	amount	of	available	land	for	native	forest	birds	to	higher	elevations	
(Sohmer,	1991).		
 
1.2	Invasive	Species	and	Associated	

Impacts	on	Forest	Birds	
	
Given	Hawaii’s	remote	location,	it	is	believed	
that	the	species	colonization	rate	before	human	
contact	was	one	species	every	25,000	to	50,000	
years	(Conservation	of	Native	Biodiversity	
2010).	Prior	to	the	arrival	of	humans,	the	
Hawaiian	archipelago	supported	an	incredible	
array	of	more	than	100	endemic	species	of	land	
and	water	birds	(Benning	et	al.,	2002).	But	
Hawaii’s	isolation	didn’t	last	forever.	Today,	
nearly	one	quarter	of	the	plants	and	animals	
that	inhabit	the	archipelago	are	alien	and	have	
been	either	directly	or	indirectly	introduced	
through	human	contact.	The	introduction	of	alien	species	to	the	Hawaiian	archipelago	has	
been	devastating	to	the	islands’	biodiversity,	and	the	combined	effect	of	habitat	loss,	
disease,	and	nonnative	species	introduction	with	greater	frequency	destroyed	the	
ecological	balance	established	over	evolutionary	timescales.	In	the	last	few	centuries,	
introductions	of	alien	species	have	been	deliberate,	as	with	crop	and	ornamental	flowering	
plants,	domesticated	livestock	and	nonnative	songbirds.	Introductions	have	also	occurred	
accidently	over	time	through	the	release	of	alien	insect	and	animal	species	traveling	in	
cargo,	ship	holds,	and	on	the	wheel	wells	of	airplanes.	Introduced	species	have	wreaked	
havoc	on	Hawaiian	bird	populations	by	occupying	and	altering	forest	habitat,	modifying	
food	chains,	and	spreading	infectious	disease.		

Today,	less	than	half	of	the	original	100	bird	species	of	Hawaii	still	exist,	11	of	which	
have	not	been	seen	for	decades	and	are	likely	extinct	(Benning	et	al.,	2002).	Due	to	the	low	
fecundity	of	Hawaiian	honeycreepers	–	most	females	produce	only	a	solitary	egg	each	year	
–	and	their	low	tolerance	for	avian	disease	spread	by	invasive	mosquitos,	populations	of	
native	passerines	have	dramatically	declined.	Critical	for	forest	bird	survival	has	been	the	
native	montane	forest	habitat	in	which	honeycreepers	evolved	over	thousands	of	years.	
Native	koa	and	`ohi`a,	trees	endemic	to	the	Hawaiian	Islands,	maintain	forests	communities	

 

 
Image	2:	Apapane	adult	on	‘ohi'	
(photo	by	Jack	Jeffery).	
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at	elevations	between	500	and	2,700	meters	with	varying	rainfall,	vegetation,	and	
microclimates	(US	Fish	and	Wildlife	Service,	2010).	Yet	a	history	of	deforestation,	invasive	
ungulate	species	that	destroy	forest	understory,	and	aggressive	nonnative	plants	and	
disease	have	altered	these	important	habitats.		

1.3	The	Conservation	Response	
	
In	an	effort	to	save	the	remaining	populations	of	Hawaii’s	endemic	forest	bird	communities,	
scientists,	resource	managers	and	policy	makers	combined	efforts	to	monitor	populations,	
reduce	non-native	predators,	and	restore	native	Hawaiian	montane	forest.	Today,	endemic	
bird	populations	persist	on	several	main	islands	throughout	Hawaii,	many	of	which	are	
protected.	On	the	Island	of	Hawaii,	more	than	13,000	hectares	of	forest	within	the	Hakalau	
Forest	Unit	in	South	Hilo	and	the	Kona	Forest	Unit	in	South	Kona	District	were	set	aside	
with	the	explicit	mission	to	protect	native	forest	birds	and	their	habitats	(US	Fish	and	
Wildlife	Service,	2010).	This	federal	land,	known	collectively	as	the	Big	Island	National	
Wildlife	Refuge	Complex,	is	monitored	and	managed	by	the	U.S.	Fish	and	Wildlife	Service.	
The	refuge	was	established	to	conserve	endangered	forest	birds	and	their	habitat.	
Together,	the	two	units	support	nine	endangered	bird	species,	one	species	of	endangered	
bat,	and	more	than	20	rare	and	endangered	plant	species.		Active	conservation	
management	and	habitat	restoration	have	allowed	forest	birds	continue	to	survive	in	these	
isolated	locations,	but	birds	are	still	at	great	risk	from	avian	disease	spread	by	invasive	
mosquitos.		

 
Image	3:	Hawaiian	honeycreepers	show	dramatic	adaptive	radiation	in	their	range	of	
bill	forms	in	response	to	available	food	sources	(Lovette	2018).	
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1.4	Wicked	Problem	
	
While	remaining	populations	of	
Hawaiian	forest	birds	maintain	
adequate	populations	within	protected,	
high-elevation	habitat,	anthropogenic	
climate	change	threatens	to	facilitate	
the	upward	expansion	of	temperature-
dependent	disease	and	drive	remaining	
native	bird	populations	to	extinction	
(Benning	et	al.,	2002).	There	is	current	
interest	in	the	application	of	alternative	
technologies	to	mitigate	these	threats,	
but	community	acceptance,	financial	
backing,	and	regulatory	mechanisms	
limit	utilization	of	these	conservation	
tools.	Still,	a	key	challenge	in	protecting	
forest	bird	habitat	and	existing	
populations	is	predicting	how	public	
sentiment	will	impact	the	response	to	
climate	change.	Hawaiian	forest	birds	
are	imperiled,	and	without	intervention,	
they	may	soon	cease	to	exist.	
 

2.0	Decision	Makers	
	
2.1	Biosecurity	Agencies	in	Hawaii	
	
Controlling	invasive	species	in	Hawaii	is	a	multiagency	effort	requiring	enormous	time	and	
resources.		There	are	two	primary	state	agencies	responsible	for	controlling	the	
introduction	of	invasive	species.	These	agencies	include	the	Hawaii	Department	of	
Agriculture	(HDOA),	which	regulates	the	import	of	domestic	goods	and	conducts	boarder	
inspections	pertaining	to	agriculture,	and	the	Department	of	Land	and	Natural	Resources	
(DLNR),	which	enforces	regulations	pertaining	to	ship	ballast	water	and	the	control	of	
invasive	species	in	natural	areas	(HDOA,	2017).	Yet	gaps	remain	in	the	regulatory	ability	of	
these	primary	state	agencies.	HDOA	lacks	adequate	inspection	facilities,	properly	equipped	
biocontrol	laboratories,	adequate	staffing,	and	the	technology	required	for	effective	data	
management.	Moreover,	there	are	currently	too	many	restrictions	on	the	types	of	

 
Image	4:	Hakalau	Forest	National	Wildlife	Refuge	
consists	of	the	13,000	hectare	Hakalau	Forest	Unit	
and	the	2,100	hectare	Kona	Forest	Unit,	located	at	
elevations	between	600	and	2000	meters	on	the	east	
and	west	sides	of	the	island	of	Hawaii.	The	sloping	
terrain	is	forested	with	some	of	the	finest	remaining	
stands	of	native	montane	rainforest	in	Hawaii	(US	
Fish	and	Wildlife	Service,	2010).		
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commodities	that	can	be	inspected.	In	2017,	HDOA	and	DLNR	received	less	than	1.5%	of	
the	13.7-billion-dollar	state	operating	budget	(HDOA,	2017).	Another	agency	managing	the	
spread	of	invasive	species	in	Hawaii	is	the	State	Department	of	Health	(DOH),	which	
regulates	vectors	of	human	diseases	including	mosquitoes.	Human	populations	in	Hawaii	
currently	face	multiple	threats	from	diseased	mosquitoes	including	dengue,	Zika,	and	
chikungunya	(HDOA,	2017).		

There	is	also	support	from	local	research	institutions,	including	the	University	of	
Hawaii	(UH),	which	assists	farmers	and	landowners	in	the	management	of	pests	through	
cooperative	extension	services	and	Invasive	Species	Committees.	Private	industry	too,	
including	farmers,	nursery	growers,	rangers,	and	members	of	the	airline	and	shipping	
industries,	are	important	partners	because	they	provide	the	insight	and	expertise	needed	
to	shape	state	and	federal	policy.	Federal	agencies	involved	in	the	battle	against	invasive	
species	who	regulate	the	import	of	foreign	goods	include	the	U.S.	Department	of	
Agriculture	(DOA)	and	U.S.	Customs	and	Border	Protection.		

	

 
Image	5:	View	of	Hakalau	Forest	National	Wildlife	Refuge	from	Google	Earth	shows	
elevated	peaks	and	isolated	terrain	(Google	Earth,	2020).		
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2.2	Organizations	Protecting	Birds	in	Hakalau	NWR	
	
Those	agencies	addressing	the	safety	and	security	of	Hawaiian	forest	birds	are	also	varied,	
and	include	both	state	and	federal	agencies,	as	well	as	nonprofit	and	for-profit	entities.	The	
U.S.	Fish	and	Wildlife	Service	is	federally	mandated	to	protect	endangered	species.	The	
Service	drafts	and	enforces	a	Comprehensive	Conservation	Plan	(CCP)	which	addresses	the	
contributions	required	to	aid	Hakalau	NWR,	and	other	refuges	in	the	Hawaiian	Archipelago,	
in	the	recovery	of	listed	Hawaiian	species.	They	also	assess	the	impacts	of	global	climate	
change	and	outlines	collaborative	efforts.		

USFWS	current	partners	include	the	Hawaii	Division	of	Forestry	and	Wildlife	
(DOFAW),	the	U.S.	Geological	Survey-Biological	Resources	Discipline	(USGS-BRD),	the	U.S.	
Forest	Service	(USFS),	the	Department	of	Hawaiian	Home	Lands	(DHHL),	and	the	National	
Park	Service	(NPS)	(US	Fish	and	Wildlife	Service,	2010).	Hakalau	NWR	is	also	currently	
seeking	new	partnerships	for	which	to	collectively	restore	habitats,	bolster	volunteer	
programs,	and	reinvent	existing	visitor	programs.		

In	addition	to	these	government	regulated	
agencies,	the	Hakalau	NWR	also	continues	to	work	
alongside	Friends	of	Hakalau	Forest,	a	nonprofit	
organization	dedicated	to	the	restoration	of	forest	bird	
habitat	(US	Fish	and	Wildlife	Service,	2010).	Together,	
this	partnership	helps	to	implement	NWR	programs,	
community	outreach,	and	other	conservation	
management	needs.		
	 	

3.0	Wicked	Problem	and	Conceptual	Model		
	
3.1	Existing	Threats	to	Endemic	Hawaiian	Birds	
	
Given	Hawaii’s	attraction	as	a	domestic	and	international	
travel	destination,	the	threat	of	invasive	species	
introduction	is	as	great	as	ever	(LaPointe,	2007).	The	
islands’	dependence	on	national	and	international	trade	
has	further	opened	a	pathway	for	introduction	of	
nonnative	species	(Loke,	2013).	Some	introduced	species	
have	had	little	to	no	effect	on	the	native	flora	and	fauna,	
while	hundreds	of	alien	species	of	insects,	birds,	and	
mammals	have	gained	a	firm	foothold.	These	species	
outcompete	endemic	species	and	vector	diseases	that	
threaten	remaining	populations.	Among	introduced	

 
Image	5:	Culex	quinquefasciatus,	
also	known	as	the	Southern	
house	mosquito,	is	distributed	
worldwide	and	is	invasive	in	
Hawaii.	This	species	of	mosquito	
is	a	vector	for	a	variety	of	disease	
including	encephalitis	and	West	
Nile	virus.	It	is	the	primary	
carrier	of	Avian	Malaria	for	
Hawaii’s	forest	birds	(National	
Museum	of	Natural	History,	
2003-2020).	
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species	impacting	native	forest-dwelling	birds,	the	accidental	introduction	of	mosquitos	
who	serve	as	a	vector	for	avian	disease	have	had	the	most	devastating	consequences	
(Benning	et	al.,	2002).		

Until	Western	expansion,	mosquitoes	and	the	pathogens	they	transmit	were	largely	
absent	in	the	Hawaiian	Archipelago	(LaPointe,	2007).	The	common	mosquito,	Culex	
quinquefasciatus,	was	first	introduced	in	the	early	nineteenth	century	when	European	
sailors	drained	their	water	barrels	on	Maui	(Hawaii	Exemplary	State	Foundation,	2016).	
Today	it	exists	in	large	numbers	at	lower	elevations	where	many	introduced	birds	reside,	
and	it	is	the	primary	vector	for	avian	malaria.	With	no	prior	exposure	or	natural	immunity,	
native	Hawaiian	birds	are	highly	susceptible	to	non-native	pathogens	transmitted	by	Culex	
quinquefasciatus.	As	these	mosquitoes	are	limited	by	temperature,	many	of	Hawaii’s	
remaining	forest	bird	populations	are	restricted	to	high	elevation	forests	above	1400	
meters	(State	of	Hawaii).	In	recent	years,	however,	the	spread	of	mosquito	range	has	been	
augmented	by	climate	change.	Without	intervention,	Hawaii’s	endemic	bird	populations	
face	extinction.		Table	1	details	habitat	and	ecology	of	forest	birds	within	Hakalau	National	
Wildlife	Refuge	along	with	listed	status	and	current	threats	to	survival.		

	

 
Image	6:	Acacia	koa	is	a	species	of	flowering	tree	endemic	to	the	Hawaiian	Islands	and	is	an	
important	foundation	species	in	native	forest	bird	habitat.	Koa	is	prized	in	woodworking	
and	populations	have	suffered	greatly	from	logging.	Koa	is	the	largest	native	tree	in	the	
archipelago,	reaching	50-80	ft	in	height.	(photo	from	FWS).	
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Table	1:	Threatened	birds	of	Hakalau	National	Wildlife	Refuge	(US	Fish	and	Wildlife	Service,	2010).	Photos	from	FWS.	
IUCN	
Status	

• Hawaiian	
Name	

• Scientific	
Name	

• Family	

Habitat	 Ecology	 Threats	 Image	

Endangered	 • Hawai‘i	

‘Ākepa	

	

• Loxops	
coccineus		

	

• Honeycreeper	

Big	Island	and	

Maui.	Surviving	

species	live	only	

in	old	growth	

forests	above	

4,500	feet	(away	

from	

mosquitoes).	

Obligate	cavity-

nester.	

Feeds	mainly	on	‘ōhi‘a	

leaf	clusters,	but	also	on	koa	

leaves	and	seed	pods.	Uses	bill	

to	pry	open	leaf	and	flower	

buds	in	search	of	spiders	and	

other	invertebrates.	Must	find	

naturally	occurring	cavities	in	

trunks	and	branches	usually	

only	found	in	old	growth	‘ōhi‘a	

and	koa	trees.	

Estimated	12,000	

individuals.	Loss	and	

degradation	of	habitat	

(old-growth	trees	for	

cavity	nesting),	alien	

plants	and	animals,	and	

avian	malaria.		

	
	

	

Endangered	

	

• ‘Akiapōlā‘au	

	

• Hemignathus	
munroi	

	

• Honeycreeper	

	

	

Mainly	in	old-

growth	‘ōhi‘a	

and	koa	forests	

in	Ka’u	and	

Hamakua	

districts	of	

Hawaii	Island.	

Restricted	to	

elevations	

between	4,500	

and	7,000	feet.	

Occupies	the	woodpecker	

niche	and	feeds	exclusively	on	

insects,	larvae,	spiders,	and	

beetle	larvae	which	are	found	

hidden	in	bark	of	tree.	May	also	

feed	on	nectar	of	flowers	

shaped	like	its	bill.	Uses	lower	

mandible	to	tap	branches	to	

locate	prey,	and	long	upper	

mandible	to	reach	larvae.		

Loss	and	degradation	of	

habitat,	predation	of	

nests	and	adults	by	

introduced	mammals	

including	rats,	cats,	and	

mongooses.	Prone	to	

avian	disease.	Low	

reproductive	potential	

of	species.	
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Least	

Concern	

• Hawai‘i	

‘Amakihi	

	

• Hemignathus	
virens	
	

• Honeycreeper	

	

Occurs	on	

islands	of	

Hawai’I,	Maui,	

and	Moloka’i.		

Generalized	foragers	that	takes	

arthropods	from	leaves,	

blossoms,	twigs,	branches	and	

trunks	of	a	variety	of	trees,	

ferns,	and	shrubs.	Feed	on	

nectar	of	a	variety	of	native	and	

nonnative	plants.	

Habitat	loss.	Have	

benefited	from	

management	activities	

to	conserve	other	

endangered	forest	birds.	
	

Least	

Concern	

• ‘Apapane	

	

• Himatione	
sanguinea	

	

• Honeycreeper		

	

Primarily	native	

forest	of	main	

islands.	

Have	a	variety	of	distinctive	

songs.	Produces	two	clutches	

in	a	single	year.	Nests	in	‘ōhi‘a,	

fern,	and	lava	tubs.	

Habitat	loss.	One	of	the	

most	common	native	

birds	in	Hawaiian	

forests.	
	

Vulnerable	 • ‘Elepaio	

	

• Chasiempis	
sandwichensis	

	

• Flycatcher		

Occur	in	native	

`ohi`a-lehua,	koa,	

mamane,	and	

naio	

forests	but	

known	to	also	

inhabit	

nonnative	

forests.	

Inquisitive	species	that	will	

approach	humans.		

Loss	of	habitat,	

introduced	diseases,	and	

introduced	predators.	

	
	

Endangered	 • Hawai‘i	

Creeper	

	

Forests	above	

5,000	ft	

elevation.	

Feeds	on	beetle	larvae	from	the	

trunks	and	branches	of	mature	

`ohi`a	and	koa.	Forage	from	

tree	mid-canopy	(40+	feet).	

Loss	and	degradation	of	

habitat,	predation	by	

introduced	mammals,	

and	disease.	Low	
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• Oreomystis	
mana	

	

• Honeycreeper	

Nest	from	January	to	August.	

Build	cup	nests	at	mid-canopy	

reproductive	potential,	

high	nesting	failure,	and	

competition	with	

nonnative	bird	species.	

Vulnerable	 • ‘I‘iwi	

	

• Vestiaria	
coccinea	

	

• Honeycreeper	

	

Populations	

stable	on	the	

islands	of	

Hawai‘i,	Maui,	

and	Kaua‘i.	

	

Feeds	on	nectar	of	`ohi`a-lehua	

blossoms.	Specialized	bill	for	

sipping	nectar	from	tubular	

flowers.	Will	also	feed	on	small	

arthropods.	Territorial	and	will	

defend	nest	and	nectar	

resources.	

Loss	and	degradation	of	

habitat,	predation	by	

introduced	mammals,	

and	disease.	

	

	

	

Vulnerable	 • ‘Ōma‘ō	

	

• Myadestes	
obscurus	
	

• Thrush	

	

Common	on	

Hakalau	NWR.	

Feeds	on	native	fruits	and	

berries.	Subdued	plumage	

makes	locating	bird	difficult	

but	loud	calls	can	be	heard	for	

long	distances.	Both	adults	feed	

nestlings	and	provide	parental	

care	for	more	than	three	weeks	

after	young	birds	leave	the	

nest.	

Loss	and	degradation	of	

habitat,	predation	by	

introduced	mammals,	

and	disease.	

	
	

Near	

Threatened	

• ‘Io	

	

• Buteo	
solitarius	

	

• Hawk	

Hawaiian	hawk	

lives	on	the	

Island	of	Hawaii	

from	sea	level	to	

8000	feet.		

Feed	on	birds	and	small	

mammals	(mainly	introduced	

species).	Depend	on	native	

forest	for	nesting	but	are	able	

to	use	a	broad	range	of	habitats	

for	foraging.	

	

Nesting	and	foraging	

habitat	loss	due	to	

urbanization,	

degradation	due	to	

ungulate	grazing,	

invasive	understory	

plants,	illegal	shooting,	
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and	increasing	fire	

frequency.	

Vulnerable	 • Nēnē	

	

• Branta	
sandvicensis	

	

• Goose	

Distribution	has	

been	highly	

influenced	by	

the	location	of	

release	sites	of	

captive-bred	

birds.	

Frequent	scrubland,	grassland,	

golf	courses,	sparsely	

vegetated	slopes.	Vegetarian	

diet	consists	of	seeds	of	grasses	

and	herbs	as	well	as	leaves,	

buds,	flowers	and	fruits	of	

various	plants.	

Loss	and	degradation	of	

habitat,	and	predation	of	

eggs	and	fledglings	by	

invasive	mammals.	 	

TBD	 • Pueo	

	

• Asio	flammeus	
sandwichensis	

	

• Owl	

Found	on	all	

main	islands	

from	sea	level-

8,000	feet.	

Thought	to	have	

colonized	the	

Hawaiian	Islands	

sometime	after	

the	arrival	of	

Polynesians	

Primarily	consume	small	

mammals.	Ground	nesters.	

Considered	sacred	by	many	

Hawaiians.	

	

Loss	and	degradation	of	

habitat,	and	predation	of	

eggs	and	fledglings	by	

invasive	mammals.	 	
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3.2	No	Single	Solution	and	Multiple	Stakeholders	
	
There	is	current	interest	in	the	application	of	alternative	technologies	to	mitigate	the	
effects	of	invasive	species	which	include	Sterile	Insect	Technique	(SIT),	gene	drive,	and	
RNA	interference	(ISAC,	2017).	Though	these	technologies	are	quickly	evolving,	there	is	
increasing	concern	regarding	the	capacity	of	regulatory	systems	to	keep	pace	with	such	
technological	advances.	This	has	raised	the	question	as	to	whether	the	risks	are	too	high	to	
warrant	the	use	of	such	technologies.	But	given	the	lack	of	regulatory	path	for	genetic	
technology	and	the	shortage	of	funding	and	community	support	for	SIT,	deploying	
alternative	biosecurity	interventions	such	as	these	in	Hawaii	has	proven	difficult.		

Gene	drive	technology	is	currently	being	researched	at	University	of	Hawaii,	Hilo,	
and	scientists	will	soon	have	another	mechanism	to	eliminate	mosquito	vectors.	However,	
regulatory	mechanisms	required	to	implement	genetic	control	technologies	for	
conservation	purposes	do	not	currently	exist,	and	creating	such	measures	requires	political	
cooperation	and	community	support.		

The	conservation	management	problem	associated	with	Hawaiian	forest	birds	is	
truly	complex	as	it	crosses	both	biological	and	sociopolitical	systems.	Community	
involvement	in	Hawaii	is	a	critical	component	of	conservation	intervention.	Without	
community	support,	special	interest	groups	prevent	conservation	practitioners	from	
employing	genetic	control.	In	an	effort	to	seek	strategic	solutions	to	eliminate	mosquito-
borne	diseases	affecting	humans	and	wildlife,	community	forums	and	surveys	have	been	
conducted.	For	example,	a	workshop	was	convened	in	September	2016	to	garner	
community	sentiment	and	discuss	current	novel	technologies	(Hawaii	Exemplary	State	
Foundation,	2016).		Results	of	the	forum	revealed	less	interest	in	the	extinction	of	
Hawaiian	forest	birds,	and	instead	more	concern	for	public	health	and	disease	outbreak.	
Meanwhile,	huge	advances	in	public	health	have	opened	the	door	for	advanced	control	
methods,	but	whether	the	public	will	accept	such	measures	remains	to	be	seen.		

Adding	to	an	already	complex	problem	is	the	need	for	funding	to	employ	control	
measures.	Current	operating	budgets	for	U.S.	Fish	and	Wildlife	and	other	management	
groups	is	limited,	as	is	infrastructure	and	people	with	the	ability	to	monitor	mosquitoes	on	
the	landscape.	Though	the	technology	exists	to	save	the	Hawaiian	honeycreepers	from	
avian	malaria,	it	seems	that	public	interest	and	funding	limit	the	ability	of	conservation	
managers	to	implement	these	intervention	mechanisms.		

	
3.3	Conceptual	Model	
	
A	conceptual	model	for	the	system	of	Hawaii’s	declining	forest	bird	population	was	
developed	as	a	means	to	both	understand	and	convey	the	system	and	its	associated	
components.	Image	6	outlines	the	various	systems	involved,	including	the	forest	ecosystem,	
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the	birds,	native	trees,	invasive	predators,	and	mosquito	lifecycle.	These	separate	systems	
incorporate	into	a	single	“forest	system”.		Birds	are	born,	live	to	adulthood,	reproduce,	and	
then	die.	Similarly,	native	tree	populations	also	enter	and	exit	the	system.	However,	
together	they	exist	to	support	the	surrounding	ecosystem,	which	is	either	native	or	
nonnative.	Invasive	predators	enter	the	system,	and	are	either	removed	by	resource	
managers	or	die,	and	they	contribute	to	forest	degeneration	(creation	of	a	nonnative	
forest).	Finally,	mosquitoes	are	an	important	part	of	the	system	because	they	directly	
contribute	to	bird	survival.		

By	controlling	mosquito	populations,	or	eliminating	them	altogether,	it	becomes	
possible	to	save	bird	populations.	However,	climate	change	not	only	threatens	to	expand	
mosquito	habitat,	but	it	also	contributes	to	a	variety	of	other	interconnected	threats	
including	changes	in	precipitation,	fire	regime,	and	tree	disease.		Climate	change	is	a	reality	
that	cannot	be	stopped;	however,	mosquito	vectors	can	be	removed	to	ensure	birds	have	
the	best	chance	for	avoiding	extinction.	
	

 
Image	7:	Conceptual	model	showing	the	stocks	and	flows	in	the	Hawaiian	forest	
system.	
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4.0	Fragilities	of	the	Hawaiian	Forest	System		
	
There	are	several	tangential	systems	that	exist	within	the	native	Hawaiian	forest	including	
its	endemic	bird	species,	its	natural	resources,	community	involvement,	and	conservation	
management.	All	work	together	in	a	system	of	systems	to	provide	feedback	mechanisms	
that	create	and	support	either	fragile	or	less	fragile	systems.	These	systems	in	turn	have	
inherently	fragile	parts	that	continually	reinforce	a	feedback	loop.	Thus,	by	identifying	
fragilities	within	a	system,	it	is	possible	to	weigh	associated	risks,	outline	threats,	and	
identify	interventions	for	productive	conservation	management.	A	detailed	outline	of	
fragilities	is	provided	in	Table	2.	
	

4.1	Forest	Habitat	Fragilities	
	
The	North	Hamakua	region	of	Hawaii’s	Big	Island	is	located	on	the	eastern	flank	of	Mauna	
Kea	and	includes	the	HFU	and	surrounding	public	and	private	lands.	This	area	is	dissected	
by	mountain	ridges	and	erosion	gullies,	with	frequent	tree	falls	(Camp	et	al.,	2003).	The	
forest	here	includes	a	canopy	dominated	by	old	growth	`ohi`a	and	koa	trees,	which	are	
important	ecosystem	engineers	that	determine	
availability	of	forest	bird	habitat.	As	the	principle	
tree	species	in	forests	throughout	the	Hawaiian	
Islands,	‘Ōhi’a	lehua	(Metrosideros	polymorpha)	
provides	critical	foraging	and	nesting	habitat	for	
native	passerines	(Camp	et	al.,	2019).	These	
native	trees	are	vulnerable	to	general	habitat	loss	
due	to	agriculture	and	residential	development.	
They	are	also	susceptible	to	`ohi`a	dieback,	a	
naturally	occurring,	large-scale	thickening	of	tree	
crown	and	defoliation	which	leads	to	the	death	of	
most	mature	trees.	‘Ohi’a	are	further	vulnerable	to	
falling	during	intense	storms.	Moreover,	seed	
dispersal	by	native	animals	has	greatly	
diminished	and	competition	by	invasive	species	
limits	the	viability	of	native	forest	succession	in	
some	areas.		While	unforested	areas	can	
eventually	develop	into	habitats	suitable	for	forest	
bird	species,	it	takes	more	than	100	years	for	
adequate	forest	structure	to	develop	(Fortini	et	
al.,	2015).	

 
Image	8:	‘Ōhi’a	lehua	(Metrosideros	
polymorpha)	provides	important	
native	habitat	for	a	variety	of	native	
birds	(World	Conservation	
Monitoring	Centre,	1998).	
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The	forest	understory	is	also	an	integral	part	of	the	forest	ecosystem,	especially	for	
native	animal	species	that	rely	on	it	for	cover	from	predators	or	as	a	source	of	nectar	and	
fruit	(Scott	et	al.,	1986).	The	understory	is	inherently	vulnerable	to	destruction	from	
invasive	ungulate	species,	or	nonnative	animals	with	hooved	feet,	who	frequently	trample	
and	destroy	small	plants.	Often	these	animals	can	be	controlled	through	capture	programs	
and	through	fencing	set	by	management	practitioners.	The	fencing	itself	is	also	fragile	as	it	
can	succumb	to	aging,	treefalls,	and	general	disrepair.	As	such,	fencing	can	continue	to	
support	ungulate-free	habitat	so	long	as	it	is	continuously	maintained.		

The	steep	topography	of	high	elevation	forest	does	provide	some	protection	for	
native	and	endangered	plants	from	grazing	ungulates.	However,	forests	are	most	exposed	
to	invasive	species	at	lower	elevations.	Forest	space	is	thus	inherently	vulnerable	to	
invasive	plants	and	animals	that	easily	encroach	into	these	areas	and	utilize	critical	
resources	including	space,	nutrients,	water,	and	sunlight.	With	less	available	space	there	
are	fewer	resources	for	building	and	maintaining	critical	population	numbers.	Human-
induced	climate	change	further	threatens	to	expand	the	ranges	of	invasive	species	and	
make	habitats	less	favorable	to	native	species’	ranges.	But	with	finite	space	available,	
islands	are	not	conducive	to	species	range	shifts.	With	nowhere	left	to	go,	many	native	
species	will	be	pushed	to	extinction.	
	

4.2	Forest	Bird	Fragilities	
	
Native	forest	birds	are	another	system	within	the	forest	that	have	a	range	of	fragilities.	Bird	
longevity	is	threatened	by	predation	from	invasive	mammals	and	disease	carried	by	
invasive	mosquitoes.	This	causes	individual	death	and	an	overall	decline	in	bird	
populations.	Bird	reproduction	is	also	vulnerable	to	reproductive	limitations	caused	by	the	
laying	of	a	single	egg.	Hawaiian	forest	bird	
populations	evolved	over	millennia	without	
predators.	Prior	to	the	arrival	of	humans,	it	is	
believed	that	populations	existed	in	overwhelming	
numbers.	With	less	energy	needed	for	
reproduction,	birds	were	able	to	redirect	much	of	
their	energy	into	foraging.	Forest	bird	health	and	
viability	are	also	fragile	considering	the	effect	of	
avian	disease	on	already	dwindling	populations.	As	
populations	continue	to	decrease,	genetic	diversity	
among	forest	bird	species	becomes	increasingly	at	
risk	to	inbreeding	depression	and	demographic	
stochasticity,	which	can	affect	the	overall	health	
and	viability	of	populations	as	a	whole.		

 
Image	9:	‘Hawaii	‘ākepa	is	an	
obligate	cavity	nester	requiring	
native	old-growth	trees	for	survival	
(US	Fish	and	Wildlife	Service,	2010).	
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	 On	an	individual	species	level,	Hawaiian	forest	birds	differ,	having	evolved	to	fill	
microhabitats	and	occupy	a	variety	of	niches.	For	example,	the	Hawaii	‘ākepa	is	an	obligate	
cavity	nester	and	requires	naturally	occurring	cavities	in	trunks	and	branches	of	old-
growth	`ohi`a	and	koa	trees	(US	Fish	and	Wildlife	Service,	2010).	Loss	and	degradation	of	
habitat,	namely	native	tree	species,	has	restricted	the	reproductive	ability	of	the	Hawaii	
‘ākepa	and	other	native	birds	who	require	resources	that	these	native	trees	provide.	
	

4.3	Atmospheric	and	Climate	Related	Fragilities		
	
In	the	fight	against	avian	disease,	safety	zones	remain	a	key	player	in	maintaining	existing	
populations.	Bird	habitat	in	these	upper	elevations	are	cooler	and	have	climates	which	
cannot	support	the	spread	of	avian	disease.	However,	these	“safe-zones”	are	at	risk	of	
upward	expansion	of	mosquito	range	caused	by	an	increasingly	warming	climate	(Fortini	
et	al	2015).	The	loss	of	this	remaining	habitat	would	be	the	final	death	nail	for	critically	
endangered	forest	birds,	and	common	conservation	practices	will	likely	not	be	enough	to	
save	forest	birds	in	the	wake	of	climate	change.	Hawaiian	forests	and	the	native	birds	they	
support	work	in	tandem	to	maintain	another	system,	the	forest	ecosystem,	which	includes	
all	species	of	plant	and	animal	life	as	well	as	the	resources	upon	which	they	rely.	However,	
existing	precipitation	rates	and	overall	water	availability	within	the	forest	ecosystem	is	
inherently	vulnerable	to	increased	drought	caused	by	anthropogenic	climate	change.	
Without	adequate	rainfall,	native	forest	plant	and	animal	species	will	be	forced	to	shift	
their	habitat	ranges	or	parish.	On	an	island	with	already	minimal	space	and	a	variety	of	
microclimates	and	microhabitats,	rang	e	shifts	may	be	nearly	impossible.	Less	rainfall	is	
also	detrimental	to	vital	recharge	regions	for	Hawaii’s	underground	aquifers	and	other	
dependable	sources	of	clean	water	for	humans	and	wildlife	alike.	
	

4.4	Socioeconomic	Fragilities	
	
In	addition	to	the	forest	and	its	important	
ecosystems,	community	engagement	and	public	
cooperation	is	also	a	vital	system	that	operates	
to	maintain	forest	birds	and	their	habitat.	
Community	support,	in	particular,	is	vulnerable	
to	cultural	insensitivities	and	an	overall	failure	
of	public	outreach	and	educational	
conservation	programs.	A	lack	of	
understanding	as	it	relates	to	important	
intervention	and	conservation	management	
activities	could	mean	the	difference	between	

 
Image	10:	A	2016	community	workshop	
engaged	participants	on	integrative	
systems	to	addressing	mosquito-borne	
illness	in	Hawaii	(Hawaii	Exemplary	State	
Foundation,	2016).	
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program	implementation	and	community	backlash.	In	a	similar	way,	partnerships	are	also	
vulnerable	to	cultural	insensitivities	as	well	dedicated	funding	sources.	Without	
collaboration	to	address	shared	management	challenges	including	invasive	weeds,	fire,	and	
feral	cattle,	resource	managers	risk	a	disjoined	approach	to	conservation	and	maintenance	
of	critical	bird	habitats.	Revenue	generation	also	impacts	conservation	management	
systems	when	loss	of	trust	partners	and	declines	in	visitor	funding	streams	generate	less	
money	for	reinvestment	in	land	and	management	activities.		
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Table	2:	Fragilities	within	the	system,	connected	hazards,	and	their	associated	impacts.	

The	System	 Fragility	 Hazard	 What	is	impacted	by	the	vulnerability	
Forest		 Forest	

Understory		

Destruction	from	hoofed	ungulates	

including	goats,	deer,	sheep,	pigs,	

feral	cattle	

Native	forest	plant	and	animal	species	that	rely	

on	the	forest	understory.	Without	it	they	do	not	

have	cover	from	predators	or	foraging	habitat.	

Increased	erosion	and	sedimentation	runoff	into	

streams.	

Forest		 Forest	Space	(for	

Native	Species)	

Invasive	species	habitat	

encroachment	for	resources	including	

food,	water,	nutrients,	and	sunlight.		

Native	forest	plant	and	animal	species	are	unable	

to	thrive	because	they	have	less	available	space,	

and	resources.	Reduces	overall	population.	

Forest		 Trees		 Deforestation	from	timber	harvesting	

and	land	development.	ROD.	

Reduces	available	habitat	for	forest	plant	and	

animal	species	–	both	native	and	invasive.	

Forest		 Fencing		 Failures	due	to	tree	falls	or	general	

disrepair	

Encroachment	of	hoofed	ungulates	and	trampling	

of	important	forest	understory	habitat.	

Native	Forest	Birds	 Genetic	Diversity		 Population	decline	 Inbreeding	depression	and	demographic	

stochasticity.	

Native	Forest	Birds	 Health	and	

Viability		

Avian	disease	spread	by	invasive	

mosquitoes	

Forest	bird	death	and	population	decline	

Native	Forest	Birds	 	“Safety-range”	

(at	upper	

elevations)	

Upward	expansion	of	range	caused	by	

a	warming	climate.	

Forest	bird	death	and	population	decline	and	loss	

of	remaining	habitat	without	mosquitoes.	

Native	forest	birds	 Longevity		 Predation	by	invasive	mammals	and	

sickness	from	avian	disease	and	

vectoring	mosquitoes	

Individual	death	and	ultimately	a	decline	in	bird	

populations.	

Native	forest	birds	 Reproduction	 Reproductive	incapacity	from	laying	

single	egg.	

Inability	to	regenerate	population	
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Forest	Ecosystem		 Forest	

management	and	

restoration	

Lack	of	funding,	manpower,	or	central	

authority	

Native	forest	plant	and	animal	species	are	

outcompeted	by	invasive	species.	

Forest	Ecosystem	 Precipitation/	

Water	

Availability		

Increased	drought	due	to	

anthropogenic	climate	change	

Native	forest	plant	and	animal	species	must	shift	

their	ranges	or	perish.	Decline	of	vital	recharge	

regions	for	Hawaii’s	underground	aquifers	and	

dependable	source	of	clean	water	for	streams	

and	people.	

Community	

Engagement	and	

Public	Cooperation	

Community	

Support		

Cultural	insensitivities/	failure	of	

outreach	and	education	programs		

Lack	of	understanding	as	it	relates	to	important	

intervention	and	conservation	management	

activities.	Overall	decline	in	public	sentiment.	

Community	

Engagement	and	

Public	Cooperation	

Partnerships		 Cultural	insensitivities	and	funding	

issues	

Lack	of	collaboration	to	address	shared	

management	challenges	including	invasive	

weeds,	fire,	and	feral	cattle.	

Conservation	

Management	

System	

Revenue	

Generation/	

Funding/	Budget	

Loss	of	trust	partners,	decline	in	

visitor	funding	streams,	and	inability	

to	secure	funding	from	other	sources	

Inability	to	reinvest	in	land	to	sustain	

management	activities.	
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5.0	Threats	to	Hawaiian	Forest	Birds	and	their	Habitat		
	
There	are	a	variety	of	hazards	that	constitute	threats	for	the	Hawaiian	forest	system.	These	
hazards	originate	within	the	forest	to	impact	the	system,	and	also	originate	in	the	
environment	outside	the	forest.	The	interrelationship	of	these	threats	poses	enormous	
harm	to	the	survival	of	native	Hawaiian	forest	birds	who	have	adapted	for	thousands	of	
years	to	specific	microhabitats	within	the	Hawaiian	Islands,	without	which,	they	may	not	
survive.	
	

5.1	Climate	Change	
	
Anthropogenic	climate	change	is	the	primary	factor	
currently	threatening	to	transform	weather	
patterns,	change	average	rainfall,	and	shift	in	the	
range	of	important	microclimates	around	the	
world.	Despite	the	isolated	location	of	the	Hawaiian	
Islands,	there	is	little	doubt	that	Hawaii	Island	will	
also	experience	a	change	in	general	climate	
patterns.	The	impact	of	climate	change	on	Hawaiian	
forest	birds	has	been	a	recent	focus	of	conservation	
biologists,	much	of	which	has	centered	on	the	links	
between	climate	and	avian	malaria	(Fortini	et	al.,	
2015).	It	is	anticipated	that	increased	temperatures	
will	cause	a	shift	in	mosquito	ranges	to	higher	
elevations,	at	which	time	birds	that	have	relied	on	
elevation	as	a	deterring	factor	in	disease	
transmission	will	be	directly	impacted.	Thus,	
relying	on	high	elevation	to	protect	forest	birds	is	
not	a	viable	long-term	conservation	management	
strategy.		

Regional	climate	change	scenarios	are	important	because	they	allow	conservation	
managers	the	ability	to	understand	climate-related	impacts	on	micro-environments.	
Studies	of	temperature	change	in	the	Hawaiian	Islands	show	significant	impacts	to	high	
elevations	(Elison	Timm,	2017),	which	has	enormous	implications	for	Hakalau	NWR.	High	
elevation	warming	amplification	is	expected	to	occur	due	to	heat	transports	in	the	Hadley	
circulation.	The	Hadley	cell,	low-latitude	overturning	circulations	rising	at	the	equator	and	
sinking	in	the	subtropics,	are	responsible	for	trade	winds	in	the	Hawaiian	Islands	and	
control	low-latitude	weather	patterns	(Piana,	2010).			

 
 
Image	11:	RCP	Scenarios	used	
for	climate	change	modeling	
show	best-case,	worst-case,	and	
middle-ground	projects	of	
greenhouse	emissions	(Van	
Vuuren	and	Carter,l	2014).	
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Simulated	Global	Change	Assessment	Models	RCP4	.5	and	RCP8	.5	were	used	in	
simulations	to	project	future	scenarios	of	warming	climate.	Definitions	for	these	pathways	
are	as	follows:		

o RCP4	.5	is	a	concentration	pathway	used	by	modelers	to	examine	future	
scenarios	that	stabilizes	carbon	emissions	at	4.5	Wm-2	by	the	year	2100.	It	
includes	long-term,	global	emissions	of	greenhouse	gases,	short-lived	species,	
and	land-use-cover	in	a	global	economic	framework	(Thomas	et	al.,	2011).		

o RCP8	.5	is	a	concentration	pathway	used	by	modelers	to	examine	future	
scenarios	that	assumes	the	fastest	population	growth	(12	billion)	for	carbon	
emissions	of	8.5	Wm-2	by	the	year	2100.	This	pathway	is	viewed	as	a	“business	as	
usual”	outcome	likely	to	occur	if	society	does	not	make	concerted	efforts	to	cut	
greenhouse	gas	emissions	(Van	Vuuren	and	Carter,	2014).		
	

Results	of	climate	model	simulations	conducted	for	the	Hawaiian	Islands	show	a	strong	
relationship	between	height	and	amplitude	of	temperature	change	in	the	region	(Elison	
Timm,	2017).	These	models	suggest	that	high	elevation	zones	will	experience	1.2°C	change	
near	1500	meters	and	approximately	1.5°C	warming	at	4000	meters	for	every	1°C	
temperature	change	projected	in	the	ambient	air	temperatures	at	sea	level	(Elison	Timm,	
2017).	It	is	important	to	note	that	the	complexity	of	physical	processes,	including	surface	
warming,	water	vapor	and	cloud	feedback,	and	boundary	layer	processes,	leads	to	large	
variation	within	individual	models.	However,	current	predictions	offer	a	starting	point	for	
estimating	a	likely	range	of	future	climate	profiles	for	the	Hawaiian	Islands.	For	model	
scenarios,	Figure	1	shows	mean	temperature	changes	and	Figure	2	shows	the	upper	range	
estimates	to	the	year	2100	(defined	as	“status	quo”	and	“worst	case	scenario”	for	climate-
change	related	temperature	increases).	
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Figure	1:	Geographic	maps	show	mean	temperature	changes	(in	°C)	for	the	for	the	RCP4	.5	
and	RCP8	.5	model	scenarios:	a)	2040-2069,	b)	2070-2099,	c)	2040-2069,	and	d)	2070-
2099	(Elison	Timm,	2017).	
	

	
	
Figure	2:	Geographic	maps	show	upper	range	estimate	of	expected	mean	temperature	
changes	(in	°C)	for	the	for	the	RCP4	.5	and	RCP8	.5	model	scenarios:	a)	2040-2069,	b)	
2070-2099,	c)	2040-2069,	and	d)	2070-2099	(Elison	Timm,	2017).	
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5.2	Habitat	Loss		
	
In	a	warming	climate,	it	is	likely	that	vegetation	zones	around	the	world	will	shift	vertically	
to	compensate	for	rising	temperatures.	A	meta-analysis	conducted	by	Chen	et	al.,	(2011)	
showed	that	distributions	of	species	have	shifted	to	higher	latitudes	at	an	average	rate	of	
16.9	km	per	decade,	and	to	higher	elevations	at	an	average	rate	of	11.0	m	per	decade.	In	an	
island	environment,	shifts	in	latitude	are	severely	restricted	by	available	habitat,	
urbanization,	and	ocean	barriers.	Thus,	the	effects	of	warming	temperatures	on	habitat	loss	
have	huge	implications	for	forest	birds	in	the	Hawaiian	Islands.	Moreover,	species	who	are	
habitat	specialists	or	who	are	unlikely	to	colonize	across	fragmented	landscapes	may	be	
unable	to	make	shifts	in	their	range	necessary	to	compete	with	climate	change	(Chen	et	al.,	
2011).		

Hawaiian	forest	birds	are	not	only	competing	with	a	change	in	vegetation	zones,	
they	are	also	responding	to	shifts	in	invasive	mosquito	habitat.	In	Hakalau	NWR,	the	
distribution	of	avian	malaria	is	directly	related	to	temperature.	As	such,	temperature	rise	in	
the	region	due	to	anthropogenic	climate	change	is	expected	to	directly	affect	the	survival	of	
threatened	bird	populations	at	higher	elevations.	Most	remaining	bird	species	on	the	island	
have	naturally	occurring	small	ranges,	which	is	due	in	large	part	to	the	island’s	steep	

 
 
Figure	3:	Current	(left)	and	future	(right)	forest	bird	number	of	species	based	on	modeled	
range	and	available	primary	habitat	of	high	model	reliability	species	(Fortini	et	al.,	2015).	
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gradients	and	microclimates	(Fortini	
et	al.,	2015).	Over	time,	climate	
change	will	facilitate	the	upward	
movement	of	malaria	into	higher	
elevations.	Predicting	how	these	
species	might	respond	to	climate	
stress	is	important	for	making	
practical	management	decisions.		
	 The	distribution	of	avian	malaria	is	
not	determined	solely	by	the	presence	
of	mosquitoes,	rather	by	the	climate	
require	to	support	the	life	cycle	of	
Plasmodium	(Fortini	et	al.,	2015).	
Moreover,	individual	bird	species	
occupy	different	forest	niches	and	
have	differences	in	resistance	and	
tolerance	to	disease.	In	their	report,	
Fortini	et	al.,	(2015)	modeled	
ecological	estimates	of	projected	
range	shifts	for	forest	birds	on	Hawaii	
Island.	In	doing	so,	they	reported	nine	
of	ten	model	species	are	projected	to	
suffer	more	than	a	75%	range	loss,	
while	all	species	suffer	more	than	a	
50%	range	loss.		
	
	

	
5.3	Invasive	Species		
	
In	the	central	and	South	Pacific,	few	mosquito	species	were	able	to	colonize	the	remotest	
islands	and	atolls.	The	first	invasive	mosquitoes	in	the	Pacific	likely	accompanied	
Polynesians	on	their	voyaging	canoes	(LaPointe,	2007).	However,	Western	exploration,	
trade,	and	whaling	spread	the	two	most	domestic	species,	Culex	quinquefasciatus	and	Ae.	
aegypti,	throughout	the	tropical	world.	Culex	quinquefasciatus	is	the	primary	vector	for	
Plasmodium	relictum,	the	lethal	parasite	responsible	for	avian	malaria.		

Feral	ungulate	species	including	pigs,	cattle,	and	sheep	also	have	tremendous	
impacts	on	native	forest	bird	habitat.	These	introduced	“hoofed”	mammals	are	directly	
responsible	for	dispersing	alien	plants,	inhibiting	the	regeneration	of	native	plant	species,	
eating	and	trampling	native	plants,	spreading	plant	pathogens,	and	accelerating	soil	

 

 
 
Figure	4:	Projected	climate-based	range	change	
between	1990-2010	and	2080-2100	for	Hawaii	
`Ad kepa	(Fortinia	et	al.,	2015).	
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erosion	(Hess	et	al.,	2006)	Predation	by	invasive	species	who	utilize	important	resources	
including	food,	water,	nutrients	and	sunlight	also	poses	a	threat	to	native	species	who	must	
complete	for	these	resources.	Hakalau	Forest	NWR	has	been	controlling	and	monitoring	
feral	pigs	since	1988	using	a	variety	of	removal	methods	including	public	hunting,	staff	
hunting,	and	snares.	Through	their	trampling,	feral	pigs	in	Hawaii	create	nutrient-rich	
wallows	and	troughs	in	tree	fern	trucks	were	mosquitoes	breed	(Hess	et	al.,	2006).	Though	
these	methods	vary	in	their	ability	to	control	feral	ungulate	populations,	a	formal	analysis	
has	not	been	conducted	to	assess	the	effectiveness	of	these	management	actions	(Hess	et	
al.,	2006).		

5.4	Avian	Disease	
	 Avian	malaria	is	an	important	cause	of	the	decline	of	endemic	Hawaiian	
honeycreepers	and	may	have	directly	contributed	to	the	loss	of	more	than	half	the	known	
species	of	Hawaiian	honeycreepers	(VanRiper	et	al.,	1986,	LaPointe,	2007).	Both	avian	
malaria	(Plasmodium	relictum)	and	avian	pox	virus	(Avipoxvirus	spp.)	were	likely	
introduced	to	the	Hawaiian	Islands	through	poultry	imports	and	exotic	songbirds	
(VanRiper	et	al.,	1986,	LaPointe,	2007).	Though	avian	pox	is	likely	the	cause	of	
honeycreeper	extinctions	before	1900,	it	is	believed	that	avian	malaria	is	responsible	for	
population	declines	and	subsequent	extinctions	for	the	past	century.	Most	native	birds	who	
contract	avian	malaria	suffer	mortality	rates	between	60	and	93%	(Atkinson	et	al.,	1995,	
LaPointe,	2007).	

 
Image	10:	Split	image	of	untouched	Hawaiian	forest	versus	area	impacted	by	feral	pigs	
(University	of	Hawaii,	2019).	
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There	is	evidence	that	these	birds	have	begun	to	develop	population	immunity	to	
avian	malaria.	For	example,	the	Hawaiian	Amakihi	is	a	native	passerine	that	remains	in	the	
lowlands	within	range	of	mosquitoes.	Despite	intense	transmission	of	avian	malaria	in	
these	regions,	surveys	conducted	between	1993	and	2004	indicate	that	populations	of	the	
Hawaii	Amakihi	have	increased	(Spiegel	et	al.,	2006,	Camp	et	al.,	2019).	Genetic	research	
strongly	suggests	that	these	species	have	evolved	physiological	tolerance	to	avian	malaria,	
which	has	greatly	contributed	to	the	rebounding	population.		
	 Passerine	species	are	also	particularly	vulnerable	to	West	Nile	Virus	(WNV)	(Marra	
et	al.,	2004).	Research	studies	have	shown	that	mortality	from	WNV	in	the	passerine	family	
is	similar	to	that	of	avian	malaria	(LaPointe,	2007).	Though	WNV	has	yet	to	transmit	within	
the	Hawaiian	Islands,	vectors	for	the	disease	and	mechanisms	for	transport	exist,	so	the	
threat	of	future	introduction	must	be	acknowledged	and	further	supports	the	conservation	
approach	to	remove	mosquito	vectors	altogether.	
	

5.5	Tree	Disease		
	
Ohia	dieback	and	Rapid	Ohia	Death	
(ROD)	are	responsible	for	the	large-
scale	mortality	of	important	
pioneer	and	foundation	species	in	
Hawaiian	mesic	and	wet	montane	
forests.	Ohia	dieback	is	naturally	
occurring,	and	results	in	the	large-
scale	synchronous	thinning	of	the	
tree	crown	defoliation.	Without	the	
ability	to	photosynthesize,	ohia	
dieback	results	in	the	death	of	most	
mature	trees.	Forests	impacted	by	
ohia	dieback	have	been	shown	to	
have	lower	densities	of	native	
forest	birds	and	higher	densities	of	
nonnative	birds	(Camp	et	al.,	2019).	
Because	young	trees	remain	
unaffected,	`ohi`a	forests	can	
typically	recover,	and	pollen	records	have	shown	that	cycles	of	dieback	and	eventual	
recovery	have	occurred	over	the	last	10,000	years.	Researchers	believe	that	ohia	dieback	
may	be	environmentally	triggered	through	such	factors	as	soil	nutrients,	bog	formation,	
and	drought-flooding	events	(Mueller-Dombois	et	al.,	2013,	Camp	et	al.,	2019).	

`Ohi`a	are	also	threatened	by	the	prevalence	of	ROD,	which	is	associated	with	the	
presence	of	two	invasive	pathogens	that	infect	both	young	and	mature	`ohi`a.	The	fungus	

 
Image	11:	Rapid	Ohia	Death	is	a	fungal	disease	that	
can	kill	a	mature	tree	within	weeks	of	initial	signs	of	
infection	(Hurley,	2020).	
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Ceratocystis	lukuohia	can	kill	trees	within	weeks	of	initial	signs	of	infection,	while	the	
pathogen	C.	huliohia	is	less	virulent	but	still	lethal.	Due	to	similarities	in	symptomology,	
which	includes	leaf	browning	and	wilting	followed	by	tree	death	within	a	matter	of	days	or	
weeks,	both	are	used	to	describe	ROD.	These	pathogens	spread	across	the	land	through	the	
movement	of	contaminated	wood,	soil	and	equipment.	It	is	also	spread	by	feral	ungulates	
and	through	windborne	dispersal	facilitated	by	ambrosia	beetles	(Mortenson	et	al.,	2016,	
Camp	et	al.,	2019).	As	a	new	threat	to	`ohi`a	forests,	the	ecological	impacts	of	ROD	on	forest	
birds	require	further	study.	Because	the	fate	of	Hawaiian	forest	birds	is	intimately	linked	
with	`ohi`a,	it	is	expected	that	the	spread	of	ROD	and	loss	of	`ohi`a	will	negatively	affective	
remaining	bird	populations	and	communities	(Pratt	and	Jacobi	2009,	Camp	et	al.,	2019).		
	

5.6	Changes	in	Precipitation	and	Implications	for	Fire	Ecology	
	
Prior	to	human	arrival,	fire	was	a	relatively	infrequent	phenomenon	in	native	ecosystems.	
In	recent	decades,	heavy	rain	events,	episodic	drought,	and	frequent	human-caused	
ignitions	have	transformed	the	Hawaiian	landscape’s	fire	regime.	Agricultural	
abandonment	has	left	large-scale	sections	of	fire-ready	substrate	covering	nearly	4000	
km2	of	the	archipelago’s	undeveloped	land	surface	(Hawbaker	et	al.,	2017,	Trauernicht,	
2018).	The	extent	of	area	burned	each	year	in	Hawaii	has	increased	four	times,	which	rivals	
the	western	U.S.	in	percentage	of	land	area	affected	annually.	Increased	fire	probability	
actually	increases	during	events	of	excess	rainfall	the	year	prior	to	the	fire’s	occurrence	
more	than	drought	the	year	that	the	fire	occurred	(Trauernicht,	2018).		

Influences	in	climate	also	impact	fire	ecology	across	all	landscapes,	both	in	
frequency	and	intensity	(Trauernicht,	2019),	and	the	Hawaiian	Islands	are	no	different.	
Predictors	of	landscape	flammability,	such	as	available	moisture,	temperature,	and	plant	
community	structure,	inform	models	that	have	the	potential	to	predict	future	fire	
occurrence.	Throughout	the	Hawaiian	Islands,	the	landscape	has	been	heavily	transformed	
by	variations	in	land	use	including	deforestation,	urbanization,	agricultural	production,	and	
alien	species	introduction.	Research	conducted	on	the	west	of	Hawaii	Island	reveals	that	
the	probability	of	wildfire	will	increase	as	much	as	375%	due	to	the	combined	effects	of	
drying	and	warming	trends	(Trauernicht,	2018).	As	with	species	range	shifts,	areas	of	peak	
landscape	flammability	will	also	shift	to	higher	elevations.	Though	especially	variable,	
climate	projections	predict	18-25%	declines	in	annual	rainfall	by	mid-century	coupled	with	
warming	temperatures	(Elison	Timm,	2017,	Trauernicht,	2018).	Even	without	direct	
impacts	related	to	fire	ecology,	these	projections	will	likely	mean	a	shift	plant	and	animal	
habitat	ranges,	and	availability	of	water	resources	which	can	impact	areas	surrounding	and	
immediately	within	forest	birds	habitat.	
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6.0	Foresight	and	Possible	Futures	
	
To	implement	sound	conservation	management	planning	and	actions,	it	is	necessary	to	
study	the	full	spectrum	of	possible	futures	and	to	understand	the	risks	associated	with	the	
system.	Potential	hazards,	combined	with	a	conceptual	framework	and	sound	science,	can	
be	used	to	develop	pictures	of	the	future	in	order	to	identify	associated	risks,	indicators,	
and	potential	solutions.	The	spectrum	of	possible	futures	outlined	in	this	section	describes:	
1)	undesirable	futures	for	Hawaiian	forest	birds	based	on	the	worst	possible	models	of	
climate	change	scenarios	and	no	intervention	(“worst	case	scenario”);	2)	likely	futures	for	
Hawaiian	forest	birds	given	average	projections	for	climate	change	scenarios	and	no	
intervention	(“business	as	usual”);	and	3)	desirable	futures	for	Hawaiian	forest	birds	given	
average	projections	for	climate	change	and	targeted	interventions	for	conservation.	
Identifying	and	understanding	the	range	of	possible	futures	allows	conservation	
practitioners	to	better	identify	interventions	that	may	reduce	the	risks	associated	with	
undesirable	futures.		
	
6.1	Undesirable	Futures:	Understanding	the	Worst-Case	Scenario	
	

 
 
Figure	5:	Scatter	plot	illustrates	counts	of	grid	cells	within	binned	fire	probability	
values	versus	elevation	for	current,	mean	conditions	and	each	of	the	annual	rainfall	
anomaly	and	future	climate	scenarios	(Trauernicht,	2018).	
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Given	a	failure	of	world	leaders	to	mitigate	carbon	emissions,	climate	change	will	continue	
to	impact	temperatures,	weather	patterns,	and	a	variety	of	other	factors	that	affect	
Hawaiian	forest	ecosystems.	Current	worst-case	models	that	predict	the	likelihood	of	
temperature	increases	at	higher	elevations	on	Hawaii	Island	conducted	by	Elison	Timm	
(2017),	as	outlined	in	the	RCP8	.5	model	scenarios	in	Figures	1	and	2,	reveal	alterations	in	
microhabitats	dramatically	increase	the	range	of	avian	malaria	(Plasmodium	relictum)	and	
eliminate	suitable	habitat	for	forest	birds.	Plasmodium	can	propagate	and	spread	via	its	
mosquito	vector	and	infect	its	host	in	temperatures	higher	than	15°C,	a	temperature	range	
well	within	“worst	case”	climate-change	model	predictions	for	Hawaii	Island.	Forest	bird	
populations	unable	to	develop	resistance	to	the	avian	malaria	will	go	extinct.		

Temperature	changes	induced	by	anthropogenic	climate	change	will	also	impact	
foundational	species	within	the	forest	ecosystems,	including	native	‘ohi’a	and	koa	trees,	by	
increasing	the	likelihood	of	ROD	and	creating	environments	conducive	to	invasive	plant	
species.	Warmer	temperatures	and	changes	to	habitat	may	also	promote	the	spread	of	
invasive	insects	and	beetle	species	that	will	further	damage	native	forest.	Changes	to	
rainfall	regimes	in	a	“worst-case”	scenario	will	cause	severe	drought	among	the	Hawaiian	
Islands,	threatening	fresh-water	sources	relied	upon	by	both	animals	and	humans	alike.	
Drought	will	likely	also	create	conditions	suitable	for	forest	fire,	threatening	forests	with	no	
prior	history	of	fire	ecology	and	further	reducing	suitable	forest	habitat.		
	

6.2	Likely	Futures:	“Business	as	Usual”	
	
Anthropogenic	climate	change	is	a	reality	currently	threatening	to	transform	Hawaii’s	
forest	ecosystems.	Models	that	predict	average	temperature	changes	which	assume	that	
current	emission	trends	are	sustained	reveal	a	loss	of	bird	habitat	due	to	upward	
expansion	of	the	Plasmodium	parasite.	In	their	report,	Fortinia	et	al.,	(2015)	modeled	range	
and	available	primary	habitat	of	“high	reliability”	and,	as	shown	in	Figure	4,	revealed	a	loss	
of	more	than	75%	in	nine	of	the	ten	species	examined	in	the	study.	Three	of	these	species,	
including	the	`Akeke`e,	`Akikiki	and	Puaiohi,	are	expected	to	lose	all	of	their	range	while	
several	others,	including	the	Hawai`i	`Ad kepa,	`Ad kohekohe	and	Maui	Parrotbill,	are	expected	
to	lose	90%	of	their	range.	Forest	birds	require	suitable	montane	habitat	(including	native	
‘ohi’a	and	koa)	in	which	to	thrive	and	there	are	less	of	these	habitats	available	at	higher	
elevations	–	a	fact	which	severely	limits	the	possible	expansion	of	forest	bird	range	into	
currently	uninhabited	areas	of	Mauna	Loa	and	Mauna	Kea.		

Changes	in	precipitation	and	persistence	of	drought	are	also	likely	to	occur,	which	
will	impact	freshwater	sources	and	further	stress	important	ecosystem	engineer	species	
including	‘ohi’a	and	koa	and	likely	increasing	incidence	of	ROD.	In	a	“business	as	usual”	
scenario,	existing	threats	will	remain	problematic	including	the	persistence	of	invasive	
species,	while	fire	may	become	more	prevalent,	especially	within	lower	elevations.	
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6.3	Desirable	Futures:	Achieving	Success	Through	Targeted	Interventions	
	
With	an	understanding	of	the	potential	futures,	it	is	possible	for	conservation	leaders	to	
make	targeted	interventions	to	mitigate	potential	threats	to	endangered	species.	On	the	
Island	of	Hawaii,	forest	birds	can	survive	if	sound,	strategic	interventions	–	developed	and	
implemented	in	cooperation	with	all	invested	stakeholders	–	are	effectively	implemented	
and	managed.	In	the	next	100	years,	the	largest	impact	to	forest	bird	populations	is	the	
presence	of	avian	malaria	spread	by	the	parasite	Plasmodium	at	higher	elevations.	Thus,	
management	and	potential	removal	of	the	vector	is	critical	in	order	to	ensure	bird	survival.	
If	the	vector	were	controlled,	populations	of	native	forest	birds	could	continue	to	survive	in	
the	face	of	warming	temperatures.		

Suitable	habitat	is	another	condition	required	for	the	survival	of	Hawaiian	forest	
birds.	Native	‘ohi’a	and	koa	are	at	risk	for	diseases,	which	may	only	become	worse	as	
temperatures	increase	and	the	ranges	of	invasive	insects,	funguses,	and	competing	species	
expand.	Combating	the	most	virulent	of	diseases,	including	ROD,	is	paramount	in	order	to	
control	the	rate	and	spread	of	infection.	

	

7.0	Interventions	
	
It	is	not	possible	to	escape	the	effects	of	climate	change	and	learning	to	adapt	to	warming	
temperatures	and	changes	in	precipitation	regimes	will	require	resiliency	and	a	forward-
thinking	approach	to	conservation.	Long-term	sustainability	of	Hawaii’s	forest	birds	thus	
requires	conservation	leaders	to	understand	those	threats	that	require	adaptation,	and	
those	that	require	intervention.	Targeted	interventions	that	may	pave	progress	toward	a	
desirable	future	include	control	and/or	elimination	of	disease	vectors,	continued	
maintenance	and	monitoring	of	native	montane	forest,	and	investing	in	organized	
partnerships,	public	awareness,	and	community	engagement.	
	

7.1	Adapting	to	Climate	Change	
	
It	is	vital	that	conservation	managers	adapt	to	shifts	in	environmental	conditions	including	
temperature	rise,	changes	to	precipitation,	and	increased	drought.	In	their	research,	
Mcleod	et	al.	(2019)	explains	that	ecosystem-based	adaptations	that	support	healthy	
ecosystems	requires	financing	and	supportive	policies	in	order	to	ensure	implementation,	
sustainability,	and	scaling	across	the	region.	Such	policies	must	also	address	local	needs	
and	should	be	developed	in	cooperation	with	community	members.	Mechanisms	that	allow	
for	learning	and	knowledge	exchange	between	local,	state,	and	national	governments	are	
also	important,	as	are	innovative	financing	for	ecosystem-based	adaptations.	For	example,	
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utilizing	payments	for	ecosystem	services	creates	financial	mechanisms	that	generate	new	
sources	of	revenue	for	watershed	protection.	

Though	while	adaptations	to	climate	change	may	allow	regions	to	cope	with	new	
conditions,	in	some	cases	they	will	be	insufficient	in	order	to	address	the	sheer	magnitude	
of	impacts.	Thus,	to	prevent	the	extinction	of	Hawaii’s	forest	birds,	targeted	interventions	
that	address	vectors	of	disease	and	that	aim	to	restore	native	habitat	are	critical	to	bird	
survival.	
	
7.2	Eliminating	Disease	Vectors	
	
To	preserve	native	forest	birds	in	the	face	of	climate	change,	management	and	potential	
eradication	of	invasive	mosquito	populations	must	be	incorporated	into	management	
plans.	As	ambient	temperatures	warm,	researchers	agree	that	upward	expansion	of	
mosquito	range	will	likely	greatly	impact	populations	of	indigenous	forest	birds.	The	
approaches	most	often	employed	for	mosquito	control,	including	insecticides,	cannot	
address	the	unique	challenges	of	the	Hakalau	NWR	landscape,	which	is	an	enormous	
undertaking	requiring	manpower	and	resources	able	to	implement	insecticide	or	other	
control	measures.		Moreover,	there	can	be	unintended	effects	of	pesticide	application	on	
non-target	species.		

Effective	management	of	avian	disease	including	malaria,	coupled	with	future	
threats	of	introduced	West	Nile	virus,	includes	removal	of	the	vector	in	its	entirety.	In	the	
Sterile	Insect	Technique	(SIT),	male	mosquitoes	are	sterilized	and	released	into	the	wild	to	
mate	with	females	and	produce	nonviable	offspring	(Hawaii	Exemplary	State	Foundation,	
2016).	As	the	environment	eventually	becomes	saturated	with	sterile	males,	there	are	
fewer	mosquitoes	to	survive	and	breed.	Thus,	populations	of	these	mosquitoes	eventually	
crash.	Unlike	insecticide,	SIT	involves	the	suppression	of	mosquitoes	with	no	direct	effects	
on	other	species.	There	are	currently	three	types	of	SIT	that	have	been	tested	in	the	field	
and	are	currently	available:	

1. Releases	of	male	mosquitoes	sterilized	by	irradiation.	
2. Releases	of	male	mosquitoes	carrying	the	bacterium	Wolbachia.	
3. Release	of	irradiated	male	mosquitoes	that	carry	Wolbachia.	

A	fourth	method	is	also	currently	field-ready	is	the	release	of	Self-Limiting	male	
mosquitoes.	This	approach	uses	genetic	technology	to	provide	a	means	for	preventing	the	
survival	of	offspring	of	released	males	(Hawaii	Exemplary	State	Foundation,	2016).	
Important	factors	to	consider	with	regards	to	implementation	of	SIT	is	the	manpower,	
technology,	and	expertise	required	to	apply	these	techniques	in	the	difficult,	elevated	
mountain	terrain	of	Hakalau	NWR.		

	There	are	also	new	genetic	approaches	for	mosquito	population	suppression	that	
have	shown	success	in	laboratory	environments.	These	techniques	differ	from	SIT	methods	
through	the	implementation	of	gene	drive,	or	the	specific	selection	of	particular	genes	to	be	
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inherited	via	genes	in	breeding	populations	or	organisms	(Hawaii	Exemplary	State	
Foundation,	2016).	Through	the	inheritance	mechanisms,	scientists	can	ensure	that	specific	
traits	are	always	inherited,	and	gene	drive	systems	can	subsequently	increase	the	
frequency	of	those	traits	–	even	if	they	are	not	beneficial	to	the	organism.	Examples	of	
effects	of	this	technology	includes	ensuring	offspring	are	solely	male	or	infertile	females.	
Over	time,	as	the	inherited	trait	spread	through	the	population,	it	results	in	the	permanent	
removal	of	a	species.		

7.3	Maintaining	Native	Forests	and	Preventing	ROD	
	
The	role	of	`ohi`a	and	koa	in	preserving	native	montane	forest	bird	habitat	cannot	be	
overstated.		Previous	land-use	regimes	allowed	for	cattle	ranching	in	much	of	what	is	now	
part	of	Hakalau	NWR.	Years	of	land-use	change	and	continued	invasion	by	feral	ungulate	
has	decimated	seed	banks	for	the	natural	forest.	As	a	result,	active	management	by	
conservation	workers	is	required	for	the	removal	of	invasive	plant	species	and	the	
replanting	of	native	`ohi`a	and	koa.	Future	conservation	efforts	will	require	a	continuation	
of	these	activities	to	ensure	minimal	resurgence	of	invasive	plants	and	regeneration	of	
native	seed	banks.		Native	koa,	for	example,	grows	rapidly	and	can	likely	colonize	areas	that	
are	actively	managed	and	maintained	for	invasive	removal.		

Invasive	ungulates	continue	to	threaten	forest	bird	habitats,	and	thus	controlling	
these	species	and	limiting	their	range	are	integral	to	maintaining	native	`ohi`a	and	koa	
forests.	Feral	pigs,	sheep,	and	cattle	cause	substantial	degradation	to	the	natural	forest	
ecosystem	through	the	combined	effects	of	digging,	browsing,	and	trampling.	As	Hawaii	has	
no	native	terrestrial	large	mammals,	these	ungulate	species	pose	a	particular	threat	to	
sensitive	understory	habitat	important	for	native	forest	birds.		

Image	12:	Example	of	gene-drive	trait	inheritance	versus	that	of	non-gene	drive.	In	this	
instance,	genes	have	been	programed	in	such	a	way	that	all	mosquitoes	born	are	males.	
Only	female	mosquitoes	require	blood	meals	and	serve	as	disease	vectors	(Royal	
Society	Te	Aparangi	gene	Editing	Panel,	2017). 
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Also	important	to	the	long-term	conservation	and	restoration	of	Hakalau	is	the	
cyclical	replacement	of	fences,	trapping	and	removal	of	ungulate	species,	and	the	long-term	
monitoring	of	existing	populations.	Field	surveys	and	reliable	population	models	of	bird	
and	invasive	abundance	would	further	allow	conservation	managers	to	quickly	and	
strategically	respond	to	likely	future	scenarios.	
	

7.4	Organized	Partnerships,	Public	Awareness,	and	Creative	Funding	Streams	
	
The	success	of	conservation	management	often	depends	on	local,	organized	partnerships.	
Maintaining	existing	connections	and	forging	new	alliances	for	conservation	in	the	areas	
surrounding	Hakalau	NWR	are	critical	to	the	continued	maintenance	of	the	refuge	and	
forest	bird	habitat.	Partnerships	can	be	identified	for	the	purpose	of	landscape-level	
implementation	of	conservation	practices,	such	as	in	the	case	of	watershed	partnerships,	or	
for	identification	and	sensitivities	to	cultural	and	historic	sites.	For	example,	the	Three	
Mountain	Alliance	and	the	Mauna	Kea	Watershed	Alliance	protect	vital	water	recharge	
regions	for	Hawaii	through	participation	in	a	variety	of	activities	including	invasive	species	
removal	and	native	species	out-planting	benefit	native	forests	and	watersheds	by	reducing	
soil	erosion	and	sedimentation	runoff	while	environmental	education	and	outreach	ensure	
future	generations	understand	the	importance	of	continued	monitoring	and	intervention	of	
the	forest	system	(US	Fish	and	Wildlife	Service,	2010).	

Despite	current	local	partnerships	and	intimate	connections	with	conservation	
groups,	Hakalau	National	Wildlife	Refuge	and	the	endangered	forest	birds	it	protects	
remains	largely	unknown	to	the	general	public.	In	a	globalized	world,	it	is	imperative	that	
resource	managers	recognize	the	need	for	social	dimensions	in	conservation.	Increased	
public	awareness	can	augment	support	for	management	activities	(Novoa	et	al.,	2017)	
while	public	attention	can	galvanize	support	from	local	community	members.	Moreover,	
understanding	of	conservation	objectives	can	lead	to	adherence	to	conservation	protocols	
by	the	local	community.	It	can	also	ensure	the	availability	of	volunteer	programs	for	
management	purposes,	amplification	to	existing	visitor	programs,	and	generation	of	new	
funding	streams	through	philanthropic	networks.	With	proper	resources	such	as	funding	
and	time,	public	engagement	through	workshops,	social	media,	outreach,	citizen	science,	
and	education	activities	will	improve	public	support	for	Hawaii’s	forest	bids.	For	all	
practical	purposes,	the	application	of	future	interventions	will	also	require	maintenance	of	
funding	streams	and	generation	of	new,	potentially	creative	revenue	sources.		
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8.0	Discussion	and	Conclusions	
	
Endemic	Hawaiian	forest	birds	are	at	great	risk	for	extinction	due	to	the	loss	of	native	
habitat,	invasive	predatory	animals,	and	avian	disease	spread	by	mosquitoes.	Having	
evolved	for	thousands	of	years	without	these	threats,	forest	birds	lack	natural	defense	
mechanisms	and	are	unable	to	develop	the	resistance	they	need	in	time	to	save	their	
populations	from	extinction.	They	also	have	low	fecundity,	often	producing	only	a	single	
egg	each	year.	Destruction	of	forest	habitat	caused	by	land-use	changes	and	hoofed	
ungulate	species	have	deprived	birds	of	their	natural	ecosystems,	and	to	continue	to	do	so	
despite	modern	conservation	efforts.	These	threats	could	be	controlled,	however,	were	it	
not	for	invasive	mosquitoes	who	have	greatly	exacerbated	an	already	bleak	situation	for	
Hawaiian	forest	birds.	Until	now,	birds	occupying	high	elevation	forests	have	remained	
unexposed	to	mosquitoes,	whose	malaria-causing	parasite	fails	to	survive	in	cooler	
climates.	But	climate	change	threatens	to	expand	mosquito	habitat	into	high	elevation	
forest,	putting	Hawaiian	forest	birds	at	risk	for	disease	contraction.	With	nowhere	left	to	
go,	Hawaiian	forest	birds	face	imminent	extinction	without	direct	intervention.		
	 In	addition	to	a	continued	monitoring	of	the	system,	interventions	exist	that	could	
drastically	improve	the	fate	of	the	birds.	Removal	of	the	vector	remains	the	most	integral	
intervention	directly	linked	to	the	fate	of	the	birds,	and	current	technologist	exist	(or	will	
soon	exist)	that	can	be	utilized	for	just	this	purpose.	Without	community	buy-in,	however,	
“selling”	these	technologies	to	the	public	and	gaining	popular	approval	is	integral	to	
moving	forward.	Continued	partnerships	and	community	involvement	are	thus	critical	to	
building	and	maintaining	valuable	connections,	while	education	and	public	outreach	can	
ensure	increased	participation,	awareness,	and	funding	streams	to	support	management	
projects.		

Hawaii’s	forest	birds	remain	an	indicator	of	the	islands’	ecosystem	health	and	serve	
as	a	symbol	for	conservation	efforts	in	the	modern	world.	As	the	biodiversity	of	the	plant	
rapidly	declines,	there	are	parallels	between	disappearing	species	and	disappearing	
traditions,	such	as	those	cultures	indigenous	to	the	Hawaiian	Islands.	Connecting	the	fate	of	
the	birds	with	the	fate	of	humans	may	be	the	best	way	to	gain	community	support	and	raise	
awareness	for	native	species	who	will	not	survive	climate	change.	If	we	can	allow	a	species	
to	so	easily	disappear,	can	we	do	the	same	for	indigenous	languages	and	traditions?	At	
what	point	do	we	ask	ourselves	the	type	of	world	in	which	we	hope	to	live?	Do	we	really	
value	diversity,	or	are	we	content	with	monocultures	of	people	and	species?	

As	a	privileged	nation,	we	have	the	expertise,	the	tools,	and	the	resources	to	change	
the	fate	of	these	birds.	What’s	more,	we	are	setting	an	example	for	the	rest	of	the	world	as	
conservation	practitioners	and	as	good	stewards	of	the	planet.		If	we	allow	Hawaiian	forest	
birds	to	slip	into	extinction,	we	are	opening	the	door	for	indifference	and	resignation.	In	
this	way,	countless	other	species	–	those	in	every	corner	of	the	world	also	standing	upon	
the	doorstep	of	extinction	–	will	follow	suit.	The	only	hope	for	the	biodiversity	of	this	planet	
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is	the	passion,	grit,	and	perseverance	of	conservation	leaders	who	will	shed	traditional	
methods	and	forge	ahead	with	creative	technologies	that	allow	us	to	achieve	a	more	
desirable	future.		
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9.0	Recommendations	
	
The	recommendations	outlined	below	focus	on	the	Hakalau	National	Wildlife	Refuge	as	a	
case	study	example	for	the	native	Hawaiian	forest	system	and	the	endemic	birds	that	live	
there.	These	recommendations	are	intended	for	use	by	conservation	managers,	particularly	
Fish	and	Wildlife	Service,	but	also	other	organizations	working	with	the	decline	in	native	
Hawaiian	bird	species.	Effective	conservation	action	and	implementation	of	interventions	
requires	a	holistic	approach	that	unites	and	integrates	many	entities	including	research	
organizations	like	the	University	of	Hawaii,	local	and	federal	government	organizations	
with	the	authority	to	implement	new	regulations	and	generate	funding	streams,	non-
profits	with	the	ability	to	raise	awareness	through	effective	conservation	messaging,	and	
local	communities	who	have	a	vested	interest	in	conservation	successes.		
	
9.1	Adapting	to	Climate	Change	
	
Recognizing	that:	
	
• Average	climate	change	projections	show	an	increase	in	temperature	at	higher	

elevations	by	the	year	2100.	
• Forest	habitats	will	acclimate	to	climate	change	by	shifting	ranges,	which	will	transform	

native	forests.	
• Species	will	also	experience	range	shifts	in	response	to	changes	in	habitat	and	

associated	climate.	
• Changes	in	weather	patterns	will	result	in	a	decrease	in	average	precipitation	and	likely	

cause	longer	periods	of	drought.		
	
Acknowledging	that:	
	
• Current	conservation	practices	and	responses	will	not	be	enough	to	save	native	species	

from	extinction,	and	creative	conservation	practices	are	required	in	order	to	affect	
change.	

• It	is	important	to	focus	on	those	things	that	are	within	our	power	to	control,	including	
governing	pathways,	education,	and	sustainable	living	practices.		

• Current	regulatory	pathways	to	implement	creative	solutions	for	conservation	may	not	
exist.	

	
Recommend	that	conservation	managers:	
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• Develop	innovative	regulatory	pathways	that	allow	for	easy	implementation	of	
conservation	interventions	including	gene	drive.	

• Develop	programs	that	educate	community	members	regarding	the	effects	of	climate	
change	on	habitat,	and	associated	impacts	to	species	and	community	members.	

	
9.2	Hawaiian	Forest	Birds	
	
Recognizing	that:	
	
• Climate	change	facilitate	the	upward	expansion	of	invasive	mosquitoes	into	higher	

elevation	forests.	
• Native	forest	birds	do	not	have	immunity	to	mosquito-borne	illnesses	and	do	not	have	

enough	time	to	develop	such	immunity	as	populations	rapidly	diminish.	
• Use	of	insecticides	to	kill	mosquitoes	may	result	in	unwanted	effects	to	nontarget	

species.	
	
Acknowledging	that:	
	
• Removal	of	the	vector	is	the	best	way	to	ensure	that	birds	are	not	exposed	to	mosquito-

borne	illness,	whether	it	be	avian	malaria	or	other	transmittable	disease.	
• Without	interventions,	birds	will	likely	become	extant.	
	
Recommend	that	conservation	managers:	
	
• Implement	new	and	emerging	technologies	for	controlling	invasive	mosquitoes	in	

Hawaii	that	eliminate	the	vector	including	use	of	the	Sterile	Insect	Technique	(SIT)	and	
gene	drive.	

• Seek	funding	streams	that	allow	for	project	implementation	of	these	innovative	
technologies.	

• Work	in	cooperation	with	universities	and	non-profit	organizations	already	committed	
to	similar	response	including	The	Mosquito	Lab	at	University	of	Hawaii,	Hilo.	

	
9.3	Native	Forest	Habitat	
	
Recognizing	that:	
	
• Climate	change	will	cause	transformation	to	weather	patterns	and	precipitation	

regimes	resulting	in	increased	drought	and	fire,	impacting	native	forest	and	the	species	
that	live	there.	
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• Invasive	species	continue	to	transform	native	Hawaiian	forest	and	have	transformed	
soil	composition	and	decimated	native	seed	banks.	

• Instances	of	ROD,	and	other	tree	disease,	will	likely	increase	in	the	face	of	climate	
change.	

	
Acknowledging	that:	
	
• Native	Hawaiian	forests	are	critical	bird	habitat	and	they	are	required	to	ensure	the	

survival	of	native	bird	species.	
• Healthy	native	forests	are	directly	connected	to	human	health	because	they	result	in	

quality	watersheds,	reduced	erosion	and	runoff	into	waterways	and	coastal	coral	reefs,	
and	protection	against	drought	and	flood.	

	
Recommend	that	conservation	managers:	
	
• Continue	to	actively	remove	invasive	plants	and	animals,	plant	native	species,	and	

renew	existing	seed	banks	for	the	future	success	of	native	forest.	
• Promote	the	importance	of	watershed	partnerships	through	educational	outreach	

campaigns	that	target	school	children	and	community	members.	
	
9.4	Communicating	the	Conservation	Response	to	Local	Communities	
	
Recognizing	that:	
• Human	resilience,	well-being,	nutrition,	and	ability	to	avert	disease	is	directly	

connected	to	the	health	of	the	environment.	
• Cultural	heritage,	including	language,	practices,	and	food	sources	are	directly	connected	

to	the	survival	of	native	plants	and	animals.	
• Understanding	the	culture	and	socioeconomic	context	of	local	communities	and	

designing	environmental	responses	that	include	these	groups	results	in	more	effective	
conservation	interventions.	

	
Acknowledging	that:	
	
• Western	world	views	have	historically	separated	humanity	from	nature	compared	to	

native	conservation	ethics	based	on	the	belief	that	all	life	is	connected.	
• Understanding	and	connection	to	the	environment	increases	a	sense	of	responsibility,	

confidence	and	empowerment	through	participating	in	active	citizenship	and	taking	
collective	action	to	resolve	environmental	issues.	
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• Parallels	exist	between	the	decline	in	native	Hawaiian	language	usage	and	the	decline	in	
native	bird	song.	

	
Recommend	that	conservation	managers:	
	
• Initiate	a	community	awareness	campaign	that	links	native	Hawaiian	language	with	

native	Hawaiian	bird	song	to	generate	connection	and	appreciation	for	these	native	
species	and	their	imminent	extinction.	

• Target	local	elementary	and	secondary	schools	to	share	interesting	and	interactive	
curriculum	related	to	native	forest	birds.	

• Produce	public	awareness	campaign	that	ties	native	history	and	the	decline	in	language	
and	bird	songs.	

• Form	partnerships	between	native	Hawaiian	advancement	groups	and	native	species	
protection	groups	to	dualistically	advance	the	causes	of	both	organizations	(learn	from	
civil/racial/gender	rights	campaigns	to	begin	a	collective	“native	Hawaiian”	
movement).		

• Share	best	practices	for	conservation	with	a	wider	public	audience	to	promote	
conservation	successes	and	encourage	likeminded	activists	to	take	action	in	their	own	
communities	around	the	world.	
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