Mercury Contamination within Terrestrial Ecosystems
In New England and Mid -Atlantic States:
Profiles of Soll, Invertebrates, Songbirds, and Bats

/]3]‘_;/
A/A 4

BIODIVERSITY RESEARCH INSTITUTE
innovative wildlife science




Mercury Contamination within Terrestrial Ecosystems
in New England and Mid -Atlantic States:

Profiles of Solil, Invertebrates, Songbirds, and Bats

A/ A A

BIODIVERSITY RESEARCH INSTITUTE
innovative wildlife science

SUBMITTED TO
Dr. Tim Tear
The Nature Conservancy Eastern New York Chapter
195 New Karner Road
Albany, NY 12205

SUBMITTEDBY:
Biodiversity Research Institute
652 Main St.
Gorham, Maine, USA 04038
(207-839-7600)

FINAL DRAFTSUBMITTEDON:
27 January 2012

Biodiversity Research Institute Page2




Biodiversity Research Institute (BRI) is a 501(c)31onprofit organization located in
Gorham, Maine.The mission of Biodiversity Research Institute is to assess ecological
health through collaborative research, and to use scientific findings to advance
environmental awareness and inform decision makers.

To obtain copies of this report contact:
Biodiversity Research Institute

19 Flaggy Meadow Road

Gorham, ME 04038

(207) 8397600

www.briloon.org

COVERILLUSTRATION Shearon Murphy

SUGGESTED CITATION Osborne, C. E, D. C. Evers, M. DufdnSchochD. YatespP. Buck O. P.
Lane,and J. Franklin2011. Mercury Contamination within Terrestrial Ecosystems

in New England and MidAtlantic States: Profiles of Soil, Invertebrates, Songbirds, and Bats
Report BRI 201109. Submitted to The Nature Conservancy Eastern New York Chapter
Biodiversity Research Institute, Gorham, Maine.

Biodiversity Research Institute Page3




Table of Contents

1.0 EXECUTIVE SUMMAR........coovtiiiiiiiiiiimrmmmmiiii e cvsvmmmmms e smmneens s eennenn s bl

3. 3RESULT$\NDDISCUSSION PP PPPPPPPPPRRRN I o
3.3.1 MERCURY LEVELS IN SOIL.’LB
3.3.2.1 SOIL MOISTURE......cciiiiiiiiiieeeeeeee e eeeeeemmme e e nnmmmmme s L
3.3.2.2 SAL CHEMISTRY....coitiiiiiiiiiiiii i imrreee e esennnme e eeeenmeeee LO

4.0 INVERTEBRATES. ... .ot rreeeme e emeenmmmme e e e e e mmmmen D 2

42.1 STATISTICAL ANALYSIS PSPPSR PPRPPPPPTIRDZIC JO
4. 3RESULTANDDISCUSSION... 23

4.3.1 SAMPLING EFFORT... SRS

4.3.2. REG@NAL AND SPECIES MERCURY EXPOSURE............................23

5L STUDYAREA ..o oottt oeeeeeeeeseeresseeres s vesessasmeseesesesees s snmeeseansseeseneseeneneann20)
5.2METHODS... ettt eeeeeeane ettt eenneeeas e eeanenen 29
5.2.1 STATISTICAL ANALYSIS.-ovvvvvoooooooooooeoeeoeooooooooeooeoooeeeeomo 290
5.3RESULTENDDISCUSSION ..o 31
5.3.1 SAMPLING EFFORT... SRR ¥ |
5.3.2 REGDNAL AND SPECIES MERCURY EXPOSURE..........oooooooooooo..... 31
5.3.2.1 CASE STUDY #BALTMARSH SPARRQOW. ........oeeveveieeeeeeeeeemsesrereenn. 34..
5.3.2.2 CASE STUDY #RUSTY BLACKBIRD... TR
5.3.3 MERCURY EXPOSURE BY FORAGING GUILD... ..37..
5.3.3.1 CASE STUDY # RELATIONSHIP BETWEEN SOIL Hg AND A GRGUND
FORAGING SONBERD: THE WOOD THRUSH........cvvieeeseceeeeeeese oo 42.
5.3.4 MERCURY EXPOSURE BY FAMILY.................. 50
5.3.4.1 SONGBIRD CASE STUDY %6 # + . %, , A(.25.3 (..
5.3.5 BLOOD MERCURY CONCENTRATIONS AND REPRODUCTIVE susa:Ess
5.3.5.1 SONGBIRD CASE STUDY-£AROLINA WREN........cc.coevrverieseeeans .55
5.ACONCLUSIONS. ...t eeeeeeaemseeeeeseees s seeseeeaesseeeseseeeesesoeeaseeeessesesseneeses BT,

Biodiversity Research Institute Page4



6.3RESULTANDDISCUSSION......cciiiiiiiiiiiieirrmmmmrii e e e DO
6.3.1 SPECIES MERCURY EXPOSURE..........ccoiiiieeee . D8,
6.3.2 REGIONAL MERCURY EXPOSURE...........ottieeeeeer e eveeeeeeeenn @1
6.3.4 MERCURY EXPOSURE BY AGE AND.SEX..........ociicevmmmiiiiineennn 6.1

7.0 POLICY AND MANASBBAENT RECOMMENDATIGN. ......ooeiiiiiiiiiscereeeeemeeceeeiieee e eeenn L O
8.0 ACKNOWLEDGEMENTS. ..ottt ieerrime et eennmmmmmn e s e o
9.0 LITERATURE CITED. ... oottt ieeeimmcee e emnmnnne s e e e e eee L

10.0APPENDIAZ COMMOMNDLATINNAMESOFSONGBIRDSAMPLEOFORBLOODHG

11.0 APPENDIX B SONGBIRD MERCURY EX3URE BY SPECIES.............coo i iieeeeeeee .92
12.0 APPENDIX @ SONGBIRD MERCURY EDX$URE BY FAMILY...........ccovviiiiiiees...96

LIST OF FIGURES

Figure 1. Study area map of soil sampling locations...................uceecccceviiveeiiiiiviiieeneeea 15

Figure 2. Mean plus standard deviation and maximum level detected of Hg in soil sampled
in PA, VA, and four regions Of NY..........oouuiiiiiiicceeeis e emmmeees e smmmeeeeee e L8

Figure 4. Relationship between pH and Hg concentrations in organic and mineral soil layers
in samples (N = 31) collected at IES in Millorook, NY........ccccoeeiiiiiiccceeeeee e 19

Figure 5. Relationship between pH and exchangeable calcium (Ca) concentrations in
organic and mineral soil layers in samples (N = 42) collected at IES in Millbrook, NY....19

Figure 6. Relationship between pH and exchangeable potassium (K) in the organic and
mineral soil layers in samples (N = 42) collected at IES in Millbrook, NY.............c.....ucee 20..

Figure 7. Relationship between pH and exchangeable magnesium (Mg) in the organic and
mineral soil layers in samples (N = 42) collected at IES in Millbrook, NY....................... 21..

Figure 8. Invertebrate sampling locations in New England and the Midtlantic States,
2005 t0 2008, aNd 2010.......cceeeeiiiiee e e s ceemmmmmmr e e e e e ee s mmmme—— e e e e e annnnne e e e ernnn e e e en DLonnn

Figure 9. Mean plus standard deviation and maximum levels detected of MeHg
concentrations in invertebrate orders sampled in New England and Midtlantic States,
12010 L0 (o 2 0 O OO OPPPPPPSY”.:

Biodiversity Research Institute Pageb



Figure 10. Regional means plus standard deviation and maximum levels detected of MeHg
concentrations in Araneae species sampled in New England and MMlantic States, 206G

100 021 0 K PP PP PP PP PP PPPTD 2 S
Figure 11. Map of Lake George, NY showing the location of Dome Island.................... 26..
Figure 12. Study area map of songbird sampling locations..................cceccccceemvvvrvnnnnnn. 3000

Figure 13. Regional means plus stalard deviations and maximum levels detected of blood
Hg levels (ppm) in songblrds sampled in New England and Mi#itlantic States, 1999 to

Figure 14. Mean plus standard deviation and maximum level detected of blood Hg
concentrations in songbirds sampled in Southwest VA, 2005 to 2007................vvveeeee33

Figure 15. Mean plus stadard deviation and maximum level detected of blood Hg
concentrations in songbirds sampled in Adirondack Mts, NY region, 2006 and 2007.....33

Figure 16. Mean plusstandard deviation and maximum level detected of blood Hg in
Saltmarsh Sparrows sampled in coastal New England and Long Island, NY, 2000 to 2687.

Figure 17. Regional mean plus standard deviation and maximum level detected of blood Hg

concentrations detected in Rusty Blackbirds in New England, 2007 to 2010................. 37..

Figure 18. Mean blood Hg level (ppm) by songblrd foraglng gund as defined by De Graaf et

al. (1985)... et re————— e . et ..40..

Figure 19.Mean plus standard deviation and maximum level deteetl of blood Hg

AT T AAT OOAOGETT O ET O1Ti1EOI OA QOIOIAo ETOAQETQ
Mid-Atlantic States, 2000 t0 2007...........ceuieeereurrimmmmmme e eeeeeeeeeeeennmmmmmme e eeeeeeeane LAl

Figure 20.Mean plusstandard deviation and maximum level detected of blood Hg
AT T AAT OOAGET T O ET OEI OAAOGEOI OA COIOIAo Al OACE
the Mid-Atlantic States, 2004 to 2010... PO ¥ |

Figure 21. Relationship between the amount of exchangeable calcium in the organic and
mineral soil layer and Wood Thrush (N = 6) blood Hg concentrations......................cc... 43

Figure 22. The relationship between the amount of exchangeable Ca in the organic and
mineral soil layers and blood Hg concentrations of Wood Thrushes (N =6)..................43...

Figure 23. Mean plus standard deviation and maximum level detected of blood Hg o
AT T AAT OOAOCETT O AiT11c¢c OET OAAOGEOI OA AEO6 £ OACE
Mid-Atlantic StateS,2005 t0 2007 .........ciuniiriiiiietieemmeemmeeeeeeet e s s mmremmeeseneesneseneennsnenneenns . 4D

Biodiversity Research Institute Pageb6



Figure 24. Mean plus standard deviation and maximum level detected of blood Hg
AT T AAT OOAOQETT O EI OAAHE@w@AE@@m@Em@mm®GMA
England and MidAtlantic States, 1999 to 2007.. 45.

Figure 25. Mean plus standard deviation and maximum level detected of blood Hg
concentrAOET 1T O EI OE%@AA@E@I@%O@@EAQ COEIA OPAAEA
England and the MidAtlantic States, 1999 to 2010... PSPPSR L o

Figure 26. Mean plus standardleviation and maximum level detected of blood Hg
concentrations in Louisiana Waterthrush and Northern Waterthrush sampled in New
England and MidAtlantic States, 2005 t0 2007.........cccccvvviiiesceeeeemmmeeeeieee e e e eemmmmeneennn . A8,

Figure 27. Mean plus standard deviation and maximum level detected of blood Hg

England and MidAtlantic States, 2004 to 2007.. : e}

Figure 28 Mean plus standard deviation and maximum level detected of blood Hg
concentrations among songbird families sampled in New England and Matlantic States,
1999 t0 2000 iieiiiiee et eeeeeeee ettt semmmmne et e e e e e s s nnneeeente s e e s e nnnnneessmemmmnnssnneeee DO

Figure 29. Mean plus standard deviation and maximum level detected of blood Hg
concentrations in Tyrannidae species sampled in New England and Midlantic States,
12101015 (o T2 0L PSR EEPPPPRL ¥ I

Figure 30. Mean blood Hg concentration in Turdidae family species sampled in New
England and MidAtlantic States, 1999 2008. ..............uuuuuuummrrrreeeeeeeieiiii s immmmmmmmeeeeeee s D3

Figure 31. Regional means plus standard deviations and maximum levels detected of blood
(¢ AT 1T AAT OOAOCETT O "EAETAIT160 4EOoOEzmmﬂD|AA E
Figure 32. Songbird species sampled in New England and the Mitantic States between

1999 and 2010 with individuals whose blood Hg (ppm WW) concentrationput them at
risk of reduced nesting success... PSP PPPPPRRRPPRPIR.o o |

Figure 33. Study area of bat sampling locations.................covvicemmmmemn e eeeeeeeeeeeieeeeeeeen.....60
Figure 34. Mean plus standard deviation and maximum level detected of fur Hg
concentrations in bat species sampled in New England and MAtlantic States, 2006 to

Figure 35. Regional mean fur Hg concentrations in bats sampled in New England and-Mid
Atlantic States, 2006 t0 2008...........cooiiiiiiiiiceeeeeer e e eeeiii e eeeerrmmme e e e eennmmmmeeen e e O

Figure 36. Mean and maximum level detected of fur Hg (ppm) in bats sampled near Little
River, Rockingham County in Southeastern NH, 2008...............cc.viceeeemmciii v eeevveeenn 63

Biodiversity Research Institute Page7



Figure 37. Regional mean fur Hg concentrations in Big Brown Bats sampled in New
England and MidAtantic States, 2006 t0 2008..............ccoevvvvimceeer e eeeeeiie e eeeeeeeemeeeennn. .04,

Figure 38. Regional mean fur Hg concentrations in Eastern Smaibted Myotis sampled in
coastal ME, southern NY, and WV, 2006 to 2008..............cccoeeeeeeevemmmeeeiiiseeeeeevienmcceene.. 8D

Figure 39. Regional mean and maximum levels detected of fur Hg concentrations in
Indiana Bats sampled in New York State, 2006 to 2008................ccvvvmmmceeeeeeeeeeeeennnn e 65,

Figure 40. Regional means and maximum levels detected of fur Hg in Northern Lesayed
Bats sampled in New England and Midtlantic States, 2006 to 2008...................vvvcemn.. 65

Figure 41. Regional means and maximum levels detected of fur Hg concentrations in
Eastern Pipistrelles sampled in WV and Coastal VA, 2007 and 2008....................c.......66

Figure 42. Regional means and maximum levels detected of fur Hg concentrations in Red
Bat sampled in New England and Midtlantic States, 2006 to 2008...............................66

Figure 43. Regional means and maximum levels detected of fur Hg concentrations in Little
Brown Bats sampled in New England and Midtlantic States, 2006 to 2008................... 67..

Figure 44. Mean fur Hg concentrations among male and female adult and juvenile bats
sampled in New England and the Mid\tlantic States, 2006 to 2008................................68

Figure 45. Mean plus standard deviation of blood Hg concentrations in Cardinalidae
5] 01 0[PP URPPPRRRR © o B

Figure 46. Mean and maximum level detected of blood Hg concentrations in Emberizidae
5] 0101 PO URPPPRRRR © o B

Figure 47. Mean and maximum blood Hg concentrations Hirundinidae species............ a7

Figure 48. Mean plus standard deviation and maximum level detected of blood Hg
concentrations iN ICteridae SPECIES.........ceieiiiiiuiii i cceeeeeemee et e e e e s eeeemmmmmeeene e e e e eesssmmmmnen DT

Figure 49. Mean plus standard deviation and maximum level detected of blood Hg
concentrations iN Paridae SPECIES..........cccvuvuiiiiicceeeeemme e eemmmesr e e smmmeeeee e Q8

Figure 50. Mean plus standard deviation and maximum level detected of blood Hg
concentrations in Parulidae SPECIES.........uuuuuuiiiii it er e e DO

Figure 51. Mean plus standard deviation and maximum level detected of blood Hg
concentrations iN Sittidae SPECIES......cviiiiivuiiie e ceeeeremmr e e e e e enmmmmren e e e e e eeensmmmnnees e 3O

Biodiversity Research Institute Page8



Figure 52. Mean plustandard deviation and maximum level detected of blood Hg
concentrations in Troglodytidae SPECIES..........cooeeieiiiiiieeeeeeeme e eeeeeeeeeeeeeen e 990

Figure 53. Mean plus standard deviation and maximum levektected of blood Hg
concentrations in Vireonidae SPECIES...........uuvvvvuuuuuiccccccceeeeeeenennnnnsmmmmmmmmressesennnnnnnnnnaaa 00

LIST OF TABLES

Table 1. Carolina Wrerblood, feather, and egg Hg effects concentrations associated with
MCestimatemodeling reduction in nest success (adapted from Jackson et al. 2011)....56

Biodiversity Research Institute Page9



1.0 EXECUTIVE SUMMARY

Multiple environmental stressors such as acid rain, habitat degradation, and global climate
change, are well established threats to biological diversity in North America. Recently,
compelling investigétions into the adverse impacts of mercury on wildlife indicate that
mercury may be another pervasive and invisibleisk to ecosystem health. Although great
strides in the reduction of anthropogenically released mercury have been made,
environmental loads @ntinue to be of concern. Not only are new locations of high mercury
concentrations (or biological mercury hotspots) being discovered, but taxa within
foodwebs once thought safe are in danger.

The following synthesis describes a hidden, or invisible, inget of methylmercury
contamination across ecosystems in the northeastern United Statesfrom Virginia to New
York to Maine. We herein doement and describe the potential adverse impacts of mercury
to invertivores, such as songbirds and bats. While pastuastigations have rightly
emphasized adverse impacts tfish-eating wildlife, such as Gmmon Loons(Gavia imme},
Bald Eagles(Haliaeetus leucocephalysandRiver Otter (Lontra canadensiy, recent findings
by BRI researchers and their colleagues have noegstablished that terrestrial food webs
have great ability to biomagnify methylmercury to levels of conservation concern. This
finding is not restricted to areas with waterborne point sources, such as industrial sites on
rivers, but also reflects exposuren remote habitats through atmospheric deposition.

Research has shown that mercury biomagnification within the invertebrate community,
which comprises the prey base for the species highlighted in this report, is the critical link
to understanding how mercury cycles through terrestrial ecosystems. As food chain length
increases, we see higher levels of meury in the top-level predators.

We sampledapproximately 80 songbird species from many different habitats that had
blood mercury concentrationsexceeding the current level of concern. Research has shown
that the risk of methylmercury toxicity varies greatly depending on the physical, chemical,
and biological components of an ecosystem. We found that spes inhabiting wetland
ecosystems, such alsog and beaver ponds (e.g.,usty Blackbird (Euphagus carolinuy) or
estuaries (e.g.Saltmarsh Sparrow (Ammodramus caudacutys are at the highest risk for
mercury bioaccumulation. This does not, however, mean that birds in upland ecosystems
are shelteredfrom mercury contamination; we also found mercury in the blood of species
OOAE AO Thish Eatiatus Beknell, who live in high elevation forests thought to
be removed from mercury contamination.

Established effect levels remain undefined fabats, however evidence indicates that 10
ppm in the fur of bats correlateswith biochemical changes in the brain. Seven out nine

Biodiversity Research Institute PagelO



species of bat sampled in this study had individuals that exceeded this level of concern,
indicating bats bioaccumulate mecury at high levels across many different ecosystems.
Bats are considerably longer lived than most songbirds, making them more likely to build
high levels of mercury over time.

This investigation provides critical information to policy makers regarding he
pervasiveness of environmental mercury pollution in the northeastern United States. The
results from this study indicate that mercury levels in songbirds, bats, and invertebrates
throughout the Northeast are high enough to cause detrimental effects tapulations
inhabiting areas prone to bioaccumulation of mercury in the terrestrial food web.
Continued research should focus on the interaction of the multiple environmental stressors
including mercury, climate change, and acid deposition. Modeling thepacts of these
factors will help us better identify biological mercury hotspots and orthe-ground
biomonitoring will allow us to validate the pathway of mercury in the environment through
the food web.

2.0 INTRODUCTION

Air pollution has been linked to adverse effects in wildlif€Lovett et al. 2009). Specifically,
elevated levels of atmospheric sulfur (Shitrogen (N), and mercury (Hg) ceposition in the
Northeastern United Stateshave negatively influenced wildlife pop ulations (Graveland
1990, Hames et al. 200Rimmer et al. 2005 Evers et al. 2008 Mercury, in particular, has
beenwelfOOOAEAA AT A T AOAOOGAA O1 OAEIT I ACT EAZUOh EB8A
toxicity, with increasing trophic level within a food web; however, most of the
investigations havebeenfocused onfreshwater aquatic ecosystemgEvers et al.2005,
Chen et al2005, Kamman etal. 2005, Pennuto et al. 2006 Despite the recent
documentation of elevated Hg exposureniterrestrial biota, relatively little is known about
pathways for Hg uptake and transfer in uplad ecosystemgqCristol et al. 2008, Rmmer et
al. 2010.

Globally, the inventory of mercury in surface soils far exceeds that in the aquatic and

atmospheric compartments (Wieneret al. 2003). The vast majority (947Mmol) of the

estimated total mass of mercury released to the environment in the past century resides in

surface soils, compared to 17 Mmol in the atmosphere and 36 Minn the oceans (Wiener

et al.2003). Consequently in orderto understand mercury cycling in the terrestrial

environment, one must consider the role of soil and what factors influence Hg retention

and release to surrounding watersheds and uptake by biota at the base of the food web.

Andthen, totruly dE OAT OAT C1 A 1 AOAOOUB O AEEAAOO 11 AAT OU
important to consider how factors that influence Hg chemistry in the soil profile act in

other ways to affect soil structure and function.

Biodiversity Research Institute Pagell



The different chemical forms of Hg in the ahosphere hawe varying residence times (hours
to months) and transport distances (local to global) (Driscoll et ak007, Lovett et al.2009).
Highly soluble Hg (1) species are quickly stripped from the atmosphere and deposited
locally, whereas aerosol (lg-p) emissions are transported regionally, and elemental (H{y
emissions are transpored globally (Keeler et al. 1995, indberg and Stratton 1998
Schroeder and Munthe 1998Demers et al. 2007). itterfall and throughfall deliver
different forms of mercury to the forest floor. Gaseous elemental mercury (Hgcontacting
leaf surfaces is either reemitted to the atmosphere or taken up by stomata and retained
internally by the leaf tissue until deposited in litterfall (Mosbaek et al. 1988Demers et al.
2007). Reactive Gaseous Mercury (Hg(ll)) and Hgare adsorbed to the leaf surface during
dry deposition and may be leached from those surfaces during precipitation events,
contributing to elevated mercury levels in throughfall (Iverfeldt 1991, Kolka et al. D99,
Rea et al. 2000, 2001Demers et al. 2007). Additionally, Rimmer et a2005) cited
numerous studies that have demonstrated thatmethylmercury (MeHg),the toxic form of
mercury, is present in both live and recently senesced forest foliage in proportions of
approximately 1% of the total Hg content (e.g.Lee et al2000, Schwesig andMatzner 2000,
St. Louis et al. 2001, Ericksen et &003).

The speciation of mercury in most pland soils is probably dominated by divalent mercury
species that are sorbed primarily to organic matter in the humus layer and secondarily to
mineral constituents in the soil (Lindquvist1991, Kim et al. 1997, Wiener et al2003). The
availability of Hg (I) to organisms is determined by its activity in soil solution, which is, in
turn, controlled by both the solid and solution phase charactéstics of the soil (Jing et al.
2007). Many environmental factors can interfere with the Hg adsorptioflesorption
process, which include: Hg speciation, soil pH, chloride ions, organic matter content, form
and content of soil colloids, and competitiveniorganic ions, etc. (Jing et a2007).
Therefore, fine, spatiatscale patterns such as local variation in vegetain type (receptor
surface) and microclimate may be important determinants of the watershedcale capture
of atmospheric mercury(Miller et al. 2005) .

Acid rain, i.e., vet atmospheric deposition of acidifyingindustrial emissions, such as
nitrogen and sulfur oxides,is one such mechanism thateduces soil pH anccanthereby
increase metal mobility and availability in soils. Jing et a2007) found a direct correlation
between decreasing soil pH and increasingetention of heavy metalssuch as Hg In
addition to increasing Hg and other heavy metal mobility, acid deposition can also
contribute to the methylation of mercury. Soil chemistry promotes methylation when soils
are low in oxygen (usually saturated soils), higin sulfur, and high in dissolved organic
carbon. Sulfate-reducing bacteria that convert elemental Hg to MeHg thrive in these
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conditions, and hus, pollution causing acid deposition, especially of nitrogen and sulfur
oxides,enhances soil conditions for thenethylation process(Scheuhammer 1987).

Methylmercury in the leaflitter and forest floor is available to invertebrates, suclas
gastropods, isopods, and insectsThe incorporation of MeHg from the leaf litter by
detritivores and by predaceous invertbrate species {.e.,centipedes and spiders}that feed
on detritivores is a direct pathway to elevded Hg exposure for the nexhighesttrophic
level, invertivores (i.e.,songbirds and batg. Spiders can have a particularly influential
impact on biomagnifying MeHg in forest food webs. In Virginia, Cristol et al. (2008) found
that some terrestrial-feedingsongbird species that preyed on spiders had Hg levels that
exceeded those oaquatic-feeding songbirds.Even pscivorous species, such as theelted
Kingfisher (Megaceryle alcyoj had lower Hg body burdens than terrestrial songbird
speciesin that study.

Terrestrially acidified environments not only enhance mettylmercury availability, they
reduce calciumavailability. Correlations between increased Hg input and decreased soil
pH and calcium availability can have important ramifications on songbird breeding success,
particularly egg production and growth of hatchlings. Indeed, acid rain has been linked by
a number ofstudies to declines of bird species in Europand the United StategGraveland
1990, Mockel 1992, Graveland 199&ang 1998 Hames et al. 2002) This phenomenon
may be linked to depletion of soil pools of extractable calcium by leachirigikens et al.
1996, Driscoll et al. 200}, leading to decreases in the abundance of calciunch

invertebrate prey essential tobreeding female birds as sources of calcium during egg
production and when feeding nestlinggGraveland 1996, Graveland and Drent 1997, Bures
and Weidinger 2003). Logistic regression analysis of habitatelated variables meaured

by Hames et al. (2002) indicated a strong, negative relationship between acid rain and the
probability of detecting Wood Thrush (Hylocichla mustelina breeding evidence.
Additionally, uptake and toxicity of trace metals from food have both been showto
increase in the presence of low dietary calcium and may play an important, but as yet
undocumented, role in regional declines of terrestrial bird specie6€Scheuhammer 1991,
Silver and Nudds 1995, Scheuhammer 1996)

There have been very few investigationsn Hg exposure in batshowever, they appear to
be capable of accumulating very high levelsf Hg in their blood and fur Miura et al. (1978)
examined various species of Chiroptera from areas ia@dan sprayed with Hg fungicides and
found total fur Hglevels of approximately 33 ppm (fw). Bats maybe exposed to mercury in
both industrialized and rural areas. PipistrelleBats (Pipistrellus pipistrellug had elevated
levels of metals, including Hg, and pesticides in bothdustrial and rural areasin Sweden
(Gerell and Lundberg 1993). In Great BritairRipistrelle Bats showed a significant positive
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trend in Hg levels over a 15year period indicating a potential relationship with increased
atmospheric inputs and/or exposure to point sources (Walkeet al. 2007).

Bats are increasingly of high conservation concern to conservation agencies and other
entities. Mercury is one anthropogenic stressor on bat populations that may be
compounded by other stressors such as wind turbines and whiteose syndrane, a disease
that has caused mass mortality anmog hibernating bats throughout New Englandnd the
Mid-Atlantic Sates over the last four years. Therefore, high resolution investigations to
determine spatially explicit effects from Hg on reproductive succss, survival, and
physiological effects are of greaimportance and urgency. There are several factors that

A - A 7z =

ET AOAAOGA AAOOS6 OEOE 1 £ Aobi OOOA O -liked A2) AAAOI O

they feed at relatively high levels in the trophic fod web, and (3) they are very mobile in
comparison to other mammals of similar size.

In the interest of assessing potential impacts and injury to invertivores fronatmospheric
Hgdeposition, we established a network of sampling stations in New England ande Mid-
Atlantic Statesto assesdHg concentrations in soil, invertebrates, songbirds, and bais
terrestrial habitats. We addressed not only the importance of spatiadcale variation of Hg
levels within ecosystems but also finer scale gradations between species, family groupings,
and foraging guilds. Oupverall objective for performing this researchwas toidentify
invertivore speciesprone to elevatedHglevels. Landscape characteristics shape the
ultimate fate of Hg deposited within an ecosystem and these geochemical processes have
not been well quantified. Howeverpy determining background Hg levels in terrestrial
species across a wide geographic area in locations that are not directly affected by point
source mercury emissions, then we can begin to identifyeographic areas, habitats,
taxonomic groups, and natural communities at greatest ecotoxatogical risk from mercury
deposition. This information can be used to inform policy makers concerned with local,
regional, and national air quality issues.
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3.0 SOILS
3.1 STUDY AREA

Soil was opportunistically collected at mistnet lanes where songbirds and invertebrates
were sampled in NY, PA, and Wkigure 1).

Soil Sampling Sites

Soil Sampling Sites

: Clinch Mountain

: Buller Fish Hatchery
. Powdermill

: Totts Gap

: Black Rock Forest

: Shawangunk Mts.

. Institute for Ecosystem Studies
: Neversink-Frost Valley
9 : Belle Ayr Mountain
10 : Allegany State Park
11 : Plateau Mountain
12 : Devil's Tombstone
13 : Hunter Mountain

14 : Lake Capra

15 : Emmons Bog

16 : Brookfield Forest
17 : Dome Island

18 : Tug Hill

19 : Ferd's Bog

20 : Sunday Pond

21 : Arbutus Lake

22 : Elk Lake

23 : Spring Pond Bog

0 NOOAE ON =

Map Description:
Label number corresponds to the number
in the legend name. Numbering of sites occurs
from South to North and hence any missing
number can be assumed to be reasonably close
to the previous number.

Figure 1. Study area map of soil sampling locations
3.2 METHODS

Soilsamples were analyzed for total Hg at Syracuse Universjtgyracuse, N¥sing a direct

mercury analyzer. Samples collected at the Institute for Ecosystem Studies (IES) in

Millbrook, NY were analyzed for total Hg as well asxchangeable calcium (Ca), available Ca,

pH, moisture (%), potassium (K), and magnesium (Mg) Statistical analysis was pegormed

using ProgramJMP 9.0. 1| T PAOAT AOOEA 3PAAOI AT 60O OATE AT OOA
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determine relationships between soil variables, includingoil moisture, pH, Hg, Ca, Kand
Mg. Relationships were considered significant at P < 0.05

3.3 RESULTSAND DISCUSSION
3.3.1MERCURY LEVELS IN SOIL

Mercury levelsin soil samples (N=62) ranged from 0.06 ppm to 0.69 ppn{Figure 2). il

collected in the Adirondack Mts, NYhad the highest meansoil Hg concentration(af= 0.25

ppm). The highest soil Hg level detected (0.70 ppm) was collecterbar Arbutus Lake,

Adirondack Mts, NY. Within that region, elevated soil Hg levels were also detected in the

Tug Hill Plateau (0.39 ppm), Elk Lake (0.24 ppm& AOAS O " | G arjd 8@im®adb b i
Bog (0.10 ppm); the lowest level was detected at Sunday Lake (0.09 pprRPJateau Mt. in

the Catskills Mts, NY had the highest soil Hg level (0.35 ppm) collected in that region

Al 11T xAA AU $AOGEI S0 411 AOCOTTA #Ai pcadd OT A j m8¢
Hunter Mt. (0.12); the lowest levels were collected at Emmons Bog (0.08 ppm), Neversink

Valley (0.07 ppm), and Belle Ayr Fish Hatchery (0.07 ppm). The highest level from samples
Ai11 AAOGAA ET OEA 371 OOEAOT . 9 OAQGHeBHawanghrth EOT |
Mts. (0.28 ppm) followed by Black Rock Forest (0.27 ppmjhe lowest level observed was

at Mohonk Preserve (0.09 ppm) VA samples were collected at the Buller Fish Hatchery

(0.06 ppm) and Clinch Mt. (0.23 ppm). PA soil samples were colledtat Powdermill; a

forest sample was 0.10 ppm and a sangfrom Spruce Bog was 0.23 ppm

Central/Western NY soil samples were collected at Allegany State Park (0.10 ppm) and

Brookfield Railroad State Fores{0.09 ppm). The wide ranges in soil Hg at site within the

OAi A CAT COAPEEA OACEIT AT A¥X¥T O 1 AT AGAAPAh A8CS
Shawankgunk Mts., Southern NY, atd&ely related to landscape characteristics. Indeed,

variables such as soil moisture and chemistry play important rolesegarding the ultimate

fate of Hg in soll.
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Figure 2. Mean plus standard deviation and maximum level detected of Hg in soil sampled
in PA, VA, and four regions of NYSmall sample sizes precluded statistical comparisons.

3.3.2CASE STUDY #-IFOREST SOILS
3.3.21 SOIL MOISTURE

Soil moisture plays an important role in
methylation of mercury. Increased soil moisture
creates a suitable environment for sulfateand
iron - reducing bacteria that transform mercury to
its bioavailable form, methylmercury (MeHg)
(Wiener et al. 2003). Mercury accumulation in
soils has most often leen studied in aquatic
ecosystems where production of MeHgq is favored
due to the anaerobic conditions of saturated soil. [
Preliminary research suggests that MeHg is not asf
readily formed in terrestrial soils as compared to [+
wetland soils; however, as our resarch
illustrates, MeHg is prevalent throughout the
terrestrial food web.

Soil sampleswere collected at the Institute for Ecosystem Studies (IES) in Millbrook, NY
were analyzed for moisture content and Hg concentrations. Nonparametric Spearman rank
correlation analysis detected a significant positive relationship between organic sddyer
moisture and Hg concentrations no significant trend was detectedn the mineral soil layer

Biodiversity Research Institute Pagel7



(Figure 3). Soil moisture also helpdacilitate diffusion of nutrients, such as Ca, K, and Mg,
across soil gradients. Diffusion is the primary mechanism by which these vital nutrients
are delivered to root systems for uptake by plants. There wassggnificant and positive
relationship between calcium and soil moisture in theorganic soil layer, and no significant

OAl1 ACET T OEEDP ET OEA T ET AOAT OITEI 1 AUAO i
3DPAAOI AT8O m E m8puh 0 E m8ue¢eQds 7A AEA
samples between soil moisture and K (ol T EAd 3DAAOI AT8O m E ™
3DPAAOI AT8O m E m8¢ph 0 E m8tc¢cq 10 -¢C j10
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Figure 3. The relationship between moisture and Hgoncentration in the organic and

mineral soil layers from samples (N = 31) collected at IES in Millbrook, NY (organic soil
layerqg 3 DAAOI AT60O M EEmMAOAh OI EIl By RSq38g DAAOI Al

3.3.22S0OIL CHEMISTRY

Soil pH is anmdication of the acidity or alkalinity of soil. It is measured in pH units ranging
from the most acidic, 0.0, to the most alkaline, 14.0, with 7.0 being neutral. Most plants
grow best in a soil pH of 6.0 to 7.0, although, some plants can tolerate levat®ve or below
this range. Normal soil pH ranges between 5.0 and 8.0 and levels below that range are
considered highly acidic. Acid rain causes soil to become acidic due to deposition of
hydrogen ions and by mobilization of aluminum ions, both of whichidplace basic cations,
such as Ca, Mg, and K, which are then leached out of the organic and mineral soil layers.
Mg, and K are mineral nutrients that are vital to plant growth and health and may be less
available in soils with low pH. Additionally, &idic soils tend to be associated with higher
retention of heavy metals, such as Hg (Jing et al. 2007). Our findings indicated thetic
soils had higher levels of mercury and there was a significant correlation between acidity

Biodiversity Research Institute
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and mercury concentration in the organic soil layer; no significant relationship was
detected between soil pH and Hg in the mineral soil layer (Figu#). Calcium levels in the
mineral soil layer exhibited a strong significant tendency to increase with dgeasing
acidity, but there was no correlation between pH and calcium in the organic soil layer
(Figure 5).
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Figure 4. Relationship between pH and Hg concentrations in organic and mineral soil layers
in samples (N =31) collectd AO ) %3 ET -EI 1 AOITTER .9 1 OCATI
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Figure 5. Relationship between pH and exchangeabtalcium (Cg concentrations in

organic and mineral soil layers in samples (N = 42) collected at IES in Millbrook, NY

i T OCATEA OIEI | A8d4pH CGPRAOD8BADLGQ OI m1 EOAT OI EI 1.
=0.0001).
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Our results also indicated an inverseelationship between available K and Mg and acidity

in the mineral soil layer; no significant relationships were detected in organic soil layer

samples (Figures 6 & 7). Potassium is a primary macronutrient and is consumed in large
guantities by plants to help in protein building, photosynthesis, fruit production, and

disease prevention. Magnesium is a micronutrient and is consumed in smaller quantities

but it is part of the chlorophyll necessary for photosysnthesis and also plays a role in

activating enzymes necessary for plant growth. These elements were strongly correlated

xEOE T T A ATTOEAO ET 100 O1TEI OAIiPIAO j3PAAOI /
AAAE OOOITCi U Al OOAI AGAA xEOE OEA Ai1010 1T &£ A
<onnmnpnN + O #Ad m8uth 0 E n8nnmn¢ds YT AAAEOQE
that provide calcium needs required by breeding birds, it is a vital nutrient for plant health.

Calcium is a critical component of plant cell wall structure, whicliaciliates transport and

retention of other elements, and provides strength in the plant. However, these valuable

nutrients are less available in acidic soilslue to leaching out (Nihlgard 1985) Therefore,

touncoveri AOAOOUGO AZE£EAAO 11 AAT OUOOAI OOOOAOOOA
other interacting ecological stressors which may be at play. Such is the case where
acidifying emissions have the ability to drastically alter the chemical structure of siai and

plants, and thereby affect Hg mobility and availability in soil.

2.5
% A Organic A
o @ Mineral A
© 2.0 -
e
o
¥
© 1.5 -
3 A
(0]
£1.0 - Ad
N
2 A
_“_C_j 05 - A
wn A

A A
AL oA o
0.0 : : : g
0 1 2 3 4 5 6 7
Soil pH

Figure 6. Relationship between pH and exchangeable potassium (K) in the organic and
mineral soil layers in samples (N = 42) collected at IES in MillbrooklY (organic soil layer:
3PDAAOI Am86pm B E m8pon | ETAOAI OIEI 1 AUAOd 3B
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Figure 7. Relationship betwea pH and exchangeable magnesium (Mg) in the organic and

mineral soil layers in samples (N = 42) collected at IES in Millbrook, NY (orgarsiail layer:
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3.4 CONCLUSION

Deposition of acidifying emssions and heavy metals has a profound effect on forest
ecosystems. Acid rain is a complex solution of primarily*t1SQ?% , NH*, and N@- pollutant

ions. Vegetation damage may occur through direct exposure to air pollutants

acidification of soil. Aid-induced leachingof plant nutrients, primarily magnesium and
potassium, may result in reduced forest health. Additionally, leachingay be responsible
for a 50% loss of calcium pools in soils over the last 50 years (Likeasal. 1996). Once the
soil is acidified, it is prone to acidifyingnearby surface waters andretaining elevated levels
of toxic heavy metals, such as aluminum and mercunfthe pathways for accumulation of
mercury in terrestrial ecosystems arenot fully understood, but recent work suggests that
accumulation involves absorption of gaseous mercury (Hg®) by foliar tissue of deciduous
trees (Ericksen et al. 2003, Frescholtz et al. 2003nd needles in coniferous trees, with

subsequent release of mercury in litterfal(Rea et al. 2002, Ericksen et al. 2003, Frescholtz
et al. 2003) While litterfall may represent the bulk of mercury input to forested

ecosystems, the wastoff of dry-deposited Hg species in throughfall, direct deposition in
precipitation, and uptake of dissolved mercury by roots and translocation to foliar tissue
may also play rolegRea et al. 2002) Litterfall and throughfall deliver different forms of

mercury to the forest floor and this may strongly influence the retention of mercury and its

ultimate fate in terrestrial ecosystems. In any case, total mercury (HQ) inputs to eastern
forests are largely incorporated in the leaflitter and topmost layers of soils, where it is
available to invertebrate detritivores, such as gastropods (snails and slugs), isopods

(woodlice), myriapods (millipedes), and to soitdwelling annelids (earthworms).
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Therefore, we must also monitor Hg concentrations in invertebrate species to positively
identify the soil and leaf litter layers assignificant pathways for Hg to enterthe food web.

4.0 INVERTEBRATES
4.1 STUDY AREA

Invertebrates were opportunistically collected along mist net lanes at songbird sampling
stations in ME, NH, NY, PA and WWigure 8).

Invertebrate Sampling Sites

Invertebrate Sampling Sites

1: Fernow Experimental Forest
2 : Powdermill

3: Crooked Creek
4 : Mahoning Creek Park

5 : Black Rock Forest

6 : Bog Brook Unique Area

7 : Great Swamp WMA

8 : Bashakill WMA

9 : Shawangunk Mts.

10 : Neversink-Frost Valley

: Plateau Mountain

12 : Devil's Tombstone

13 : George L. Darey Housatonic Valley WMA
14 : Parker River NWR

15 : Rachel Carson NWR

16 : Dome Island

17 : Arbutus Lake

18 : Massawepie Mire

19 : Mt. Jefferson

20 : Spring Pond Bog

© © ¢ © © 0 © © © © © 0 © © o0 © o0 ©o o o
-
jry

Figure 8. Invertebrate sampling locations in New England and the Midtlantic States,
2005 to 2008,and 2010.

4.2 METHODS

Four wet cardboard traps, each placed 20 m from the center point of the site in the four
cardinal directions were used to sample invertebrates in the leaf litter. Each trap was a 1 ft.
x 1 ft. (30.5 cm x 30.5 cm) square of plain (uncoated) corrugated caroérd. At least one
side, which was placed downward, was free of printing or glue. The traps were placed in
the afternoon or evening and checked the following morning. Each trap was set by holding
the cardboard at an angle of about 45° with one side touaig the ground and then slowly
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pouring approximately 1 liter of non-chlorinated water across the top surface of the
cardboard. The cardboard was then placed (wet side down) in the wet area in the leaf litter
where the excess water ran off. A few sticks otanes were placed on top of each trap to
hold it in place. Additional invertebrates were collected by using pitfall traps that were left
out for varying lengths of time.Specimenswere collected and stored in 95% ethyl alcohol
until they were analyzed forMeHg content, which was reported as parts per million dry
weight (ppm, dw) content.

4.2.1STATISTICAL ANALYSIS

Statistical analysis was conducted idMP 9.0 Arithmetic means are presented in graphs;

however, invertebrate Hg concentrations were logiransformed prior to statistical analysis

and checked for normality with the ShapireWilk test. Homogeneity of variance was

AgAi ETAA ET 17100 Al AAOA OA O dormdtdath seld withthe AOOI AO
Fligner-Killeen test, which is less sensitivéo outliers. If normality and equal variance

assumptions were met, differences between groups (e.g., sampling regions) were checked

with t-testsor! . / 6! AT A 40EAU8O EIT T AOOI UndaCl EAEAAT O
datasets with equal variance among grgas were exanined with the nonparametric

Kruskal-Wallis and Wilcoxon rank sum tests. Tests were considered significant at P < 0.05.

4.3 RESULTS AND DISCUSSION
4.3.1SAMPLING EFFORT

During 2005 to 2010, we sampled 371 invertebrates from 13 orders in 9 regions of New
England and the MidAtlantic States. Diptera, Amphipoda, and Araneae speciekad the
highest mean MeHgoncentrations (Figure 9).

4.3.2.REGIONAL AND SPECIES MERCURRGSURE

All Dipteran and Amphipoda samples were collected in salt marsh habitat in coastal MA
(Parker River NWR) and coastal ME (Rachel Carson NWHRhosecollected incoastal MA
had significantly higher MeHg concentrations compared to those collected in coastal ME
[Diptera: MA (¢§= 0.39 £ 0.22 ppm, N = 29) vs. MEJE 0.17 + 0.08 ppm, N =25 (P <
0.0001); Amphipoda: MA (4= 0.29 £ 0.11 ppm, N 45) vs. ME (4= 0.26+ 0.49,N = 15),(P <
0.0001)]. Additionally, Araneae spidersspecies collected in coastal MA had significantly
higher MeHg levelghan all other regions where they were sampledP < 0.0001)(Figure
10).
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Figure 9. Mean plus standard deviation and maximum levels detected of MeHg
concentrations in invertebrate orders sampled in New England and Midtlantic States,

2005 to 2010.
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Figure 10. Regional means plus standard deviation and maximulevels detected of MeHg
concentrations in Araneae species sampled in New England and MMlantic States, 2005
to 2010. Coastal MA Araneae species had significantly higher MeHg concentrations
compared to other samplinglocations (P < 0.0001).
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Invertebrates sampled fromParker River NWR likely exhibited such high Hg levels because
sampling efforts were concentrated in the salt marsh situated between the Merrimack and
Parker Rivers. Bothrivers carry waters from interior watersheds to the coast.The middle
and lower Merrimack Riveris a well known Hg hotspotdue to high atmospheric deposition
rates and historic point source pollution (Evers et al. 2007)Benthic fauna, such as
amphipods, are good indicators of soil contamination. Amphipods atettom-dwellers

that filter -feed on suspended particulate matter and deposit feed on detritus and sediment.
Therefore, they are at high risk to toxin accumulation due to their proximity and longerm
exposure to soil pollution (DeWitt et al. 1992). Geomget al. (2001) found that amphipods
contained higher concentrations of Hg than other higher trophic level organisms, such as
odonates and crayfish. The bioavailability of MeHg in benthic organisms at contaminated
sites appears to reach a seasonal high dng summer and autumn months (Zizek et al.
2007). This seasonal variability increases the potential for magnification of mercury in
higher trophic levels, particularly in songbirds, many of which have breeding season diets
reliant on invertebrate prey.

The proportion of bioavailable MeHg to THg in predatory invertebrates that prey upon
other predatory invertebrates, e.g., heteropterans, coleopterans, odonates, is 70% to 95%,
compared to 35% to 50% in detritivoresgrazers (dipterans, ephemeropteran,
trichopterans) (Tremblay et al. 1996) Therefore, predatory invertebrates are at great risk
of Hg accumulation.Indeed, Tremblay et al. (1996) found thaMeHg concentrations in
predatory invertebrates were 3 times greater than levels found in detritivores They
attributed several abiotic factors, including temperature, oxygen concentration,
atmospheric deposition and the organic content of the sediment, as determining factors of
the availability of MeHg to low trophic level organismsDipteran samples inthis study

were primarily from the Tabanus genus, which are bloogucking horse flies that fall into

the predatory invertebrate category. Rimmer et al. (2010) studied Hg levels of
invertebrates in a montane forest habitat and found a mean THg level in Dipterans of 0.11 +
0.17 ppm and range of 0.002 to 0.982 ppnSpiders are also predatory invertebrates and
those sampled at coastal sitesandin the Adirondack Mts NY, had the highest mean MeHg
concentrationsamong sampling regions MeHg concentrations in spiders ranged from
0.006 ppm, dw (Dome Island, NY) to 2.02 ppm (Rachel Carson NWR, MH)e highest

MeHg levels inspiders inthe Adirondack Mts were primarily from species collected on
Dome Island in Lake George, which is discussed in greater detail belowCase Study # 2
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4.3.3CASE STUDY #-DOME ISLANISPIDERS [\
(BUCK ET AL. 2011

Lake George is a large (114 kthmeso
oligotrophic lake in northeastern New York
and is in the southeastern most portion of
Adirondack Park. Dome Island, located within
the southern basin, is a small island (~6.1
hectares) with approximately 1100 m of
shoreline. It is the highest elevatd island on
Lake George and nearly one mile from the
nearest mainland(Figure 11). The island is a
mix of deciduous and coniferous forest, such as |

red maple (Acer rubrum), paper birch Betula
papyrifera), white pine (Pinus strobu} and eastern hemlock Tsuga canadens)s

600000 610000 620000 630000
n n " "

Figure 11. Map of Lake George, NY
showing the location of Dome Island
in the southern basin (inset map
shows the location of Lake George in
northwest NY state). L
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All observed spiders along transect
lines were collected yielding a
sample size of 309 spiders,

representing 8 different families and Londing®
4 different foraging guilds.
Individual spiders from the same
transect and taxonomic families
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analysis of total mercury, . . Map Datam: NAD 1927, U1 Zone 15
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and nitrogen isotopes. This resulted in a total of 81 spider samples. Total and
methylmercury were analyzed to provide information about differences in Hg exposure
across sites and across foraging guilds. Stable isotopes were analyzed to provide
information about food web structure and the transfer of contaminants between trophic
levels.
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Total mercury (THg) concentrations measured in spiders ranged from 0.040 jop, dry
weight (dw), to 1.63 ppm, dw, with an overall mean concentration of 0.254 ppm, dw. The
amount of highly bioavailable methylmercury (MeHg) in spiders ranged from 33.5 + 8.1%
to 52.7 + 6.4% of THg. These values are higher than reported THg concetitras for
spiders from forested areas in southern Vermont not affected by point source pollution
(Rimmer et al. 2010; mean THg = 0.173 ppm, dw), but are lower that mean THg
concentrations in spiders from the South River, Virginia, a river impacted by poisburce
mercury pollution for many decades (Cristol et al. 2008; mean THg = 1.24 ppm, dw).

The most abundant foraging guild of spider collected from Lake George sites were Orb

weaving spiders (Families Tetragnathidae and Araeidae). These spiders arauabant in

riparian and littoral zone habitats and, along with Cursorial predatory spiders (e.g., Family
Lycosidae), have been the focus of other contaminant studies linking terrestrial and aquatic
ecosystems (Cristol et al. 2008; Walters et al. 2010). Ovizeaving spiders collected at

x AOAO6O AACA OEOAO 11 EOI AT AO j AT I AETAA AAOA
OECI EEZEAAT Ol U EECEAO 4(¢ Al 1T AAT OOAOQGET T O OEAI

CEAT CAO ET OEA 1 EOOIT ¢ AiN) oEspitlefs irefet dhandds in foddl OOAOET 1
web complexity and trophic level interactions and when examined in concert with

mercury, provide an integrated assessment of contaminant transfer and biomagnification

up through a food web. There is a strong correti@mn (r = 0.565) between the %MeéHg and

15N ofOrbx AAOET ¢ OPEAAOO AT 11 AAOGAA AEakavingDEA xAOAO
OPEAAOO A£0T1T OEA xAO4dQp @ sphidkGrhereittisielatoBship Had 1 U OO
a strong correlation. Overall these results suggest that bioaemulation of Hg in Orb

xAAOET ¢ OPEAAOO AlTT1c OEA xAOAOBO AACA EO OAI
suggests there may be a Hg pathway linking the adjacent aquatic environment to terrestrial

food webs.

High levels of mercury in the songbirdAT A OPEAAOO A&OT i "2)860 POAOE
Island raised concerns that high levels of mercury deposition were occurring at the site. To

address this question, we acquired one of the few portable wet Hg deposition collectors in

the country, and stationedit at Lake George during Septembe®ctober 2009. Weekly wet

Hg deposition data for Lake George ranged between 7.5 and 205.6 ng/niThese data

exhibit similar weekly trends as data from other longterm Hg deposition monitoring sites

in NY State, suggestg that Hg deposition is not a primary driver for the high Hg

concentrations observed in biota of Dome Island.

A consistent challenge with Hg exposure studies is not only quantifying how much Hg is
being deposited, but identifying potential sources oftte Hg that is entering the ecosystem.
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While advances are being made to differentiate Hg sources using stable Hg isotopes within
food webs that have only two end members (e.g., Senn et al. 2010), to date, this has not
been done successfully with atmosphed sources, largely due to the multiple sources of Hg
that contribute to the atmospheric Hg pool and the difficuly with separating out sources
within a multi -end member model. However, an exhaustive literature review of patéial

Hg sources within the Adiondacks region suggests that Hg sources can be divided into four
primary contributors including: (1) natural emissions, (2) New Yorkbased industrial
sources, (3) U.Sbased sources; and (4) Hg emitted from sources within the Asian

continent (Seigneur etal. 2003). The timing and associated weather pattern of

precipitation events can also influence the degree to which local versus regional/global
sources influence Hg deposition in the Adirondacks region (Choi et al. 2008). For some
lakes in the Adirondads region, local and regional emissions sources can account for as
much as 80% of the total Hg flux (Bookman et al. 2008). We present a summary of
potential local emissions sources proximate to Lake George including local aggregate and
cement producing phnts. Reductions of Hg emissions from local sources can result in
significant reductions of Hg in biota (Evers et al. 2007; Hutcheson et al. 2008) and a
continued effort that combines a sciencévased program with local community engagement
and clear communication with local- and nationaklevel policy makers can result in greater
reductions in Hg emissions and the reduction of human and ecological health risks
associated with Hg pollution.

4.4 CONCLUSION

The detritus food web is the likely source oélevated Hg levels in soiblwelling
invertebrates. In the case of the salt marsh ecosystem, we saw that sbwelling isopods
were capable of acamulating exceptionally high Me levelsfrom the detritus food web.
Higher Hg concentrations detected in predtory invertebrates, such as spiders and blood
sucking flies, represent possible mechanisms of bioaccumulation within lower trophic
levels of the food web. The biological significance of these findings are the implications
these elevated MeHg levels haven higher trophic levels that feed on invertebrates,
including fish, bats, and songbirds. While the role of elevated Hg in fish and the negative
effects it has on both human and wildlife health have been and continue to be wstldied
and documented, thaepercussions of elevated Hg in bats and songbirds, particularly those
in terrestrial habitats, are less recognized and poorly understood.

Soil and litter-dwelling invertebrates may comprise a significant portion of the diet of
litter -feeding birds, with snails and slugs estimated to comprise 2.5% of the animal
biomass and 6% of the available energ{Hawkins et al. 1997)in boreal forest ecosystems.
Some of these invertebrates (snails, woodlice, millipedes and centipedes) may also
represent crucial sources of alcium to many breeding birds(Gravelandand vander Wal
1996, Bures and Weidinger 2003and the abundance of all of these potential prey species
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decline with declines in soil pH(Graveland 1996, Graveland and vader Wal 1996, Bures
and Weidinger 2003). Indeed, healthy soil and invertebrates are critical building blocks
necessary for survival of all vertebrate animals. In the nexestion, we will expand our
sampling locations and explore Hg pathways in songbird species, habitats, and foraging
guilds.

5.0 SONGBIRES
5.1 STUDY AREA

Songbirds were sampled at 165 locations in 11 New England and Midlantic States:
Connecticut,Delaware, Maine, Massachusetts, New Hampshire, New York, Pennsylvania,
Rhode Island, Vermont, Virginia, and West Virgini@rigure 12).

5.2 METHODS

Sampling efforts were timed for June and July to allow time for depuration of Hg body
burdens that could relect winter and/or migratory MeHg uptake. It is well established that
blood reflects recent dietary uptake of MeHg (Evers et al. 2005). Typicallyt@10, 12m

mist nets with a 36mm mesh size were used to catch songbirds. Nets were placed on
bamboo andor metal poles. The nets were checked every 2@ 40 minutes. Captured birds
were removed and placed in cotin holding bags until processedAll birds were released
unharmed 15to 45 minutes after capture. Birds were captured during both dawn and dusk
periods. All birds were measured using standard wing, tail, tarsi, bill, and mass
measurements, and banded with USG&nds. For all birds, 28-gauge disposable needles
were used to puncture a cutaneous ulnar vein in the wing to collect a small blood sample.
Each blood sample was collected in a 75 uL capillary tube, which was then sealed on both
ends with Crito-seal or Critocaps ® and placed in a labeled plastic 7 cc vacutainer.
Generally, 2to 4 capillary tubes halffilled with blood were taken from each bird The
feathers were placed in a labeled plastic bag. All samples were stored in a field cooler with
ice, and samples were later transferred for temporary storage (blood in the freezer,
feathers in the refrigerator). Samples were analyzed for total mercuy (THg) and reported
as parts per millionwet weight (ppm, ww). THg approximates MeHg, which is 90 to 100%
of THg in avian blood (Rimmer et al. 2005).

5.2.1STATISTICAL ANALYSIS

Statistical analysis was conducted in JMP 9.0. Arithmetic means are preszhin graphs;

however, blood Hg concentrations were logtransformed prior to statistical analysis and

checked for normality with the ShapiroeWilk test. Homogeneity of variance washecked

with" AOOI AOOG6 O OAOOS ) £ 11 O Awete @ét, diidreAcesA NOAT OA
betweengroupswere checked with tOA OO0 T O ' . /6! AT A 40EAUBO EI
difference test. Nonnormal datasets with equal variance among groups were examined

with the nonparametric Kruskal-Wallis and Wilcoxon rank sum testgp < 0.05).
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Bird Sampling Sites
1999 - 2007

Map Description:

Label number corresponds to number in
subsquent sheet's legend name. Because
of the high number of sites not all sites
are included, however numbering is done
from South to North and hence any
missing numbers can be assumed to
be reasonably close to the previous number.

Bird Sampling Sites @® 15 McKinney NWR @ 30:Charles River @® 45 Furbish Rd. Marsh @ 60 Sunday Pond @ 75: Magalloway River
@ 1:Clinch Mountain @ 16 Black Rock Forest @ 31 Hunter Mountain @ 46: Ogunquit @® 61:Cornwall Swamp WMA @ 76 : Rangeley Lakes area
@ 2 Buller Fish Hatchery @® 17 : Bog Brook Unique Area @ 32 Allegany-MAPS Station @ 47:Rachel Carson NWR @ 62 :Arbutus Lake @ 77 : West Kennebago Mountain
@® 3 Holston River @ 18 Chafee NWR @® 33 Lake Capra @ 48 Granite Point @® 63 ElkLake @ 78 Magalloway River
@® 4 Coastal DE @ 19 Sachuest NWR @ 34 Crane Pond WMA @® 49: Oswego @ 64 Weskeag @ 79 : Mooselook - Cupsuptic River
® 5:Femow Experimental Forest @ 20 : Great Swamp WMA ® 35 Sudbury Reservoir ® 50 Goosefare Brook ® 65 Carter Notch @ 80 Sugarloaf Mt.
® 6 Powdermill @ 21 Bashakill WMA @ 36 George L. Darey Housatonic Valley WMA @  51: Dome Island @ 66 Whiteface Mt @ 81: EastKennebago
® 7 :Crooked Creek @ 22 Shawangunk Mts. @® 37 Emmons Bog @® 52:ScarboroughMarsh @ 67 : Massawepie Mire @ 82 Bigelow Mountains - Avery Peak
® 8 Wertheim NWR @ 23 Institute for Ecosystem Studies @ 38 - Parker River NWR ® 53 Libby River @ 68: Mt Washington @ 83 Shirley Temple
® 9 :Bronx Park @ 24 Neversink-Frost Valley ® 39 William Forward WMA ® 54 : Nonesuch River ® 69: Mt Jefferson @ 84 : Kibby Mountain-Fire Tower
® 10: Inwood Hill Park @ 25 :Allegany State Park @® 40 Plum Island @ 55: Spurwink Marsh @ 70: Mt Mansfield @ 85 Flagstaff
@® 11: Mahoning Creek Park @ 26 Belle Ayr Mountain @ 41 Brookfield Forest @ 56 Tug Hill @ 71 Hinesburg ® 86 Russell Stream
® 12: Totts Gap ® 27 :Allegany North @ 42 Keene ® 57:Standish ® 72 Spring Pond Bog @® 87 Little Bog
@ 13 : Marshlands Conservancy @ 28: Plateau Mountain @ 43 Stratton Mt ® 58:Popham @ 73 Acadia National Park @ 88: Seboomook-Honey Hole
® 14 Hammock River @® 29 Devil's Tombstone ® 44 York ® 59 Ferd's Bog @ 74 Underhill State Park

Figure12. Study area map of songbird sampling locations.
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5.3 RESULTS AND DISCUSSION
5.3.1SAMPLING EFFORT

A total of 1878 songbirds representing78 species were samplect 165 locations within 20
geographic regions of New England and Midtlantic States(Figure 13). Sample sizes of
each species ranged from 1 to 494 and blood Hg levels ranged fror@@5 ppm (American
Goldfinch, Spinus tristig to 3.73 ppm (Saltmarsh Sparrow Ammodramus caudacutys
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Figure 13. Regional means plus standard deviations and maximum levels detected of blood
Hg levels (ppm) in songbirds sampled in New England and Miéitlantic States, 1999 to

2007.

5.3.2 REGIONAL ANBPECIES MERCURY EXPOSURE

Mercury hotspots are geographic locations with disproportionately elevated Hg levels
(Evers et al. 2007). The mechanisms thaltive these trends includeelevated atmospheric
Hg deposition high landscape sensitivityJarge water-level manipulations, and direct Hg
input from water discharges and contaminated soilsAbiotic and biotic features of sites
with these characteristics are predicted to have elevated Hg levels corresponding with the
rate of deposition and degree of landscapsensitivity and disturbance. We focused our
sampling at sites not associated witldirect point source Hg pollution in order todetermine
backgroundHg levek in songbirds that could be primarily attributed to atmospheric
deposition. Our results indicated that songbirds at coastal sites averaged thikighestmean
blood Hg levels Specifically, hgh Hg levels at coastal sites were found primarily in
Saltmarsh Qarrow,. Al O%pardvO(Ammodramus nelsoi), and Seaside [Sarrow
(Ammodramus maritimug. Pairwise comparisons among coastal sparrow species indicated

that Saltmarsh $arrow mean blood Hg levelswere significantly higher OE AT . AT OT 1
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Soarrow (p < 0.0001), but no other significant differences existed among that group.
Elevated blood Hdevels in coastal sparrows araliscussed in greater detdibelow in Case
Study #3

High mean blood Hg levels detected in songbirds in NH, VT, Western and Northern ME are
primarily due to extremely high levels found in Rusty Blackbird¢Euphagus caroling) and
this research is highlightedbelow in Case Study #4The overall mean blood Hg of
songbirds sampled in SouthwesVA along the Héston River is relatively low; however,
maximum levels detected for certain species were very high (Figuet). In particular,
Indigo Buntings (Passerina cyanegain this region had the highest mean blood Hg
concentration of 0.28 £ 0.50 ppn(N = 10) and a maximum level of 1.67 ppm. During the
breeding season, Indigo Buntings feed on small spiders and insects, such as caterpillars,
beetles, and grasshoppers (Payne 2006 50ngbirds that preyon higher trophic level
invertebrates, such as spiders, in@ase their risk of Hg exposure and biomagnification.
QOristol et al. (2008) analyzed spiders from this region andound that 49 + 21% oftheir

total Hgbody burdenwas in the highly available form, MeHg, which is readily absorbed
into the blood. Spidersm the riparian zone are potentially exposed tdvieHg in theaquatic
system if they feed on emergent aquatic insectdHowever, more research is necessaryp
determine whether predatory invertebrates represent a direct pathway for Hg to move
from the aquaticfood web into the terrestrial food web.

Songbirds sampled within the Adirondack Park, NY region with the highest mean and
maximum blood Hg levels, including Yellow Palm WarblgiDendroica palmarun) (¢§= 0.57

M mt8tp BBIih [ A@ E p 81 @mdénbxdraili)4d=AB4 H026pprs,1 UAAOA
i A@ E m8xp DbIi qh AWelospizalihcali)ici=®.00 +D.DPpAnD) nax =
0.66 ppm), were sampled in bog wetlands (Spring Pond Bog and Masgpie Mire) (Figure
15). Bog soils are low in dissolved oxygen and nutrients and are highly acidic; therefore,
Hg is easily converted to MeHg in bog habitat. Yu et al. (2010) found that Sphagnum moss
mats were prime locations for MeHg production and aesnulation in bog wetlands in the
Adirondack region. They proposed that submerged spongike structures of the plant are
colonized by microorganisms capable of methylating Hg, such as sulfatducing bacteria.
Furthermore, Hg is readily sorbed by mossissues and methylation is facilitated by the
anaerobic conditions around underwater plant parts. Spiders collected at Spring Pond Bog
and Massawepie Mire had elevated MeHg levels; 0.34 £ 0.11 ppm and 0.15 + 0.09 ppm,
respectively. Spiders make up only amall portion of the primarily insectivorous breeding

OAAOGI T AEAO T &£ 9AIT 11T x 0AliI 7AOAI AOh 40AEI T80
is likely that their primary prey, e.g., beetles, flies, moths, within the same area would also
bepronetoeROAOAA - A(C 1 AOGAI O8 9AT T T x O0AIT T 7AOAI.

primarily on the ground on their breeding habitat and are therefore excellent bioindicators
of Hg levels within the bog wetland food web.
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Figure 14. Mean plus standard deviation and maximum level detected of blood Hg

concentrations in songbirds sampled in Southwest VA, 2005 to 2007.
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Figure 15. Mean plus standard deviation and maximum leveletected of blood Hg

concentrations in songbirds sampled in Adirondack Mts, NY region, 2006 and 2007.
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5.32.1CASE STUDY #3SALTMARSHSPARROW
(LANEET AL. 201)

The Saltmarsh Sparrow has a limited range,
occupying estuaries along the Atlantic Coast
from Florida up to the southern coast of Maine
xEAOA EO T OAOI APO xEOEH
(Hodgman et al. 2002).They are obligate salt
marsh passerines with more than 95% of their
global population breeding in thenortheastern
United States. The B Fish and Wildlife Service
(USFWSXxonsiderthem one of the highest
priority species in the northeast region and

Al AGOEZEAA OEAI AOG A OAE Photo provided by BRI staff \QET 1T AT
This designation resuts from the near endemic status of this species in the region, a lack of

population trend data, and threats on their breeding and wintering grounds.

DOT x

SaltmarshSparrows spend their entire annual cycle in salt marsh habitats, thus, they are
excellent indicators of Hg contaminationfor this habitat type. Laneet al. (2011)sampled
Saltmarsh Sparrow blood from estuariesfrom Maine to New York Resultsrevealedthat

blood Hg levels were highest at Parker River NWR in coastal MA¥ 180 + 014 ppm).
Nonparametric pairwise comparisons indicated that coastal MA blood levels were
significantly higher than all other sampling locations Figure 16,P < 0.01). Blood Hg levels
were lowest at coastal CT and ME sites and they were significantly lower than MY, and

RI blood levels (P < 0.0001). Research conducted by Lane and Evers (2007) suggested that
Saltmarsh Sparrowreproduction may be impaired by higher blood Hg oncentrations.

Based on one year of limited nest monitoring, productivity parameters sucas number of

eggs hatching and fledging appeared to be significantly lower at Parker River NWWRA
compared toRachel Carson NWRME Adult femaleSaltmarsh Sarrow blood Hg

AT T AAT OOAOET T xAOA bPi OEOGEOAI U Al Oditath® AA xEOE
that health of their young are compromised at hatching due to the deleterious effects of
mercury.

The groundforaging habits of Saltmarsh Sparrows put them at high risk to mercury
exposure in contaminated environments. On Long Island, New Yomderriam (1979)

found that the two most common insect orders in their diet vere Diptera, ranging between
13% in June to 47% of all items in July (predominantly adults and larvae of Stratiomyidae)
and Hemiptera, ranging between 4% in June to 37% in Julyyimphs and adults of Miridae).
Additionally, their breeding-season diet may be comprised of up to 15% amphipod matter
(Merriam 1979). Our study found that Dipterans and Amphipods have elevated Hg levels
at coastal ME and MA sites. This example highligha direct Hg pathway through several
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orders of the food web. Muddwelling amphipods accumulate Hg while feeding on
contaminated detritus in the soil and pass it to Saltmarsh Sparrows. Furthermore, it is
passed to their nestlings thereby potentially redumg fledging success.
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OMaximum Level Detectec
B Mean + SD

ppm)

Blood H

Figure 16. Mean plus standard deviation and maximum level detected of blood Hg in
Saltmarsh Sparrows sampled in coastal New England and Long Island, NY,2@02007.

5.3.2.2 CASE STUDY4# RUSTYBLACKBIRD
(EDMONDS ET AL.20)

Rusty Backbirds breed in boreal bogs, marshes,
ponds, and swamps of Alaska, Canada and
northeastern US and winters in the wooded
wetlands of the southeastcentral US.Their
populations have declined byan estimated90%
over the last 100 years and continue to decline at §
a significant rate of 13% per year (Sauer et al.
2008, Greenberg and Droege 1999). These losses
are likely attributable to factors resulting in
habitat loss and degradation, such as logging,
development, drying of wetlands due to climate change, and increases in environmental
contaminants. One such contaminant is mercury; the accumulation of which has been
shown to have negative effects on the reproductive success oflasely related blackbird,
Common Grackle (Quiscalus quiscula(Finley et al. 1979, Heinzt al.2009). Rusty

Blackbirds may be at even greater risk to Hg exposure than other blackbird species because
of their dietary preference for higher level trophic items, such as small fish and aquati

Photo credit: Robin Corcoran/USFWS
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invertebrates (Avery 1995). Additionally, habitat type plays a critical role in Hg exposure

and recent research suggests th&usty Blackbird breeding habitat is characterized by high

levels of dissolved organic carbon and low pH, which have both beeorelated with

ET ACAAOGAA | AOEUI AGET T h AET AOAEI AAEI EOUhRh AT A
et al. 2005, 2006, Harding et al. 2006).

In order to assess whether these factors reswdtd in high uptake of Hg by these declining
populations, Edmonds et al (2010) sampled Rusty Blackbirds in five regions across their
range. Results indicated that geographic and seasonal differenceshty concentrations
existed amongthese regions The blood Hg levels in birds sampled on the breeding range
were significantly higher than those sampled on the wintering range. Of all the regions, the
Northeast (Acadian Forests region) breeding regiosamples exhibited the highesHg
concentrations with levels 3x to 7x greatethan any other region Overall mean percent
MeHg of THg was 98 + 2% (N = 5) in blood and 97 £ 0.3% (N = 5) in feathevgithin New
England,BRI sampled 93 Rusty Blackbirdbetween 2004 and 2010. QOerall mean blood
Hg concentration was 0.66 = 0.41 ppm. HE highest blood Hg levk(2.05 ppm) was

sampled in NH(Figure 17).

The direct effects of elevated Hg concentrations on Rusty Blackbird populations are
unclear. Reduced hatching success has been observed when THg levels in feathers were
between 5 and 40 ppm, ww (Burger and Gddeld 1997). Over 95% of the Acadian forest
feather samples in Edmondetad O | ¢mpmq OOOAU AGAAAAAA OEEO
(2008) reported high nesting success of Rusty Blackbirds within this range. Feather
sample results suggested that RustiBlackbirds accrued much of their Hg burden on the
breeding grounds. Blood level results, which indicate exposure from food consumed
during the previous few days or weeks, also indicated that birds were exposed to the
highest amounts of Hg while on the leeding grounds, particularly in the Northeast (Evers
et al. 2005). Further research will be necessary to uncover potential links between
elevated blood Hg concentrations and hatching success and survival rates of this species.
Rusty Blackbird populationshave suffered longterm declines over the last 100 years with
an alarming acceleration in recent decadeand these trends warrant immediate attention

from conservation biologistsand policy makers
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Figure 17. Regional mean plus standard deviation and maximum level detected of blood Hg
concentrations detected in Rusty Blackbirds in New England, 2007 to 2010

5.3.3 MERCURY EXPOSURE BY FORAGING GUILD

Foraging guild is an important factor when assessing risk of Hg exposure in songbirds.
Evers et al. (2005) ranked Hg exposure risk in avian foraging guilds from lowest to greatest
as terrestrial herbivores, aquatic herbivores, terrestrial insectivores, bethivore -bivalves,
benthivore-macroinvertebrates, small piscivores, and large piscivores. Piscivorous birds
have long been used as indicators of MeHg availability (e.g., Fimreite et al. 1974; Barr 1986;
Scheuhammer 1987; Wolfe et al. 1998; Rumbold et 2001; Henny et al. 2002; Evers et al.
2003); however, our findings and other research (Wolfe and Norman 1998; Gerrard and St.
Louis 2001; Adair et al. 2003) reveal that insectivorous birds are also useful gauges of Hg
exposure within terrestrial habitats.

In order to determine which feeding habits increased risk of Hg exposure, we compared
mean blood Hg levels of sampled birds among the following foraging guilds (De Graaf et al.
1985):

*Note: See Appendix A for latin names of songbirds in the followirigt.

Frugivore Air/Upper -Canopy Insectivore Air/Lower -Canopy
Cedar Waxwing American Redstart
Hooded Warbler
Omnivore Upper -Canopy Omnivore/Vermivore Ground/Lower -
Rosebreasted Grosbeak Canopy

American Robin
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Insectivore Upper -Canopy
CeruleanWarbler
Northern Parula
Black-throated Green Warbler
Blackpoll Warbler
Scarlet Tanager
Redeyed Vireo
Yellow-throated Vireo

Insectivore Bark
Black-and-White Warbler
Brown Creeper
White-breasted Nuthatch
Red-breasted Nuthatch

Insectivore Lower -Canopy
White-eyed Vireo
Prairie Warbler
Black-throated Blue Warbler
Boreal Chickadee
Blue-winged Warbler
Blue-headed Vireo
Tufted Titmouse
Black-capped Chickadee
Magnolia Warbler
Myrtle Warbler
House Wren
Common Yellowthroat
Carolina Wren

Omnivore Lower -Canopy
Carolina Chickadee
Indigo Bunting

Omnivore Ground/Lower -Canopy

American Goldfinch
Veery

Brown Thrasher
Gray Catbird
Swainson's Thrush
Bicknell's Thrush
Song Sparrow

Insectivore Air

Northern Rough-winged Swallow
Eastern Kingbird
Yellow-bellied Flycatcher
Barn Swallow

Least Flycatcher

Great Crested Flycatcher
Eastern Phoebe

Cliff Swallow

Tree Swallow

Acadian Flycatcher
Traill's Flycatcher
Eastern WoodPewee

Insectivore Bark/Upper -Canopy

Yellow-throated Warbler

Insectivore Freshwater Shoreline

Louisiana Waterthrush
Northern Waterthrush

Insectivore Ground

Mourning Warbler
Ovenbird

Winter Wren
Worm-eating Warbler
Yellow Palm Warbler
Rusty Blackbird
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Insectivore Marsh
Marsh Wren

Omnivore Ground
White-throated Sparrow
Savannah Sparrow
Bobolink
Slate-colored Junco
Grasshopper Sparrow
Hermit Thrush
Eastern Towhee
Wood Thrush
Chipping Sparrow
Common Grackle
Lincoln's Sparrow
Northern Cardinal
Swamp Sparrow
Redwinged Blackbird
Seaside Sparrow
Nelson's Sparrow
Saltmarsh Sparrow
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Figure 18. Mean blood Hg level (ppm) by songbird foraging guild as defined by De Graaf et

al. (1985).

Among songbirds sampled in New England and the Mi#itlantic States, insectivores and
ground-feeding species, particularijthose feeding in wetland habitats, had the greatest

s X s N~

blood Hg levels Figure 18). As discussed previously3 A1 Of AOOEh . Al OT 1

Sparrow s (omnivore ground), Rusty Blackbird (insectivore ground), andrellow Palm
Warbler (Dendroica palmarun) (insectivore ground) exhibited high blood Hg levelsaind

largely drove the trends observed in those guild¢Figures 19 & 20). Redwinged

Blackbirds (N = 40) are omnivore ground feedersvith moderately high Hg blood levels;
they were primarily sampled in sauthern NY (Bashakill WMA®= 0.23 £ 0.09ppm, N = 12;

Bog Brook WMA@= 0.25 £ 0.25 ppm, N = 2; and Mohonk Preserve: x = 0.08 ppm, N = 1),

60

Southwest VA (two locations on Holston Rivei@= 0.20 + 0.29 ppm, N = 16), and coastal ME

(Crane Pond WMA@= 0.39£ 0.30 ppm, N = 7).
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Figure 20. Mean plus standard deviation and maximum level detected of blood Hg
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In upland habitats, Wbod Thrushes were omnivore ground feeders thafrequently

exhibited high blood Hg levels. BRiollected Wood Thrush bloodand soil samplesrom the
Institute for Ecosystem Studies in Millbrook, NY We compared blood Hg levels in the
ground-foraging wood thrush with soil Hg and Ca concentrations to determine correlations
between these variables.

5.3.31CASE STUDY # 5RELATIONSHIP
BETWEEN SOIL Hg AND A GROURDRAGING
SONGBIRDTHE WOOD THRUS

The Wood Thrush is a songbird of the eastern
US found in hardwood forests consisting of a
high canopy, dense understory, and thick leaf
litter layer. While it is generally considered a
common species, it has suffered recent
significant range widedeclines ofz1.7% per
year across its range (Sauer et al. 2008). In
New England, it is declining a2 to z3% per
year andup to z4.4% per yearin the
Adirondack Mts, NY (Sauer et al. 2008). The®2
New York Breeding BirdAtlas documenteda z7.0% decline inWood Thrush

occupancy between 1985 and 2005; the majority of those declines occurred in the
Adirondack Mts(Hames and Lowe 2008) Theyattributed winter habitat loss, over-winter
mortality, acid rain, and mercury deposition as the mostly likely contributors to the loss of
wood thrush populations. Hames et al. (2002) found that the probability ofazupancy of a
site by breeding Wood Trushes decreased with increasing acid rain deposition, which was
further compounded in low pH soils. Hames et al. (2006) found that soil pH was highly
significantly and positively related to the abundance of calciumnich invertebrates, i.e.,
myriapods, isopals, and slugs. They also found that soil calcium was proportional to soll
pH and they postulated that absences of breeding wood thrushes was related to the
decreased availability of calciurarich invertebrate prey items associated with acidified
soils.

Photo by Steve Maslowski/lUSFWS

We examinedthe relationship between soil Hg and available Can soils with blood Hg

levels in Wood Thrushes during the breeding season We measured multiple soil
characteristics of organic and mineral layer soil samples collected at the Institute for
Ecosystem Studies in Millbrook, NY (see soil section for complete analysis). We measured
blood Hg levels oWood Thrushes (N = 5) occupying the same soil sampling locations.
Wood Thrush blood Hg levels were highest at sites with high soil Hg and low excharable
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