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Foreword
Many	people	view	the	Arctic	as	a	vast	and	barren	expanse—an	
intimidating	and	hostile	environment	devoid	of 	wildlife	and	people.	
Fortunately	this	myth	is	being	dispelled	with	the	growing	voice	of 	
Arctic	indigenous	peoples	and	other	residents,	and	the	growing	focus	
on	such	issues	as	climate	change	and	its	disproportionate	impact	on	
high-latitude	regions.	The	Arctic	not	only	is	a	highly	productive	sys-
tem	that	plays	host	to	a	vast	array	and	abundance	of 	unique	wildlife,	
but	it	acts	as	a	critical	component	in	the	Earth’s	physical,	chemical	
and	biological	regulatory	system.	Perturbations	to	this	system	are	
expected	to	not	only	have	consequences	for	the	Arctic	itself,	but	will	
be	felt	globally.

Arctic	residents	in	particular,	but	also	the	world	at	large,	have	
been	increasingly	demanding	timely	and	accurate	information	on	
how	the	Arctic	is	responding	to	pressures	such	as	climate	change.	
Until	now,	these	demands	have	largely	been	met	with	silence.	To	
date,	we	have	mostly	relied	on	climate	information	and	sea-ice	extent	
as	indicators	of 	how	the	Arctic	is	changing.	But	what	of 	the	wildlife	
that	inhabits	the	Arctic?	How	are	they	responding	to	these	pressures?

With	the	Arctic	Species	Trend	Index	(ASTI)	we	can	now	begin	to	
track	how	the	Arctic’s	ecosystems	and	the	living	resources	dependent	
upon	them	are	responding	to	change.	Almost	1,000	datasets	for	the	
past	four	decades	representing	35%	of 	all	known	Arctic	vertebrate	
species	are	found	in	the	ASTI—a	significant	accomplishment	and	
recognition	of 	the	sustained	effort	and	dedication	of 	Arctic	re-
searchers	and	communities	who	have	been	tracking	wildlife	popula-
tions	in	a	remote	and	challenging	environment.		

While	the	data	found	in	the	ASTI	are	impressive,	more	are	
needed	to	understand	how	the	Arctic’s	ecosystems	and	the	living	
resources	they	support	are	responding	and	will	respond	to	growing	
and	cumulative	pressures.	Information	on	invertebrates	is	particularly	
scarce,	as	is	the	tracking	of 	large-scale	vegetation	changes.	A	growing	
awareness	that	changes		are	occurring	faster	than	modelled	predic-
tions	reminds	us	that	minimal	datasets	can	have		limited	value.	An	
enhanced	effort	is	needed	from	all	Arctic	countries	to	further	invest	
in	monitoring	and	associated	research.	The	results	have	to	be	ef-
fectively	delivered	to	Arctic	residents,	governments	and	the	world	in	
order	to	help	us	conserve	the	Arctic’s	living	resources	and	adapt	to	
changes	to	these	resources	in	a	changing	world.

Dr.	Aevar	Petersen

Chair,	Arctic	Council	Conservation	of 	Arctic	Flora	and	Fauna	
(CAFF)	Working	Group

tom barry

We can now begin to 
track how the Arctic’s 
ecosystems and the 
living resources 
dependent upon 
them are responding 
to change
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Summary
The	contribution	of 	Arctic	wildlife	to	global	biodiversity	is	sub-
stantial.	The	region	supports	globally	significant	populations	of 	
birds,	mammals	and	fish.	For	example,	over	half 	of 	the	world’s	
shorebirds	and	80%	of 	the	global	goose	population	breed	in	Arctic	
and	Sub	Arctic	regions.	Dramatic	changes	(e.g.,	sea-ice	loss)	in	the	
Arctic’s	ecosystems	are	predicted	to	occur	over	the	next	century.	
Arctic	species	that	have	adapted	to	these	extreme	environments	are	
expected	to	be	displaced	by	the	encroachment	of 	more	southerly	
(Sub	Arctic)	species	and	ecosystems.	Continued,	rapid	change	in	
the	Arctic	ecosystems	will	have	global	repercussions	affecting	the	
planet’s	biodiversity	as	a	whole.	Understanding	how	the	Arctic’s	
living	resources,	including	its	vertebrate	species,	are	responding	to	
these	changes	is	essential	in	order	to	develop	effective	conservation	
and	adaptation	strategies.

In	this	report,	vertebrate	population-abundance	data	were	used	
to	produce	an	indicator	of 	the	trends	in	Arctic	biodiversity	over	the	
past	34	years	(1970	as	the	baseline1).	This	index	tracks	965	popu-
lations	of 	306	species,	representing	35%	of 	all	known	vertebrate	
species	found	in	the	Arctic.	Vertebrate	abundance	in	High	Arctic	
species	declined	26%	between	1970	and	2004.	Low	and	Sub	Arctic	
species	have	fared	better	over	this	time	period:	Low	Arctic	species	
experienced	increasing	abundance	and	Sub	Arctic	species	showed	a	
decline	since	the	mid-1980s,	but	no	overall	change	over	the	34-year	
period.	These	observed	trends	are	largely	consistent	with	current	
predictions	regarding	the	response	of 	Arctic	wildlife	to	climate	
change	and	expected	increases	in	previously	over-harvested	species,	
and	suggest	that	human-induced	changes	in	Arctic	ecosystems	are	
already	resulting	in	winners	and	losers.	Dramatic	growth	of 	certain	
populations	of 	migratory	Arctic-nesting	geese	species,	for	instance,	
shows	a	contrast	with	a	steady	decline	in	other	herbivorous	species,	
most	of 	which	are	not	migratory.							

While	this	report	highlights	trends	seen	over	34	years,	further	
work	is	needed	to	produce	a	more	robust	index	that	adequately	rep-
resents	all	taxa,	biomes	and	regions	and	to	develop	a	better	under-
standing	of 	how	the	Arctic’s	wildlife	is	responding	to	both	natural	
and	human-induced	changes.	The	remoteness	of 	the	region	means	
certain	species	and	populations	(e.g.,	fish	populations	and	High	
Arctic	populations)	have	limited	data	coverage.	Current	research	
and	monitoring	efforts	are	insufficient,	limiting	our	ability	to	detect	
and	understand	changes	in	population	abundance.	Better	designed,	
more	widely	distributed	and	more	integrated	research	and	monitor-
ing	schemes	need	to	be	implemented.	The	resulting	information	
must	be	delivered	using	effective	formats	to	decision-makers	at	all	
levels	(national,	regional	and	local	authorities)	in	order	to	facilitate	
more	effective	and	timely	conservation	and	adaptation	responses	in	
a	rapidly	changing	system.

joelle taillon

1. 1970 was used as the baseline as pre-1970 data in the ASTI was limited making 
trend results uncertain for years preceding 1970.  Likewise, 2004 was used as the 
cut-off  year as sample size declined dramatically after 2004 due to recent, updated 
datasets not yet being available.
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Introduction

Monitoring Arctic biodiversity
This	year,	all	signatory	nations	will	be	reporting	to	the	Convention	
on	Biological	Diversity	(CBD)	on	their	progress	towards	the	2010	
target	of 	reducing	the	rate	of 	biodiversity	loss.	Biodiversity	indica-
tors	have	been	developed	to	assess	whether	or	not	this	target	has	
been	met	and	to	demonstrate	the	changing	state	of 	nature	over	time.	
To	track	status	and	trends	in	Arctic	biodiversity	for	the	2010	target,	
the	Circumpolar	Biodiversity	Monitoring	Program	(CBMP)	has	
identified	a	number	of 	indices	and	indicators,	one	of 	which	is	the	
Arctic	Species	Trend	Index	(ASTI).	This	index,	like	the	global	Living	
Planet	Index	(LPI),	illustrates	overall	vertebrate	population	trends	
by	integrating	vertebrate	population	trend	data	of 	an	appropriate	
standard	[1]	from	across	the	Arctic	and	over	the	last	34	years.	An	
increasing	index	indicates	that,	overall,	more	vertebrate	populations	
in	the	Arctic	are	increasing	than	decreasing.	Whereas	a	decreasing	
index,	indicates	the	opposite	situation.	This	index	not	only	allows	
for	a	composite	measure	of 	the	overall	trajectory	of 	Arctic	vertebrate	
populations,	but	can	be	disaggregated	to	display	trends	based	on	
taxonomy,	ecosystem,	region,	time	period	and	other	categories.

Measuring	change	in	Arctic	biodiversity	is	all	the	more	pertinent	
given	evidence	emerging	of 	Arctic	ecosystems	already	responding,	in	
some	cases	quite	dramatically,	to	climatic	changes	[2,	3].	Predictions	
are	of 	substantial	shifts	in	this	environment	in	the	near	future	(e.g.,	
encroachment	of 	more	southerly	species	and	ecosystems)	[4,	5]	and	
recent	changes	in	physical	elements	such	as	sea	ice	have	outpaced	
predicted	changes	[6].	Limited	functional	redundancy	in	Arctic	
ecosystems	poses	a	particular	risk	as	the	loss	of 	a	single	species	
could	have	dramatic	and	cascading	effects	on	an	ecosystem’s	state	
and	function	[3].	Our	current,	mostly,	single-species	approach	to	
monitoring	with	a	bias	towards	charismatic	species	over	functional	
species	limits	our	ability	to	detect	and	understand	critical	changes	in	
the	Arctic’s	ecosystems.	A	broader	and	more	integrated	approach	is	
needed	to	facilitate	a	better	understanding	of 	how	the	Arctic’s	living	
resources,	including	its	vertebrate	species,	are	responding	to	a	chang-
ing	Arctic	and	how	these	changes	might	reflect	or	counter	global	
biodiversity	trends.	This	information	is	essential	in	order	to	develop	
effective	conservation	and	adaptation	strategies.		

Results	presented	in	this	report	from	the	analysis	of 	Arctic	verte-
brate	population	data	are	used	to	examine	overall	trends	in	popula-
tion	abundance	in	a	changing	Arctic	ecosystem.	An	overall	ASTI	
is	presented	as	an	indicator	of 	Arctic	biodiversity	at	the	ecosystem	
level,	followed	by	a	number	of 	species-	and	system-based	themes	
illustrated	to	reveal	trends	in	abundance	at	smaller	scales.	These	dis-
aggregations	identify	patterns	in	Arctic	vertebrate	population	trends,	

carsten egevang

This information is 
essential in order 
to develop effective 
conservation and 
adaptation strategies. 
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thereby	facilitating	a	greater	understanding	of 	the	potential	driv-
ers	of 	these	trends.	Over	time,	tracking	this	index	will	help	reveal	
patterns	in	Arctic	wildlife	response	to	growing	pressures,	thereby	
facilitating	a	better	predictive	ability	on	the	trajectory	of 	Arctic	
ecosystems.

Figure 1: Arctic boundaries The Arctic as defined by the Conservation of Arctic Flora and Fauna [7] and the 
High, Low and Sub Arctic regions according to floristic boundaries [8]. The red dots represent vertebrate populations 
included in the ASTI data analysis.

carsten egevang
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Data Coverage
The	delineation	of 	the	High,	Low	and	Sub	Arctic	boundaries	was	
used	to	classify	Arctic	populations	(Figure	1)	giving	a	total	of 	965	
time	series	for	306	species	of 	birds,	mammals	and	fish.	The	total	
number	of 	species	in	the	ASTI	represents	35%	of 	the	known	Arctic	
vertebrate	species	and	the	proportion	of 	each	taxonomic	class	rep-
resented	is	shown	in	Figure	2.	Representative	coverage	was	good	for	
bird	species,	moderate	for	mammals	and	poor	for	fish.

0%

20%

40%

60%

80%

100%

Birds Mammals Fishes

Taxonomic class

Figure 2: Data Coverage by Taxonomic Class. The coverage of species represented in the ASTI. 
Black bars represent proportion of Arctic species in each class for which there are population data available. White 
bars are the proportion of Arctic species with no available population-trend data.

Data	were	collated	from	across	the	Arctic	representing	contributions	from	various	individuals	and	
organizations	(see	Acknowledgements)	in	all	eight	Arctic	nations	and	from	marine,	terrestrial	and	
freshwater	systems	(see	Appendix	II).	A	few	examples	of 	the	composition	of 	the	ASTI	data	set	are	
on	the	following	pages.	The	trends	in	abundance	in	each	subset	of 	data	were	averaged	to	produce	the	
results	that	follow.	

Trends in sample populations of selected species
The	population	trends	for	the	10	terrestrial,	marine	and	freshwater	species	shown	in	Figure	3	illustrate	
the	kinds	of 	data	that	have	been	used	to	calculate	the	Arctic	Species	Trend	Index.	The	example	set	spans	
a	range	of 	classes,	locations	and	Arctic	regions	to	illustrate	how	different	populations	are	faring	across	
the	Arctic	region,	but	does	not	necessarily	represent	the	picture	for	an	entire	species	or	region.	

Some	populations	are	either	stable	or	increasing,	representing	conservation	successes	such	as	the	
Alaskan	Bowhead	Whale	population	that	is	benefitting	from	the	removal	of 	hunting	pressure.	Green-
land	Cod	that	declined	to	a	very	low	level	by	the	early	1990s	due	to	deterioration	of 	the	environmental	
conditions	and	high	fishing	mortality,	shows	indications	of 	improving,	with	influx	of 	cod	from	Icelan-
dic	waters	as	one	contributing	factor.

peter e. steenstra/usfws
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Arctic Species Trend Index (ASTI)
The	average	trend	in	965	populations	of 	306	Arctic	vertebrate	species	
indicates	an	increase	in	abundance	from	1970	until	1984,	then	the	in-
dex	remains	relatively	stable	up	to	2004	(Figure	4).	Overall,	the	index	
has	increased	by	16%	over	the	time	period	(1970-2004).	The	confi-
dence	intervals2 show	that	the	overall	increase	in	vertebrate	abundance	
was	between	2	and	32%.	The	number	of 	Arctic	populations	contribut-
ing	to	the	index	over	the	34	years	ranged	from	266	to	666	time	series	
for	a	single	year.	The	number	of 	populations	has	increased	steadily	up	
until	1998	indicating	that	data	availability	has	improved	either	as	a	
result	of 	more	monitoring	schemes,	or	by	data	becoming	more	widely	
available,	or	both.	Declines	in	sample	size	in	recent	years	is	thought	to	
be	due	to	new	data	not	yet	being	available,	rather	than	representing	a	reduction	in	monitoring	effort.	
Population	trends	within	the	Arctic	boundary	as	defined	by	CAFF	(see	Figure	1)	were	almost	identical	
to	those	of 	the	Arctic	boundaries	used	in	this	analysis.	Although	the	CAFF	dataset	contains	133	fewer	
populations,	there	was	only	one	species	difference	between	the	two	indices,	so	they	are	qualitatively	very	
similar	(see	Appendix	II	and	III).

Although	the	overall	ASTI	is	increasing,	the	following	sub-indices	reveal	that	the	same	trend	is	not	
consistent	among	all	regions,	systems	or	groups	of 	species.2
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Figure 4: Arctic Species Trend Index (with 95% confidence intervals) for all species within 
the Arctic boundaries and total population (N) values for that year, for the period 1970-2004. (ASTI, n=306 species, 965 
populations).

2. Confidence intervals were generated for each index and the values are found in Appendix III of  this report. They 
are not displayed in most figures in order to maintain the clarity of  the graphs.
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Regional results: Arctic boundaries
Populations	in	the	High,	Low	and	Sub	Arctic	boundaries	show	
markedly	different	trends	(Figure	5).	High	Arctic	species	show	
	an	overall	decline	in	abundance	of 	26%	with	populations	levelling	
off 	in	the	mid-1990s.	Similarly,	after	an	initial	growth	period,	
Sub	Arctic	species	appear	to	have	declined	in	abundance	from	
around	the	mid	1980s	(overall	decline	of 	3%).	Low	Arctic	species	
on	the	other	hand	have	increased	by	an	average	of 	46%	over	the	
same	time	period.
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Figure 5: Arctic Species Trend Index for all Arctic species (black line) disaggregated 
into High Arctic species, Low Arctic species and Sub Arctic species for the period 1970-
2005. (All species, n =306 species, 965 populations; High Arctic, n =47 species, 114 populations; Low Arctic, n=194 
species, 545 populations; Sub Arctic n=155 species, 306 populations.)

The	High	Arctic	index	combines	trends	in	47	species	and	includes	sea-ice-associated	species,	such	
as	narwhal	and	polar	bear.	This	region	of 	the	Arctic	has	experienced	the	largest	increase	in	temperature	
change	to	date	[5]	and	has	already	experienced	dramatic	reductions	in	sea-ice	extent	(Figure	6)	with	fur-
ther	contraction	of 	sea	ice	predicted	in	the	near	future	[9].	Reduction	in	sea-ice	extent	limits	the	habitat	
available	for	many	sea-ice	dependent	High	Arctic	species	and	these	species	are	expected	to	decline	with	
declining	sea-ice	cover	[10].	However,	we	are	unable	to	ascertain	the	extent	to	which	sea-ice	associated	
species,	such	as	polar	bear,	have	already	been	affected	by	these	changes.	The	trend	data	for	most	High	
Arctic	species	are	available	for	only	a	few	selected	populations	(see	Box	1)	and	there	are	other	factors	
influencing	species	abundance	(e.g.,	natural	cycles)	that	need	to	be	considered.	For	example,	some	ter-
restrial	mammal	populations	are	known	to	cycle	naturally	and	some	of 	these	populations	have	recently	
been	experiencing	a	period	of 	decline	(e.g.,	Brown	and	Collared	Lemming	populations	in	Greenland	
and	Canada;	Caribou	populations	from	the	northern	territories	in	Canada).	These	recent	declines	are	
thought	to	be	part	of 	a	natural	cycle	and	are	contributing	to	the	decreasing	High	Arctic	index.

usfws
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The	Sub	Arctic	area	predominantly	covers	terrestrial	and	fresh-

water	systems	with	very	few	coastal	and	no	marine	populations.	This	
is	the	most	accessible	region	in	the	Arctic,	and	consequently	hu-
man	impact	and	land-use	change	have	been	greater	than	in	the	High	
Arctic,	although	still	relatively	low	compared	to	non-Arctic	regions.	
With	climate	change	and	increased	resource	development	coupled	
with	invasive	species,	contaminants	and	possible	overharvesting,	
the	Sub	Arctic	may	face	increasing,	cumulative	pressures	that	result	
in	negative	impacts	on	wildlife	populations.	However,	it	is	unclear	
at	this	time	what	might	be	driving	the	steady	decline	in	vertebrate	
abundance	since	1986.

The	index	of 	Low	Arctic	species	is	predominantly	a	reflection	of 	
the	marine	environment	and	shows	an	average	increase	in	abundance	over	the	time	period.	The	species	
included	in	this	data	set	are	primarily	marine	fish,	some	of 	which	(such	as	Pollock)	change	in	abundance	
in	accordance	with	sea-temperature	fluctuations	[11],	and	marine	mammal	species	(many	of 	which	have	
shown	recoveries	from	previously	high	levels	of 	exploitation	[12]).	These	increases	are	largely	found	in	
the	Pacific	waters	of 	the	Low	Arctic	in	the	Eastern	Bering	Sea,	thus	demonstrating	the	need	for	care-
ful interpretation	of 	the	Low	Arctic	index.	They	also	reveal	the	shortcomings	that	a	restricted	timeline	
of 	biodiversity	change	presents.	If 	populations	had	been	monitored	since	the	early	1900s,	the	small	
recovery	in	some	of 	the	large	marine-mammal	species	over	the	past	few	decades	would	be	dwarfed	by	
the	extensive	declines	that	marked	the	decades	preceding	1970.

Figure 6: Trends in Arctic summer sea-ice extent. Comparison between 1979 to 2000 average, 
2007 and 2009 (up to August 31). Source: National Snow and Ice Data Center. Digital media. 

usfws
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Box 1: Sea-ice-associated species
Arctic	summer	sea-ice	extent	reached	a	record	minimum	(see	Figure	6)	in	2007	(39%	below	the	
1979	to	2000	average)	and	2008	was	the	second-lowest	record	(reaching	34%	below	average).	In	
conjunction	with	these	surprising	losses	in	sea-ice	extent	is	the	loss	of 	multi-year	ice	which	makes	the	
current	thinner,	single-year	ice	much	more	vulnerable	to	further	reductions	in	extent.	It	is	well	estab-
lished	that	further	losses	in	sea-ice	extent	are	to	be	expected	over	the	coming	decades	[9].	How	this	
loss	of 	sea	ice	will	impact	marine	species	is	less	clear.	Not	all	High	Arctic	species	are	equally	reliant	
on	this	rapidly	changing	habitat,	so	the	strength	of 	this	relationship	and	the	plasticity	of 	the	species	
will	dictate	the	ability	of 	any	given	species	to	adapt	to	future	changes	in	the	distribution	of 	sea	ice	
[10].	The	ice	represents	a	habitat	that	many	species	depend	on,	from	Polar	Bears	to	Ringed	Seals,	sea-
birds	to	fish,	and	even	algae	and	invertebrates	directly	associated	with	multi-year	ice.	Species	such	as	
the	Polar	Bear,	Narwhal	and	Ringed	Seal	are	highly	adapted	to	this	habitat	for	foraging,	birthing	or	
predator	evasion	[13].	Polar	Bears,	for	example,	rely	almost	entirely	on	the	marine	sea-ice	environment	
for	their	survival,	therefore	large-scale	changes	in	their	habitat	are	expected	to	have	dramatic	impacts	
on	population	sizes	[14].	In	the	case	of 	the	Western	Hudson	Bay	Polar	Bear	population,	the	increas-
ingly	long	ice-free	season	is	directly	correlated	with	reduced	body	condition	of 	Polar	Bears	in	this	
population,	thereby	initiating	the	observed	population	declines	[14,	15].	However,	the	lack	of 	a	linear	
relationship	between	this	changing	habitat	and	population	abundance	makes	it	difficult	to	predict	ex-
act	effects.	The	extent	to	which	the	majority	of 	species	can	adapt	to	the	loss	of 	sea	ice	and	associated	
prey	species	remains	largely	unclear	[10].	There	is	great	uncertainty	in	how	species	interactions	will	
be	affected	by	these	dramatic	changes	and	even	baseline	data	on	population	size	in	sea-ice-dependent	
species	is	largely	lacking.
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Figure 7: Trends in the Western Hudson Bay Polar Bear (Ursus maritimus)
populations [15].
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System Results 

Overview
Divergent	patterns	are	also	observed	between	the	different	systems	
(marine,	freshwater	and	terrestrial).	Whereas	the	freshwater	and	
marine	indices	increase	over	the	time	period	(52%	and	53%	respec-
tively),	the	terrestrial	index	shows	an	overall	decline	of 	10%,	despite	
increasing	in	the	late	1970s	to	mid-1980s	(Figure	8).	However,	the	
data	behind	the	freshwater	index	is	currently	too	sparse	(51	species;	
132	populations)	to	fully	reflect	the	circumpolar	freshwater	situa-
tion.	The	marine	index	is	robust	(107	species;	390	populations),	but	
it	is	largely	driven,	as	is	the	Low	Arctic	index,	by	an	overweighting	of 	
population	data	from	the	eastern	Bering	Sea.	More	robust	and	balanced	datasets	
are	needed	for	these	systems.	The	terrestrial	index,	however,	does	have	relatively	balanced	and	decent	
data	and	it	comprises	the	largest	dataset	with	46%	of 	the	total	number	of 	ASTI	populations	compared	
to	marine	(40%)	and	freshwater	with	only	14%.		

Figure 8: Index of terrestrial species disaggregated by Arctic boundary for the period 
1970-2004 (High Arctic, n=25 species, 73 populations; Low Arctic, n=66 species, 166 populations; Sub Arctic, n=102 
species, 204 populations.)

The	terrestrial	index	is	fairly	stable	until	the	early	1990s,	after	which	there	is	a	steady	decline,	despite	an	
overall	dramatic	increase	in	goose	populations	over	the	same	time	period	(Figure	8).	The	overall	moderate	
decline	in	the	terrestrial	index	is	largely	a	reflection	of 	declines	(-28%)	in	terrestrial	High	Arctic	popula-
tions	(mostly	herbivores,	e.g.,	caribou,	lemmings),	whereas	terrestrial	Low	Arctic	populations	(e.g.,	Lesser	
Snow	Geese	[16])	have	increased	by	7%	and	Sub	Arctic	populations	have	declined	(-5%)	slightly	(Figure	
8).	The	increase	in	the	Low	Arctic	is,	in	part,	due	to	the	strong	increase	of 	goose	populations.	It	could	
also	reflect	ecological	responses	to	climatic	changes	whereby	species	with	more	southerly	distributions	have	
moved	north	and	are	now	thriving,	while	the	northernmost	typical	High	Arctic	species	have	nowhere	to	
move	to.	However,	evidence	for	this	is	not	conclusive	and	cumulative	factors	might	be	involved.

hannes grobe/awi/wikipedia
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Figure 9: Overall index of marine species and index of north Pacific Ocean species 
for the period 1970-2004. (Marine, n=107 species, 390 populations; Pacific, n=69 species, 176 populations.)

As	mentioned,	the	marine	index	was	overweighted	by	population	data	from	the	eastern	Bering	Sea.	
The	increasing	trend	found	in	Figure	9	for	Pacific	marine	populations,	is	largely	driven	by	mammal	and	
fish	populations.	This	dramatically	increasing	trend	is	largely	driving	the	overall	marine	index.	Many	
marine	vertebrate	populations	(e.g.,	marine	mammals)	in	the	Bering	Sea	are	recovering	from	historical	
overharvesting	[17],	as	well	as	from	recent	changes	in	environmental	conditions	(e.g.,	Bering	Sea	Pollock	
[18])	resulting	in	dramatic	increases	in	some	species’	populations.

Further	analysis	was	conducted	for	the	terrestrial	system	due	to	the	larger	data	collections.	These	
smaller	scale	indices	that	result	reveal	intriguing	underlying	trends	within	the	terrestrial	system.

Trophic Level
All	species	in	the	ASTI	were	assigned	a	category	according	to	their	trophic	level:	primary	consumer	
(herbivores),	secondary	consumer	(carnivores	preying	on	invertebrates,	fish,	small	birds	and/or	mam-
mals)	or	tertiary	consumers	(top	predators).	Figure	10	illustrates	the	trends	in	abundance	for	the	prima-
ry	consumers,	85%	of 	which	are	terrestrial.	Substantial	increases	in	some	populations	of 	the	Anatidae	
family	(geese,	ducks	and	swans)	have	been	observed	[19],	so	trends	in	primary	consumers	were	analysed	
with	and	without	species	from	the	Anatidae	family.	While	herbivores	as	a	whole	increased	slowly	in	
abundance	from	1970	to	1990,	most	of 	the	increase	was	due	to	large	increases	in	Anatidae	populations.	
By	removing	the	ducks,	geese	and	swans	it	can	be	seen	that	there	was	an	overall	downward	trend	in	other	
primary	consumers	by	30%	between	1984	and	2004.	The	reasons	for	this	decline	are	not	known	and	
may	be	due,	in	part,	to	the	cyclical	nature	of 	some	species	and	populations	(e.g.,	Barren	Ground	Cari-
bou).	It	may,	however,	be	also	attributed	to	changing	conditions	in	tundra	vegetation	and	more	variable	
spring	weather	conditions.	In	many	parts	of 	the	Arctic,	shrubs	have	increased	in	abundance	and	cover	
in	tundra	systems	as	the	climate	has	warmed	and	the	adjacent	sea-ice	cover	has	declined[20][21][22].	
Experimental	warming	of 	vegetation	plots	in	tundra	systems	has	shown	the	same	effect	with	a	corre-
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sponding	decrease	in	lichen	and	bryophyte	biomass	[23].	These	changes	are	expected	to	be	unfavourable	
for	many	existing	tundra	herbivorous	species	such	as	Barren	Ground	Caribou	[24].	Also,	the	incidence	
of 	icing	events	due	to	spring	rainfall	or	increased	freeze-thaw	cycles	are	thought	to	be	on	the	rise	and	
represent	a	negative	impact	on	Arctic	herbivores	as	the	ice	makes	it	more	difficult	for	grazers	to	access	
forage	with	potentially	catastrophic	results.	For	example,	during	two	winters	in	the	1990s,	the	Peary	
Caribou	population	in	the	western	Queen	Elizabeth	Islands	was	reduced	by	more	than	95%.	This	was	
due	to	heavy	snow	conditions	and	the	presence	of 	ice	layers	in	the	snow	that	made	it	difficult	for	the	
Caribou	to	reach	ground	forage	[25].
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Figure 10: Indices of all herbivore species and all herbivores excluding the water-
bird species (ducks, geese and swans) for the period 1970-2004. (All herbivores, n=66 species, 220 populations; 
herbivores minus waterbird species, n=55 species, 182 populations.)

Box 2: Caribou/reindeer 
Humans	have	had	a	relationship	with	Caribou	stretching	back	to	Upper	Palaeolithic	times,	as	the	
20,000-year-old	cave	paintings	in	Cantabria,	northern	Spain,	testify.	Europe	was	in	the	grip	of 	the	last	
glacial	period,	the	landscape	of 	northern	Spain	and	southern	France	was	boreal	tundra,	Mammoths	and	
Woolly	Rhinoceros	were	abundant,	and	Reindeer	were	among	the	most	important	food	species	for	the	
Cro-Magnon	hunter-gatherer	people	who	lived	there.	Today	that	relationship	continues	in	the	Arctic	
and	Sub	Arctic	regions,	where	indigenous	peoples	such	as	the	Saami	of 	Scandinavia	and	the	Inuit	in	
Canada	depend	on	domesticated	and	wild	herds	for	meat,	milk	and	hides.

Figure	11	shows	average	trends	in	25	North	American	and	21	Eurasian	Caribou/Reindeer	popula-
tions,	and	the	average	trend	across	all	46	populations.	The	total	population	of 	wild	herds	peaked	at	
about	5.6	million	in	the	early	1990s	and	2000s,	and	since	then	declined	by	about	a	third	overall	[26].	
The	largest	herd	in	Russia,	the	Taimyr,	peaked	at	around	one	million	animals	in	2000.	Although	recent	
declines	are	part	of 	a	natural	cycle,	there	is	growing	concern	about	the	current	impacts	of 	global	change	
on	Rangifer	populations	[27].	Three	factors	differentiate	the	recent	period	of 	low	abundance	from	
previous	declines	in	populations:	climate	change,	increased	industrial	development	and	more	efficient	
harvesting.	Geographically	variable	climate-change	trends	and	characteristic	extremes	in	weather	pat-
terns	have	direct	impacts,	both	positive	and	negative,	on	birth	and	survival	rates,	and	ultimately	on	herd	
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productivity.	Increased	industrial	development	in	the	North	alters	
activity	and	distribution	patterns.	Greater	access	to	caribou	and	
improved	mobility	of 	hunters	results	in	consistently	high	harvests	
even	when	population	numbers	are	low.	All	three	factors	have	the	
potential	to	affect	current	declines	and	prolong	recovery	times.	It	
will	be	important	to	understand	what	drivers	are	responsible	for	
population	declines	and	to	monitor	the	outcome	of 	recovery	strate-
gies	[27].

		The	population	trends	shown	in	Figure	11	are	clearly	cycli-
cal	and	also	show	striking	similarities	between	Eurasia	and	North	
America,	suggesting	that	there	may	be	circumpolar	factors	un-
derlying	these	trends.		Although	the	cyclical	patterns	have	been	

attributed	to	climatic	patterns	in	some	populations	[28],	the	relationship	between	climate	and	Rangifer	
abundance	is	complex.		Rather	than	having	a	direct	causal	effect,	decadal	variation	in	climate	is	likely	
to	have	a	cumulative	influence	on	abundance	through	successive	generations	by	affecting	extrinsic	and	
intrinsic	factors	such	as	forage	availability	and	fecundity	[29].	Recent	advances	in	estimating	long-term	
trends	in	Barren	Ground	Caribou	abundance	[30]	may	help	to	shed	some	more	light	on	these	complex	
interactions.
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Figure 11: Indices for all Caribou (Rangifer tarandus) populations, disaggre-
gated into North American and European populations. (All Caribou populations=46, North 
America=25, Scandinavia and Russia=21).

Taxonomic Results

Overview
Like	the	systems,	the	analysis	of 	the	ASTI	by	taxonomic	class	also	reveals	contrasting	trends	between	
each	species	group.	Birds	comprise	52%	of 	the	ASTI	populations	and	show	a	flat	trend	overall	with	
a	slight	decline	in	later	years,	until	2004.	Mammal	populations	increased,	on	average,	over	the	34-year	
period.	The	fluctuations	during	the	mid-1980s	are	due	to	rapid	changes	in	abundance	of 	a	small	set	of 	
marine-mammal	populations	in	the	Arctic	Ocean	(Killer,	Sperm,	Fin	and	Humpback	whales).	This	is	
mostly	a	reflection	of 	a	limited	number	of 	datasets	with	limited	time-series	data	rather	than	an	accu-
rate	depiction	as	large-bodied	marine	mammals	generally	don’t	exhibit	such	marked	annual	changes	in	
population	size.	The	fish	index	is	not	shown	as	it	is	heavily	skewed	by	marine	fish	populations	from	the	
Bering	Sea,	an	effect	which	has	been	discussed	in	the	systems	section	(p.	19)	of 	this	report.

joelle taillon
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Figure 12: Index of ASTI species disaggregated by taxonomic class for the period 1970-
2004. (Birds, n=190 species, 503 populations; mammals, n=53 species, 275 populations.)

Birds	are	the	best	studied	of 	the	taxonomic	classes,	covering	a	large	number	of 	species,	populations	
and	geographic	areas	over	relatively	long	time	periods,	thus	allowing	for	more	detailed	analyses	to	be	
conducted.
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Figure 13: Index of all bird species disaggregated into indices of freshwater, 
marine and terrestrial birds for the period 1970-2004. (All birds, n=190 species, 503 popu-
lations; freshwater, n=35 species, 54 populations; marine, n=37 species, 214 populations; terrestrial, n=118 
species, 235 populations.)
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An	analysis	of 	Arctic	bird	trends	by	biome	(Figure	13)	shows	that	the	relatively	stable	pattern	is	

somewhat	consistent	in	both	marine-	and	terrestrial-bird	populations	thereby	reinforcing	the	trend	seen	
in	the	overall	Arctic	bird	index.	Freshwater-bird	populations	have	increased	overall	between	1970	and	
2004.	This	positive	trend	in	abundance	in	many	of 	the	freshwater-bird	populations,	and	particularly	
in	the	case	of 	some	duck	species,	could	reflect	the	implementation	of 	stricter	hunting	regulations	and	
more-abundant	wintering-ground	food	sources	that	have	allowed	these	species	to	increase	in	number	
[19].
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Figure 14: Index of all terrestrial birds disaggregated into an index without 
goose species and an index of goose species alone. (All terrestrial birds, n=122 species, 236 
populations; Anatidae only, n=13 species, 46 populations; non-Anatidae, n=109 species, 190.)

Box 3: Terrestrial birds 
Figure 14 shows trends in geese compared to other terrestrial birds. Many goose populations 
have benefited from both a reduction in the level of  hunting and also land-use changes on over-
wintering sites which has provided better forage. 

These sometimes rapidly increasing populations are driving the goose index in Figure 14. 
However, this is not a uniform trend across all species of  geese. A recent synthesis of  Arctic-
breeding geese monitoring suggests that 23% of  these populations are actually in decline [19].

Migratory birds
Millions	of 	birds	migrate	from	around	the	Earth	to	breed	in	the	Arctic	each	year.	A	total	of 	over	450	
bird	species	are	known	to	breed	in	Arctic	and	Sub	Arctic	areas.	Of 	these,	395	species	regularly	migrate	
outside	the	Arctic	and	Sub	Arctic,	linking	these	regions	with	almost	all	areas	of 	the	planet	(except	in-
land	Antarctica)	via	their	migratory	route.	Four	species	migrate	within	the	region	[31].	More	than	half 	
of 	the	world’s	shorebirds	and	almost	80%	of 	the	world’s	geese	breed	in	the	Arctic	and	Sub	Arctic	[32]
[19].	The	indices	above	(Figure	15)	indicate	an	overall	increase	in	non-migrant	populations,	whereas	
migratory	populations	slightly	decreased	(-6%).	But	there	is	no	significant	difference	between	the	
trends	in	the	two	groups	(see	Appendix	III).	The	decline	in	migratory	bird	populations	would	be	more	
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pronounced	if 	the	increasing	geese	shown	in	Figure	14	are	not	included.	
As	well,	long-term	monitoring	of 	Arctic	migrants	takes	place	across	
the	Earth	at	wintering	and	staging	sites.	Although	the	migratory	index	
involves	170	species	comprising	424	populations,	many	shorebird	data	
from	monitoring	stations	outside	the	Arctic	(the	majority	of 	which	are	
declining	[33])	have	not	yet	been	included.

Unlike	resident	species,	population	sizes	of 	migratory	species	can	be	
influenced	by	conditions	at	any	stage	of 	migration	with	impacts	only	
becoming	apparent	after	monitoring	at	subsequent	stages	[34].	Many	
waders	or	shorebirds	are	in	decline,	but	the	reasons	are	not	fully	under-
stood	([35][36][33]).	Although	changes	in	the	Arctic,	such	as	snow	
cover,	humidity	and	increasing	shrub	cover	may	impact	shorebirds	[37],	
there	are	many	other	factors	inside	(e.g.,	changing	distribution	and	extent	
of 	tundra	wetlands)	and	outside	the	Arctic	to	consider	in	explaining	the	
trends.	For	example,	pre-nesting	and	egg-laying	periods	are	major	energetic	bottlenecks	across	the	entire	
Arctic	region	[38].	Warmer	temperatures	in	spring	and	summer	over	large	parts	of 	the	Arctic	tundra	
can	be	largely	beneficial	for	shorebird	populations,	however,	the	recent	observed	declines	are	mostly	
attributed	to	threats	outside	the	Arctic	region.	Changes	in	habitat	and	food	availability	on	key	stopover	
sites	are	crucial	for	the	survival	of 	shorebird	populations.
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Figure 15: Index of all bird species disaggregated into indices of migrant and 
non-migrant bird populations for the period 1970-2004. (All birds, n=190 species, 503 populations; 
migrants, n=170 species, 424 populations; non-migrants, n=29 species, 79 populations.)

donna dewhurst/usfws



A
rc

ti
c 

Sp
ec

ie
s T

re
nd

 In
de

x 
26

ASTI in the Global Context 
The	Living	Planet	Index	(LPI),	which	provides	a	measure	of 	the	
trends	in	vertebrate	abundance	across	the	globe,	has	been	steadily	
declining	since	the	early	1980s.	The	difference	between	the	Global	
LPI	and	the	ASTI	is	largely	due	to	recent	declines	in	the	tropics.	
The	temperate	LPI	shows	a	very	similar	trend	to	the	Arctic	Species	
Trend	Index	with	an	overall	increase	of 	almost	20%	since	1970.	
These	varying	regional	trajectories	are	thought	to	be	a	reflection	
of 	recent	human-use	and	development	patterns.	Tropical	regions	
prior	to	1970	experienced	relatively	little	development	pressures.	
Since	the	early	1960s,	this	region	has	experienced	rapidly	increas-
ing	development	pressures	largely	resulting	in	large-scale	habitat	

conversion	and	loss.	In	contrast,	the	majority	of 	large-scale	habitat	loss	and	conversion	in	temperate	
regions	took	place	prior	to	1950,	with	conversion	to	agriculture	among	the	main	drivers.	The	increasing	
trend	in	the	temperate	LPI	is	likely	to	reflect	recovery	of 	some	temperate	vertebrate	species	from	these	
historical	pressures	and	increasing	abundance	of 	species	benefitting	from	these	land-use	changes.	While	
most	of 	the	Arctic	has	not	experienced	large-scale	habitat	conversion	or	loss,	the	increase	in	the	ASTI	
is	thought	to	be	partly	due	to	the	recovery	of 	some	vertebrate	populations	(e.g.,	marine	mammals	and	
geese)	from	historical	overharvesting,	as	well	as	increases	in	some	fish	populations,	particularly	in	the	
Bering	Sea.	The	decline	in	the	High	Arctic	index,	where	development	and	harvesting	pressures	are	virtu-
ally	non-existent	is	a	concern	and	could	be	an	early	indication	of 	the	response	of 	High	Arctic	vertebrate	
populations	to	a	changing	climate	and	its	consequent	changes,	such	as	in	the	physical	structure	of 	High	
Arctic	habitats	(e.g.,	sea	ice).
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Figure 16: Global Living Planet Index (LPI) disaggregated into temperate and 
tropical indices and the Arctic Species Trend Index for the period 1970-2004. (Global LPI, 
n=2093 species, 6,433 populations; temperate LPI, n=1,329 species, 4,638 populations; tropical LPI, n=858 spe-
cies, 1,795 populations; ASTI, n=306 species, 965 populations.)
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Discussion
This	report	describes	the	average	trends	in	965	populations	of 	306	
vertebrate	species	to	give	an	initial	indicator	of 	changes	in	Arctic	
biodiversity	over	34	years.	There	was	a	mean	overall	increase	in	
abundance	between	1970	and	2004.	This	increasing	trend,	however,	
is	not	consistent	across	all	species,	systems	or	regions.	Declines	were	
evident	in	the	High	Arctic	among	terrestrial	populations	and	herbi-
vores	(excluding	waterbirds).	

The	taxonomic	spread	of 	data	in	the	ASTI	(for	mammals	and	
birds)	sets	a	very	good	baseline	with	populations	from	35%	of 	all	
known	Arctic	vertebrate	species	represented.	However,	spatial	and	
temporal	coverage	varies	widely	and	a	more	comprehensive	dataset	
is	needed	in	order	to	reduce	bias	and	to	allow	for	finer-scale	analysis.	Where	there	is	an	imbalance	in	
coverage	in	a	subset	of 	data,	the	resulting	trends	may	be	driven	by	the	dominant	region	or	species.	For	
example,	the	increase	in	the	marine	index	is	skewed	towards	trends	from	Alaskan	waters	where	monitor-
ing	efforts	have	yielded	far	more	data	than	in	other	Arctic	seas.	Therefore,	cautious	interpretation	of 	
the	results	is	required.	It	is	anticipated	that,	with	greater	data	contributions,	future	ASTI	reports	will	be	
able	to	provide	a	more	robust	and	accurate	depiction	of 	overall	and	regional	trends.

These	initial	results	suggest	that	impacts	of 	changing	land	use,	climate	change,	invasive	species	and	
exploitation	have	not	negatively	impacted	overall	vertebrate	abundance	in	the	Arctic	during	the	past	34	
years.	However,	the	overall	increase	in	vertebrate	abundance	masks	underlying	trends	where	some	species	
and	populations	during	this	period	have	thrived	or	remained	relatively	flat	while	others	have	declined,	
possibly	in	response	to	human-induced	changes.	In	particular,	the	High	Arctic	and	terrestrial	trends	
are	of 	concern	as	they	may	reflect	early	response	to	expected	changes	in	these	ecosystems.	Indeed,	the	
observed	declining	trends	in	these	systems	are	broadly	consistent	with	predicted	ecosystem	and	wildlife	
response	to	climate	change.	These	predictions	include	reductions	in	abundance	of 	High	Arctic	species	
dependent	on	sea	ice,	reductions	in	extent	of 	High	Arctic	terrestrial	ecosystems	(e.g.,	tundra)	and	in-
creased	overall	abundance	of 	Sub	Arctic	wildlife	as	more	southerly	distributed	species	move	northwards	
[5].	Future	analyses	must	pay	close	attention	to	these	systems.	Despite	this	overall	trend,	accelerating	
changes	in	the	Arctic’s	physical	system	largely	attributed	to	climate	change	are	expected	to	cause	funda-
mental	changes	to	the	Arctic’s	ecosystems	and	the	biodiversity	these	support.	Increasing	and	accelerat-
ing	pressures	highlight	the	importance	of 	enhancing	current	monitoring	programs,	integrating	these	
programs	to	research	and	expanding	coverage	to	less	well-covered	species	and	regions.	Certain	regions,	
such	as	the	High	Arctic,	are	showing	populations	already	in	decline.	Climatic	changes	already	occurring	
in	the	Arctic	are	likely	to	be	one	of 	the	processes	behind	these	declines,	but	further	research	is	needed	
to	establish	the	precise	mechanism	or	mechanisms	in	force	and	their	relative	influence	on	these	declining	
trends.	Monitoring	species	abundance	in	the	remote	Arctic	environment	presents	a	number	of 	logisti-
cal	obstacles	that	need	to	be	overcome.	This	is	critical	for	groups	such	as	sea-ice-associated	species,	for	
which	obtaining	regular	population-trend	data	will	be	of 	paramount	importance	as	the	region	warms	
[39].			

The	Arctic	is	an	environment	where	pronounced,	prolonged	and	often	synchronous	population	cy-
cles	are	a	natural	phenomena—in	some	cases	associated	with	natural	climate	fluctuations	[28].	This	can	
make	direct	interpretation	difficult	when	looking	at	trends	among	groups	of 	species	and	over	a	limited	
time-frame	(34	years).	But	with	a	comprehensive	dataset	that	is	broad	in	taxonomic,	geographic	and	
temporal	scope,	the	index	can	be	disaggregated	to	help	elucidate	patterns	outside	of 	natural	variation.	
These	patterns	can	shed	light	upon	possible	casual	mechanisms	and	their	relative	influence.	This	report	
has	illustrated	many	of 	these	patterns	and	highlights	the	opportunities	for	enhanced	understanding	that	
future	analysis	can	provide.

usfws
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As	with	other	Arctic	environmental	indices	(e.g.,	sea-ice	cover),	the	ASTI	represents	an	important	

indicator	of 	the	state	of 	the	Arctic.	With	increasing	data	coverage,	it	is	expected	to	provide	an	early	
warning	system	for	the	world	with	regard	to	the	impacts	of 	climate	change	and	other	human	stress-
ors	on	biodiversity.	A	robust	ASTI	will	be	able	to	depict	at	an	early	stage	system	responses,	ecological	
regime	shifts	and	subtle	changes	in	the	Arctic	environment	that	would	otherwise	not	be	noticed.	Its	
ability	to	serve	as	an	early	warning	system	very	much	depends	on	the	number	of 	participating	monitor-
ing	networks	and	adequate	data	coverage.
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Appendix I: Technical Notes

Arctic Species Trend Index
The	species	population	data	used	to	calculate	the	Arctic	indices	are	gathered	from	a	variety	of 	sources	
primarily	published	in	scientific	journals,	but	also	from	grey	literature	where	studies	meet	the	appropri-
ate	standard	[1].	All	data	used	in	constructing	the	indices	are	time	series	of 	either	population	size,	den-
sity,	abundance	or	a	proxy	of 	abundance.	The	period	covered	by	the	data	runs	between	1950	and	2004.	
Annual	data	points	were	interpolated	for	time	series	with	six	or	more	data	points	using	a	generalized	
additive	modelling	framework	or	by	assuming	a	constant	annual	rate	of 	change	for	time	series	with	less	
than	six	data	points	[1][40].	The	average	rate	of 	change	in	each	year	across	all	species	was	calculated.	
The	average	annual	rates	of 	change	in	successive	years	were	chained	together	to	make	an	index,	with	the	
index	value	in	1970	set	to	1.	We	used	a	bootstrap	re-sampling	technique	to	generate	confidence	limits	
around	the	index	values;	these	are	not	shown	to	avoid	over-complicating	the	figure.	The	indices	were	
aggregated	according	to	the	hierarchy	of 	indices	shown	in	Figure	17.		Methods	are	described	in	detailed	
in	Collen	et	al.	(2009)	[1]	and	Loh	et	al.	(2005)	[40].

Data tagging

Arctic	location
Each species population was assigned to a division of  the Arctic system depending on its geo-
graphic location. The Arctic system was classified into two divisions: CAFF boundary and Arctic 
boundaries (see Figure 1). The Arctic region was subdivided into three further divisions of  High, 
Low and Sub Arctic based on floristic boundaries [8]. A species population could be assigned to 
a single division or both, i.e., a species population may be present within an Arctic boundary and 
the CAFF boundary or in one or the other. Arctic division indices were calculated giving equal 
weight to each species. 

System
Each species population was classified as being terrestrial, freshwater or marine, according to 
which system it is most dependent on for survival and reproduction. Populations were divided by 
the ocean basin (Arctic, Atlantic, Pacific) they inhabit for the marine analysis. The divisions for 
these were based on the boundary of  the Arctic Ocean [41].

Trophic level
Each species was assigned to a trophic level: primary consumers, secondary consumers and ter-
tiary consumers. Marine fish species were categorised based on the trophic level assigned for the 
Marine Trophic Index [42].

Figure 17: Hierarchy of indices within the Arctic Species Trend Index. Each
population carries equal weight within each species and each species carries equal weight within the Arctic 
Species Trend Index.

Arctic Species Trend Index

Species 1 Species 2 Species 3

Population 1 Population 2
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Appendix II:  
Species and Population Numbers in the ASTI Dataset

CAFF boundary
1. Populations

FRESHWATER MARINE TERRESTRIAL TOTAL

FISH 60 94 154

AMPHIBIAN 3 3

BIRD 57 188 233 478
MAMMAL 3 54 140 197
TOTAL 123 336 373 832

2. Species
FRESHWATER MARINE TERRESTRIAL TOTAL

FISH 13 48  61
AMPHIBIAN 2   2
BIRD 34 37 118 189
MAMMAL 1 22 30 53
TOTAL 50 107 148 305

High/Low/Sub Arctic boundaries combined
3. Populations

FRESHWATER MARINE TERRESTRIAL TOTAL

FISH 72 112  184
AMPHIBIAN 3   3
BIRD 54 214 235 503
MAMMAL 3 64 208 275
TOTAL 132 390 443 965

     

4. Species

FRESHWATER MARINE TERRESTRIAL TOTAL

FISH 13 48  61
AMPHIBIAN 2   2
BIRD 35 37 118 190
MAMMAL 1 22 30 53
TOTAL 51 107 148 306
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High/Low/Sub Arctic disaggregated by class
5. Populations

HIGH ARCTIC LOW ARCTIC SUB ARCTIC

FISH 3 158 23
AMPHIBIAN 1 2
BIRD 81 243 179
MAMMAL 30 143 102
TOTAL 114 545 306

6. Species
HIGH ARCTIC LOW ARCTIC SUB ARCTIC

FISH 3 58 10
AMPHIBIAN 1 1
BIRD 36 88 122
MAMMAL 8 47 22
TOTAL 47 194 155

High/Low/Sub Arctic disaggregated by system
7. Populations

HIGH ARCTIC LOW ARCTIC SUB ARCTIC

FRESHWATER 8 68 56
MARINE 33 311 46
TERRESTRIAL 73 166 204
TOTAL 114 545 306

      

8. Species

HIGH ARCTIC LOW ARCTIC SUB ARCTIC

FRESHWATER 6 27 35
MARINE 16 101 18
TERRESTRIAL 25 66 102
TOTAL 47 194 155
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Marine oceans by class   
9. Populations

ARCTIC ATLANTIC PACIFIC TOTAL

FISH 18 21 73 112
BIRD 112 31 71 214
MAMMAL 29 3 32 64
TOTAL 159 55 176 390

10. Species
ARCTIC ATLANTIC PACIFIC TOTAL

FISH 11 7 37 55
BIRD 28 13 18 59
MAMMAL 16 2 14 32
TOTAL 55 22 69 146

Regions (Greenland and North America)
11. Populations

NORTH AMERICA EUROPE/ASIA

HIGH ARCTIC 98 16
LOW ARCTIC 282 263
SUB ARCTIC 112 194
TOTAL 492 473

     

12. Species

NORTH AMERICA EUROPE/ASIA

HIGH ARCTIC 45 10
LOW ARCTIC 118 117
SUB ARCTIC 88 72
TOTAL 251 199
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Appendix III: 
  Index and Confidence Interval Values for Each of the Indices

Index  1970 1975 1980 1985 1990 1995 2000 2004
ASTI Index 1.00 1.04 1.13 1.20 1.20 1.20 1.14 1.16
 Lower C.L. 1.00 0.98 1.05 1.10 1.08 1.07 1.01 1.02
 Upper C.L. 1.00 1.11 1.22 1.31 1.33 1.35 1.28 1.32
CAFF Boundary Index 1.00 1.04 1.13 1.18 1.18 1.19 1.14 1.17
 Lower C.L. 1.00 0.98 1.05 1.08 1.06 1.07 1.01 1.03
 Upper C.L. 1.00 1.11 1.21 1.29 1.31 1.34 1.29 1.33
High Arctic Index 1.00 0.91 0.87 0.77 0.74 0.72 0.73 0.74
 Lower C.L. 1.00 0.80 0.76 0.65 0.60 0.58 0.57 0.57
 Upper C.L. 1.00 1.01 0.98 0.89 0.90 0.91 0.94 0.96
Low Arctic Index 1.00 1.04 1.18 1.31 1.35 1.45 1.33 1.46
 Lower C.L. 1.00 0.93 1.03 1.11 1.12 1.16 1.07 1.15
 Upper C.L. 1.00 1.17 1.35 1.53 1.62 1.78 1.66 1.83
Sub Arctic Index 1.00 1.04 1.11 1.17 1.12 1.05 1.00 0.97
 Lower C.L. 1.00 0.98 1.02 1.06 1.00 0.93 0.89 0.85
 Upper C.L. 1.00 1.13 1.22 1.29 1.25 1.18 1.14 1.11
Marine Index 1.00 1.06 1.23 1.45 1.50 1.60 1.51 1.53
 Lower C.L. 1.00 0.94 1.06 1.21 1.23 1.27 1.19 1.19
 Upper C.L. 1.00 1.20 1.45 1.75 1.86 2.00 1.89 1.96
Terrestrial Index 1.00 1.00 1.05 1.06 1.03 0.97 0.93 0.90
 Lower C.L. 1.00 0.94 0.97 0.96 0.92 0.85 0.81 0.78
 Upper C.L. 1.00 1.07 1.14 1.17 1.15 1.11 1.08 1.05
Freshwater Index 1.00 1.19 1.28 1.31 1.31 1.43 1.25 1.52
 Lower C.L. 1.00 0.91 0.95 0.96 0.95 1.02 0.87 1.03
 Upper C.L. 1.00 1.60 1.76 1.81 1.85 2.07 1.83 2.26
Birds Index 1.00 1.00 1.06 1.08 1.07 1.04 0.99 0.98
 Lower C.L. 1.00 0.96 1.00 0.99 0.96 0.93 0.88 0.86
 Upper C.L. 1.00 1.05 1.13 1.18 1.17 1.17 1.12 1.11
Fishes Index 1.00 1.16 1.35 1.70 1.88 1.93 1.68 1.96
 Lower C.L. 1.00 0.87 0.99 1.20 1.30 1.32 1.12 1.28
 Upper C.L. 1.00 1.59 1.89 2.44 2.77 2.86 2.56 3.01
Mammals Index 1.00 1.05 1.18 1.29 1.23 1.33 1.31 1.33
 Lower C.L. 1.00 0.84 0.90 0.96 0.87 0.93 0.90 0.91
 Upper C.L. 1.00 1.28 1.53 1.71 1.74 1.92 1.90 1.93
Arctic Ocean Index 1.00 1.10 1.07 0.94 0.89 1.03 1.07 1.07
 Lower C.L. 1.00 0.99 0.91 0.77 0.67 0.76 0.78 0.77
 Upper C.L. 1.00 1.23 1.23 1.13 1.16 1.39 1.47 1.48
Atlantic Ocean Index 1.00 1.22 1.15 1.13 1.04 1.00 0.97 0.96
 Lower C.L. 1.00 0.85 0.77 0.74 0.67 0.64 0.61 0.60
 Upper C.L. 1.00 1.83 1.83 1.81 1.66 1.62 1.59 1.58
Pacific Ocean Index 1.00 0.93 1.24 1.77 2.01 1.98 1.67 1.66
 Lower C.L. 1.00 0.79 1.01 1.39 1.53 1.50 1.24 1.19
 Upper C.L. 1.00 1.10 1.54 2.26 2.63 2.65 2.30 2.30
Terrestrial Birds Index 1.00 1.00 1.07 1.05 1.02 0.98 0.94 0.90
 Lower C.L. 1.00 0.94 0.99 0.96 0.91 0.84 0.80 0.76
 Upper C.L. 1.00 1.07 1.15 1.17 1.17 1.14 1.11 1.07
Terrestrial Mammals Index 1.00 1.00 0.96 1.09 1.08 0.94 0.94 0.98
 Lower C.L. 1.00 0.75 0.69 0.76 0.75 0.65 0.64 0.66
 Upper C.L. 1.00 1.30 1.31 1.52 1.51 1.33 1.38 1.44
Terrestrial High 
Arctic Index 1.00 0.93 0.91 0.91 0.91 0.79 0.73 0.72
 Lower C.L. 1.00 0.80 0.79 0.78 0.77 0.66 0.60 0.58
 Upper C.L. 1.00 1.02 1.02 1.02 1.04 0.93 0.88 0.87
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Terrestrial Low Arctic Index 1.00 0.94 1.00 1.02 1.03 1.09 1.01 1.07
 Lower C.L. 1.00 0.78 0.79 0.72 0.66 0.64 0.57 0.59
 Upper C.L. 1.00 1.14 1.28 1.44 1.62 1.86 1.76 1.87
Terrestrial Sub Arctic Index 1.00 1.04 1.08 1.10 1.07 0.99 1.01 0.95
 Lower C.L. 1.00 0.97 0.99 1.00 0.96 0.89 0.89 0.84
 Upper C.L. 1.00 1.11 1.17 1.20 1.18 1.10 1.14 1.09
Herbivores Index 1.00 1.03 1.11 1.17 1.17 1.08 1.08 1.08
 Lower C.L. 1.00 0.94 1.02 1.06 1.04 0.94 0.93 0.92
 Upper C.L. 1.00 1.12 1.23 1.32 1.33 1.25 1.27 1.28
Herbivores (Minus 
Anatidae) Index 1.00 1.03 1.02 1.04 0.97 0.83 0.78 0.75
 Lower C.L. 1.00 0.95 0.93 0.94 0.85 0.72 0.66 0.63
 Upper C.L. 1.00 1.12 1.13 1.17 1.10 0.97 0.92 0.90
Freshwater Birds Index 1.00 1.03 1.07 1.13 1.23 1.28 1.22 1.43
 Lower C.L. 1.00 0.81 0.82 0.84 0.91 0.93 0.88 0.99
 Upper C.L. 1.00 1.33 1.39 1.55 1.71 1.80 1.72 2.06
Marine Birds Index 1.00 0.99 1.04 1.15 1.09 1.11 1.03 0.96
 Lower C.L. 1.00 0.92 0.94 1.00 0.93 0.88 0.81 0.72
 Upper C.L. 1.00 1.06 1.15 1.32 1.32 1.40 1.34 1.27
Terrestrial Birds Index 1.00 1.00 1.07 1.05 1.02 0.98 0.94 0.90
 Lower C.L. 1.00 0.94 0.99 0.96 0.91 0.84 0.80 0.76
 Upper C.L. 1.00 1.07 1.15 1.17 1.17 1.14 1.11 1.07
Terrestrial Geese Index 1.00 0.87 1.24 1.49 1.80 1.92 2.47 2.12
 Lower C.L. 1.00 0.60 0.82 0.99 1.15 1.26 1.55 1.30
 Upper C.L. 1.00 1.19 1.78 2.11 2.66 2.92 4.02 3.53
Terrestrial Birds 
(Minus Geese) Index 1.00 1.02 1.05 1.02 0.97 0.93 0.87 0.85
 Lower C.L. 1.00 0.97 0.99 0.92 0.86 0.79 0.74 0.71
 Upper C.L. 1.00 1.07 1.12 1.13 1.10 1.09 1.03 1.01
Migrant Birds Index 1.00 0.98 1.04 1.06 1.02 0.98 0.94 0.94
 Lower C.L. 1.00 0.93 0.97 0.97 0.92 0.86 0.82 0.81
 Upper C.L. 1.00 1.04 1.12 1.16 1.14 1.12 1.08 1.09
Non-Migrant Birds Index 1.00 1.08 1.14 1.19 1.30 1.34 1.25 1.20
 Lower C.L. 1.00 1.01 1.06 1.09 1.16 1.11 1.03 0.96
 Upper C.L. 1.00 1.15 1.23 1.30 1.47 1.64 1.56 1.51
Caribou Index 1.00 0.71 0.91 1.37 1.64 1.56 1.29 0.90
 Lower C.L.
 Upper C.L.
Nearctic Caribou Index 1.00 0.63 0.80 1.25 1.52 1.48 1.05 0.68
 Lower C.L.
 Upper C.L.
Palearctic Caribou Index 1.00 0.82 1.05 1.51 1.75 1.59 1.66 1.20
 Lower C.L.
 Upper C.L.


