
Spiders analyzed for Hg

RESULTS Discussion
ÅSpiders from mine fires have the highest mercury levels 

and riparian sites near the powerplant have higher 
mercury levels than reference sites (Fig. 1)

Å Althoughpoint sourcesare the likely causeof elevatedmercury at
thesesites,the coal mine fires are not near a river, suggestingthat
aquatic environments are not necessaryfor significant mercury
contamination and trophic transfer to occur. There are 48
uncontrolled mine fires currently burning in the state of
Pennsylvania. This,combinedwith mine wasteareas,likely serveas
important but poorly understood point sources for terrestrial
transportof mercury.

ÅHigh levels of MeHg in wolf spiders
Å Wolf spider MeHg levelswere 8-20 times higher than terrestrial or

aquatic herbivoresand even higher than the large aquatic-feeding
fishingspider,Dolomedestenebrosus(Fig. 2). Amongcollectedwolf
spiders,65%of Hgis methylatedand femalespasson 40%of MeHg
to their offspring (Fig. 4). Total mercury varied significantly by
speciesbut manyconcentrationswere comparableto that found in
fish.

ÅMercury levels vary significantly by sex.
Å Somesex differencesin total Hg were found but these were not

consistentacrossspecies(Fig. 3). Femalesmayoffload their mercury
into their eggsacs(Fig6). Differencesin samplingbetweenpre- and
post-reproductivefemalesamongspeciesmay drive these Hg level
inconsistenciesacrosssexessincemuch of the Hg is stored in the
abdomenwhereeggsareyolkedprior to deposition(Fig. 5).

ÅAdult spiders have significantly higher mercury 
concentration than other age classes (Fig 4 and 6).

Å Adult spidershave had more time to bioaccumulatemercury than
other age classesand/or cannibalismand intraguild predation may
be morecommonwith increasingbodysize.
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Mercury is a persistentenvironmentalcontaminantthat primarily originatesfrom coal-fired
power plantsbut mayarisefrom other sourcesincludinguncontrolledmine fires. Variationin
total mercury uptake and mobilization through the apex arthropod community is poorly
understood. We measuredtotal mercury among ground and web-building spidersat sites
alongthe SusquehannaRiverneara coal-fired power plant andcomparedtotal mercurylevels
to spiders from uncontrolled coal fire burn sites (Centralia,PA and Laurel Run, PA) and
referencesitesaway from the river or point sourcesof mercurypollution (agriculturalfields
and headwaterstreams). We measuredtotal mercuryacrossspecies,ageclasses,and sexes
for severalspeciesof ground spider and a web-building spider at these sites. Spidersfrom
mine fire sites had total mercury levelsover 2.5 times higher than those in riparian zones
adjacentto the power plant and about six times higher than those from agriculturalfields or
riparian zonesaway from power plants. We found a significantinteraction in total mercury
levelsbetweensexand speciessuggestingpossibletrophic dimorphismamongsomespecies
or significantsex-baseddifferencesin mercuryexposure. We alsomeasuredmethyl mercury
(MeHg)amongselectarthropodsalongone site near a former coal-fired power plant. MeHg
tended to be higher amongfemaleswhile total mercury levels tended to be higher among
males. Wolf spidereggsacshadMeHglevelsca. 3/4th that of the mother. Themechanismfor
biomagnificationremains unclear, but intraguild predation and MeHg transfer to eggsacs
among femalesmay be contributing to sex differencesand vertical biomagnification. Total
mercury was concentrated in the abdomens of ground spiders compared to legs and
cephalothorax. Wolf spiders had MeHg levels 8-20 times higher than ground locust or
caddisfliesfrom the adjacentwater. MeHgis capableof being transportedand biomagnified
vertically in terrestrial environmentsthrough lycosidswhile mine fire sites are capableof
mobilizingmercurytrophicallyacrossthe apexarthropodcommunity.

INTRODUCTION

Mercury (Hg) is a persistent neurotoxin that originatesin large quantities from coal-fired
power plants. Lessthan 10% of power-plant derived mercury is methylated into the
bioavailableand toxic mercury compound methyl mercury (MeHg) (Sullivanet al. 2005).
Terrestrial environments have been largely ignored in studies examining mercury
contamination due to the putatively low bioaccumulationand toxicity of mercury in
terrestrial ecosystemsrelative to aquatic ecosystems(Adriano 2001). Cristol et al. 2008
showed that insectivorousbirds had higher mercury levels than piscivorousbirds at a
mercury contaminated site along the ShenandoahRiver. Cristol et al. (2008) found that
spidershadthe highestHgandMeHglevelsof anyof the insectivorousōƛǊŘΩǎprey items. This
suggeststhat spidersare important in mercurybiomagnificationpossiblytransferringmercury
betweenaquaticand terrestrial sources,andparticularlywolf spiders,whichare a major sink
for MeHg. Why wolf spidersare efficient accumulatorsof MeHg remains unclear. Unlike
aquatic species,they may be unable to depurate mercury. Further, they may engagein
cannibalismand/or intraguild predation which may significantlylengthen food chainsand
therefore biomagnificationpotential (Greenwoodet al. 2010). Wolf spidersmay potentially
vertically transfer Hg and MeHg to their offspring. Here we examinepotential sourcesand
transfer routes by which mercurymay be biomagnifiedthrough the wolf spidercommunity
along the SusquehannaRiver compared to non-riparian sites. Thesesites are at varying
distancesfrom point sources of mercury,and include mine fire sites, riparian sites near a
powerplant, and non-impacted agricultural sites and headwater streams. We compared
ǎǇŜŎƛŜǎΩmercuryconcentrationwithin sites as well as comparingnon-riparian and riparian
sites that arecloseto andfarther awayfrom thesesourcesof mercury.

QUESTIONS

Å Which sources of mercury cause the highest amount of 
mercury contamination?

Å Do closely related species have similar mercury levels?
Å Do male and female spiders vary in mercury levels?
Å Do spider mercury levels vary by age and where is it 

stored?
Å How much mercury is methylated in spiders?

Variation in total mercury content among riparian and non-riparian 
spiderspecies
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{ǇƛŘŜǊǎ ǿŜǊŜ ǎŜƴǘ ǘƻ YƛƴƎΩǎ 
College for total Hg analysis 
using a Milestone DMA-80 
Direct Mercury Analyzer (EPA 
Protocol 7473). MeHg 
composite samples were 
analyzed by Eurofins Frontier 
Global Sciences(EPA Protocol 
1630)

Adult female Pardosamilvinawith an eggsac.

Collected spiders were rinsed 
with water for at least 10 
seconds and placed in small 
labeled  containers. Spiders 
were kept frozen until 
analyzed.

Spiders were 
collected from 6 sites 

from June to 
November  of 2015

and 2016.

Spiders collected and 
identified  (N = 672) 

Spiders prepared

Wind rose map made by Dr. Derek Straub displaying
predominant wind direction and speedfrom the Sunbury
power plant between1997-2015.

Figure1: TotalHgin spidersat LaurelRunand Centraliamine fire impacted
areas,agriculturalareasand headwaterstreamsawayfrom the powerplant
(not coal impacted) and along the SusquehannaRiver adjacent to the
Sunburypowerplant in ShamokinDam, PA. ANOVA: F2, 598= 103.183; p<
0.0001; N=604. Different letters denote statisticallysignificantdifferences
betweensites.
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Figure2: MeHgconcentrations(ppm)of two wolf spiderspecies,anaquatic-
feedingfishingspider,andanaquaticand terrestrial herbivorerespectively.
MeHglevelsarebasedon compositesamplesof multiple individuals

Figure 3: Speciesand sex differences in Hg acrossspiders collected in
riparianzonesnear the SunburyPowerPlant. Specieseffect: ANOVA: F5,282=
9.68, p< 0.0001; Sex effect: ANOVAF1,282 =6.73, p=0.01; Species*Sex:
ANOVAF5,282=5.51, p<0.0001. N=294.

Figure 4: MeHg concentrations(ppm) comparingsex and age among the
wolf spiderTigrosahelluo. MeHglevelsare basedon compositesamplesof
multiple individualscollectedalongSusquehannaRivernear the Shamokin
Dampowerplant.

Figure6: Adults havemore Hgthan juvenilesor eggs,but mothers transfer
somemercuryto their offspringwhich maycontribute to sexdifferencesin
mercury levels. ANOVA: F3, 408= 30.463; p< 0.0001; N=412. Different letters
denotestatisticallysignificantdifferencesbetweenageclass.

Figure5: More Hg is stored in the abdomen than in the cephalothoraxor legs of
spiders. ANOVA: F2, 14= 10.815; p=.0053; N=15. Subjectswere Hogna lenta wolf
spiderscollectednearShamokinDampowerplantalongSusquehannaRiver. Different
letters denotestatisticallysiignificantdifferencesbetweenbodyparts.

MeHg among Riparian Species
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