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Table	1:	List	of	species,	collection	status,	period	and	locations,	and	total	number	of	
marine	mammals	sampled.	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Species	 Collection	
status	

Collection	
period	

Collection	
locations	in	Alaska	

(AK)	

Total	
number	

of	
animals	

Humpback	 Stranded	 July	2007	to	
Sept.	2011	

Kodiak,	The	AK	
Peninsula,	
Southeast	

8	

Bowhead	 Harvested	 Spring	&	Fall	
2006	to	2011	

Barrow	 25	

Beluga	 Stranded	&	
Harvested	

Sept.	2005	to	
Oct.	2012	

Cook	Inlet,	Hooper	
Bay	

15	

Harbor	
Porpoise	

Stranded	 Aug.	2008	to	
July	2011	

Cook	Inlet	 5	

Northern	
Fur	Seal	

Harvested	&	
Live	Capture	

2010	 Saint	George	&	
Saint	Paul	Islands	

179	

Steller	Sea	
Lion	

Stranded	 May	2004	to	
March	2013	

Gulf	of	AK	 42	

Harbor	
Seal	

Stranded	 May	2008	to	
Aug.	2012	

Gulf	of	AK,	Egegik	 9	

Ringed	
Seal	

Harvested	 Nov.	2006	to	
Nov.	2012	

Barrow,	Chukchi	
Sea,	Bering	Sea	

113	

Bearded	
Seal	

Harvested	 Oct.	2007	to	
June	2013	

Barrow,	Chukchi	
Sea,	Bering	Sea	

55	

Spotted	
Seal	

Harvested	&	
Snow	Urine	

Nov.	2006	to	
Nov.	11	

Barrow,	Chukchi	
Sea,	Bering	Sea	

158	

Ribbon	
Seal	

Harvested	&	
Snow	Urine	

May	2009	to	
Oct.	2012	

Barrow,	Chukchi	
Sea,	Bering	Sea,	

Yakutat	

21	

Pacific	
Walrus	

Harvested	 May	&	June	in	
2012	&	2013	

Saint	Lawrence	
Island	

82	

Northern	
Sea	Otter	

Stranded	&	Live	
Capture	

April	2004	to	
May	2011	

Gulf	of	AK	 193	

Summary	of	OpportunisMc		
Samples	(n	=	905)	

•  905	marine	mammals	were	
collected	between	2004-2013	
and	tested	for	the	presence	of	
algal	toxins.	

	
•  Algal	toxins	were	present	in	

Alaskan	marine	mammals	from	
SE	Alaska	to	the	ArcMc	Ocean.	

•  The	data	reveal	that	AK	food	
webs	contain	algal	toxins	at	
levels	that	are	detectable	in	top	
predators.		

	
•  Most	levels	were	low	and	

health	impacts	were	not	
confirmed.	

	
	



!Table!1:!!Summary!of!the!number!of!domoic!acid2positive!individuals!from!13!
species!of!Alaskan!marine!mammals,!including!the!sample!matrix!with!the!highest!
concentration.!F!=!Feces,!SC!=!Stomach!Contents,!S!=!Serum,!IC!=!Intestinal!Contents,!
U!=!Urine.!
!

Species! Sample!
number!

Number!
positive!

%!!
positive!

Max!conc.!
(ng/g!or!ml)!

Sample!
Matrix!

Cetaceans! ! ! ! ! !
Humpback!whale! 8! 3! 38%! 51! F!
Bowhead!whale! 25! 17! 68%! 359! F!
Beluga!whale! 15! 2! 13%! 7! SC!
Harbor!porpoise! 5! 2! 40%! 15! F!
Otariids! ! ! ! ! !
Northern!fur!seal! 179! 8! 5%! 13.8! S!
Steller!sea!lion! 44! 12! 27%! 7! SC!
Phocids! ! ! ! ! !
Harbor!seal! 9! 6! 67%! 8! F!
Ringed!seal! 113! 19! 17%! 127! F!
Bearded!seal! 55! 14! 25%! 48! IC!
Spotted!seal! 158! 5! 3%! 40! SC!
Ribbon!seal! 21! 5! 24%! 7! F!
Odobenids! ! ! ! ! !
Pacific!walrus! 82! 34! 41%! 6,457! SC!
Mustelids! ! ! ! ! !
Northern!sea!otter! 172! 43! 25%! 162! U!
! ! ! ! ! !

SEAFOOD	
Regulatory	limit	=		
20	ug	DA/g	or		
20,000	ng/g	



Table&2:!!Summary!of!the!number!of!saxitoxin2positive!individuals!from!13!species!
of!Alaskan!marine!mammals,!including!the!sample!matrix!with!the!highest!
concentration.!F!=!Feces,!SC!=!Stomach!Contents,!IC!=!Intestinal!Contents,!U!=!Urine;!
na!=!not!applicable.!

Species& Sample&
number&

Number&
positive&

%&&
positive&

Max&conc.&
(ng/g&or&ml)&

Sample&
Matrix&

Cetaceans& ! ! ! ! !
Humpback!whale! 8! 4! 50%! 62! F!
Bowhead!whale! 25! 8! 32%! 63! F!
Beluga!whale! 12! 1! 8%! 4! F!
Harbor!porpoise! 5! 0! 0%! na! na!
Otariids& ! ! ! ! !
Northern!fur!seal! 179! 8! 5%! 42! F!
Steller!sea!lion! 42! 4! 10%! 7! F!
Phocids& ! ! ! ! !
Harbor!seal! 8! 0! 0%! na! na!
Ringed!seal! 110! 15! 14%! 172! F!
Bearded!seal! 44! 6! 14%! 15! IC!
Spotted!seal! 145! 1! 1%! 3! SC!
Ribbon!seal! 7! 0! 0%! na! na!
Odobenids& ! ! ! ! !
Pacific!walrus! 82! 23! 28%! 240! IC!
Mustelids& ! ! ! ! !
Northern!sea!otter! 163! 37! 23%! 45! U!
! ! ! ! ! !

SEAFOOD	
Regulatory	limit	=		
80	ug	STX/	100	g		
or	800	ng/g	



Exposure	risk,	but	what	about		
health	impacts	to	marine	mammals?	



Feces	range:	4	to	182,000	ng	DA/	g		
Urine	range:	0.6	to	253	ng	DA/	ml	

Classic	Domoic	Acid	Toxicosis	
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Algal	toxin	impairs	sea	lion	memory	&	
hippocampal	connecCvity,	with	implicaCons	for	

strandings	
	Peter	F.	Cook1,2,*,	Colleen	Reichmuth2,	Andrew	A.	Rouse2,	Laura	A.	Libby3,	Sophie	E.	Dennison4,	Owen	T.	

Carmichael5,	Kris	T.	Kruse-Ellio64,	Josh	Bloom4,	Baljeet	Singh3,	Vanessa	A.	Fravel6,	Lorraine	Barbosa6,	Jim	J.	
Stuppino4,	William	G.	Van	Bonn7,	Frances	M.	D.	Gulland6,	Charan	Ranganath3	
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Effects	of	Chronic	Low	Level	Exposure	to	Domoic	Acid	
(NIH/NSF	RO1)	

University	of	Washington	

Don	Smith																											Yi	Zuo																								Emma	Hiolski																		

University	of	California,	Santa	Cruz	

Dave	Marcinek										Preston	Kendrick															

Regulatory	Limit	=	20	ppm	

Bridget	Ferriss	



Mice	were	IP	injected	1	X	per	week	
with	0.6	ppm	domoic	acid	for	25	
weeks	(dose	is	30%	of	EC50).	

A`er	6	months	of	exposure,	
mice	were	tested	for	learning	
&	memory	via	a	Radial	Water	
Maze	test	(n	=	20	control	&	20	
exposed	mice).	

Radial	Water	Maze	TesCng	Apparatus	



Significant	Learning	Deficits	in	Exposed	Mice!	

6	months	of	exposure	



Learning	Improved	a`er	9	wk	Recovery	Period!	

9	week	recovery	period	
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•  Exposed	once	a	week	for	≈	9	months	
•  3	to	12	months	of	age	

	
•  Tested	at	three	old	age	Mme	points;	

•  18	months	(Early	old	age)	
•  24	months	(Mid	old	age)	
•  28	months	(Old	old	age)	
	

•  No	exposure	for	6,	12,	and	16	months	
	

Early	Old	Age	

Mid	Old	Age	

Old	Old	Age	

Does	chronic	exposure	early	in	life	
impact	cogniCve	decline	with	age?	



Organotypic Brain Slice Cultures Mouse 

(A) Photomicrograph (x4 magnification; scale bar = 200 µm) of a representative brain slice culture (red staining = 
NeuN+ neurons). White box highlights the region covered by the 512-electrode array, and electrophysiologically 
identified neurons (circles) are overlaid. Green circles = hippocampal neurons; blue circles = cortical neurons 

(excluded from analyses). (B) Mean (± SE) number of active hippocampal neurons in control (n=14) and domoic 
acid-exposed (n=15) brain slice cultures. * p < 0.05 (random effects ANOVA). 

Emma	Hiolski	



#	of	AcCve		
Neurons	

ConnecCvity	
Density	

Percent	Inhibitory	
Neurons	

Electrophysiological	effects	of	domoic	acid	exposure	on	the	
neural	networks	of	organotypic	brain	slice	cultures	



Model	of	domoic	acid-induced	changes	in	
organotypic	brain	slice	cultures	

•  Loss	of	inhibitory	neurons	with	chronic	exposure	
•  Increased	connecCvity	&	excitatory	environment	



	Health	Impacts	of	Domoic	Acid	

•  High	exposures:	seizures,	death,	spaMal	memory/
learning	deficits	(permanent)	

•  Low	exposures:	SpaMal	memory/learning	deficits,	
hyperacMvity	(reversible)	

	
•  PotenCal	consequences:	

–  Decreased	navigaMonal	skills,	stranding	impacts?	
–  Increased	vulnerability	to	ship	strikes,	hunters,	predaMon?	
–  Compromised	foraging	ability,	starvaMon?	
–  Compromised	immune	funcMon,	vulnerability	to	infecMous	disease?	
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