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Abstract

The Dragonfly Mercury Project (DMP) is a dynamic national scale program coupling scientific efforts to understand mercury

pollution risks to protected areas with citizen engagement and education. We conducted a national-scale assessment of mercury

(Hg) bioaccumulation in aquatic ecosystems using dragonfly larvae as biosentinels and implemented a carefully designed sampling

methodology for citizen scientists to facilitate biological sampling. We assessed variation in dragonfly Hg concentrations across

>450 sites spanning 100 US national parks and other protected places and examined intrinsic and extrinsic factors associated

with variation in Hg concentrations. Mercury concentrations ranged between 10.4-1,411 ng/g across sites and varied among

habitat types. Dragonfly Hg concentrations were up to 1.8-fold higher in lotic habitats than in lentic habitats, and 37%

higher in waterbodies with abundant wetlands along their margins than those without wetlands. Mercury concentrations in

dragonflies differed among families, but were correlated with each other, enabling adjustment to a consistent family to facilitate

spatial comparisons among sampling units. Dragonfly THg concentrations were positively correlated with THg in both fish and

amphibians from the same locations, indicating that dragonfly larvae are effective indicators of Hg bioavailability in aquatic

food webs. Using the relationships between dragonfly and fish Hg concentrations we developed a series of integrated impairment

indices that inform potential risk of Hg exposure to fish, wildlife, and human health. Most sample sites were in the moderate

to low risk category, but 12% of sites were at high or severe risk for mercury, potentially causing harm to fish, wildlife, and

people who eat those fish and wildlife. The scope and depth of this work stand it up as a potential landmark study on

mercury in NPS lands and across the landscape, particularly in light of the citizen science framework under which it was

implemented. More information on the Dragonfly Mercury Project can be found at https://wim.usgs.gov/geonarrative/dmp/

and https://www.nps.gov/articles/dragonfly-mercury-project.htm.
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@ABCDBE	FGHI	JK	LMNOH	PQA	MNKP	DRJSDJPNDK	AOTJBNOMAOPLU	CNOPLMJOLOPKV	WJPQ	L	HUNRLU	XJKPBJRDPJNO	XDA	PNJPK	BAUALKA	JOPN	PQA	LPMNKYQABA	TJL	CNLU	CNMRDKPJNOV	HNUX	MJOJOHV	LOX	NPQAB	KNDBCAKZ	JPK	LRJUJPE	PN	PBLOKYNBPTLKP	XJKPLOCAK	JO	PQA	LPMNKYQABAZ	LOX	KDRKASDAOP	XAYNKJPJNO	PN	WLPABKQAXK	LOX	LSDLPJC	ACNKEKPAMK[	\OCAXAYNKJPAXV	OLPDBLUUE	NCCDBBJOH	RLCPABJL	CNOTABP	PQA	LPMNKYQABJC	GH	JOPN	L	MNBA	PN]JC	̂NBM	CLUUAXMAPQEUMABCDBEV	WQJCQ	RJNLCCDMDULPAK	LOX	RJNMLHOĴJAK	DY	PQA	̂NNX	CQLJO	LOX	CLO	QLTA	PN]JC	Â̂ACPK	LPQJHQ	CNOCAOPBLPJNOK[	_JTAO	JPK	YABKJKPAOPV	RJNLCCDMUDLPJTAV	LOX	PN]JC	Â̂ACPKV	GH	JK	̂NDOX	LP	AUATLPAX	UATAUKJO	ATAO	PQA	MNKP	BAMNPA	LOX	YBJKPJOA	ACNKEKPAMKV	KDCQ	LK	PQNKA	MLOLHAX	RE	PQA	̀LPJNOLU	aLBb	cABTJCAF̀acI[	dQA	eBLHNÔUE	@ABCDBE	aBNfACP	FQPPYKghhWWW[OYK[HNThLBPJCUAKhXBLHNÔUEiMABCDBEiYBNfACP[QPMI	JK	RDJUP	DYNOPQA	YNWAB	N̂	YDRUJC	YLBPJCJYLPJNO	LOX	CJPJjAO	KCJAOCA[	kJPQNDP	QAUY	̂BNM	QDOXBAXK	N̂	YLBPJCJYLOPK	ALCQ	EALBVPQA	KCNYA	LOX	HANHBLYQJC	CNTABLHA	N̂	PQA	e@a	WNDUX	ONP	RA	YNKKJRUA[		



��������� ���	
	��
���������
����
�

��������������������������
������
���������
����
������������� !�"#�
$%
#�
��
#&
'%
&'
��
()
%�
**
�&
%�
��
�)
��+�,������"����+�����-��./ #��$

%0�12%345�	6100�5474%�89	:	;<=><:?	@A:@	BC>:>B9	;DEFGH	;:<@GHG;:C@9I	@AG9	;<=JBH@	H=CCBH@9	K=D@A	:CL	H=??DCG@K	?B?EB<9	MG@A:D@ABC@GH	<B9B:<HA	:CL	BLDH:@G=C	BN;B<GBCHB9	GC	C:@G=C:F	;:<O9I	GC	9=?B	=P	?=9@	;<G9@GCB	:CL	<B?=@B9B@@GC>9	=D<	C:@G=C	=PPB<9I	;<=QGLGC>	BN;B<GBC@G:F	=;;=<@DCG@GB9	P=<	FB:<CGC>	:E=D@	:	H<G@GH:F	H=C9B<Q:@G=C@A<B:@	@=	C:@D<:F	<B9=D<HB9	:CL	AD?:C	AB:F@AR	8	9@<=C>	?:J=<G@K	STUVW	=P	XYZ	;:<O9	@=	L:@B	A:QB	;:<@GHG;:@BL	GC	;<=JBH@	?DF@G;FB	KB:<9I	H=??=CFKHG@GC>	[>B@@GC>	OGL9	=D@L==<9\	:9	:	AG>AFG>A@R	Z=9@]9:?;FGC>	PBBLE:HO	GCHFDLB9	@B9@G?=CG:F9	9DHA	:9̂[_@AB	BC@AD9G:9?	:CL	HD<G=9G@K	=P	@AB	9@DLBC@9	MAGFB	;:<@GHG;:@GC>R	XD<GC>	@AB	CK?;A	H:;@D<GC>I9@DLBC@9	MB<B	:H@GQBFK	BC>:>BL	MG@A	@AB	;<=HB99	:CL	:9OGC>	?:CK	̀DB9@G=C9	:E=D@	@AB	M:@B<	E=LKG@9BFP	:9	MBFF	:9	A=M	@ABG<	M=<O	M=DFL	EB	D9BL	P=<	9HGBCHBR\aABC	@AB	L:@:	M:9	<BFB:9BL	E:HO	@=	:	EG=F=>K	HF:99I	[:	AD>B	FG>A@	H:?B	=C_	9@DLBC@9	MB<BEB:?GC>	MG@A	;<GLBR\[b@c9	C=@	JD9@	:	FB:<CGC>	BN;B<GBCHBd	G@	B?;=MB<9R\
	e=	L:@BI	=QB<	fIggg	HG@GhBC	9HGBC@G9@9	:CL	H=??DCG@K	Q=FDC@BB<9	A:QB	H=C@<GED@BL	><B:@B<	@A:C	igIggg	A=D<9=P	9B<QGHB	@=	@AB	XYZR	89	@AB	;<=JBH@	H=C@GCDB9	@=	><=MI	?=<B	:CL	?=<B	K=D@A	:CL	LGQB<9B	;:<@GHG;:C@9	:<BBC>:>BL	GC	:	;<=><:?	@A:@	B?;=MB<9	F=H:F	H=??DCG@GB9	MAGFB	:F9=	H=C@<GED@GC>	@=	@AB	?=9@	H=?;<BABC9GQB:99B99?BC@	=P	?B<HD<K	H=C@:?GC:@G=C	:CL	BCQG<=C?BC@:F	<G9O	GC	@AB	C:@G=Cc9	;<=@BH@BL	F:CL9R		



��������� ���	
	��
���������
����
�

��������������������������
������
���������
����
������������� !�"#�
$%
#�
��
#&
'%
&'
��
()
%�
**
�&
%�
��
�)
��+�,������"����+�����-��./ $��$

012312�	4�	12	�5��62(07	0�58�%	96	4%�09451�3�	(65	:10�01(%	�2�	4�;�2�<=>?@ABCD	C>=E>F	>=F	GHF	IJF>C	KF=LM=D	NI@OFAGIAFC	NFL>MOF	GHFD	>=F	MNIPMIG@MO	>L=@OO	FL@ODOGFK	GDQFORF>OD	>AJ	L@OGSFBBFLGIEF	G@	K@AIG@=R	>AJ	Q=@EIJF	HI?HSPM>CIGD	J>G>	GH>G	=FBCFLG	KF=LM=D	FTQ@OM=F	IA	BIOH	>AJ@GHF=	UICJCIBFV	WIAJIA?O	B=@K	GHIO	OGMJD	IAJIL>GF	GH>G	J=>?@ABCD	C>=E>F	KF=LM=D	L>A	OF=EF	>O	>	OM==@?>GF	B@=BIOH	KF=LM=D	L@ALFAG=>GI@AO	>AJ	=FQ=FOFAG	GHF	=IOX	@B	KF=LM=D	G@	>PM>GIL	FL@ODOGFKO	YZ>?CFOS[KIGH	FG	>CV\]\]̂V	_HIO	OGMJD	PM>AGIBIFJ	=IOX	>LL@=JIA?	G@	>	OF=IFO	@B	̀AGF?=>GFJ	̀KQ>I=KFAG	̀AJILFO	N>OFJ	@A	J=>?@ABCDKF=LM=D	L@ALFAG=>GI@AOV	_HFOF	IAJFT	L>GF?@=IFO	>=F	LFAGF=FJ	@A	N@GH	GHF	AMKNF=	@B	G>T>	FTLFFJIA?	E>=I@MONFALHK>=XOR	>O	UFCC	>O	GHF	OFEF=IGD	@B	GHF	NFALHK>=XO	GHFKOFCEFOV	̀KQ>I=KFAG	NFALHK>=XO	B@=	KF=LM=D>=F	GHF	L@ALFAG=>GI@AO	>N@EF	UHILH	>A	@=?>AIOKaO	HF>CGH	K>D	NF	H>=KFJV
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The Dragonfly Mercury Project assesses ecosystem health in U.S. national parks. 
This unique program is a monitoring, research, and education initiative that 
engages community volunteers nationwide in sampling an ideal biosentinel, 
dragonfly larvae, to estimate the risks that mercury contamination pose to 
resources managed by the National Park Service, and to human health. The 
existing infrastructure combines public participation, advanced laboratory and 
computational analyses, and robust data management, positioning this program 
to provide information and tools for resource managers to better understand and 
work toward mitigating mercury risks across varied ecosystems.

Overview

October 2020

Linking mercury 
concentrations in 
dragonfly larvae to 
health risks for wildlife 
and humans

Growing the Impact and Value of the 
Dragonfly Mercury Project

The Dragonfly Mercury Project is a landscape-scale surveillance 
study that links scientific efforts to understand the risks of mercury 
pollution with public engagement and management actions.

Engaging the public 
in science to inform 
resource management 
and protect public health

To date, the Dragonfly Mercury Project (DMP) 
has engaged more than 5,000 citizen scientists 
to quantify mercury impairment using dragonfly 
larvae from over 500 waterbodies across greater 
than 100 U.S. national parks and other federal, 
state, and local protected areas. The DMP’s 
multi-tiered approach benefits diverse partners 
by providing authentic research experiences 
for youth and other volunteers, delivering 
information that can be used to quantify mercury 
risk and inform resource management actions. 
Further development of this program, building 
on the successful framework already in place, will 
expand its utility for park management. 

Specifically, developing geospatial models to 
predict potential risks in unsampled waters 
requires additional geographic coverage across 
ecosystems and environmental gradients. The 
outcome of this expansion would provide direct 
information on the extent of contamination in 
participating regions, quantify the most important 
ecosystem drivers that regulate mercury risk in 
different ecosystem types, and establish baseline 
data on mercury to track changes through time. 
Collectively, these outcomes can be used to 
communicate potential risks, monitor sensitive 
populations, and inform management actions that 
may facilitate risk reduction. 

Mercury is among the most globally pervasive 
environmental contaminants, harming the health 
of people and wildlife across the U.S. and abroad. 
Because it is transported through the air, mercury 
contamination can impact even remote and 
protected lands. Dragonfly larvae are the ideal 
mercury biosentinel because they are ubiquitous 
across ecosystem types, easy and cost-effective to 
monitor, and provide high-quality data that reflect 
mercury exposure in fish and other wildlife. As 
a result, a major contribution from the DMP to 
date, is the development of linkages between 
mercury concentrations in dragonfly larvae 
to exposure and potential health risks in fish, 
wildlife, and humans.

Public participants in the Dragonfly Mercury Project at Saguaro National Park (AZ), Indiana Dunes National Park (IN), and Cuyahoga Valley National Park (OH), left to right.



The data delivery and interpretation tools 
developed by the DMP serve resource managers 
and public health officials in decision making and 
management actions. However, the utility of these 
tools is still limited. Opportunities to grow the 
program for achieving goals central to the missions 
of resource management and environmental 
protection agencies, include:

1.	 Developing risk forecasting models to identify 
safer water bodies for fishing and those that 
pose health risks to people and wildlife;

2.	 Informing management techniques and tools 
that could reduce mercury risk;

3.	 Assessing the effectiveness of domestic and 
international efforts to reduce mercury in the 
environment;

4.	 Engaging and enhancing learning of citizen 
scientists and the public; and

5.	 Communicating the importance and 
understanding of mercury issues for a variety 
of audiences.

Achieving these objectives requires broadening 
the baseline operations to incorporate new 
habitats and ecoregions, reach more public 
audiences, and strengthen partnerships with 
additional agencies and organizations; and 
implementing targeted activities associated with 
each specific goal, e.g., filling spatial data gaps. 

For More Information Colleen Flanagan Pritz, National Park Service 
colleen_flanagan_pritz@nps.gov

Collin Eagles-Smith, US Geological Survey 
ceagles-smith@usgs.gov

Sarah Nelson, Appalachian Mountain Club 
snelson@outdoors.org

Abe Miller-Rushing, Acadia National Park 		
abe_miller-rushing@nps.gov

Growing the Dragonfly Growing the Dragonfly 
Mercury Project will Mercury Project will 
increase its ability to increase its ability to 
address critical needs for address critical needs for 
managers and the publicmanagers and the public

Demonstrated value 
for risk assessment and 
public engagement

Project Webpage:
http://go.nps.gov/
dragonflymercury

Interactive Story Map: 
https://wim.usgs.gov/

geonarrative/dmp/

Eagles-Smith, C.A., et al. 2020. Environ. Sci. Technol. 54 
(14): 8779–8790. https://doi.org/10.1021/acs.est.0c01255

Support for the Dragonfly Mercury Project is provided 
by the National Park Service, the U.S. Geological Survey, 
National Park Foundation, and the University of Maine, 
with collaborative engagement from the Appalachian 
Mountain Club, Dartmouth College, and the multiagency 
DMP Steering Committee, including USEPA and USFWS.

Percentage of sample sites with dragonfly mercury concentrations 
that correspond with defined risk categories of ecosystem health. 

This study is the most comprehensive assessment 
of mercury contamination and environmental risk 
in the nation’s protected lands. This foundational 
work (Eagles-Smith et al. 2020):

•	 Developed an index that informs wildlife 
and human health risk to mercury based on 
dragonfly concentrations.

•	 Determined that mercury risk differed among 
habitats, with rivers being higher than lakes, 
and that the presence of wetlands further 
increased risk in nearby waterbodies.

•	 Found evidence that local ecosystem 
factors confound the direct linkage between 
atmospheric mercury deposition and patterns 
of mercury risk to fish and wildlife.

•	 Engaged citizenry in meaningful research 
and experiential learning opportunities that 
provide community learning and important 

scientific contributions, and an exceptional 
cost savings to the public in comparison to 
more common approaches. 

•	 Found 10 percent of sites were safer (below 
known impairment benchmarks); whereas, 
12 percent of sites posed high or severe risk 
of impairment to fish, wildlife, and humans.

Dragonfly Mercury Project sampling locations across 107 
national parks and other protected places, 2009-2019.

The DMP is poised to help protect natural 
resources – and the people who enjoy and 
depend on them – from mercury exposure. We 
invite you to help us achieve that goal.
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