
CAFF Assessment Series No. 7
April 2012

 The Arctic Species Trend Index
Tracking trends in Arctic marine populations

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Arctic Portal Library

https://core.ac.uk/display/236380427?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


CAFF Designated Agencies:

•	 Directorate	for	Nature	Management,	Trondheim,	Norway

•	 Environment	Canada,	Ottawa,	Canada

•	 Faroese	Museum	of	Natural	History,	Tórshavn,	Faroe	Islands	(Kingdom	of	Denmark)

•	 Finnish	Ministry	of	the	Environment,	Helsinki,	Finland

•	 Icelandic	Institute	of	Natural	History,	Reykjavik,	Iceland

•	 The	Ministry	of	Domestic	Affairs,	Nature	and	Environment,	Government	of	Greenland

•	 Russian	Federation	Ministry	of	Natural	Resources,	Moscow,	Russia

•	 Swedish	Environmental	Protection	Agency,	Stockholm,	Sweden

•	 United	States	Department	of	the	Interior,	Fish	and	Wildlife	Service,	Anchorage,	Alaska

CAFF Permanent Participant Organisations:

•	 Aleut	International	Association	(AIA)	

•	 Arctic	Athabaskan	Council	(AAC)

•	 Gwich’in	Council	International	(GCI)

•	 Inuit	Circumpolar	Council	(ICC)	

•	 Russian	Indigenous	Peoples	of	the	North	(RAIPON)	

•	 Saami	Council

This	publication	should	be	cited	as:		McRae,	L.,	Deinet,	S.,	Gill,	M.	&	Collen,	B.	(2012)	Tracking	Trends	in	Arctic	marine	
populations.	CAFF	Assessment	Series	No.	7.	Conservation	of	Arctic	Flora	and	Fauna,	Iceland.	ISBN:	978-9935-431-15-8

Front	cover	photo:	neelsky/Shutterstock.com

Back	cover	photo:	Sergey	Uryadnikov/Shutterstock.com

Graphics	by:	Margrét	Valmundsdóttir

For	more	information	please	contact:
CAFF International Secretariat
Borgir, Nordurslod
600 Akureyri, Iceland
Phone: +354 462-3350
Fax: +354 462-3390
Email: caff@caff.is
Internet: http://www.caff.is

Editing:	Joan	Eamer,	Don	Russell
Layout:	Courtney	Price

Acknowledgements 

___		CAFF	Designated	Area



3

Table of Contents

Executive Summary ................................................................................................................................ 5

Introduction ............................................................................................................................................ 6

Results and Discussion ........................................................................................................................... 7

Pan-Arctic update .................................................................................................................................................. 7
Table	1.	Number	of	species	and	populations	in	the	ASTI	........................................................................................................... 7
Figure	1.	Data	coverage	by	taxonomic	class.	.................................................................................................................................. 7
Figure	2.	Index	of	abundance	for	323	Arctic	vertebrate	species	(890	populations),	from	1970	to	2007	.................. 8
Figure	3:	Index	of	abundance	for	Arctic	vertebrate	species	from	1970	to	2007	grouped	by	high,	low	and	sub	
Arctic.	............................................................................................................................................................................................................. 8

Marine results ......................................................................................................................................... 9

Overview ................................................................................................................................................................ 9
Figure	4.	Spatial	distribution	of	marine	population	data	collected	......................................................................................... 9
Table	2.	Number	of	Arctic	marine	species	and	populations	by	ocean	basin	and	class	..................................................10
Figure	5.	Indices	of	abundance	for	Arctic	vertebrate	species,	grouped	by	marine	and	terrestrial	species,								
1970	to	2005	..............................................................................................................................................................................................10

Baselines .............................................................................................................................................................. 11
Figure	6.	Indices	of	abundance	by	taxonomic	class,	1970	to	2005	.......................................................................................12
Figure	7.	Effects	of	the	removal	of	each	class	on	the	marine	indices	of	abundance	weighted	at	the	species		
level	..............................................................................................................................................................................................................12

Taxonomic trends ................................................................................................................................................ 12

Regional trends ................................................................................................................................................... 14
Figure	8.	Indices	of	abundance	by	ocean	region,	1970	to	2005.	...........................................................................................15
Figure	9.	Box	plot	showing	the	median	annual	rate	of	change	of	fish	species	in	each	oceanic	region	from				
1970	to	2005	.............................................................................................................................................................................................15

Bering Sea effect .................................................................................................................................................. 16
Figure	10.	Indices	of	abundance	for	marine	populations	showing	the	effect	of	removing	the	Bering	Sea	and	
Aleutian	Island	populations.	BSAI	data	sets	comprised	71	species,	138	populations.		.................................................16
Figure	11.	Indices	of	abundance	for	marine	populations	from	the	Bering	Sea	and	Aleutian	Island	region				
(BSAI)	for	birds,	fishes	and	mammals	...............................................................................................................................................17

Ecological trends ................................................................................................................................................. 18

Sea-ice association .............................................................................................................................................. 18
Figure	12:		Known	status	of	individual	populations	for	nine	sea-ice	associated	marine	species.	..............................18

Regime shift ......................................................................................................................................................... 19
Figure	13.	Indices	of	abundance	for	benthic,	pelagic,	and	benthopelagic	fish	species	from	1970	to	2005	..........19

Pelagic fish trends ............................................................................................................................................... 20
Figure	14.	Comparison	of	the	three	year	running	average	for	the	pelagic	fish	index	and	the	Arctic							
Oscillation	..................................................................................................................................................................................................20
Figure	15.	Comparison	of	estimated	herring	population	size	in	the	Bristol	Bay	area	and	the	sea	ice	extent										
in	the	East	Bering	Sea	............................................................................................................................................................................21



4

Figure	16.	Box	plot	showing	median	rate	of	change	by	trophic	level	for	parasites	and	for	primary,	secondary,	
and	tertiary	consumers	.........................................................................................................................................................................22
Figure	17.	Trends	in	abundance	indices	for	species	of	piscivorous	and	planktivorous	birds	and	fishes	from		
1970	to	2005	.............................................................................................................................................................................................22

Trophic level ......................................................................................................................................................... 22

Conservation management trends .................................................................................................................... 23
Figure	18.	Indices	of	abundance	for	populations	by	threat	classification	from	1970	to	2005	....................................23
Table	3.	Total	numbers	of	populations	and	species	that	are	found	inside	and	outside	protected	areas	................24
Figure	19.	Box	plot	showing	the	median	rates	of	change	of	bird	populations	for	which	a	threat	is	identified	,	
grouped	by	primary	threat,	1970	to	2005.	.....................................................................................................................................24

Protected areas .................................................................................................................................................... 24
Figure	20.	Indices	of	abundance	for	protected	and	unprotected	bird	populations	from	1970	to	2005.	................25

Acknowledgements .............................................................................................................................. 26

References ............................................................................................................................................. 27

Appendix 1: Methods ........................................................................................................................... 31
Population	data..........................................................................................................................................................................31
Data	tagging	...............................................................................................................................................................................31

Appendix	Table	1-	A.	Data	type	of	populations	by	class	...........................................................................................................31
Appendix	Table	1-	B.	Population	and	species-based	data	tags	..............................................................................................32

Trend	analysis	.............................................................................................................................................................................32

Appendix 2: Table of ANOVA results ................................................................................................... 33

Appendix 3: List of monitored species and locations ........................................................................ 34

Appendix 4: Table of index values ...................................................................................................... 45

Appendix 5: Table of population trends for nine sea-ice associated species .................................. 50



5

Executive Summary

Due	to	the	complex	temporal	dynamics	of	wildlife	populations	and	fish	stocks,	long-term	monitoring	
data	measuring	change	in	population	trends	is	a	necessary	and	revealing	way	to	track	the	effect	of	
environmental	changes	on	wildlife.

The	Arctic	Species	Trend	Index	(ASTI)	tracks	the	temporal	abundance	in	890	populations	of	323	
vertebrate	species.	This	represents	an	update	of	the	index	first	reported	on	in	2010	(McRae	et al.	2010)	
and	shows	that	average	species	population	abundance	in	the	Arctic	has	increased	over	the	time	
period	between	1970	and	2007.	This	pattern,	however,	is	not	consistent	among	regions	as	vertebrate	
abundance	has	increased	on	average	in	the	low	Arctic	but	not	in	the	high	Arctic	and	sub	Arctic.	The	
marine	component	of	the	ASTI	shows	a	greater	increase	–	and	evidence	is	presented	that	the	trends	
in	marine	species	are		driving	the	pan-Arctic	index.	The	marine	trend	varies	according	to	taxonomic	
class	and	ocean	basin,	among	other	variables.	

Marine	mammal	populations	increased	on	average	but	there	is	a	need	to	interpret	the	recovery	in	
numbers	in	the	context	of	the	1970	baseline,	as	some	populations	still	remain	heavily	depleted	after	
historical	overexploitation.	Recent	declines	were	observed	in	the	Bering	Sea	and	Aleutian	Islands	for	
seven	species:	beluga	whale,	Steller	sea	lion,	harbour	seal,	sea	otter,	Pacific	walrus,	northern	fur	seal,	
and	gray	whale.	The	reasons	for	the	population	declines	are	not	uniform	for	all	species;	the	associated	
threats	include	overharvesting,	increased	predation,	loss	of	summer	sea	ice,	and	depleted	prey	
resource.

Marine	bird	indices	show	either	stable	or	declining	trends	depending	on	the	Arctic	region	in	question.	
Climate	change,	exploitation,	and	invasive	species	are	anthropogenic	threats	that	have	been	linked	
with	negative	trends	for	some	of	these	populations—but	there	may	also	be	an	influence	from	
natural	changes	in	environmental	and	foraging	conditions,	especially	affecting	piscivorous	species,	
particularly	in	the	Bering	Sea	and	Aleutian	Islands.

The	fish	data	set	was	dominated	largely	by	benthic	and	commercially	fished	species	from	the	Bering	
Sea.	Among	fish	populations	there	were	increases	in	the	Pacific	and	Arctic	basins	of	the	study	area,	
possibly	due	to	increases	in	sea	surface	temperatures	observed	in	regions	such	as	the	Bering	Sea	in	
the	1970s	and	1980s.	The	average	trend	in	seven	pelagic	fish	species	showed	a	variable	pattern	and	
was	found	to	have	a	strong	association	with	similar	trends	in	the	Arctic	Oscillation.

Populations	that	were	affected	by	at	least	one	anthropogenic	threat	showed	an	overall	increasing	
trend	from	1970	to	2005	–	but	the	upward	trend	was	due	to	increases	in	abundance	that	occurred	in	
the	first	15	years	of	that	period.	In	contrast,	populations	not	identified	as	being	under	threat	increased	
four-fold	over	the	35-year	period.	

For	bird	populations,	there	was	a	difference	in	trend	depending	on	whether	the	population	was	
located	inside	or	outside	a	protected	area.	On	average	those	outside	protected	areas	declined	slightly	
in	abundance,	which	could	be	due	in	part	to	unsustainable	harvesting	of	seabirds	in	some	locations,	
but	more	information	is	needed	in	order	to	test	this	more	fully.

The	marine	data	set	is	dominated	by	fish	species	and	by	populations	from	the	Bering	Sea	which,	at	
times,	have	a	large	influence	on	some	of	the	sub-indices.	The	current	spatial	extent	of	monitoring	
needs	to	be	improved	to	better	represent	regions	and	species	classes	across	the	marine	Arctic.
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Introduction

The	Arctic	is	one	of	the	regions	in	the	world	experiencing	the	most	rapid	visible	and	measurable	
changes	in	its	climate	and	environment	(ACIA	2005;	Stroeve	et al.	2007).	As	a	globally	important	area	for	
biodiversity,	it	is	vital	that	accurate	wildlife	monitoring	systems	are	in	place	to	measure	how	species	in	
the	Arctic	are	reacting	both	spatially	and	temporally	to	different	types	and	magnitudes	of	pressure.	

Evaluating	trends	in	species	abundance	is	one	of	the	most	revealing	ways	to	examine	broad-scale	
patterns	of	biodiversity	change.	The	Arctic	Species	Trend	Index	(ASTI),	developed	for	this	purpose,	uses	
population	time	series	trend	data	from	vertebrate	species	from	1970	until	the	present	day.	The	first	
report	on	Arctic	species	trends	(McRae	et al.	2010;	www.asti.is)	revealed	that	trends	in	Arctic	vertebrates	
show	an	overall	increase	in	abundance	over	a	34-year	period.	Further	analysis	revealed	that	this	pattern	
was	not	consistent	within	regions,	systems	or	groups	of	species.	In	contrast	to	patterns	in	the	terrestrial	
environment,	marine	vertebrate	populations	from	this	region	show	increasing	trends	in	abundance	on	
average	since	1970	(McRae	et al.	2010).	Although	this	trend	slowed	in	rate	from	1986,	the	overall	result	
suggests	that	by	2004	a	53%	increase	in	abundance	of	Arctic	marine	vertebrates	had	occurred	compared	
to	a	baseline	year	of	1970.	Disaggregation	of	the	marine	data	set	into	taxonomic	and	regional	results	
across	the	Arctic	indicate	that	there	may	be	disparity	in	abundance	trends	(McRae	et al.	2010).	

One	of	the	principal	weaknesses	of	relying	on	a	non-stratified	monitoring	network,	which	must	be	
overcome	to	provide	the	best	possible	indicators	of	aggregated	population	trend,	is	the	dominance	of	
particular	datasets	due	to	the	imbalance	in	monitoring	focus	(e.g.,	more	monitoring	of	commercially	
exploited	species)	and	the	imbalance	in	distribution	of	monitoring	sites	(Bohm	et al.	2012).	The	marine	
component	of	the	ASTI	data	set,	for	example,	is	somewhat	dominated	by	population	time	series	of	
increasing	trend	from	the	Bering	Sea	and	Aleutian	Islands.	It	is	likely	that	species	from	these	locations	are	
driving	the	marine	and	the	pan-Arctic	index	whilst	masking	other	important	trends.

The	importance	of	obtaining	a	clear	picture	and	improving	understanding	of	biodiversity	trends	in	the	
Arctic	marine	environment	cannot	be	overstated.	A	wealth	of	research	into	environmental	patterns	in	
the	Arctic	marine	environment	over	recent	years	has	brought	to	light	changes	in	marine	systems,	both	
cyclical	and	long-term,	and	also	interactions	among	species	that	occur	in	this	system.	Recent	research	
shows,	for	example,	impacts	on	biodiversity	of	declines	in	sea-ice	extent	(e.g.,	Heide-Jørgensen	et 
al.	2010;	Kovacs	et al.	2010);	warming	sea	surface	temperatures	in	areas	such	as	the	Bering	Sea	and	
possible	effects	on	species	(e.g.,	Coyle	et al.	2007;	Stabeno	et al.	2007;	Irons	et al.	2008);	and,	trophic	
interactions	and	cascades	that	can	occur	as	a	result	of	environmental	changes	in	the	marine	habitat	(e.g.,	
Stempniewicz	et al.	2007;	Anthony	et al.	2008).

In	light	of	these	changes,	further	investigation	of	the	underlying	trends	in	the	marine	index	are	now	
needed	to	establish	whether	the	increasing	trend	is	common	to	all	marine	species	and	regions	and	
also	to	put	these	results	in	the	context	of	environmental	changes	in	the	Arctic	seas.	In	order	to	explore	
this,	we	present	a	number	of	sub-indices	showing	trends	in	groups	of	marine	vertebrate	populations	
disaggregated	taxonomically,	geographically,	ecologically,	and	according	to	different	types	of	
conservation	management.	Finally,	variables	from	these	categories	were	tested	in	relation	to	population	
trends,	using	single	trend	values	based	on	the	total	rate	of	change	for	each	population.	This	gave	us	the	
option	to	look	for	significant	factors	in	predicting	marine	population	trends	(see	Appendix	1:	Methods	for	
details).
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Results and Discussion

Pan-Arctic update

Following	data	collection,	time	series	updates,	and	removal	of	redundant	data	sets,	the	ASTI	was	updated	
to	cover	323	species	monitored	through	890	populations	(Table	1).	This	is	an	addition	of	17	species	since	
the	first	ASTI	report	(McRae	et al.	2010),	increasing	the	representation	of	Arctic	vertebrate	species	from	
35%	to	37%	(Figure	1).	Note	that	a	population,	for	the	purposes	of	the	ASTI,	is	defined	by	a	data	set	of	
annual	measures	of	abundance	of	one	species	from	a	specific	location.

Species Populations

Mammals Birds Fishes Total Mammals Birds Fishes Total

Terrestrial 30 132 - 162 182 256 - 438

Freshwater 1 44 14 59 3 64 75 142

Marine 22 34 55 111 60 152 98 310

Total (unique species) 53 201 69 323 245 472 173 890

Due	to	a	large	number	of	data	updates	we	were	able	to	extend	the	original	ASTI	by	another	three	
years	to	cover	the	period	1970	to	2007	(the	2010	ASTI	included	data	only	to	2004).	This	shows	that	the	
relatively	stable	trend	at	the	pan-Arctic	level	that	was	evident	in	2004	continued	until	2007.	Plotting	
ASTI	values	over	the	full	time	period	(Figure	2)	shows	that	vertebrate	abundance	trends	increased	from	
1970	until	1990	when	the	index	stabilised,	remaining	around	the	1.2	index	value	level	(20%	above	the	
baseline)	for	the	rest	of	the	time	series.	

High	Arctic	species	declined	from	1970	to	the	mid-1990s	and	then	remained	fairly	stable	(Figure	3);	low	
Arctic	species	account	for	most	of	the	overall	increase	in	abundance	in	the	first	two	decades,	with	the	
trend	levelling	off	in	the	mid-1990s.	Sub	Arctic	species	increased	from	1970	to	the	mid-1980s	and	then	
declined	at	a	steady	rate.	The	three	years	of	data	added	in	this	update	of	the	ASTI	(2005	to	2007)	show	
marked	differences	to	the	preceding	few	years:	a	downward	trend	for	low	Arctic	species	and	an	upward	

Table	1.	Number	of	species	and	populations	in	the	ASTI
The	updated	ASTI	covers	a	time	period	of	1970	to	2007.

Figure	1.	Data	coverage	by	
taxonomic	class.

Black	bars	represent	the	
proportion	of	Arctic	species	for	
each	class	for	which	population	
data	are	available
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trend	for	high	Arctic	species.	These	changes	cancel	each	other	out	when	all	species	are	combined	(Figure	
2).	This	is	too	short	a	time	to	interpret	as	a	significant	change	and	points	out	the	importance	of	frequent	
updates	of	the	ASTI.

Figure	2.	Index	of	abundance	for	
323	Arctic	vertebrate	species	(890	
populations),	from	1970	to	2007.	
The	figure	plots	the	95%	confidence	
intervals	and	the	number	of	
populations	contributing	to	each	
year	of	the	index*.		The	2007	index	
value	is	1.19.

*	Confidence	intervals	are	not	shown	
in	the	remaining	figures	to	maintain	
clarity	of	the	graphs.	The	values	can	
be	found	in	Appendix	4:	Table	of	
index	values

Figure	3:	Index	of	abundance	for	
Arctic	vertebrate	species	from	1970	
to	2007	grouped	by	high,	low	and	
sub	Arctic.

Polar bear.  Photo: Wild Arctic Pictures/Shutterstock.com
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Marine results

Overview

The	Arctic	marine	data	set	contains	a	total	of	111	species	and	310	population	time	series	(Table	2)	from	
170	locations	(Figure	4).	Species	coverage	is	about	34%	of	Arctic	marine	vertebrate	species	(100%	of	
mammals,	53%	of	birds,	and	27%	of	fishes)	(Bluhm	et al.	2011).	At	the	species	level,	even	though	the	
representation	of	Arctic	fish	species	is	lower	than	that	of	mammals	and	birds,	the	data	are	dominated	by	
fishes,	primarily	from	the	Pacific	Ocean	(especially	the	Bering	Sea	and	Aleutian	Islands).	However,	there	
are	more	population	time	series	in	total	for	bird	species,	which	is	reflective	of	this	group	being	both	
better	studied	historically	and	also	monitored	at	many	small	study	sites	compared	to	fish	and	marine	
mammal	species,	which	are	regularly	monitored	at	a	much	larger	scale	through	stock	management	
(Table	2).	Note	that	the	time	span	selected	for	marine	analyses	is	1970	to	2005	(compared	with	1970	to	
2007	for	the	ASTI	for	all	species,	as	discussed	above).

Figure	4.	Spatial	distribution	of	marine	population	data	collected
The	size	of	the	circle	denotes	the	number	of	population	time	series	from	that	location.
For	greater	clarity	in	the	division	of	populations	by	ocean	region,	the	Arctic	Ocean	base	map	area	used	for	all	
analyses	is	shown	in	pink.
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Species Populations

Mammals Birds Fishes Total Mammals Birds Fishes Total

Pacific	basin 13 22 40 75 32 59 62 153

Atlantic	basin 2 13 7 22 3 25 16 44

Arctic	basin 15 22 15 52 25 68 20 113

Total (unique species) 22 34 55 111 60 152 98 310

Population	data	spanned	the	years	1950	to	2011.	However,	the	greatest	contiguous	period	of	data	across	
all	species	lies	between	1970	and	2005.	This	dictated	the	temporal	limits	set	for	the	marine	index.	

The	Arctic	marine	index	(	blue	line	in	Figure	5)	shows	a	very	similar	trend	to	the	index	for	all	Arctic	
vertebrates,	exhibiting	an	increasing	trend	until	1990	and	very	little	subsequent	change.	In	contrast,	the	
index	for	terrestrial	vertebrate	species	shows	very	different	pattern,	with	little	change	up	to	about	1990,	
followed	by	a	slow	decline.	This	suggests	that	the	marine	species	are	driving	the	overall	Arctic	index	(see	
also	McRae	et al.	2010).

Figure	5.	Indices	of	abundance	
for	Arctic	vertebrate	species,	
grouped	by	marine	and	
terrestrial	species,	1970	to	2005.	

Data	sets	for	marine:	111	species,	
310	populations

Kittewakes on sea ice. Photo: Gail Johnson/Shutterstock.com

Table	2.	Number	of	Arctic	marine	species	and	populations	by	ocean	basin	and	class
Marine	analyses	cover	the	time	period	1970	to	2005.
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Baselines

The	concept	of	baselines	is	critical	to	interpreting	an	
analysis	such	as	the	one	reported	here.	Current	trends	
in	marine	ecosystems	need	to	be	interpreted	against	a	
solid	understanding	of	the	magnitude	and	drivers	of	past	
changes	(Lotze	&	Worm	2009).	Due	to	the	lack	of	widespread	
abundance	data	pre-1970,	the	approach	taken	here	is	to	set	
the	baseline	to	the	year	1970	(Loh	et al.	2005).	However,	an	
understanding	of	the	historical	changes	in	the	system	could	
likely	yield	a	different	interpretation	and	thus	caution	is	
needed	when	referring	to	the	overall	change	in	an	index	from	
1970	to	2005.	

For	certain	populations	that	have	increased	in	abundance	
since	1970,	it	can	be	meaningful	to	put	the	positive	trend	
into	an	historical	context.	Anthropogenic	threats	such	
as	exploitation	may	have	had	an	impact	on	population	
size	before	this	time	and	hence	the	recovery,	although	
positive,	may	not	be	equivalent	to	the	decline	that	occurred	
previously.	Some	techniques	are	being	developed	to	try	to	
reconstruct	historical	baselines,	specifically	for	marine	species	(Lotze	&	Worm	2009),	in	order	to	obtain	
a	more	accurate	picture	of	a	species’	current	conservation	status	and	as	guidelines	for	future	ecosystem	
restoration.

This	concept	is	particularly	pertinent	to	the	marine	mammals	of	the	Arctic	as	there	has	been	a	long	
established	practice	of	subsistence	and	commercial	hunting	of	many	species	and	severe	population	
reductions	of	some	species	from	historical,	unsustainable	commercial	whaling		Some	marine	mammal	
populations	have	increased	dramatically—positive	news	when	comparing	trends	against	a	1970	baseline	
year.	However,	many	populations	are	unlikely	to	have	increased	back	to	historical	highs	(Alter	et al.	
2007;	Lotze	&	Worm	2009;	Wade	et al.	2011).	For	example,	research	on	Eschrichtius robustus	(gray	whale)	
from	the	eastern	Pacific	suggested	that,	while	abundance	has	increased	dramatically,	the	whales	have,	
at	best,	recovered	to	28-56%	of	their	original	abundance	levels		(Alter	et al.	2007).	Similar	findings	have	
been	documented	for	populations	of	Odobenus rosmarus	(Greenland	walrus)	(Witting	&	Born	2005),	the	
western	Arctic	population	of	bowhead	whale	(George	et al.	2004),		and	for	the	highly	commercial	Gadus 
morhua	(Atlantic	cod)	(Rosenberg	et al.	2005).	

Supply vessel entering Appilatoq, Greenland. Photo: Gentoo Multimedia Ltd./ Shutterstock.com

Fishing nets. Photo: jele/Shutterstock.com
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Taxonomic trends

The	marine	data	set	is	dominated	by	fish	species	(Table	2)	and	as	each	species	trend	is	equally	weighted	
within	the	index,	this	means	that	this	group	carries	the	most	weight	in	the	overall	index.	A	closer	look	
at	sub-indices	of	each	taxonomic	group	supports	this	hypothesis	as	trends	in	marine	fish	increased	up	
to	an	index	value	of	2.6	over	the	35-year	period	(Figure	6).	Marine	mammals	also	showed	an	upward	
trend.	Both	mammal	and	fish	indices	increased	to	a	much	greater	degree	than	the	index	for	birds,	which	
displayed	a	slower	increasing	trend	to	1984,	then	remained	stable,	with	indications	of	a	slow	decline	
starting	after	1998.	

Figure	7	shows	the	influence	of	each	taxonomic	group	by	plotting	the	marine	index	with	the	sequential	
removal	of	birds,	mammals,	and	fishes.	Mammals	are	indicative	of	the	overall	marine	index—their	
removal	from	the	analysis	results	in	little	change	to	the	trend	line.	The	magnitude	of	the	influence	of	bird	
and	fish	trends	appears	to	be	largely	the	same,	but	in	opposite	directions.	The	presence	of	bird	trends	
reduces	the	overall	increase	and	the	presence	of	fish	trends	raises	it.

Figure	6.	Indices	of	abundance	by	
taxonomic	class,	1970	to	2005.
Indices	are	averaged	for	birds	(34	
species,	152	populations),	fishes	
(55	species,	98	populations),	
and	mammals	(22	species,	60	
populations).

Figure	7.	Effects	of	the	removal	of	
each	class	on	the	marine	indices	
of	abundance	weighted	at	the	
species	level.
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Overall,	the	taxonomic	results	suggest	that	there	has	been	an	average	increase	in	abundance	amongst	
Arctic	mammal	species.	One	explanation	is	that	they	have	increased	in	abundance	over	this	time	period	
following	sharp	declines	related	to	historical	overharvesting	(see	discussion	on	this	point	in	Baseline	
section	above).	Mammal	species	increased	in	abundance	in	all	three	regions	of	the	marine	Arctic—
Pacific,	Arctic,	and	Atlantic	(results	of	the	analysis	grouped	by	ocean	region	not	displayed).	Marine	
mammal	population	trends	are	illustrated	in	more	depth	when	we	focus	the	analysis	on	the	Bering	Sea	
and	Aleutian	Island	region	as	part	of	the	regional	trends	section.

Marine	bird	populations	have	
not	increased	by	the	same	
magnitude	as	mammals	and	
fishes	(Figure	6).	The	increase	
in	bird	abundance	stabilises	
around	1984	and	in	1998	
starts	showing	a	decline.	The	
overall	picture	suggests	that	
the	abundance	of	marine	birds	
was	greater	in	2005	compared	
to	1970	but	was	lesser	than	
that	in	1998.	This	recent	trend	
may	indicate	the	start	of	a	
longer	term	decline	so	it	will	
be	important	to	monitor	this	
over	the	coming	years	and	
to	investigate	what	may	be	
driving	these	trends.	

Recent	studies	have	shown	that	population	trends	in	some	bird	species	may	be	influenced	by	changes	
in	climate	and	sea-ice	extent,	as	these	environmental	conditions	dictate	the	availability	of	food	and	
therefore	bird	abundance,	which	can	have	subsequent	indirect	effects	on	the	composition	of	the	
terrestrial	coastal	environment		(e.g.,	Stempniewicz	et al.	2007).	For	example,	some	population	declines	
researchers	have	observed	in	piscivorous	seabirds	are	thought	to	be	due	to	changes	in	foraging	
conditions	determined	by	winter	sea-ice	(Byrd	et al.	2008)	and	a	link	has	been	established	between	
changes	in	sea-surface	temperature	across	the	Arctic	and	declines	in	seabird	colony	productivity	(Irons	et 
al.	2008).	This	is	discussed	further	in	the	ecological	trends	section	as	part	of	the	analysis	on	trophic	level.

Marine	fish	show	a	large	overall	increase	in	
abundance	which	predominantly	occurred	
in	the	20-year	period	between	1970	and	
1990	(Figure	6).	The	trends	in	fish	species	are	
contributing	more	to	the	positive	trend	in	
the	marine	index	than	the	other	two	classes	
(Figure	7),	so	these	results	strongly	suggest	
that	an	overall	increase	in	fish	abundance	
occurred	over	the	35-year	period.	

Identifying	the	drivers	behind	this	change	
in	abundance	is	complex	as	the	data	
set	comprises	a	broad	range	of	species	
that	could	be	responding	differently	to	
varying	degrees	of	climatic,	ecological,	and	

Guillemots. Photo: Ewan Chesser/Shutterstock.com

Fish feeding on zooplankton. Photo: Mareano Institute of Marine Research
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management	pressures.	Commercial	exploitation	is	a	more	important	factor	in	fish	populations	(more	
so	than	for	most	bird	and	mammal	populations),	with	a	little	over	half	the	fish	species	in	this	data	set	
being	commercially	exploited.	The	fish	data	set	contains	a	large	number	of	benthic	species	(two-thirds	
of	the	populations).	This	means	that	the	data	set	for	fish	is	somewhat	dominated	by	the	influence	of	
commercial	exploitation	and	the	emphasis	on	benthic	fishes.	

Population	trends	are	not	noticeably	different	according	to	aspects	of	fish	ecology	such	as	trophic	level	
and	habitat	(see	Ecological	trends	section).	Finally,	regional	differences	were	noticeable	in	fish	population	
trends,	most	noticeably	in	the	Atlantic	Ocean	where	the	average	change	was	a	continued	and	unabated	
decline	(Appendix	4:	Table	of	index	values).	This	pattern	is	also	evident	in	the	regional	disaggregation	of	
the	entire	marine	index,	the	underlying	trends	of	which	are	discussed	in	the	following	section.	

Regional trends

Three	regions:	were	defined	Pacific,	Arctic,	and	Atlantic	(see	Figure	4	for	boundaries)	to	evaluate	regional	
trends	in	marine	population	abundance.	These	regions	vary	according	to	ecological	processes	and	
different	management	and	political	pressures.	

Bird,	mammal,	and	fish	trends	in	each	of	these	regions	were	examined	in	order	to	help	interpret	the	
results	we	found.	The	results	of	taxonomic	analyses	for	each	region	did	not	produce	reliable	indices,	
largely	due	to	the	small	size	of	each	data	set,	so	they	have	not	been	included	in	this	report.	However,	the	
influence	of	birds,	mammals	and	fish	in	each	region	is	referred	to	in	the	discussion	below.

The	three	oceanic	regions	differed	significantly	
in	average	population	trend	(Figure	8	and	
Appendix	2:	Table	of	ANOVA	results).	This	
difference	seems	to	be	largely	driven	by	
variation	in	fish	population	abundance—there	
were	no	significant	regional	differences	for	birds	
or	mammals.	Figure	9	shows	the	significant	
differences	in	rates	of	population	change	
among	the	ocean	regions	(F	=	9.32,	df	=2,	p	=	
0.00),	highlighting,	at	the	population	level,	the	
declining	trend	in	the	Atlantic,	small	average	
increase	in	the	Arctic,	and	largest	positive	
change	in	the	Pacific	Ocean.	The	pronounced	
increase	in	the	Pacific	Ocean	index	is	not	as	
apparent	when	looking	at	the	mean	rates	of	
change	and	it	is	likely	that	the	index	is	being	

driven	by	a	few	rapidly	increasing	mammal	and	fish	species.	This,	and	the	clear	differences	in	trends	
among	the	ocean	basins,	particularly	from	1975	to	1995,	can	be	explored	further	by	looking	at	patterns	
in	the	Bering	Sea	and	Aleutian	Islands	(Box	1).

Trends	in	the	Atlantic	Ocean,	the	smallest	data	set	of	the	three	Arctic	regions,	are	driven	predominantly	
by	fish	and	birds.	Arctic	climate-driven	regime	shifts	are	thought	to	have	occurred	in	the	North	Atlantic	
(Greene	et	al.	2008)	but	due	to	both	northward	and	southward	movement	of	species	in	response	to	the	
changing	conditions,	teasing	out	how	this	might	have	affected	overall	abundance	trends	is	analytically	
complex.	One	possibility	is	that	changes	to	environmental	conditions	may	operate	in	tandem	with	
exploitation	effects	to	facilitate	a	population	decline.	Alternatively,	they	could	impede	an	overexploited	
species’	recovery,	as	suggested	for	the	case	of	Atlantic	cod	(Beaugrand	et al.	2008).	In	the	Arctic	Ocean	
index,	the	increase	from	1987	is	driven	by	fish	and	mammal	species	as	the	bird	trends	are	largely	stable	
across	the	time	series	(Appendix	4:	Table	of	index	values).

The Arctic Ocean. Photo: George Burba/Shutterstock.com
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Figure	8.	Indices	of	abundance	by	
ocean	region,	1970	to	2005.	
Indices	are	averaged	for	the	
Arctic	Ocean	(52	species,	113	
populations),	Atlantic	Ocean	(22	
species,	44	populations),	and	the	
Pacific	Ocean	(75	species,	153	
populations).

Figure	9.	Box	plot	showing	the	median	annual	rate	
of	change	of	fish	species	in	each	oceanic	region	
from	1970	to	2005

Data	sets	–		Arctic	Ocean:	20	populations;	
Atlantic	Ocean:	16	populations;		Pacific	Ocean:	62	
populations.

Box	plot	interpretation:	the	horizontal	lines	are	
the	medians;	the	tops	and	bottom	lines	of	the	
boxes	represent	the	75th	and	25th	percentiles	
respectively;	the	top	and	bottom	end-points	to	the	
vertical	dashed	lines	represent	the	95th	and	5th	
percentiles	respectively.

Total	lambda	is	a	measure	of	the	rate	of	change	
over	the	entire	time	period.

Sea otter. Photo: TTphoto/Shutterstock.com
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The	marine	index	shows	an	overall	increase	in	
vertebrate	abundance	from	1970	to	2005	but	
the	spatial	distribution	of	the	population	time	
series	contributing	to	the	index	is	not	uniform	
across	the	Arctic	marine	environment	(Figure	4).	
Much	of	the	current	monitoring	effort	appears	
to	be	largely	clustered	around	the	Bering	Sea	
and	Aleutian	Island	(BSAI)	area.	The	number	of	
populations	from	this	region	(n=138),	which	is	a	
subset	of	the	Pacific	Ocean	data	set,	outweighs	
the	number	of	populations	from	the	Arctic	
Ocean,	Atlantic	Ocean,	and	the	rest	of	the	Pacific	
Ocean	individually,	but	not	combined	(n=172).

In	order	to	investigate	the	extent	to	which	
populations	from	the	BSAI	drive	the	overall	
marine	index	trend,	the	populations	from	this	
region	were	analysed	separately.	The	results	
(Figure	10)	suggest	that	abundance	trends	from	
the	BSAI	do	exert	a	large	influence	on	the	marine	
index,	particularly	from	1985	to	1995,	but	that	
an	increase	in	abundance	is	still	occurring	in	the	
remaining	marine	regions	combined.

A	closer	examination	of	the	BSAI	
region	(Figure	11)	reveals	that	
fish	and	mammal	trends	show	
an	overall	increase,	whereas	
bird	trends	show	an	overall	
decline.	An	overall	cause	of	
the	declining	bird	trend	is	not	
evident	as	the	presence	and	
nature	of	threats	vary	among	
bird	species.	Even	within	
species,	identifying	precise	
causes	of	decline	is	sometimes	
complicated	by	spatial	and	
temporal	fluctuations	occurring	
simultaneously	(Byrd	et al.	
2008).	One	example	of	a	species	
from	this	region	in	decline	is	
Rissa brevirostris	(Red-legged	
kittiwake).	The	effects	of	a	
substantial	fisheries	industry	
mediated	through	habitat	

disturbance	or	disruption	of	the	food	web	are	a	possible	cause	of	decline	(Byrd	et al.	1997).	Early	
declines	of	seabirds	in	the	Aleutian	islands	in	the	20th	century	were	thought	to	be	due	to	fox	predation	
(Croll	et al.	2005)	but	it	is	unclear	whether	this	would	be	the	major	driver	of	trends	after	1970.	

Bering Sea effect

Figure	10.	Indices	of	abundance	for	marine	populations	showing	the	effect	of	
removing	the	Bering	Sea	and	Aleutian	Island	populations.	BSAI	data	sets	comprised	
71	species,	138	populations.	

Northern fur seal. Photo: VasikO/Shutterstock.com
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The	marine	mammal	increase	(Figure	11)	is	not	consistent	across	the	entire	time	period,	with	a	
definitive	shift	in	dynamics	to	a	decline	in	1988,	which	continues	until	2005.	This	is	a	result	of	increasing	
population	trends	for	six	cetacean	species	for	which	monitoring	ended	in	1989	and	highlights	the	
importance	of	implementing	long-term	monitoring	to	avoid	breaks	in	data	sets	that	can	influence	
the	index	to	such	a	degree.	If	these	six	cetacean	populations	are	removed	from	the	data	set,	the	index	
shows	an	overall	decline	in	abundance	of	43%	from	1970	to	2005.	This	constant	decline	in	trend	is	
reflective	of	the	following	species:	beluga	whale,	Steller	sea	lion,	harbour	seal,	sea	otter,	Pacific	walrus,	
northern	fur	seal,	gray	whale	–	for	reasons	including	increased	predation	(Doroff	et al.	2003),	loss	of	
summer	sea	ice	(Kovacs	et al.	2010),		and	depleted	prey	resource	(Moore	et al.	2003),	(Trites	&	Donnelly	
2003).		

Fish	species	from	the	BSAI,	on	average,	
increased	in	abundance	from	1970	to	1993	
(Figure	11)	and	this	trend	drives	the	overall	
fish	index	and,	to	a	certain	extent,	the	
marine	index.	Another	broad	scale	study	
(Hoff	2005)	also	found	positive	changes	in	
biomass	in	the	eastern	Bering	Sea	shelf	for	
all	fish	guilds	in	the	1970s	and	1980s.	This	
suggests	that	favourable	environmental	
conditions	are	likely	to	be	responsible	for	
the	increases.	The	change	in	trend	after	
1993	to	a	decline	and	then	to	a	stable	trend	
could	be	due	to	low	productivity	observed	
in	groundfish	in	the	eastern	Bering	Sea	
during	the	1990s	(Mueter	&	Megrey	2005).

Figure	11.	Indices	of	
abundance	for	marine	
populations	from	the	
Bering	Sea	and	Aleutian	
Island	region	(BSAI)	for	
birds,	fishes	and	mammals

BSAI	data	sets	–	birds:	21	
species,	54	populations,	
fishes:	37	species,	53	
populations,	mammals:	13	
species,	31	populations

Steller sea lions. Photo: Caleb Foster/Shutterstock.com
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Ecological trends

Sea ice association

Recent	changes	in	sea	ice	extent	in	the	Arctic	have	been	well	documented	(Stroeve	et al.	2007;	Polyak	
et	al.	2010)	and	there	is	evidence	emerging	that	this	rapid	shift	is	having,	at	times,	adverse	effects	on	
biodiversity	(Gleason	&	Rode	2009;	Heide-Jørgensen	et	al.	2010;	Kovacs	et	al.	2010).	The	nature	of	a	
species’	association	with	sea	ice	is	important	and	varies	from	the	availability	of	ice	algae	as	the	basis	of	
the	food	webs	to	the	provision	of	suitable	habitat	for	breeding	and	for	use	as	a	hunting	platform	(Marz	
2010).	

The	ASTI	data	set	contains	population	trends	for	
nine	species	that	have	a	strong	association	with	
sea	ice	(Arctic	cod,	ivory	gull,	thick-billed	guillemot,	
bowhead	whale,	beluga	whale,	narwhal,	Pacific	
walrus,	ringed	seal,	polar	bear).	The	data	set	for	sea	
ice	associated	species	was	not	sufficient	to	produce	
an	overall	trend	index	due	to	a	large	variation	in	
time	series	lengths	for	each	species,	as	well	as	
discontinuous	periods	of	monitoring.	Looking	at	
the	population	trends	over	the	entire	time	period	
for	each	species,	four	ice-associated	species—
ringed	seal,	beluga	whale,	Pacific	walrus	and	
thick-billed	guillemot—showed	overall	declines	in	
abundance	(a	lower	population	at	the	end	of	the	
monitoring	period	than	at	the	beginning).	There	
were	mixed	trends	among	the	36	populations	
(Figure	12)	but	just	over	half	showed	an	overall	
decline.	In	light	of	the	paucity	of	available	data	and	
the	warning	sign	of	a	number	of	negative	trends,	
there	is	clearly	an	urgent	need	to	monitor	these	key	
Arctic	species.

Figure	12:		Known	status	of	
individual	populations	for	
nine	ice	associated	marine	
species.

For	a	breakdown	by	
species	and	populations,	
see	Appendix	5:	Table	of	
population	trends	for	nine	
sea	ice	associated	species.	

Note:	the	status	shown	for	
Pacific	walrus	represents	
the	declining	trend	in	
recent	decades	(1980	to	
2006)	which	followed	a	
period	of	increase	–	the	
trend	over	the	entire	time	
period	of	monitoring	was	
an	increase.

Sea ice associated seal. Photo: Irina Igumnova/Shutterstock.com
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Regime shift

Environmental	changes	in	the	marine	system	are	projected	to	lead	
to	a	shift	in	species	composition	from	benthic	to	pelagic—this	is	
thought	to	occur	in	response	to	warmer	sea	surface	temperatures	
(Richter-Menge	&	J.	Overland	2010)	and	associated	reduction	in	
summer	sea	ice	extent.	We	investigated	this	by	assigning	each	
species	to	the	benthic,	pelagic	or	benthopelagic	marine	zone	(see	
Appendix	Table	1-	B	for	definitions).	Looking	at	the	fish	species	
broken	down	in	this	way	(Figure	13)	provides	no	evidence	of	such	a	
shift.	Both	benthic	and	pelagic	species	exhibited	an	overall	increase	
in	abundance,	with	the	pelagic	fishes	showing	a	distinct	cyclical	
pattern	throughout	the	time	series.	This	cyclical	pattern	could	be	
concomitant	to	changes	occurring	in	the	marine	environment	in	
similar	cycles.	The	six	species	of	benthopelagic	fish	also	increased	
in	abundance	from	1970,	but	this	increase	continued	only	until	about	1998,	when	a	largely	decreasing	
trend	began	and	persisted	until	2005.	With	only	seven	species		of	pelagic	fish	in	the	data	set,	the	trend	
could	be	driven	by	a	small	number	of	these	species.	Natural	resource	management	may	also	have	an	
effect,	especially	considering	that	some	of	these	species	are	of	high	commercial	importance	(Box	2).	

Figure	13.	Indices	of	
abundance	for	benthic,	
pelagic,	and	benthopelagic	
fish	species	from	1970	to	
2005	.

	Data	sets	comprised

•	 benthic	fishes:	42	
species,	63	populations;	

•	 pelagic	fishes:	7	species,	
14	populations;	

•	 benthopelagic	fishes:	6	
species,	21	populations.	

Arctic ciso drying in the sun. Photo: Rumo/
Shutterstock.com

Arctic char. Photo: Dan Bach Kristensen
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Pelagic fish trends

To	better	understand	the	apparent	cyclic	pattern	determined	for	the	pelagic	fish	as	shown	in	Figure	
13,	we	compared	the	overall	pelagic	fish	index	to	the	established	climate	oscillations	(Pacific,	Decadal,	
Arctic,	and	North	Atlantic).	From	this	analysis	there	appeared	to	be	a	strong	association	between	the	
overall	pelagic	fish	index	with	the	Arctic	Oscillation	index	with	peaks	in	the	pelagic	index	in	1977,	1983,	
1993,	2002,	and	2009	generally	tracking	the	peaks	in	the	Arctic	Oscillation.	At	this	widespread	scale,	
therefore,	there	does	appear	to	be	a	link	(Figure	14).

However,	it	is	important	to	relate	the	pattern	to	habitat	indicators	that	authors	have	identified	as	
significant	factors	in	the	survival	and	thus	productivity	of	pelagic	species.	For	example,	authors	(NPFMC	
2008)	note	that	Pacific	herring	recruitment	in	the	Togiak	herring	population	(Bristol	Bay,	Alaska)	is	
highly	variable,	with	large	year	classes	occurring	at	intervals	of	between	nine	and	10	years.	Further,	
there	is	good	evidence	that	environmental	conditions—especially	air	and	sea-surface	temperature—
relative	to	spawn	run	timing	are	important	factors	in	determining	Pacific	herring	recruitment	in	the	
Bering	Sea	(Williams	&	Quinn	2000).	

Potential	drivers	of	herring	population	
change	were	examined	in	relation	to	the	
Togiak	herring	data	set		(NPFMC	2008).	
The	indicators	looked	at	were:	sea-surface	
temperature	(NOAA	2011);	summer	
bottom	temperature	(Richter-Menge	&	J.	
Overland	2010);	mean	annual	temperature	
(Geophysical	Institute	University	of	Alaska	
Fairbanks	2011);	sea	ice	cover	(Richter-
Menge	&	J.	Overland	2010).	These	were	all	
highly	variable	and	did	not	appear	to	peak	
on	a	nine		to	10	year	cycle	as	is	suggested	in	
the	estimated	herring	population	size.	As	an	
example,	sea	ice	extent	(plotted	on	a	three	
year	running	average)	is	shown	(Figure	15).	
This	was	the	closest	among	the	variables	to	

Figure	14.	Comparison	of	the	
three	year	running	average	for	
the	pelagic	fish	index	and	the	
Arctic	Oscillation

	Oscillation	data	from:	http://
www.esrl.noaa.gov/psd/data/
correlation/ao.data	

Herring. Photo: fanfo/Shutterstock.com



21

relate	to	estimates	of	population	abundance	of	herring	in	the	Togiak	region	and	illustrates	that	the	
drivers	behind	the	herring	cycles	are	not	able	to	be	explained	by	a	single	indicator	but	are	influenced	
by	a	complex	of	factors.		
	

(Aydin	&	Mueter	2007))	provide	a	comprehensive	overview	of	the	complex	interactions	that	may	
be	responsible	for	the	observed	cyclical	fish	population	trends	in	the	southeastern	Bering	Sea.	They	
report	that	the	Bering	Sea	has	experienced	abrupt	shifts	in	climatic	conditions	since	the	mid-1970s	
with	associated	food	web	shifts.	The	extent	of	sea	ice	and	timing	of	ice	retreat	is	critical	for	timing,	
overall	biomass,	and	fate	of	primary	production—which	comprises	mostly	copepods,	an	important	
component	of	prey	for	various	foraging	fish	species.	Differences	in	bloom	timing	have	favourable	
effects	on	either	benthic	or	pelagic	species.	Cycles	of	density-dependent	recruitment	of	various	
shorter-lived	pelagic	species,	such	as	pollock	are	also	likely	to	interact	with	the	cycles	in	longer-lived,	
competitor	benthic	species	such	as	flatfish.

Another	factor	not	incorporated	in	these	abiotic	indicators	is	human	harvest.	The	Bering	Sea	is	one	of	
the	most	productive	fisheries	in	the	world	(Walsh	et al.	1989)	and	its	stocks	have	experienced	a	long	
history	of	exploitation,	so	the	possible	influence	of	fishing	pressure	should	also	be	considered.	The	
Pacific	herring	population	discussed	above	is	considered	to	be	threatened	by	exploitation	(NPFMC	
2008).	While	overfishing	is	likely	to	directly	cause	a	decrease	in	abundance	of	a	fished	species,	the	
fishing	pressure	exerted	on	a	stock	could	also	have	a	more	complex	effect.	Fishing	effort	and	catch	
in	the	region	are	closely	monitored,	and	adjustments	are	made	to	quota,	based	on	past	recruitment	
in	the	target	species.	It	is	possible	that	this	adjustment	of	fishing	pressure	in	response	to	recruitment	
could	influence	cyclical	patterns	observed	(Williams	&	Quinn	2000).	Furthermore,	human	pressures	
can	and	will	interact	in	complex	ways	with	the	climatic	changes	observed	in	the	Bering	Sea.
This	analysis	is	a	good	example	of	how	a	global	scale	index	such	as	ASTI	can	reveal	relationships	
with	key	drivers	of	species	abundance	when	this	is	not	possible	through	focussing	on	individual	
populations.	The	latter	approach,	however,	is	important	in	better	understanding	the	mechanisms:	
how	large-scale	oscillations	exert	themselves	on	biodiversity	and	abundance	and	how	factors	not	
incorporated	into	simple	global	indices	impact	local	populations.

Figure	15.	Comparison	
of	estimated	herring	
population	size	in	the	
Bristol	Bay	area	and	the	
sea	ice	extent	in	the	
East	Bering	Sea

Both	plotted	as	three	
year	running	averages.	
Herring	data	from	
NPFMC	(2008)	;	sea	
ice	data	from	http://
www.arctic.noaa.gov/
reportcard
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Trophic level

Pursuing	the	theme	of	ecological	interactions,	Figure	16	shows	the	average	rates	of	change	broken	
down	by	the	trophic	level	of	the	species.	We	might	expect	to	see	differences	among	the	trophic	levels	
in	response	to	environmental	fluctuations	and	the	corresponding	changes	in	foraging	conditions.	For	
example,	impacts	specific	to	piscivorous	seabirds	have	been	explored	under	scenarios	of	a	changing	
climate	(Stempniewicz	et al.	2007).	Therefore,	we	disaggregated	the	data	for	birds	and	fishes	into	fish-
feeding	and	plankton-feeding	species	to	see	if	there	were	any	patterns	in	the	rates	of	change.	

Figure	17	compares	the	resulting	trends	in	fish	and	plankton	feeding	fish	and	birds.	There	is	no	clear	
difference	in	trends	among	the	fish	groups	but	the	bird	indices	differ	significantly	after	1985.	Unlike	the	
fish,	the	trends	in	piscivorous	birds	are	in	concordance	with	the	median	negative	rate	of	change	for	all	
secondary	consumers	of	fish	(Figure	16).	The	bird	population	declines	in	this	data	set	could	be	a	result	
of	detrimental	changes	to	foraging	conditions	as	found	in	some	species	and	locations	(Byrd	et al.	2008)	
or	a	response	to	an	anthropogenic	threat.	The	bird	populations	in	question	are	affected	by	different	
threat	types	and	levels,	so	it	is	not	possible	to	make	any	overarching	conclusions	about	the	decline	in	
piscivorous	seabirds	at	this	stage.

Figure	16.	Box	plot	showing	median	rate	of	change	by	
trophic	level	for	parasites	and	for	primary,	secondary,	
and	tertiary	consumers

Data	sets	–	parasites:	4	populations;	primary	consumers	
(Prim):	2	populations;	secondary	consumers	of	fish	
(Sec-fish):	183	populations;	secondary	consumers	of	
invertebrates	(Sec-inv):	68	populations;	secondary	
consumers	of	other	vertebrates	(Sec-vert):	9	
populations;	tertiary	consumers	(Tert):	44	populations.

Box	plot	interpretation:	the	horizontal	lines	are	the	
medians;	the	tops	and	bottom	lines	of	the	boxes	
represent	the	75th	and	25th	percentiles	respectively;	
the	top	and	bottom	end-points	to	the	vertical	
dashed	lines	represent	the	95th	and	5th	percentiles	
respectively.

Total	lambda	is	a	measure	of	the	rate	of	change	over	
the	entire	time	period

Figure	17.	Trends	in	abundance	
indices	for	species	of	
piscivorous	and	planktivorous	
birds	and	fishes	from	1970	to	
2005

Data	sets

•	 piscivorous	birds:	22	
species,	116	populations;	

•	 piscivorous	fishes:	26	
species,	44	populations;	

•	 planktivorous	birds:	4	
species,	17	populations;	

•	 planktivorous	fishes:	15	
species,	25	populations.
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The	underlying	trends	for	tertiary	consumers	contrast	with	the	common	theme	throughout	these	results	
of	declines	in	bird	populations	and	increases	in	mammals	and	fish	(Appendix	2:	Table	of	ANOVA	results).	
The	two	eagle	species	in	this	category	show	an	average	increase	whereas	the	populations	of	Orcinus orca 
(killer	whale)	and	Ursus maritimus	(polar	bear)	show	an	average	decline.	The	fish	data	set	is	the	largest	
in	the	tertiary	consumer	category	and	is	dominated	by	Gadus morhua	(Atlantic	cod),	Sebastes marinus	
(Ocean	perch)	and	Reinhardtius hippoglossoides	(Greenland	halibut)	populations	which	are	driving	
the	mean	population	rate	of	change	in	this	group.	The	majority	of	populations	of	these	species	are	
threatened	by	exploitation	so	it	is	not	surprising	that	the	rate	of	change	for	tertiary	fish	and	the	overall	
average	for	the	three	classes	is	negative	(Figure	16).

Conservation management trends

Anthropogenic threats

Examining	anthropogenic	threats	to	marine	populations	can	give	an	indication	of	the	predominant	
pressures	affecting	species	abundance.	For	this	analysis,	populations	that	had	an	anthropogenic	threat	
identified	as	being	associated	with	them	by	the	authors	of	the	source	document	were	considered	to	be	
under	threat.	Options	for	threat	category	are:	‘habitat	loss’,	‘habitat	degradation’,	‘climate	change’,	‘disease’,	
‘pollution’,	‘exploitation’,	and	‘invasive	species’.	Note	that	‘exploitation’,	which	includes	accidental	mortality	
as	well	as	harvesting,	is	therefore	only	associated		with	a	population	if	it	is	identified	as	a	threat	to	the	
population	by	the	source	author.	Populations	that	were	described	as	not	currently	threatened	were	
placed	in	the	‘no	threats’	category	and	the	remaining	ones	with	no	information	were	tagged	as	‘unknown’	
(see	data	tagging	in	Appendix	1:	Methods).	

Figure	18	shows	that,	although	encouragingly	both	threatened	and	non-threatened	populations	
increased	in	abundance	over	the	35-year	period,	the	trajectories	of	the	two	indices	are	substantially	
different.	In	addition,	the	populations	under	threat	stabilised	in	abundance	during	the	mid-1980s	and	
have	been	in	a	slow	decline	ever	since.	The	populations	in	the	‘unknown’	category	have	seen	little	change	
in	abundance	over	this	time	but	appear	to	be	faring	slightly	worse	than	the	threatened	populations.	This	
highlights	the	need	to	obtain	more	information	on	these	data-poor	species	and	locations.

Figure	18.	Indices	of	
abundance	for	populations	
by	threat	classification	from	
1970	to	2005

Data	sets	

•	 populations	under	
any	anthropogenic	
threat:	57	species,	110	
populations;	

•	 populations	under	no	
threat:	42	species,	57	
populations;	

•	 those	for	which	no	
information	is	available:	
49	species,	143	
populations
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For	those	populations	that	are	identified	as	threatened,	‘climate	change’	and	‘exploitation’	appear	to	be	
having	the	greatest	effect	on	median	rate	of	change	(Figure	19).	These	results	are	significant;	however	the	
analysis	includes	data	for	populations	where	threat	information	is	not	known.	When	the	‘unknown’	and	
the	‘no	threat’	categories	are	excluded	from	the	analysis	and	the	median	rates	of	change	are	compared	
by	taxonomic	class,	there	are	only	significant	differences	by	threat	type	for	bird	populations	(Appendix	
4:	Table	of	index	values).	A	negative	rate	of	change	is	observed	for	populations	threatened	by	‘climate	
change’	and	‘exploitation’,	which	suggests	that	birds	are	driving	the	results	for	all	classes	in	Figure	19.

Information	on	threats	was	collated	from	the	data	sources	where	the	population	data	was	published.	
Because	the	scope	and	objectives	of	each	source	document	varied	according	to	the	subject	the	authors	
were	tackling,	there	is	some	disparity	in	the	amount	of	threat	information	that	is	available	for	each	
population.	To	make	better	use	of	the	ASTI	in	tracking	and	understanding	the	impacts	of	these	threats	
to	Arctic	biodiversity,	it	is	therefore	important	to	improve	not	only	the	animal	population	data,	but	also	
the	quality,	comparability,	and	coverage	of	data	on	threats	to	populations.	Variables	that	can	be	used	to	
predict	changes	in	populations,	including	measures	of	anthropogenic	threats,	are	discussed	further	in	a	
report	on	spatial	analysis	of	the	ASTI	data	set	(Bohm	et al.	2012).

Protected areas

Table	3	shows	the	number	of	populations	that	occur	within	protected	areas	(‘yes’),	entirely	outside	
protected	areas	(‘no’),	and	not	entirely	within	or	without	protected	areas	(‘no	–	large	survey	area’).	
The	trend	analysis	comparing	protected	and	unprotected	populations	showed	very	similar	levels	of	
population	change	(Appendix	4:	Table	of	index	values).	The	protected	populations	are	mainly	bird	species	
which	would	suggest	that	data	are	primarily	from	coastal	locations.	Most	of	the	marine	mammal	and	fish	
populations,	however,	are	surveyed	in	such	large	areas	that	none	of	them	are	entirely	protected.	

Located within a 
protected area?

Populations

Mammals Birds Fishes

yes 21 95 4

no 7 30 12

no-	large	survey	area 27 21 82

total	“no” 34 51 94

Figure	19.	Box	plot	showing	the	median	rates	of	change	of	
bird	populations	for	which	a	threat	is	identified	,	grouped	by	
primary	threat,	1970	to	2005.

Data	sets	–	threats	to	bird	populations:	climate	change	(CC):	
12	populations;	disease:	1	population;	exploitation	(exploit)	:	
4	populations;	habitat	degradation	(hab	deg):	7	populations;	
invasive	species	(	inv):	1	population;		pollution:	3	populations.

Box	plot	interpretation:	the	horizontal	lines	are	the	medians;	
the	tops	and	bottom	lines	of	the	boxes	represent	the	75th	

and	25th	percentiles	respectively;	the	top	and	bottom	end-
points	to	the	vertical	dashed	lines	represent	the	95th	and	5th	
percentiles	respectively.

Total	lambda	is	a	measure	of	the	rate	of	change	over	the	
entire	time	period.

Table	3.	Total	numbers	of	populations	and	species	that	are	found	inside	and	outside	protected	areas
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Although	the	overall	indices	of	population	
change	for	vertebrates	within	protected	areas	
and	vertebrates	not	within	protected	areas	
are	similar,	if	we	look	only	at	bird	populations	
bird	populations	in	protected	areas	are	
faring	far	better	than	their	counterparts	in	
unprotected	areas	(Figure	20).	Bird	populations	
in	unprotected	areas	were	found	primarily	
along	the	west	and	northeast	coast	of	Iceland,	
the	Murmansk	and	Taimyr	regions	of	Russia,	
and	the	northern	part	of	Norway,	including	
locations	in	the	Barents	Sea.	Some	of	these	
regions	have	a	long	tradition	of	utilising	
seabird	populations	(Denlinger	&	Wohl	2001),	
although	the	number	of	species	utilised	and	
amount	of	harvest	taken	are	often	only	a	
fraction	of	former	levels	(Merkel	2010).	Hunting	
is	strictly	regulated	in	Norway	and	Svalbard	
and	poses	no	particular	threat		(Bakken	&	Anker-
Nilssen	2001).	In	Russia,	Alcids	can	be	hunted	locally	at	particular	times	of	the	year,	with	no	hunting	
allowed	at	sea	in	the	Barents	Sea	region	(Golovkin	2001).

One	potential	cause	of	decline	(especially	in	past	decades)	of	marine	birds	not	in	protected	areas	is	the	
widespread	utilisation	of	marine	birds	throughout	the	Arctic	(Merkel	&	Barry	2008).	Around	the	Arctic,	the	
most	common	species	harvested	are	Common	murres	and	Common	eiders,	and	the	countries	with	the	
highest	harvest	levels	are	Iceland,	Canada,	and	Greenland	(Merkel	2010).	The	following	section	considers	
two	measures	recorded	for	each	population	time	series	in	the	data	set:	1)	is	the	population	known	to	be	
utilised	(through	regular	or	systematic	harvesting,	including	collection	of	eggs);	and,	2)	is	the	population	
thought	to	be	impacted	by	exploitation	(including	both	harvesting	and	accidental	killing,	for	example	
though	entanglement	in	fishing	nets).	

The	harvest	of	seabirds	used	to	be	widespread	in	Norway	and	Svalbard	but	nowadays	strict	regulations	
and	year-round	protection	of	most	species	result	in	a	very	low	harvest	rate	of	an	average	of	5,000	
birds	per	year,	therefore	not	posing	a	particular	threat	(Merkel	&	Barry	2008).	Of	the	11	Norwegian	

Female and male common eiders. Photo: Micha Klootwijk/
Shutterstock.com 

Figure	20.	Indices	of	
abundance	for	protected	
and	unprotected	bird	
populations	from	1970	to	
2005.

Data	set

•	 protected:	30	species,	
95	populations;	

•	 unprotected:	17	
species,	51	populations.
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populations,	only	two	are	threatened	by	exploitation	(Steller’s	eider	from	Varangerfjord,	and	Common	
murre	from	Finnmark),	but	not	being	a	target	species	and	with	no	indication	of	being	utilised	could	point	
to	a	potential	impact	from	outside	the	country.	In	Russia,	seabird	harvest	has	never	been	of	primary	
importance	for	the	economy	or	local	communities,	with	the	exception	of	indigenous	people	inhabiting	
the	north	and	far	east	of	the	country	(Merkel	&	Barry	2008).	No	official	figures	on	the	harvest	taken	
annually	exist,	but	they	are	believed	to	be	low,	as	most	of	the	important	bird	colonies	are	now	protected	
(Merkel	&	Barry	2008).	Nevertheless,	poaching	could	be	a	localized	problem,	especially	in	remote	areas	
(Merkel	&	Barry	2008).	Of	the	Russian	populations	in	the	data	set,	none	are	recorded	as	being	utilised	
and	only	Steller’s	eider	is	considered	to	be	threatened	by	exploitation.	However,	as	this	is	a	country-
wide	estimate,	over-harvesting	is	unlikely	to	be	the	single	reason	for	the	observed	decline	in	birds	in	
unprotected	areas.

One	third	of	populations	in	the	data	set	are	explicitly	not	utilised;	we	only	have	information	confirming	
utilisation	for	one	population,	which	is	Somateria mollissima	(common	eider)	from	southwest	Iceland.	
The	utilisation	status	for	other	populations	is	unknown.	Interestingly,	three	different	populations	of	black	
guillemot	and	northern	fulmar	are	listed	as	being	threatened	by	exploitation,	although	this	is	through	
bycatch	and	not	intentional	harvesting.

Overall,	there	is	no	evidence	to	suggest	that	unsustainable	harvest	could	be	the	cause	of	declining	trends	
in	seabird	populations	outside	of	protected	areas	in	the	Arctic.	But	as	the	majority	of	population	data	sets	
are	not	accompanied	by	information	on	utilisation	status	or	on	exploitation	as	a	potential	threat	(these	
sources	are	in	languages	other	than	English),	this	remains	a	possibility	and	could	be	further	explored	
by	improving	the	data	on	utilisation	and	exploitation	and	on	focussing	the	analysis	on	species	that	are	
targeted	for	harvest	or	are	vulnerable	to	other	forms	of	exploitation.
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Appendix 1: Methods

Population data

Time	series	trends	for	Arctic	species	were	collated	by	CAFF´s	CBMP	and	from	the	Living	Planet	Database	
(Loh	et al.	2005;	Collen	et al.	2009;	www.livingplanetindex.org).	These	data	were	collated	from	published	
scientific	literature;	online	databases;	Arctic	researchers	and	institutions;	and	from	grey	literature.	

Following	Collen	et al.	(2009)	data	were	only	included	if:	

•	 measure	or	proxy	measure	of	
population	size	–	e.g.,	full	population	
count,	biomass,	catch	per	unit	effort,	
density	(Appendix	Table	1-	A)	-	was	
available	for	at	least	2	years;	

•	 information	was	available	on	how	
the	data	were	collected	and	what	the	
units	of	measurement	were;

•	 the	geographic	location	of	the	
population	was	provided	and	lay	
within	the	defined	Arctic	boundaries;

•	 the	data	were	collected	using	
the	same	method	on	the	same	
population	throughout	the	time	
series;	and,	

•	 the	data	source	was	referenced	and	
traceable.

Data type Mammals Birds Fish Total

Biomass 68 68

Measure	per	unit	effort 1 9 10

Populations	estimate	or	count 34 86 9 129

Other 25 66 12 103

Data tagging

Ancillary	information	to	the	time	series	data	was	also	collated	at	both	the	species	and	population	level	
encompassing	data	on	geographic,	ecological	and	conservation	management	themes.	Those	tags	used	
to	disaggregate	the	marine	data	are	detailed	in	Appendix	Table	1-	B.	

Appendix Table 1- A.	Data	type	of	populations	by	class

Northern fulmar Photo: David Thyberg/Shutterstock.com
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Data tag Details

System Terrestrial; Freshwater; Marine

Population	based

Marine	ocean Atlantic;	Pacific;	Arctic

Primary	threat Information	on	the	primary	anthropogenic	threat	to	
a	population	was	recorded	if	available	from	the	data	
source.	Options	for	threat	category	are	habitat	loss,	
habitat	degradation,	climate	change,	disease,	pollution,	
exploitation,	invasive	species,	no	threats,	unknown	

Protected	area Yes;	No	(entirely	outside	protected	areas);	No	–	large	
survey	area	(population	was	surveyed	in	a	large	area	and	
so	not	entirely	inside	or	outside	a	protected	area).	The	
World	Database	on	Protected	Areas	was	used	to	discern	
protected	area	status	(IUCN	&	UNEP-WCMC	2010)

Sea	ice	association Yes;	No

Species	based

Trophic	level Parasite;	Primary	consumer;	Secondary	consumer	(fish);	
Secondary	consumer	(invertebrates);	Secondary	consumer	
(vertebrates);	Tertiary	consumer

Marine	zone Benthic	(living	and	feeding	near	the	bottom	of	the	ocean);	
pelagic	(living	and	feeding	in	the	open	sea);	benthopelagic	
(living	and	feeding	near	the	bottom	of	the	ocean	as	well	as	
in	midwater	and	near	the	surface	or	species	which	hover	
or	swim	just	over	the	sea	floor	–	(Froese	&	Pauly	2011))

Taxonomic	class Birds;	mammals;	fish	(as	there	are	only	three	Elasmobranch	
species	in	the	data	set,	we	grouped	these	with	
Actinopterygii	to	create	one	fish	class)

Trend analysis

For	the	marine	ASTI,	data	were	averaged	at	the	species	level	(equal	weight	per	species).	ANOVA	analyses,	
however,	were	conducted	at	the	population	level.	

All	analyses	were	carried	out	in	R	version	2.12.0	(R	Development	Core	Team	2006).	Indices	of	change	in	
marine	species	abundance	were	calculated	using	a	Generalised	Additive	Modelling	(GAM)	framework	
to	obtain	population	trends	and	then	a	geometric	aggregation	method	following	Collen	et al.	(2009)	to	
produce	an	index	of	change.	The	data	set	was	disaggregated	according	to	the	data	tags	above	to	look	for	
underlying	trends	in	the	marine	data.	In	order	to	test	the	significance	of	several	variables	in	association	
with	population	change,	we	first	computed	three	measures	from	the	raw	population	trend	time	series	
data.	These	were:	

•	 slope	of	a	linear	regression	of	year	against	population	size	(LRS);	
•	 mean	annual	change	in	population	size	calculated	using	a	GAM	framework	(MAC);	and
•	 total	change	in	population	size	over	time	using	a	GAM	framework	(TC).

We	obtained	three	change	measures	for	each	population	and	species	by	generating	the	logged	trend	
values	and	mean	logged	trend	values	respectively	from	the	individual	population	time	series	calculated	
by	each	of	the	methods	above.	We	carried	out	ANOVAs	to	trial	each	of	the	three	measures	of	population	
change	against	each	of	the	discontinuous	variables	and	linear	regressions	of	population	change	against	
each	of	the	two	continuous	variables.	Very	few	significant	results	were	produced	at	the	species	level	so	
we	have	reported	only	those	significant	results	at	the	population	level	(see	Appendix	2:	Table	of	ANOVA	
results)	and	as	we	were	interested	in	the	most	variance,	the	trend	value	we	selected	to	report	on	was	
measuring	total	change	(TC),	also	referred	to	as	total	lambda	over	time	as	was	used	on	similar	analyses	
(Collen	et al. 2011).	We	displayed	box	plots	for	significant	results	where	relevant.

Appendix Table 1- B. Population	and	species-based	data	tags
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Appendix 2: Table of ANOVA results

Factor Total lambda

df Sum sq Mean sq F value p value

Class 2 1.387 0.69344 1.5972 0.2041

Primary	threat	(incl	Unknown/No;	all	spp) 8 11.893 1.48661 3.6444 0.0004551	***

Primary	threat	(incl	Unknown/No;	birds) 8 6.415 0.8019 2.2363 0.02805	*

Primary	threat	(incl	Unknown/No;	fish) 4 5.321 1.33028 2.9809 0.02302	*

Primary	threat	(incl	Unknown/No;	mammals) 5 4.981 0.9962 2.2612 0.0612300000

Primary	threat	(excl	Unknown/No;	all	spp) 5 2.687 0.53738 1.4981 0.1968000000

Primary	threat	(excl	Unknown/No;	birds) 5 4.1466 0.82931 4.3431 0.006696	**

Primary	threat	(excl	Unknown/No;	fish) 1 0.1133 0.11331 0.2265 0.6360000000

Primary	threat	(excl	Unknown/No;	mammals) 2 0.1311 0.065545 0.3734 0.6927000000

Protected	location 3 2.276 0.75881 1.7538 0.1560

Protected	vs	unprotected	-	all	spp	(Yes	and	No	only) 1 1.425 1.42516 3.1105 0.0796

Protected	vs	unprotected	-	birds	(Yes	and	No	only) 1 2.591 2.5911 6.9899 0.009265	**

Protected	vs	unprotected	-	fish	(Yes	and	No	only) 1 0.046 0.04597 0.1007 0.7556

Protected	vs	unprotected	-	mammals	(Yes	and	No	only) 1 0.5361 0.53614 0.7003 0.4103

Protected	vs	unprotected	-	all	spp	(Yes,	No,	Large=No) 1 0.621 0.62081 1.4107 0.2359

Protected	vs	unprotected	-	birds	(Yes,	No,	Large=No) 1 0.003627 0.003627 4.3371 0.03906	*

Protected	vs	unprotected	-	fish	(Yes,	No,	Large=No) 1 0.511 0.51113 1.0595 0.3059

Protected	vs	unprotected	-	mammals	(Yes,	No,	Large=No) 1 0.5509 0.55085 1.1622 0.2859

Ocean	basin 2 7.126 3.5631 8.5762 0.0002375	***

Ocean	-	birds 2 1.974 0.98697 2.6393 0.0748

Ocean	-	fish 2 7.682 3.8409 9.3222 0.0002011	***

Ocean	-	mammals 2 0.0798 0.03992 0.0793 0.9239

Bering	Sea	split	(Bering	vs	Rest;	all	spp) 1 1.376 1.3763 3.1801 0.0755

Bering	Sea	split	(Bering	vs	Rest;	birds) 1 0.086 0.08641 0.225 0.6360

Bering	Sea	split	(Bering	vs	Rest;	fish) 1 1.74 1.74006 3.7052 0.0572

Bering	Sea	split	(Bering	vs	Rest;	mammals) 1 0.0024 0.00238 0.0048 0.9450

Trophic	level 5 5.285 1.05703 2.4835 0.03176	*

Tertiary	consumer	by	class 2 3.683 1.8415 5.0372 0.01106	*

Sea-ice	association 1 0 0.00005 0.000100 0.9919

Marine	zone	-	benthic,	pelagic,	benthopelagic 2 2.129 1.06443 2.465400 0.0867

Marine	zone	-	fish 2 3.125 1.56266 3.3972 0.03758	*

Marine	zone	-	birds 2 0.001112 0.000556 0.668100 0.5142

Protected	location	(all	spp) 3 2.276 0.75881 1.7538 0.1560

PA	type	(all,	incl	unprotected) 3 1.111 0.37043 0.8487 0.4682

PA	type	(yes	and	both	only) 3 2.138 0.71253 1.8886 0.1348

Depth	stratum 2 2.782 1.391 3.2378 0.04060	*

Depth	stratum	(fish) 1 0.103 0.10285 0.2113 0.6468

Utilised	(all	spp) 2 0.304 0.15193 0.3471 0.71

Utilised	(fish) 2 0.91 0.4551 0.9417 0.39

Highlighted	cells	denote	significant	results
	*	significant	at	p<0.05	level
	**	significant	at	p<0.01	level
***	significant	at	p<0.001	level
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