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• Erosion of underlying geology 

• Land use 
• Permafrost degradation 
• Atmospheric Deposition 
ü Global 
ü Regional: 

Volcanoes, forest fires 
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Hg	becomes

	Hg 	SOURCES 

• Watershed 	Size	 
•	 Concentrations 

•	 Wetlands/anaerobic 
sediment	in	watershed 

• Sulfate-reducing 	bacteria	 
• Organic 	carbon		 

• Trophic	level	 
• Age	 
• Location	(habitat) 

	bioavailable	 

Hg 	becomes 	methylated 
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As 	SOURCES 
(erosion, 	land 	use) 

As 	becomes 	bioavailable	 

Concentrations 

Location	(habitat) 
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To understand the 
existing levels of mercury 
and other contaminants in 

the aquatic community 
(fish and insects) of the 
Kuskokwim River and 

select tributaries. 
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Samples 	-	collected 	for 	metals 	analysis: 
whole		(macroinvertebrates, 	small 	fish) 
skinless 	filet	(large	fish) 
muscle	plugs 	(telemetered 	fish) 

Analytical 	procedures: 
EPA 	methods 	for 	analysis 	of 	metals and 	inorganic 	arsenic 
EPA 	Validation	Level 	IV 	QA/QC 	review 

Telemetry 
LotekTM 	coded 	tags 	with 	motion	sensors 
Flights ~ 	monthly and 	some	shore-based 	tracking 	stations 

Data	analysis 
Depended 	on	data	(sample	size	and 	distribution) and 	question; 	often	 
GLM 	(multivariate	or 	univariate) 	with 	age/length as 	covariate	for Hg 
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Small 	streams……
 

Relatively 	small 	biota	(forage	fish) 	with 	local 	movements
 
Macroinvertebrates 
Slimy 	sculpin	(HR ~ 	250 ft) 
Young 	(small) 	Dolly Varden 
Young 	(small) 	Arctic 	grayling 
Young 	(small) 	salmon	 

Elevated 	mercury and 	arsenic 	in	small 	creeks 	with 
abandoned 	mines 	on	them 	(Red 	Devil, 	Cinnabar); 
variation	with 	fish 	age	and 	ecological 	niche. 
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Total 
mercury 
(ug/g,	 ww),	 
whole	body 

Slimy 	sculpin	 

Macroinvertebrates 

Total 
mercury 
(ug/g,	 ww),	 
whole	body 
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Total 
mercury 
(ug/g,	 ww),	 
whole	body 

Arctic 	grayling 

Dolly Varden 

Total 
mercury 
(ug/g,	 ww),	 
whole	body 
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Arctic 	Grayling Dolly 	Varden	 Slimy 	sculpin	 

20
 

Total
 

25 

15
arsenic 
(ug/g,	 ww)	 

10
 

5	
 

0	
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Large	rivers…...and 	the	Kuskokwim
 

Relatively 	large	fish 
Burbot 	or 	lush 
Northern	pike	 
Arctic 	grayling 

With 	relatively 	larger
 
								home	ranges
 

Mercury 	patterns 	are	species-specific.
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� From 2011-12 the BLM in cooperation with ADF&G 
tagged: 
� 154 burbot (lush) 
� 245 northern pike 
� 170 Arctic grayling 
� Burbot and Pike tags lasted 2+ years 
� Grayling tags lasted 1 year 

� The tracking data and individual fish contaminant 
levels provided essential information for 
understanding the exposure pathways in the 
Kuskokwim Basin 
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Watersheds 	used 
for 	analysis 	of 
mercury 	in	 
telemetered 	fish. 

Based 	on	USGS 
Hydrologic 	Unit	 
Codes 	(HUCs) 	for 
Alaska. 
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Northern	Pike	
Burbot	

0.8	 

0.7 

0.6	 

Total 0.5	 

mercury 	(ug/ 0.4	 

g,	 ww)	 
0.3	in	muscle	 

0.2 

0.1	 

0	 

Capture Watershed
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100% 

80% 

60% 

40%Northern	 
	Pike 

20%	 

0% 

100% 

80% 

60% 
Burbot 
(Lush) 

40% 

20%	 

0% 

Percentage	of 	telemetered 
fish 	that	stayed 	within	 
their 	capture	watershed 
(capture	= 	max-use; 	solid 
bars) and 	those	that	did 
not	(open	bars). 

(Max-use	watershed =
 
majority 	of 	locations.)
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Total 
mercury 	(ug/ 
g,	 ww)	 

0.8	 

0.7 

0.6	 
Burbot	 
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Capture	watersheds 
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Total 
mercury 
(ug/g,	 ww)	 
in	muscle	 

0.8	 

0.7 

0.6	 

0.5	 

0.4	 

0.3	 
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0.1	 
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Northern	Pike	 

0.8	 

0.6	 
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Capture	watersheds 
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(ug/g,	 ww) 	in	 

p = 	0.842 p = 	0.989 

p = 	0.003 p = 	0.813 Total 	mercury 

northern	pike	 
muscle	 

p = 	0.169 p = 	0.04 
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� Biota in Red Devil Creek have measurable and biologically 
significant elevation of Hg and, to a lesser extent, As. 

� Cinnabar Creek, in the Holitna River headwaters, appears to 
have conditions similar to Red Devil Creek and has similar 
elevated Hg and As. 
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� Despite the elevated levels in Red Devil Creek, the turbid 
and swift conditions of the Kuskokwim River provide limited 
habitat for pike. 

� Resident pike in the George, Holitna, and Takotna Rivers had 
the highest concentrations of Hg, while pike captured in the 
Kuskokwim had the lowest. 

� Pike [Hg] were significantly related to the number of mineral 
occurrences and mines, but not watershed size or percent 
wetland by watershed. 

� Burbot (lush) traveled widely across the entire study area; 
they had lower and less variable (by watershed) [Hg] 
compared to pike. 
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Questions?
 

Angela_Matz@fws.gov
 

MVarner@blm.gov
 

https://www.blm.gov/programs/public-safety-and-fire/abandoned-mine-lands/regional-information/alaska/projects/red-devil-mine	
 

https://www.blm.gov/programs/public-safety-and-fire/abandoned-mine-lands/regional-information/alaska/projects/red-devil-mine	
mailto:MVarner@blm.gov
mailto:Angela_Matz@fws.gov

